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THE CHALLENGE

Climate change poses a fundamental threat to social stability and human health. The
main response to the climate change challenge is a global commitment to reduce
emissions and increase environmental sustainability across all sectors.

Health systems have a central role to play in this global response; cardiology, as a major
component of health systems, must act.

Cardiology is undergoing a digital transformation marked by advances in imaging, remote
monitoring, virtual care, and precision medicine that has promise both in terms of
improved care delivery and increased environmental sustainability. However, if we fail to
fully explore and understand the full impacts of this digital transformation, any ‘promise’
may instead lead to sustainability perils.

OUR PURPOSE

TRANSFORM HF and the Collaborative Centre for Climate, Health & Sustainable Care
(CCCHSC) brought together international thought leaders in sustainable health systems,
digital health innovations, and cardiology for a Workshop on the Principles and Perils for
Sustainable Digital Health. The workshop, held April 23 and 24 2024, provided a platform
to discuss principles and priorities to inform policies and investments in a sustainable
digital transformation of cardiology that are relevant to the digital transformation of health
systems more broadly. The workshop involved a participatory and open process that was
first focused on the identification of the promises and perils inherent in the digital
transformation of cardiology and then moved to the identification of key enablers and
impediments for ensuring that transformation is environmentally sustainable. Form there,
the workshop moved to defining strategies for addressing roadblocks to sustainable
digital transformation, guiding principles, and concrete next steps for future efforts.

IDENTIFYING PRINCIPLES & PRIORITIES OF SUSTAINABLE DIGITAL TRANSFORMATION

The promises of digital transformation were defined as benefits that digital transformation
offered to individuals, health systems, and society. These included reduction in travel
and waste, empowerment through information, actionable data, evidenced-based
decision making, optimization of care delivery, and facilitation of diagnosis and
management.

Enablers were defined as factors or components that facilitate the successful adoption
of sustainable digital transformation. These included equitable access, interoperability,
interdisciplinary teams, and a more holistic approach to defining health benefits that
includes environmental costs.

The perils of digital transformation were defined as the risks, drawback, and negative
consequences of digital innovation. These included regulatory and environmental
challenges, complexity of environmental impact assessment, lack of human resources,
excess enthusiasm for unproven Al solutions, ethical dilemmas in data use, and
unintended consequences on more holistic ways of understanding.



Impediments to sustainable digital transformation were defined as barriers, obstacles, or
challenges that could hinder sustainable digital transformation. These included
consolidation of power in a small number of big tech companies, lack of a clear conceptual
framework for action on digital sustainability, issues of cybersecurity, competing interests
in a complex stakeholder context, environmental impacts of large Al models, the large
volume of data, rapid technological advancement, and the need to emphasize the
indispensable role of human judgement.

OVERCOMING IMPEDIMENTS & LEVERAGING ENABLERS

Participants identified consolidation of power as a key potential threat. It was agreed that
we must find better ways to navigate relationships between the public sector and ‘big
tech’ and include a broader set of stakeholders in discussions around ground-up solutions
for procurement, ownership, and cybersecurity. This effort could be supported by
scenario-planning exercises that incorporate experience with previous technological
innovation.

A key enabler for success is a commitment to equitable access that ensures an equity
lens is used; innovation does not increase the digital divide; and collected data is useful,
easily accessible, and actionable for healthcare providers. These efforts will increase
demand for specialized skills and knowledge within various disciplines to effectively
address challenges and opportunities associated with sustainable digital health — its
innovation, implementation, and governance. Participants recognized the need to build a
diverse workforce capable of driving sustainable digital health initiatives forward.

GUIDING PRINCIPLES

We must inventory what is known to be important in terms of sustainability in order to
determine standardized methods to measure/quantify the environmental impact of
research/digital health tools and systems. Such an inventory would also support advocacy
efforts for the investment in research on sustainable healthcare practices to generate
evidence-based recommendations and solutions, as well as for the inclusion of
meaningful sustainability considerations in funding applications — whether that be carbon
calculators, environmental impact assessments, or another standardized method.
Ensuring healthcare research, practices, and associated resource allocation align with
principles of environmental sustainability and social responsibility should be a primary
goal moving forward. This will likely involve defining digital health, adapting the definition
of sustainability to the context of digital innovation, consolidating resources for
researchers on the best practices for sustainable digital health, integrating the notion of
sufficiency into research, and engaging the public to understand priorities and perceptions
around trade-offs.

CONCRETE NEXT STEPS

1. Establish a Community of Practice
2. Synthesize knowledge by pursuing publication(s)
3. Generate new knowledge by exploring funding opportunities
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There is growing international recognition of the fundamental threat that climate change
poses to social stability and human health, as well as the need for widespread response.
During this time of rapid change, digital transformation is often seen as a key pathway to
economy-wide emission reductions. However, if we fail to fully explore and understand
the impacts of a digital economic transformation, we run the risk of increasing rather than
decreasing emissions and other ecological harms. Thus, a deep contradiction is posed
by digital transformation in a climate constrained world.

Healthcare comprises more than 10% of the global economy. The sector is highly
resource intensive and polluting, responsible for almost 5% of global greenhouse gas
(GHG) emissions. Digital transformation is increasingly promoted as a critical strategy in
efforts to reduce healthcare GHG emissions. Cardiology has embarked on its own
significant digital transformation, marked by advances in imaging, remote monitoring,
virtual care, and precision medicine. This transformation has catalyzed debate about
access, equity, ethics, outcomes, and now sustainability. New digital technologies may
reduce travel and waste and improve appropriateness of care, and therefore play a vital
role in lowering the carbon footprint of healthcare. At the same time, digital transformation
could add services of limited benefit, create new forms of waste, and increase
cardiology’s energy-driven carbon footprint through the expansion of digital networks,
data storage and computationally intense analytics. As a result, cardiology presents an
important case through which to explore the environmental promises and perils of digital
health transformation.

Cardiologists alone cannot pursue this exploration. It is imperative that cardiologists
leading this digital transformation collaborate with social scientists, data scientists,
environmental scientists, ethicists and other experts who understand and can assess
environmental impacts to develop best practices for a low carbon transition for cardiology.

TRANSFORM HF and the Collaborative Centre for Climate, Health & Sustainable Care
(CCCHSC) came together with international thought leaders in sustainable health
systems, digital health innovations, and cardiology for a Workshop on the Principles and
Perils for Sustainable Digital Health. Participants’ expertise spanned social sciences and
humanities, environmental studies and sciences, and health and computational sciences,
including clinical care, lived experience, policy, and system management. For a list of
attendees, please see Appendix 1.
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PURPOSE & GOALS

This two-day workshop was intended to provide a platform to discuss principles and
priorities that could inform policies and investments in the sustainable digital
transformation of cardiology, with implications for health systems more broadly.

In the short-term, the workshop aimed to unite a group of multi-disciplinary and multi-
sectoral thought leaders, identify shared priorities around the advancement of sustainable
digital health in cardiology, and produce a supporting call to action. In the long-term, it is
hoped that the collaboration forged by the workshop will support the development of
standards for the exploration, testing, and evaluation of digital health tools, pursue
research ventures to design and test sustainable solutions and mobilize a community of
interested stakeholders seeking a sustainable future.

PREPARING FOR THE WORKSHOP

As a first step, TRANSFORM HF and the Collaborative Centre conducted literature
reviews and environmental scans at the intersection of sustainable digital health and the
digital transformation of cardiology. The team then identified and engaged experts in
social sciences, humanities, environmental studies/sciences, digital health, health
systems and policy, and cardiology.

To help focus workshop structure, a survey on sustainable digital health was distributed
to participants and key thought leaders were engaged in one-on-one interviews. These
surveys and interviews helped elucidate key themes, research questions of interest and
avenues for deeper exploration during the workshop. For a summary of survey results,
see Appendix 2.

TRANSFORM HF and the Collaborative Centre provided a list of attendee bios and
recommended readings to all participants ahead of the workshop to help level set among
the different perspectives in attendance. For a list of the distributed readings, please see
Appendix 3.

WORKSHOP STRUCTURE & FORMAT

The workshop occurred over two days in Toronto, Canada. Each activity was intentionally
designed to iterate upon the previous activity, integrating learnings and driving towards
consensus building around shared priorities and areas of concern at individual, small
group, and plenary levels. Notetakers were present to record small and large group
discussions.

The first evening of the workshop began with welcomes from Drs. Heather Ross and
Fiona Miller, respective leads of TRANSFORM HF and the Collaborative Centre. This
was followed by the opportunity for attendees to introduce themselves and provide some
initial perspectives, moderated by TRANSFORM HF Director of Strategy and Translation,
Anne Simard.



Dr Ross offered reflections on the potential of digital innovation to address deep
challenges of access and equity for the patients in her care, and to improve opportunities
for self-management alongside improved health outcomes. She further reflected on the
climate benefits of digital health interventions that provide timely care at enormous
distance, without requiring unnecessary, costly, and carbon-expensive travel. Dr Ross
closed by reflecting that, despite the potential benefits, digital innovations might ultimately
come at too great a climate cost, in particular because of the explosion of health data and
Al analytics.

Fiona Miller offered two sustainability concepts for group consideration: efficiency and
sufficiency. Efficiency, she argued, is a common and often-useful response to the
demands of sustainability, seeking to do more with less. The challenge, she noted is that
while efficiency often yields reduced impact from each unit of activity, it also often yields
greater activity, leading to the “rebound effect” of greater — not reduced — environmental
harm. The concept of “sufficiency” is therefore also essential, suggesting — as it does —
the need to limit activity by some assessment of what is “enough”. This, she further
argued, is a major challenge in the context of health data and digital innovation, given the
increase in both volumes of data, and intensity of analytic capacity.

Dr. Geoffrey Anderson then provided a short presentation to set the stage for the
workshop. That presentation began by identifying two important themes, the commitment
to sustainable healthcare as part of the global response to climate change and the digital
transformation of healthcare as a part of ongoing efforts to improve health by making care
more accessible, effective and efficient. He went on to suggest that focusing on
sustainable digital transformation of cardiology provides a real opportunity to more clearly
articulate and apply principles and strategies for addressing these two important themes.
It was noted that there has been some important work done on sustainable healthcare
and sustainable digital transformation by the thought leaders attending the workshop that
was shared with attendees as readings prior to the workshop. It was noted that the goal
of the workshop was to bring together people thinking about and involved in sustainable
healthcare together with people thinking about and involved in the digital transformation
of cardiology, to listen to new ideas and see issues from different perspectives, to find
common ground, and to develop a message that can engage others. The slides from that
presentation can be found in Appendix 4).

The next morning, the full day workshop was kicked off with a presentation of emergent
themes and principles from the pre-workshop surveys and interviews.

A keynote presentation was then delivered by Dr. Gabby Samuel on the promises and
perils of digital transformation (Appendix 5).

Participants then moved into working sessions. First, they individually reflected on their
vision for the future of sustainable digital health, including a ‘promise’ and ‘enabler,” as
well as a ‘peril’ and ‘impediment’ inherent in the development/adoption of digital
innovations. In small groups (five groups of four to six participants from different
disciplinary backgrounds), participants shared and expanded upon these visions,
recording themes on post-it notes. A plenary dialogue around this small group activity
followed. All post-its from this activity were collected, grouped in thematic clusters, and



posted on a wall. Group review clarified themes and allowed for dissemination of the
smaller group discussions.

A prioritization exercise followed during which participants voted on threats and
opportunities of greatest concern or potential. Group consensus around priorities began
to emerge with potential for a call to action.

A post-it note wall allowed participants to share their identified promises (green), enablers (pink),
impediments (yellow), and perils (orange) of sustainable digital health, as well as prioritize the most
crucial themes using stickers. This collaborative exercise allowed the group to collectively identify and
focus on key areas for future development and action in digital health.

The afternoon activities focused on elaborating on these identified priorities in detail.
Highest rated promises/enablers and perils/impediments (with the most votes) were
assigned back to each small group. Small groups then discussed:

1) how to address or overcome perils/impediments
2) how to advance promises/enablers.

Groups summarized their discussion and solutions, presenting during a plenary
discussion.

Building on the plenary discussion, the team led a final consolidation of consensus and
determined next steps.

For a full agenda of the day, see Appendix 6.



OUR SHARED VISION

Participants were called to individually and collectively reflect on their vision for the future
of sustainable healthcare and digital health.

The 's definition of sustainable
healthcare systems was used to level set, and is as follows:

Sustainable healthcare systems provide universal access to appropriate care that

optimizes health and wellbeing for today’s patients and communities, as well as for

future generations by delivery of care that is , : :
, , , and

Several common themes were present:

e Human-Centered Care

Our shared vision for the future sees high-quality, patient-centered care supported by
human connection, empathy, and patient-care team relationships. Value-based care
models prioritize patient outcomes, satisfaction, and well-being over the volume of
services provided.

The impact of human touch on patient care and wellbeing is profound; an overreliance
on technology should not come at the expense of this connection. Healthcare policy
and practice must ensure a balance between technology and humanity; human-
centered care must be at the forefront, with support from digital innovations — not the
other way around.

e Sustainable Healthcare

Just as environmental factors impact human health, our healthcare systems impact
environmental health. As a result, it is important that healthcare resources are aligned
with actual needs to ensure effective delivery, and that sustainable practices are
embedded within healthcare systems to mitigate environmental risks.

Collaborative efforts and holistic approaches are necessary to advance sustainable
healthcare practices that benefit both individuals and the planet.

Consideration must be given to the balance of short-term healthcare needs with long-
term environmental sustainability goals, recognizing the complexities of navigating
these trade-offs.

¢ Interdisciplinary Collaboration

Participants envision thinkers and researchers from the social sciences, health
sciences, and natural sciences and engineering and People with Lived Experience
(PWLE) all working in an interdisciplinary manner to create sustainable digital health
solutions — improving outcomes for patients and the planet.

Students and trainees should have access to interdisciplinary courses and translational
research programs from the very beginning of their training to facilitate knowledge



exchange and equip them with skills and knowledge to address complex healthcare
challenges, develop holistic care approaches, and excel in complex and rapidly
changing environments.

Equity and Access

Disparities in healthcare access and outcomes must be understood and actively
addressed.

Digital health technologies should be used to improve access for equity seeking
populations; these solutions should be designed for equity to ensure they meet the
specific needs of diverse populations and do not widen the digital divide.

Healthcare delivery and technology development should be informed by diverse,
representative data and social determinants of health; alternative care sources beyond
emergency rooms are pursued to ensure inclusive healthcare delivery.




PROMISES, PERILS, ENABLERS, AND IMPEDIMENTS

Many promises/enablers and perils/impediments emerged from discussions around the group’s shared vision of sustainable
healthcare. Below we capture the ideas that were put forward, but were not necessarily endorsed by all participants.

While recognizing the transformative potential of digital health, participants remained cognizant of the ethical, regulatory,
and environmental considerations for responsible innovation. The discussions underscored the imperative of navigating the
digital health landscape with prudence and foresight, ensuring that technological advancements serve as catalysts for
equitable, patient-centric care delivery.

Reduction of Travel Emissions and Waste

Participants noted an obvious strength of digital health tools was the potential to reduce
travel emissions and waste associated with in-person appointments, under some
circumstances.

Empowerment Through Information:

Participants saw promise in the potential of digital health technologies to empower patients
by providing them with comprehensive insights into their own health. This empowerment
was envisioned to lead to greater patient engagement and adherence, thereby fostering
improved health outcomes.

Useful, Usable, and Actionable Data:

Thanks to Al and digital tools, previously unwieldy data sets can now be leveraged to
perform predictive analytics, diagnoses, and management to ultimately improve health
outcomes.

Evidence-Based Decision Making:

Integral to the promise of digital health is its capacity to facilitate evidence-based decision-
making, ensuring that interventions are grounded in empirical evidence. At the same time,
digital tools must be held to appropriate standards of evidence, i.e., appropriately
researched, sound methodology, published in peer reviewed journals.

Optimization of Healthcare Delivery:
Digital health innovations were viewed as important enablers for optimized healthcare
delivery. Through the deployment of advanced decision support systems and machine




Perils:

Potential risks, drawbacks,
and negative
consequences associated
with the adoption and
implementation of digital
health technologies.

learning algorithms, participants envisioned a paradigm shift towards improved allocation of
healthcare resources to maximize patient benefit.

Facilitation of Diagnoses and Management:

The role of artificial intelligence (Al) in augmenting diagnostic accuracy and healthcare
management was noted. Participants highlighted Al's capacity to process large datasets,
thereby facilitating timely diagnoses and personalized treatment regimens.

Regulatory and Environmental Challenges:

The integration of Al into healthcare necessitates robust regulatory frameworks to mitigate
risks and ensure patient safety. Additionally, participants deliberated on the environmental
footprint of digital health technologies, highlighting the at times competing interests of
validated and evidence-based technologies, the constant push for innovation and more
data, and the need to address climate change and environmental impacts.

Complexity of Environmental Impact Assessment:

Measuring the broader environmental impact of digital health technologies emerged as a
formidable challenge. Participants grappled with the intricacies of quantifying environmental
footprints including and beyond carbon emissions, recognizing the complexity inherent in
assessing the holistic environmental ramifications of healthcare practices.

Lack of Human Resources:

There is an unfilled need for highly qualified personnel who understand the language,
terminology, and implications of environmental sustainability across disciplines. A holistic
view of the potential impacts of digital health development and implementation and fully
informed decision-making will not be possible without the appropriate capacity building.

Excess Enthusiasm for Al & Al-Driven Solutions:

Participants expressed apprehension regarding the risk of excess enthusiasm for Al’s role
in decision making, or ‘fetishization’ of Al and data. Participants cautioned against the blind
adoption of/undue trust in Al, emphasizing the irreplaceable role of human expertise in
contextualizing and interpreting clinical data.




Ethical Dilemmas in Data Utilization:

The responsible use of health data was a common thread across discussions. Participants
articulated concerns regarding data privacy, security breaches, and the potential for
algorithmic biases, underscoring the imperative of safeguarding ethical principles amidst
technological advancement.

Unintended Consequences

Participants recognized that growing quantities of data may responsibilize people in ways
that disrupt more holistic ways of understanding and mobilizing health and wellbeing, thus
having unintended negative consequences. As well, the goal of improved diagnosis is
improved outcomes. Diagnostic accuracy is not guaranteed to generate such improvement.
It may involve over-diagnosis and lead to over-treament and associated harms

Equitable Access

When designed for equity, participants believe that digital tools hold great potential to
address some disparities in care, empower some self-management, and improve some
outcomes in some populations.

Interoperability and Systems Approach
Creating systems that work together seamlessly, though a challenge, provides great
opportunity to leverage the full potential of digital health technologies.

Interdisciplinary Teams

Participants recognize that having a variety of perspectives and skills present on a team
helps better address complex healthcare challenges and develop effective and holistic care
approaches.

Best Practices
Adherence to best practices for data management and engagement provide opportunity to
enhance transparency and mitigate risks associated with data misuse.

Holistic Health




Impediments:

Barrier, obstacle, or
challenge that hinders the
effective deployment and
utilization of digital health
technologies.

Participants deliberated on the balance between maximizing health benefits and minimizing
environmental impact. They discussed the perception that digital health innovation is
always beneficial and contributes to positive health outcomes, while recognizing there may
be financial and environmental costs. The need to have integrative, holistic approaches to
evaluating and using digital health were underscored.

Consolidation of Power

Participants viewed the consolidation of power among big tech companies as a major
threat, with implications for equity, access, and control over data, resources, and
technology.

Lack of Conceptual Framework

A lack of a conceptual framework for innovation upstream of implementation poses a
challenge for accelerating investments in digital innovation in health in a responsible
manner.

Cybersecurity

Moving towards connected, cloud-based platforms and increasing reliance on digital tools
creates heightened vulnerability to system failures and cyber-attacks especially if
advancements in healthcare infrastructure and innovations continue to lag behind other
sectors and technologies. Meanwhile, investing in cybersecurity must be recognized as a
financial and environmental cost of digitalization.

Competing / conflicting interests

Participants noted that there is inherent conflict among different stakeholders, with each
group defending its own priorities and needs. Questions were raised over decision-making
processes and who has the right to act and implement changes in such a multi-faceted
environment.

Environmental Impact:
Participants underscored the ecological footprint associated with the maintenance and
operation of large Al models. There was a collective call to assess the environmental costs




vis-a-vis the incremental value provided by Al systems in healthcare, highlighting the
imperative of environmental sustainability.

Volume of Data:

The sheer magnitude of data involved in Al applications emerged as a significant
impediment. Participants underscored the challenge of discerning crucial data for decision-
making amidst the deluge of information, highlighting the potential for inefficiencies and
escalating costs without commensurate benefits. As well, some participants questioned
whether the availability of — and potential for even more — data was serving as a highly
inappropriate driver of activity. Rather than being driven by supply, health research and
service activity should be driven by need. They countered that understanding the need
didn’t always require more and more data, and that sometimes the demand for data was a
significant issue to be overcome.

Rapid Technological Advancements:

The exponential pace of Al technological investigation poses a formidable challenge,
especially in regard to evaluating usefulness of tools. Participants deliberated on the
imperative of ensuring that human stakeholders can effectively adapt to and engage with
evolving technologies to remain integral to the decision-making process, and highlighted
the importance of a “responsible research and innovation” paradigm, premised on a clear-
headed assessment of need, potential and social accountability, rather than hope,
opportunity and supply.

Human in the Loop:

The dialogue emphasized the indispensable role of human judgment in conjunction with Al
technologies to avert errors that Al might not autonomously recognize. Participants
advocated for maintaining human expertise as a central component of the decision-making
process, but acknowledge the near-impossibility of maintaining the “human in the loop”
given the volume and speed of data-driven capacity.




ADDRESSING ROADBLOCKS & SOLUTIONING

Through group discussions and a voting exercise, five themes were prioritized and
associated areas for further inquiry were identified:

1. The peril of consolidation of power

There has been an observable shift/consolidation of power to ‘big tech’ companies,
closely related to the impediment of competing/conflicting interests. Participants
viewed this as a key threat to a sustainable future, requiring effective
communication and collaboration to address.

e Consider how best to navigate relationships between the tech and public
sector.

e Explore ground-up solutions via procurement, ownership, etc.

¢ Identify who should be at the table for further discussions, including those
who have not traditionally had a seat, people with lived experience, and
environmental thought leaders.

¢ Identify stakeholder perspectives, agendas, and incentives.

e Balance interests to negotiate a collective definition of value.

e Conduct scenario planning exercises to learn from past lessons around
technological advancement/check against past claims of innovative
technologies (i.e., Al) and to anticipate and understand the trajectories and
uncertainties inherent to different possible futures.

2. The promise of equitable access
Digital health innovations such as remote diagnostic and monitoring technologies
hold promise for underserved/isolated communities. However, unequal access
and barriers to technology can contribute to further disparities. To bridge this
‘digital divide,” innovations must be designed with a health equity lens that
considers the end user and a suite of geographic, socioeconomic, cultural, and
regulatory factors.

e Use digital health tools as a complement to care, considering for whom and
in what circumstances digital tools are favourable to face-to-face
appointments.

e Pursue and expand triage systems enabling remote monitoring and self-
management in remote or rural settings.

e Build platforms for inclusive stakeholder engagement from diverse
perspectives.

¢ Reflect patient and clinician feedback, preferences, and values as tangible
metrics.

e Better describe the relationship between equity and sustainability.

e Consider who is responsible (high/middle/low-income countries) for
advancing sustainable digital health, especially in the context of past and
future pandemics and pandemic preparedness (i.e., single use plastic and
PPE)




3. The promise of useful, usable, and actional data
Ensuring that we collect the data we need, and that collected data is useful, easily
accessible, and actionable for healthcare providers is crucial for leveraging the full
potential of digital health technologies. Further, equity and bias in data acquisition,
analysis, and application must be fully understood to ensure ethical and
sustainable solutions.

e Be cognizant that data begets data, and this comes with associated costs.

e Focus on ‘looking beyond the lamppost’ to see more broadly, and ensure
that data is unbiased and representative and that solutions are equitable
and accessible.

e Improve data accessibility and transparency for patients to foster
empowerment, communication, and patient-centered care; approaches
must streamline data access processes, enhance data literacy, and
strengthen data governance frameworks.

e Conduct forecasting exercises to solidify where we want to end up, identify
areas of deep uncertainty, and develop a roadmap of how to get there.*

4. The peril of cybersecurity
Participants noted that safeguarding sensitive healthcare data is of paramount
importance, and that keeping up with the pace of technological change and
innovation is, and will continue to be, an ongoing challenge.
e |dentify the gaps in existing rules, regulations, and governing mechanisms
e Determine risk tolerance levels/values and accepted trade-offs between
security and suability to identify appropriate measures (investments in
technology, crisis protocols).
e |dentify environmental costs.
e Enhance the resilience of digital health systems — how can systems be
interconnected yet secure from system failures or cyberattacks?
e Equip staff with cybersecurity training.

5. The impediment of limited human resources
There is a demand for specialized skills and knowledge within various disciplines
to effectively address challenges and opportunities associated with sustainable
digital health — it's innovation, implementation, and governance. Participants
recognized the need to build a diverse workforce capable of driving sustainable
digital health initiatives forward.
e Pursue the designation of a new class of professionals versed in
sustainable healthcare / digital health.
e Pursue bottom-up, early training of the next and current generation of health
professionals focused on interdisciplinary collaboration.

1 Consult the Environmental Governance Lab’s “We Did [t!" exercise on a future history of net zero in
Canada.


https://envirogovlab.ca/we-did-it-launch-event

Further, two guiding principles were identified as lenses to apply to all actions moving

forward:

1. Environmental impact

Sustainability was identified as a key principle that must underpin all technological
and policy developments to ensure long-term viability and ethical responsibility.

Inventory what we know to be important in terms of sustainability to
determine standardized methods to measure/quantify environmental impact
of research/digital health tools and systems.

Advocate for the investment in research on sustainable healthcare practices
to generate evidence-based recommendations and solutions.

Advocate for the inclusion of meaningful sustainability considerations in
funding applications, whether that be carbon calculators, environmental
impact assessments, or another standardized method. Be cognizant of
greenwashing.

2. Responsible research

Ensuring healthcare research, healthcare practices and associated resource
allocation align with principles of environmental sustainability and social
responsibility requires further exploration and continual re-evaluation.

Define digital health; adapt the definition of sustainability to address digital
technologies development and implementation.

Consider resources/waste, intersectionality, sustainability, etc.
Consolidate resources for researchers on the best practices for sustainable
digital health to enable responsible research.

Integrate the idea of sufficiency into research: What is enough? What am |
doing? What does it mean? What is the potential significance and impact?
Foster public engagement to understand priorities and perceptions around
trade-offs.



Through this interdisciplinary workshop, we reframed the context to assess the
sustainability of digital health innovations from different perspectives, such as
environmental, patient, social sciences, economic, and clinical.

Together, we challenged the presumptions that innovation is always beneficial, that more
data is always needed, that increased accuracy is always advantageous, and that digital
care is inherently good. We identified a significant peril in the current supply-driven
approach to innovation; where we should be asking what data is needed to answer the
guestions that need answering, we are instead driving analytical capacity to manage the
seemingly unlimited quantities of data that it is possible to generate. It is important to note
that having data is not the same as having evidence; seeking data is not the same as
seeking to be evidence-based.

We recognized that with the development and implementation of digital health comes the
potential for waste, excessive consumption, and irresponsible research and care. It is
imperative that all new technologies are grounded in empirical evidence, and that the
true cost and value of improved accuracy facilitated by Al be understood — what is the
allowable cost for incremental improvement with uncertain increased benefit? There are
significant gaps in the evaluation of new tools and innovations, and the measurement of
their outcomes.

It is a frightening reality that innovations are occurring at an alarming rate with little line of
sight to regulatory review, great potential socioeconomic and environmental costs, and
negligible (or even negative), yield and benefit.

Our reflections on the paradox of digital health will help inform future actions around
responsible digital innovation, and the measurement of impact and outcomes in a new
way that is holistic of all factors.



The following actions were identified as preferred next steps:
1. Establish a Community of Practice

Collaborate with global CoP and networks such as SHADE.

As we start to formulate strategies out of the Workshop, identify key players who
were missing from this workshop and bring them together with attendees to:
e Define digital health and sustainable digital health
e Develop standardized methods/practical guidelines for integrating
sustainability into research, tech development, and health implementation
e Draft a call to action around sustainable digital health
e Advocate for environmental sustainability and responsible research to be
accepted by funding agencies as key principles

2. Synthesize knowledge by pursuing publication(s)

Draw on the definition of sustainable digital health drafted by the Community of
Practice and workshop outcomes to write a paper(s) on the principles and priorities
for sustainable digital health:
e Embed cardiology case studies to target the Journal of the American
College of Cardiology
e Apply backcasting and forecasting techniques to explore the ‘future history’
of sustainable digital health

3. Generate new knowledge by exploring funding opportunities

Elaborate on the research questions that emerged from the survey responses as
well as the deliberations of the workshop (see Appendix X for research questions).

Pursue funding opportunities on a local and international scale, notably:
¢ In Canada:
e New Frontiers in Research Fund
e CIHR Project Grant
e CIHR Catalyst Grant — Community-Based Research in Climate
Change Priority Areas
e NSERC Discovery Grant
e International:
e WHO
Wellcome Trust
World Bank
PARIS-DE



https://www.sshrc-crsh.gc.ca/funding-financement/nfrf-fnfr/index-eng.aspx
https://cihr-irsc.gc.ca/e/49051.html
https://www.researchnet-recherchenet.ca/rnr16/vwOpprtntyDtls.do?prog=4117&view=currentOpps&org=CIHR&type=EXACT&resultCount=25&sort=program&all=1&masterList=true&language=E
https://www.researchnet-recherchenet.ca/rnr16/vwOpprtntyDtls.do?prog=4117&view=currentOpps&org=CIHR&type=EXACT&resultCount=25&sort=program&all=1&masterList=true&language=E
https://www.nserc-crsng.gc.ca/Professors-Professeurs/Grants-Subs/DH-HD_eng.asp

4. Stimulate capacity and interest in Sustainable Digital Health, ideally with a
cardiology lens

Use existing funding mechanisms of the collaborators — potentially amplified by
external parties or University of Toronto. Such mechanisms might include:

e Joint focussed research call between the Collaborative Centre and
TRANSFORM HF such as a Collaboration Starter Grant or Seed Grant (i.e.,
co-funded by the partners and jointly promoted to members of each
network).

e Co-sponsored and co-supervised fellows who bridge the mission of each
partner and build capacity for sustainable digital health research and
education.

Consider opportunities for joint educational or promotional events that raise
awareness and advance the dialogue on sustainability in health care.

5. Conduct research

Pursue a ‘green’ RCT to develop and test methods and guidelines in a clinical
setting.

Specifically, we hope to explore the measurement, evaluation, and validation of
digital health through a climate lens. This includes quantifying the trade-off
between innovation and accuracy with climate impacts.
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HEALTH SYSTEM & SUSTAINABILITY THOUGHT LEADERS

Dr. Nicoda Foster

Dr. Foster is the Managing Director of the Sustainable Development Goals Institutional Strategic
Initiative at the University of Toronto. She is strongly committed to addressing the underlying causes of
inequity that affect the most vulnerable in our society.

Dr. Foster has held several progressive administrative roles with organizations such as Sinai Health
System where she was instrumental in the development of the Geriatrics program’s evaluation and
research program and the Registered Nurses Association of Ontario where she supported the uptake of
their world renowned best practice guidelines into nursing practice.

Ms. Lovisa Gustafsson

Ms. Gustafsson is the Vice president of the Controlling Health Care Costs program and leads the
Climate and Health initiative at the Commonwealth Fund. In these roles she oversees the programmatic
work, including grant making, in the areas of prescription drug policy, health care prices, and
decarbonization of the health system.

Prior to joining the Fund, Ms. Gustafsson served as senior vice president for the Marwood Group, a
health care advisory organization, where she managed various outsourced private equity due diligence
and strategy consulting engagements. Before her role at the Marwood Group, she worked as a manager
in corporate strategy and business development at McKesson, a senior consulting associate in quality
and operations support for Kaiser Permanente, a senior policy analyst at the Commonwealth of
Massachusetts Office of Medicaid, and a manager at Avalere Health LLC. Ms. Gustafsson earned an
M.B.A. in health care management from the Wharton School at the University of Pennsylvania and a
B.A. in sociology from Harvard University.



Mr. Simon Hagens

Simon Hagens is the Vice President of Performance at Canada Health Infoway. He leads performance
analytics to inform the delivery and optimization of digital health for the benefit of Canadians and our
health system.

Prior to Infoway, Simon has been a manager in a primary care and community health organization,
where he led the implementation of an electronic medical record system. As a market researcher in the
pharmaceutical industry, Simon applied a variety of qualitative and quantitative research approaches to
provide intelligence andrecommendations for marketing major products. Simon holds a B.Sc from the
University of Guelph and an MBA from McGill University.

Mr. Matt Hulse

Mr. Hulse is a professional electrical, computer, and software systems engineer with diverse
experience in embedded devices and digital communication technologies. He possess extensive
knowledge of photovoltaic systems, networking and telecommunication protocols, and have unique
experience in radio and broadcast engineering. His specialization is in energy and communication
infrastructure in developing communities and emerging markets. His work experience spans many
countries and disciplines through accomplishments in industry, public sector, and non-profit
institutions.

Dr. Matt Ratto

Dr. Ratto is Professor in the Faculty of Information at the University of Toronto and the Bell University
Labs Chair in Human Computer Interaction. His research focuses on how theories and perspectives
from technoscience research can usefully extend and contextualize design and engineering practice,
particularly related to emerging digital health technologies.

He studies and practices ‘critical making’, work that combines humanities insights and engineering
practices and has published extensively on this concept. Based on new research, Dr. Ratto recently
published a CHI conference workshop paper on new approaches to the design of Al-powered
therapeutic conversational agents (CHI 2021.)



Dr. Gabrielle (Gabby) Samuel

Dr. Samuel is a lecturer in the Department of Global Health & Social Medicine at King’s College London
and co-Director of SHADE - a research group and network at the intersection of Sustainability, Health,
Al, Digital technologies, and the Environment. Her main research interests relate to the social/ethical
issues associated with digital health, big data, and Al.

Gabby is particularly interested in the environmental impacts of these technologies and her research
programme explores ethical and governance issues related to this. She has argued that the moral gaze
of technologies should include not only their use, but also where they have come from and where they
are disposed. She draws on concepts of sustainability, justice, power, equity, responsibility and neo-
liberalism to do this. She is particularly interested in decision-making and how values-trade-offs are
balanced, and how this relates to moral obligation, responsibility, justice and critical justice
scholarship. Gabby's research is funded by a range of grants, including a Wellcome Fellowship, which is
exploring the environmental sustainability of data-driven health research.

Dr. Hardeep Singh

Dr. Singh is a Professor of Medicine at the Center for Innovations in Quality, Effectiveness and Safety
based at the Michael E. DeBakey Veterans Affairs Medical Center and Baylor College of Medicine,
Houston. He leads a portfolio of multidisciplinary quality and safety research focused on measurement
and reduction of medical errors, improving the use of health information technology and health system
transformation.

He represents the US Department of Veterans Affairs (VA) on the National Academy of Medicine’s
Climate Collaborative and has proposed several system-level approaches and strategies related to
decarbonization of health care delivery. He co-chaired the Technical Expert Panel that developed
“Reducing Healthcare Carbon Emissions: A Primer on Measures and Actions for Healthcare
Organizations to Mitigate Climate Change.” He is serving on the Executive Committee of the newly
launched Lancet Planetary Health Commission on Sustainable Healthcare where he also co-leads the
Environmental Performance & Quality Measures Working Group.



Dr. Jodi Sherman

Dr. Sherman is an Associate Professor of Anesthesiology of the Yale School of Medicine, Associate
Professor of Epidemiology in Environmental Health Sciences, and founding director of the Yale Program
on Healthcare Environmental Sustainability in the Yale Center on Climate Change and Health. She also
serves as the Medical Director of Sustainability for Yale-New Haven Health System.

Dr. Sherman is an internationally recognized researcher in the emerging field of sustainability in clinical
care. Her research interest is in life cycle assessment of environmental emissions, human health
impacts, and economic impacts of drugs, devices, clinical care pathways, and health systems. Her work
seeks to establish sustainability metrics, paired with health outcomes and costs, to help guide clinical
decision-making, professional behaviors, and organizational management toward more ecologically
sustainable practices to improve the quality, safety, and value of clinical care and to protect public
health.

Dr. Sherman is a member of the Lancet Countdown on Health and Climate Change and was contributing
analyst for the UK National Health Service Net Zero Initiative, and serves on the National Academy of
Medicine Action Collaborative for Decarbonization of the U.S. Health Sector. She is Co-Director of the
Lancet Planetary Health Commission on Sustainable Healthcare.

Mr. Erwin Van Hout

Mr. Van Hout is the Chief of Technology Transformation at The Hospital for Sick Children, where he
leads the technology workstream for Project Horizon, a campus redevelopment plan to build an inspired
hospital of the future and transform how care is delivered. He is passionate about leveraging emerging
technologies, innovation, and foresight to enable, empower, and enhance the staff, physicians,
researchers, patients, and families at SickKids.

With over 20 years of business and technology infrastructure experience, he is a technology strategist
who plans, develops, and implements end-to-end IT solutions across various industry verticals,
including healthcare, telecommunications, pharmaceuticals, and professional services.



CARDIOLOGY & DIGITAL HEALTH INNOVATORS
Dr. Darshan Brahmbhatt

Dr. Brahmbhatt is a board certified Cardiologist and Internal Medicine Physician. His academic interests
include innovations in heart failure care and remote monitoring. He is clinically focussed on heart failure,
complex implantable devices, and cardiac transplantation. He has recently taken up a post as Heart
Failure Attending at Mount Sinai Hospital in Toronto.

Dr. Jennifer Gibson

Dr. Jennifer Gibson is Sun Life Financial Chair in Bioethics and Director, Joint Centre for Bioethics (JCB)
and Associate Professor, Division of Clinical Public Health and Institute of Health Policy, Management, &
Evaluation, Dalla Lana School of Public Health, University of Toronto. Jennifer leads the AMS-Fitzgerald
Fellowship in Al and Human-Centred Leadership at the Joint Centre for Bioethics, is a member of the
WHO Expert Group on Ethics and Governance of Atrtificial Intelligence for Health and recently completed a
3-year term as Vice-Chair of the Ontario Health Data Council.

Dr. Gibson’s program of research and teaching focuses on health system and policy ethics from an
interdisciplinary perspective. She is interested in the role, interaction and influence of human values in
the design, development and deployment of technology in health systems locally and globally and in
decision-making about technology use within a broader societal context.

Dr. Muhammad Mamdani

Dr. Mamdani is Vice President of Data Science and Advanced Analytics at Unity Health Toronto and
Director of the University of Toronto Temerty Faculty of Medicine Centre for Artificial Intelligence
Education and Research in Medicine (T-CAIREM). Dr. Mamdani’s team bridges advanced analytics
including machine learning with clinical and management decision making to improve patient outcomes
and hospital efficiency. He is also adjunct Senior Scientist at the Institute for Clinical Evaluative Sciences
(ICES) and a Faculty Affiliate of the Vector Institute, which is a leading institution for artificial intelligence
research in Canada.

Dr. Mamdani’s research interests include pharmacoepidemiology, pharmacoeconomics, drug policy, and
the application of advanced analytics approaches to clinical problems and health policy decision-making.
He has previously been named among Canada’s Top 40 under 40 and has published over 500 studies in
peer-reviewed healthcare journals.

Dr. Chris MciIntosh

Dr. MclIntosh is a Scientist at the Techna Institute, the Peter Munk Cardiac Centre, and the Joint
Department of Medical Imaging, at the University Health Network, and an Assistant Professor in the Dept.
of Medical Biophysics at the University of Toronto.

In 2012 he joined the Department of Radiation Physics as a Research Associate working in the labs of
Drs. Tom Purdie and David Jaffray; his and Tom Purdie’s work has since been commercialized and is now
deployed in hospitals around the world, using Al to deliver reproducible, high quality cancer care. In 2019
he started his own lab focusing on the theory and clinical application of Al in medicine for improving
patient care including transfer learning, meta learning, computer vision, and explainable Al. Applications
include deep learning for automated diagnosis, segmentation, quality assurance, and treatment planning.



Dr. Yas Moayedi

Dr. Moayedi is an advanced heart failure and transplant cardiologist at Toronto General Hospital,
University Health Network. She has subspecialty training in Cardiology and a fellowship in Advanced
Heart Failure Therapies. Dr. Moayedi studied Digital Health and Precision Medicine at Stanford
University and pursued a Master's in Translational Research at the University of Toronto.

Yas is dedicated to reducing health inequities through technology and mobile health, with a firm belief
in making excellent patient care accessible to all.

Dr. Abhinav Sharma

Dr. Sharma is Assistant Professor in the Department of Medicine, Divisions of Cardiology and
Experimental Medicine at McGill University.

His research is in the field of digital health, with a focus on how to optimize health behaviours in order
to improve outcomes in patients with cardiovascular disease and diabetes. His research group focuses
on two major themes: on cardiovascular outcomes and therapy optimization in patients with diabetes
and heart failure; and on the use of digital health to streamline follow-up and therapy selection in
patients with heart failure. The aim is to develop new tools to leverage novel biomarkers, digital data,
and electronic health records to conduct clinical studies, optimize patient data collection, and enhance
knowledge translation.

Dr. Jay Shaw

Dr. Shaw is the Tier 2 Canada Research Chair in Responsible Health Innovation and an Assistant
Professor in the Department of Physical Therapy at University of Toronto. He serves as Research
Director of Artificial Intelligence (Al), Ethics & Health at the University of Toronto Joint Centre for
Bioethics, an appointment in the Department of Physical Therapy, and is adjunct Scientist at the
Women'’s College Hospital Institute for Health System Solutions and Virtual Care. He practiced as a
physical therapist in community-based care prior to completing his PhD in 2012.

Jay's program of research addresses the implementation and ethical/social implications of innovations
in health care, with a special focus on digital health technologies, applications of Al in health care, and
other equity-focused health innovations.

Dr. Lynne Warner Stevenson

Dr. Stevenson is the Lisa Jacobson Professor of Cardiovascular Medicine and Director of
Cardiomyopathy at Vanderbilt University Medical Center. She has contributed to 30+ national guidelines
for heart failure, transplantation, and cardiomyopathies. With support from NHLBI, she has played
leadership roles in trials developing strategies of care for heart failure, including the INTERMACS
registry for ventricular assist devices, with over 20,000 patients.

Dr. Stevenson's research has focused on the physiology and profiles of advanced heart failure and the
personalization of therapies for patient goals to extend length and quality of life. Her current practice
focuses on the early recognition and clinical profiling of genetic cardiomyopathies. In 2021, she
received the Lifetime Achievement Award from the Heart Failure Society of America.



Dr. Nicole Weckman

Dr. Weckman is the Paul Cadario Chair in Global Engineering at the University of Toronto. Her research
focuses on developing the next generation of point-of-care technologies for diagnosing diseases and
monitoring outbreaks of drug-resistant infections. Her research group develops sensitive and
quantitative biological and biochemical sensors at the interface of cell-free synthetic biology and
microscale and nanoscale sensing systems by focusing on engineering design for clinical and
commercial translation.

She is particularly interested in developing low-cost and sustainable diagnostics that can help to
improve health equity. Beyond her academic work, Dr. Weckman is co-founder of the start-up 52 North
Health, where she is working in the medical diagnostic space to develop low-cost digitally linked
technologies that help improve health outcomes and health equity for people receiving chemotherapy.

Dr. Camellia Zakaria

Dr. Zakaria is an Assistant Professor in the Biostatistics Division and Institute of Health Policy,
Management, and Evaluation (IHPME) at the Dalla Lana School of Public Health (DLSPH), University of
Toronto.

The orientation of her research is as affirmative as it is critical in fulfilling the long-term vision "toward
sustainable mobile health - one which provides anecdotal evidence to support personalized and
precision medicine while driving population health values." Grounded in Systems research, her
investigations lie in the intersecting subfields of Mobile and Ubiquitous Computing, Applied Machine
Learning, and Human-Computer Interaction.



PEOPLE WITH LIVED EXPERIENCE
Mr. Sheldon Daley

Sheldon Daley is a patient partner with a congenital genetic disorder that manifested as Heart Failure
and Neutropenia. He had a heart transplant approximately four years ago. Daley is currently in his 4th
year at the University of Toronto studying Ecology and Evolutionary Biology, Human Biology, and
Medical Anthropology.

Sheldon is interested in understanding care gaps in the healthcare system and social dynamics in
healthcare, and intends to pursue a masters in Epidemiology.

Ms. Dina Theodoropoulos

Constantina Dina Theodoropoulos is a caregiver for over 40 years to her mother who has been living
with heart disease and heart failure most of her life. She studied mathematics and sociology at the
University of Toronto then pursued a career in interior design and build.

Dina is proud to have chaired, co-chaired, and championed in the healthcare space. She has always had
an interest in being part of community, volunteering her time, and engaging in initiatives that would
enhance fellow humans and their health.



TRAINEES

Dr. Renzo Calderon Anyosa

Dr. Renzo Calderon is a post-doctoral fellow at the Institute for Pandemics at the University of Toronto.
He completed his Ph.D. in Epidemiology at McGill University and achieved an MD and MSc in
Biomedical Informatics in Global Health from Cayetano Heredia University in Lima, Peru. During his
doctoral journey, Dr. Calderon centered his research on the application of quasi-experimental
methodologies for policy assessment. His current research interests are concentrated on the
evaluation of public policies, both in the midst of and in the aftermath of the COVID-19 pandemic. This
involves delving into areas such as mental health, societal and gender disparities in healthcare, chronic
diseases, and the integration of communication technologies within the realm of public health and
merging diverse data streams and constructing tools.

Mr. Joseph Donia

Joseph Donia, MSc, is a PhD Candidate at the Institute of Health Policy, Management & Evaluation,
University of Toronto, where his research addresses the ethics, policy, and governance of data-intensive
health innovation. His work has been published in leading interdisciplinary venues including Big Data
and Society, Science and Engineering Ethics, and the AAAI/ACM Conference on Al, Ethics, and Society
(AIES).

Ms. Lola Oyefeso

Lola Oyefeso, a Human Biology student specializing in Global Health at the University of Toronto, is
dedicated to addressing healthcare disparities. Her research focuses on community-focused integrated
care and digital health, utilizing Al and cutting-edge technology. She has lead various initiatives
promoting diversity and inclusion in healthcare. Her passion for transforming healthcare centers
around the potent intersection of Al technology and innovation, revolutionizing the industry. As a
student researcher at the University of Toronto Joint Centre for Bioethics, Lola contributes to cutting-
edge models of community-focused integrated care, digital health technologies, and Al applications.



HOSTS & PLANNING TEAM

Dr. Fiona Miller

Dr. Miller is a Full Professor in the Institute of Health Policy, Management and Evaluation at University
of Toronto. She holds the Chair in Health Management Strategies and is a Connaught Scholar.

Miller leads efforts to improve the sustainability of health systems through research, education, and
practice change through her roles as Director of UofT’s Collaborative Centre for Climate, Health, and
Sustainable Care; Director of the national CASCADES initiative for climate action in healthcare; and
member of the global Sustainability, Health, Al, Digital technologies, and the Environment (SHADE)
research hub. She also brings a political economy perspective to the policy analysis of technological
innovation and sustainability transitions.

Dr. Geoff Anderson

Dr. Anderson is a Full Professor in the Institute of Health Policy, Management and Evaluation, University
of Toronto. He has been involved in health services research for over 20 years, with a growing focus on
examining the climate impacts of digital transformations in healthcare; he is an Affiliated Faculty of
UofT's Collaborative Centre for Climate, Health & Sustainable Care.

Anderson has strong expertise in integrated health and community care at multiple levels, and brings
his knowledge of international best practice and opportunities for health system transformation.

Dr. Heather Ross

Dr. Ross is Head, Division of Cardiology; Loretta A. Rogers Chair in Heart Function at University Health
Network; Site Lead for the Ted Rogers Centre for Heart Research; Professor of Medicine at the
University of Toronto; and co-lead of TRANSFORM HF.

Ross was named to the Order of Canada in 2021 for her contributions to cardiac care, including
innovative solutions to predict, detect, and follow cardiac events using digital technologies. She
recently led a research study evaluating the carbon impacts of Medly, an application she co-invented to
remotely monitor and manage heart failure.

Dr. Michael Elfassy

Dr. Elfassy is a Resident Physician in the Cardiology Residency Program at the University of Toronto. He
completed his MD and Internal Medicine Residency at the University of Toronto as well as an MSc in
Global Health at McMaster University.

Dr. Elfassy’s scholarly interests include health systems solutions, quality and innovation within
cardiovascular care. He was recently primary author on an article exploring carbon cost reductions
associated with remote medication titration for advanced heart failure published in JACC in April 2024.
He hopes to integrate artificial Intelligence into his work and collaborate with like-minded clinicians and
scientists.



Ms. Anne Simard

Anne Simard is the Director of Research for the Ted Rogers Centre for Heart Research (TRCHR) at
University Health Network, and Director of Strategy and Translation for TRANSFORM HF.

She leads research, training, and clinical initiatives dedicated to digital health innovation, health equity,
and engagement of people with lived experience of heart failure. Anne also leads several patient
experience, patient engagement, and knowledge mobilization initiatives at the TRCHR.

Mr. Alex Titeu

Alexandru is a Research Administration Officer at the Institute for Health Policy, Management and
Evaluation (IHPME). In his previous roles he has supported healthcare organizations in the collection
and analysis of improvement data, and worked on research projects with the Canadian Patient Safety
Institute (CPSI) and the North American Observatory on Health Systems and Policies (NAO).

Ms. Augusta Lipscombe

Augusta is Program Manager at TRANSFORM HF. She completed a Bachelors of Science at the
University of Guelph and a Master of Marine Management at Dalhousie University, following which she
began a career in science communications. For the past seven years, Augusta has worked with non-
profit organizations and educational institutions to translate knowledge into accessible content and
build community engagement.



VISION FOR THE FUTURE
OF DIGITAL REALTH...

e Eco-friendly digital infrastructure that minimizes environmental impact.

e Digital technologies need to replace technologies with larger individual footprints... build the digital technologies
themselves, including models, with minimal footprint.

 Aligned with the goals of climate/environmental movements around the world; based on renewable
resources/energy systems; data ownership is determined by communities whose data is collected specifically for
Black and Indigenous groups; challenges agism in the adoption of digital tech.

e Civil society, including young people, women, older persons, persons with disabilities and marginalized and hard-to-
reach communities, must be involved at all levels of planning, execution and monitoring of digital health.
International actors and the private sector should ensure their investments are coordinated and aligned with
national priorities. Without this, there is a risk of fragmentation/duplication/waste. There is need for coordination
among stakeholders and international donors under leadership of the government.

 Sustainable digital health will be end-user centric, well resourced, purpose-driven, and sustainable with tangible and
meaningful returns on investment. Ideally, it will lead to more efficient care and better patient outcomes.

e Sustainable digital health requires a blended approach that addresses the physiological as well as environmental
determinants of health. In this latter category we should include biological conditions, such as air and water quality,
climate, and access to bio-diversity, as well as the spatial impacts of economic and social conditions, given that
these are typically linked.

e Advancements in digital health are aligned with actual health system needs rather than technological advances that
add marginal to no value. Defining 'value' holistically, to consider not only value to individual patients, providers, or
areas of specialization, but to equitable and sustainable health care systems more broadly.

e Combination of remote care with triggers and alerts/videohealth/and in person visits to address common cardiology
problems: Patients receive the right intensity of attention to note new issues and to manage known issues. The
varied staff involved would be assigned according to skill level for cognitive processing, reassurance, or recognition
for upward triage, according to the common events.

e Complex and future-minded, taking advantage of the flexibility allowed by the use of digital technology. Time saving
and accessible, taking advantage of the reach and connectivity digital technology allows. Effective in both care and
reducing negative environmental effects.

e Considerations around the energy consumption of data centers that power cloud-based health applications. Use of
more efficient IT/equipment, use of IT/equipment to monitor and control energy consumption/waste related to
buildings and support services, and use of IT/equipment to influence care delivery and clinical decision-making.

e The development of digital hardware is practiced with sustainable supply chains, respects and reinforces social and
economic wellbeing of the local regions from which materials are acquired; digital technologies pay strong attention
to the environmental wellbeing and sustainability of local regions and broader regions in the world.



THE PROMISE OF DIGITAL
AEALTIR IN CARDIOLOGY

CREATING POSITIVE IMPACTS ON THE ENVIRONMENT, PATIENTS & WORKFORCE

 Advanced tech to support evidence based care that 1) reduces costs, emissions, and waste, 2) increases access
and reliability, and 3) optimizes costs in terms of finance and personnel while still providing high quality care.

o All stakeholders perceive enough personal and shared benefits to endorse and invest in its survival and growth.

o Streamlining data quantity capture, transmission and storage; clean energy, circular economy for electronic
devices/capital equipment; equity of broadband and tech access.

EMBED SUSTAINABILITY IN DIGITAL HEALTH DESIGN, IMPLEMENTATION & FUNDING

* Provide alternatives to conventional healthcare that take into consideration the environment, including distribution
of labour, centralization of power and digital infrastructures, hardware, and supply chains.

 Practices of design, distribution, use, and governance of tech are interwoven with sustainability as key concern.

 Tech solutions aren't based on quick wins, but long-term solutions; it is sustainable (carbon-neutral, doesn't
contribute to resource extraction/mining) and reusable/recyclable/doesn’t become obsolete. Tools should be easily
adoptable, and make work easier.

e More investment from domestic and international sources, better coordinated/aligned investments. Costed digital
health strategies and investment road maps. Mechanisms for meaningful multi-stakeholder engagement and
improved digital connectivity.

BALANCING INTERESTS, OR ‘EDGES’ OF THE SWORD

* Double-edged sword: environmental impacts from the creation of models and devices BUT may be offset by the
reduced travel and hospitalizations.

e Could provide new platforms of delivering, translating/transferring, and improving health care with enough accuracy,
equity, and efficiency that all users derive enough fulfillment to ensure digital health thrives. One challenge will be to
incentivize collaboration rather than domination among platforms.

 Savings in transportation, duplication, medical documentation, and billing costs may fuel continued investment.

MULTIPLE COMPONENTS TO SUSTAINABLE DIGITAL HEALTH

e Sustainability refers to 1) financial; 2) digital data; 3) patient safety. It includes financial/resource, human
engagement, environmental considerations, and geopolitical considerations.

* Relationship between environment and health, emphasizing an 'externalist’ approach to care that focuses on both
'internal’ impacts of genetics and lifestyle and 'external’ effects related to aspects of our environments.

ENVIRONMENTALLY-CONSCIOUS MEDICINE

» The environmentally conscious practice of medicine, implementing digital health when appropriate.

» Become more environmentally conscious in the healthcare field by developing methods to reduce carbon footprint
but not jeopardize quality patient care. Enhance patient care.

o Address critical gaps that are growing in the health care professions. No system will be sustainable if the rising
frustration/fulfillment ratio continues to drive early retirement of experienced doctors and nurses and dampen
recruitment of new medical professionals. Digital health is too often equated with a reduction in work force, when
the currently thinning work force instead needs to grow to make digital health succeed.




THE PERILS OF DIGITAL
AEALTIR IN CARDIOLOGY

CREATES/REINFORCES INEQUITIES AND GAPS IN ACCESS

e If poorly executed, it will result in greater inefficiency and wasted resources as well as public harm.

e That digital technologies reinforce existing structures of regional and global inequity.

e Equity of access. Creating models that impact patient quality of life instead of simply adding to electronics landfills.

e Access to internet is a challenge for many rural and remote communities across Canada that must be addressed

 Big data/too much data without benefit to patients and with detriment to energy/material requirements to support;
social justice issues around rare earth metal mining (e.g. women/childrens rights violations in DRC); technology
creep, prolonging death at great expense and suffering.

» Not everyone will have access/know to use it and may have to rely on another person to help them and miss out on
the extra benefits of monitoring their vitals. The cost of owning a smart device or the cost of the internet could play
a factor on many patients missing out on a great opportunity to help in their health. Accessibility to all is important.

CONSOLIDATION OF POWER & CONTROL; ENVIRONMENTAL IMPACTS

 Centralization of power by large corporate actors with resources to control access to infrastructures, data sets,
hardware, etc. Concerns around the outsourcing and conditions of related labour. Academic and medical incentive
schemes that do not prioritize sustainability, but the advancement of innovation tech and knowledge.

e While multiple systems need to be tested and to coexist and communicate, one of many challenges will be to
incentivize collaboration rather than domination among platforms.

e Concerned about centralization of data by private actors and the externalization of control over health that can
attend privatization and economic control by non-health care organizations.

e Emissions from technology use itself including Al

e Reimbursement models, data storage and safety

MEASURING IMPACT & VALUE OF DIGITAL HEALTH

 How do we measure that the digital transformation of health indeed minimizes the impact on our environment

e There is a lack of robust evidence on the clinical benefit and cost implications of digital health tools. When adding a
climate lens, it's really important to have clear clinical effectiveness information that both clinicians and patients
understand and trust to make clear that clinical effectiveness isn't being sacrificed for other metrics.

* Digital is not a panacea. Specific to sustainability and climate, the role for digital health tech must account for both
mitigating its carbon-costs, as well as for facilitating resilient, high-quality, adaptable health systems. Much to be
learned on the wisdom of the last era of digital transformation and eHealth around interoperability, incentives,
coordination, use-centered design, and linking tech use to outcomes.

 Tst focus should be to provide the best health care possible, with reduced env consequences being a 2nd outcome.

IMPORTANCE OF ROLE & NURTURING HEALTH CARE PROFESSIONALS

» Nothing will be sustainable if early retirement of experienced clinicians and dampen recruitment of new ones
continues. Digital health is too often equated with a reduction in work force, when really it requires an increase in
trained personnel to succeed. Define and begin training a new mid-level medical professional.

* Vision of what ‘good’ looks like for healthcare needs to be kept central, with digital being an important part of
delivering that in the modern complex connected world - but without losing human qualities and interactions.




BEST PRACTIGES FOR
SUS TAINABLE RHEALTIH GCARE

MEASUREMENT & EVALUATION

e Focus on measuring and evaluating the impact on both patient care and sustainability goals.

e Foster a culture of sustainability within cardiology . Offer training and education on sustainable practices.

e Socio-technical impact assessments, attending to the diverse set of considerations required to advance sustainable
health care, while grounding use of those more technocratic tools in inclusive and accountable governance
arrangements that include diverse perspectives, including those from the global south.

* Build a case, learn from data, implement practices to reduce emissions, sustain.

PATIENT ENGAGEMENT & LOCAL LEADERSHIP

 Best practices are primarily about local design and ownership. However, there is an obvious tension between these
best practices and the "scale-up” focus on industry and health care.

 Best practices include patient engagement with their chronic health problems, including authorization to adjust care.

 Co-design of tools that gain traction in typical care - such as excellent video platforms for consultation (many such);
integrated medical records that are designed to support work flow and patient and HCP experience (not EPIC!)

DESIGN FOR LOW-CARBON, LOW-IMPACT

e Groups examining biodiversity using digital imaging technologies tend to ensure tech is light weight and reusable.
» How to create synthetic data, how to rapid enable digital projects to emerge.

CARE PATHWAYS & SYSTEMS WITH MIX OF COMPETENCIES & PROFESSIONS

 Urgent visits and hospitalizations can be reduced by patient access to some 24/7 human triage with ready access to
home-monitored data, but caveat for next point:

» Care will be more efficient when a new designation of support personnel are trained to help patients decrease their
reliance on physician staff and health care facilities to address behavioral and social challenges.

» Any integrated system is more efficient when it is responsible for ALL of health care costs, including staff,
hospitalizations, home care, and end of life care. (e.g., Canadian system, Kaiser in California)

DIGITAL HEALTH PATHWAYS THAT ARE MEASURED & OPTIMIZED

e Digital/remote appointments... improves care as a whole, increases accessibility by patients who may have trouble
getting to their appointments, eliminates travel time and expenses for the patient. Environmental benefits are also
significant, as it eliminates emissions related to transport and energy use.

* In person appts along with virtual/remote monitoring... incredibly benefiting patient care.

REFER TO OTHER GUIDELINES & BEST PRACTICES

1.Principles for Donor Alignment for Digital Health — published by the Digital Investment Principles. Best practices to
collaborate/prioritise national plans/quantify costs/track & measure/strengthen donor skills

2.Canada’s Sustainable Future — National Action Plan

3. Natalie Jerimejenko's Environmental Health Clinic project at NYU; is an artist-scientist ... more speculative vein, but
the concepts are a creative and intriguing starting place.




RESEARGH QUESTION
T0 EXPLORE

Align with the goals of climate/environment movements and researchers around the world to develop research
questions and policy directions:
e What are the relationships between digital health inequities and climate-related inequities? how can digital health
and global sustainability agenda be brought together?

Create a Framework, Guidelines and Measurement Tools:
» Need for a measurement tool and guidelines for environmentally responsible digital health,
o |dentify and document more examples of digital health in response of the health system to climate shocks (both
where digital assisted health system resilience, and where there was system failure
e Research these case studies of digital health responding to climate shocks.

Explore, quantify and act on environmental considerations of digital health:
e What are the relative environmental impacts of traditional vs digitally led care pathways.
e We need precise reporting of the type of events and triage decisions currently made in large practices, by the
baseline diagnosis. Then we can better allocate the training and numbers of staff to receive and respond.

e How might we characterize the supply chains for digital health technologies? What sustainability issues are
represented by those supply chains?

 Reusability/lifespan of technologies (e.qg., reuse technologies people already have).

Within Cardiology:
e What is the impact of digital health on waste and emissions in cardiology
e What are the best practices to improve sustainability in cardiology in terms of policy and practice
e What are some things that cardiologists can do differently in their daily practice
Compare whatever digital health plan is tested to the same plan to which is added a friendly voice on the phone who
can be in contact with a large # of health care providers.
e Test different ratios of remote monitoring/ videohealth visits/office visits.
e How can telehealth and remote monitoring technologies be optimized to improve access to cardiology care?

Focus on patient outcomes
e What improves outcomes and experience of care; what increases convenience for patients and their families;
o What are key success factors for sustainable scale up?
e How to move beyond the physiological body in considering sustainability and health?
e What are digital tools and platforms for patient education on heart-healthy lifestyles?
 Bias and equity implications of interventions and underlying data.

Within Al and Data Science:
e How can we create synthetic data to enable more advances to be uncovered. How to enable cost recovery and how
will this be reimbursed? What are the metrics to show that we can improve outcomes?
e What is essential vs excessive data/storage/tech?
e How can Al and ML algorithms be developed to enhance diagnostic accuracy in cardiology?
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ABSTRACT

Addressing environmental pollution and climate change is one of the biggest sociotechnical challenges of our
time. While information technology has led to improvements in healthcare, it has also contributed to increased
energy usage, destructive natural resource extraction, piles of e-waste, and increased greenhouse gases. We in-
troduce a framework “Information technology-enabled Clinical cLimate InforMAtics acTions for the Environ-
ment” (i-CLIMATE) to illustrate how clinical informatics can help reduce healthcare’s environmental pollution
and climate-related impacts using 5 actionable components: (1) create a circular economy for health IT, (2) re-
duce energy consumption through smarter use of health IT, (3) support more environmentally friendly decision-
making by clinicians and health administrators, (4) mobilize healthcare workforce environmental stewardship
through informatics, and (5) Inform policies and regulations for change. We define Clinical Climate Informatics
as a field that applies data, information, and knowledge management principles to operationalize components
of the i-CLIMATE Framework.

Key words: climate change, electronic health records, clinical climate informatics, medical informatics, i-CLIMATE

INTRODUCTION

Addressing environmental pollution, climate change, and ultimately

health records (EHRs) and the development of large, centralized
medical centers. However, many of these same improvements have
also contributed to increased energy usage,” destructive natural re-
source extraction,’ piles of electronic waste (e-waste),* unsustain-

the sustainability of our planet as we know it represents one of the
biggest sociotechnical challenges of our time.! Tremendous
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improvements in technology and specifically information technology
over the past 60 years have led to global progress in nearly all sec-
tors and industries of our modern economy. In the healthcare sector,
improvements in healthcare delivery have been enabled by electronic

able increases in greenhouse gas emissions (GHGs),® and global
warming. US healthcare contributes 8.5% of national greenhouse
gases that, along with similar fractions of harmful air pollutants,
cause indirect harm similar in magnitude to medical errors.® Reduc-
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ing healthcare pollution is, therefore, a social, moral, professional,
and economic imperative.”

Health information technology (IT) tools and applications, spe-
cifically the EHR, are now an integral part of healthcare delivery
and can be used to support decarbonization efforts (ie, reducing the
release of greenhouse gases into the atmosphere), reductions in elec-
tronic and plastic waste, and increased environmental sustainability
(ie, meeting the needs of the present while maintaining ecological
balance and not compromising the needs of the future).® But, EHR-
related hardware and software also introduce challenges such as in-
creased natural resource extraction, energy consumption, e-waste,
and manufactured obsolescence.” Returning to paper-based medical
record-keeping systems is not an option, from either a healthcare
quality, patient safety, or environmental sustainability perspective.
Health IT must be used intelligently and to its fullest capacity to en-
sure safe, effective, high-quality patient care, while also helping ad-
dress healthcare-related environmental pollution and climate
change.

GUIDING PRINCIPLES FOR A CLINICAL
INFORMATICS-CENTRIC APPROACH TO REDUCE
ENVIRONMENTAL POLLUTION FROM HEALTH-
CARE

We propose 3 principles that should guide an informatics-centric ap-
proach to how information technology can and should be used to re-
duce healthcare’s carbon emissions and electronic waste and
promote sustainability. These principles are based on expert opin-
ions of the authors gained from previous health IT' and environ-
mental sustainability work,"' a review of the literature,
participation in national [JDS, MJE, AD, HS] and international
[JDS, MJE] groups focused on improving the sustainability of
healthcare, and conversations among the multidisciplinary group of
authors who are experienced in healthcare informatics [DFS, AD,
HS], information technology management [AD], clinical medicine
[JDS, HS], and environmental sustainability and engineering [JDS,
MJE].

First, IT and healthcare-related equipment and software should
be optimized to directly reduce their energy and material consump-
tion.'? For example, smart automation that allows powering down
or turning off equipment or devices that are not expected to be in
service can reduce electricity use, as can procuring more energy-
efficient equipment.'® Further, many computing devices are replaced
on a schedule that does not necessarily reflect their useful lifespan.
Increasing the length of time devices are used before they are
replaced can reduce both the materials and energy required to manu-
facture IT equipment as well as e-waste that must be managed.'*
Second, computing technology should help quantify, control, and
monitor energy usage, resource consumption, and waste in the
building infrastructure and services that support various aspects of
the healthcare delivery enterprise, such as heating, ventilation, air-
conditioning (HVAC), and lighting."> Third, health IT and espe-
cially EHRs should influence resources used in the delivery of clini-
cal care, for example by identifying and facilitating more efficient
clinical and administrative processes, and by informing environmen-
tally preferable procurement and clinical decision-making.'" All 3
principles—use of more efficient IT/equipment, use of IT/equipment
to monitor and control energy consumption/waste related to build-
ings and support services, and use of IT/equipment to influence care
delivery and clinical decision-making, should be considered in any

informatics-centric approach to promoting decarbonization and en-
vironmental sustainability.

In the sections below, we build on these 3 guiding principles, de-
fine the field Clinical Climate Informatics, and propose an action-
able clinical informatics framework to reduce healthcare’s
environmental pollution and climate-related impacts. The proposed
framework, which is derived from an established 8-dimension socio-
technical model,'® focuses on “Information technology-enabled
Clinical cLimate InforMAtics acTions for the Environment” and
henceforth titled the “i-CLIMATE Framework.” It has 5 actionable
components, each of which includes specific considerations and sus-
tainability solutions. We define Clinical Climate Informatics as a
field that applies data, information, and knowledge management
principles to operationalize components of the i-CLIMATE Frame-
work. The framework has a sociotechnical foundation that involves
both technical (eg, hardware/software, clinical content, user inter-
face) and nontechnical, social considerations (eg, organizational pol-
icies, workflow, work environment, culture, people, external rules,
regulations, and policies).'® We first outline the 5 components of the
action framework, their goals, and rationale. We then use these 5
components to organize a set of example actions, discuss the corre-
sponding risks, barriers, and potential unintended consequences that
will be faced in implementing these actions, and suggest potential
strategies to address them. This conceptual approach can help to ad-
vance both knowledge and action for how clinical climate informat-
ics can drive healthcare decarbonization activities toward net-zero
emissions, reducing e-waste, promoting responsible resource stew-
ardship, and achieving environmental sustainability.

THE USE OF I-CLIMATE FRAMEWORK TO GUIDE
INTERVENTIONS AND ACTIONS

The i-CLIMATE Framework has the following 5 components re-
lated to promoting decarbonization activities and reducing e-waste
in healthcare (Figure 1).

Create a circular economy for health IT

Goals: reuse, refurbish, repurpose, and recycle

The principles of a circular economy which include the elimination of
waste and pollution along with decisions to reuse, refurbish, or repur-
pose equipment and materials are well-known outside of healthcare,
but these ideas need to quickly make their way into clinical informat-
ics and healthcare.'” For example, in high-income countries, health-
care organizations commonly implement high-end computer
hardware and it is generally recommended that they replace the vast
majority of these devices every 2—4 years depending on improvements
in technology, clinical, or administrative use cases, and budget avail-
ability."* This rapid turnover in computer equipment ensures that
users experience good performance and high reliability necessary for
them to run the latest releases of operating systems and application
software. By replacing or upgrading key components (eg, power sup-
plies, cooling fans, hard drives, or adding RAM—random access
memory) and continuing to use the same hardware longer, an organi-
zation can significantly reduce their contribution to product life cycle
emissions and the enormous amount of e-waste created every year.'®
In addition, organizations can preferably contract with certified
“green” vendors that have take-back programs to ensure repurposing
of equipment and components,'” and take responsibility for recycling
materials only when reuse is no longer feasible, rather than throwing
materials away.'”' When acquiring new, and upgrading existing

20z Aeniqad Lz uo Josn 66.6..62) LSO ‘Assauybneys o Aq #88€/99/€512/Z L/62/3101e/elWel/Wwod dno-djwapede//:sdRy Wwolj papeojumoq



Journal of the American Medical Informatics Association, 2022, Vol. 29, No. 12 2155

Figure 1. The i-CLIMATE framework and the relationship between the 3 guiding principles and the 5 action components for how clinical informatics can help re-

duce healthcare’s environmental pollution and climate-related impacts.

equipment, Energy Star efficiency ratings should also be prioritized,
to maximize energy efficiency.*?

Reduce energy consumption

Goals: power down, use low-power devices, and increase use of re-
newable energy

A large healthcare organization uses significant quantities of electric-
ity to run their computers, and HVAC systems required to maintain
the climate-controlled environment. By combining administrative
data from the EHR (eg, operating room, clinic schedules, or hospital
room assignments) with building-level energy and device monitoring
software,’ an organization could identify facility areas, not in use
and automatically reduce lighting, ventilation, and power down elec-
tronics. Modifying current energy delivery to an “on-demand” model
can reduce energy consumption not just related to building and com-
puter use but also other hospital equipment.>> This would require
manufacturers to develop, and healthcare organizations to adopt and
use, functionality (eg, electrical submetering and other sensor-based
infrastructures*®) to allow them to monitor their equipment, safely
enter a low-power standby mode, and then power up quickly as
needed. It may also be possible to improve overall energy efficiency
by reducing patient and staff driving, for example, by using telehealth
for relatively simple follow-up visits.>> This will require clinicians,
healthcare organizations, and payers to develop and implement guide-
lines for appropriate use and billing of telehealth services based on
patients’ conditions and preferences beyond those adopted during re-

. .. 26
cent emergency pandemic conditions.

Support clinician and administrator decision-making
Goals: measure, display, and monitor data and performance
improvement

In addition to making changes in the procurement, use, and configuration
of the hardware and software itself to address climate change, health IT
can also enable clinicians and healthcare administrators to make climate-
informed changes in their procurement and work processes.'!

A primary goal of Clinical Climate Informatics is to support
more climate-friendly clinical decision-making. Substantial overuse
of testing, medications, and supplies is ubiquitous in healthcare.?” In
instances where there are clinical outcomes equipoise, clinicians
may reconsider alternatives before prescribing a product with a large
carbon footprint or while prescribing similar medications or supplies
that have very different carbon footprints.!* For example, consider-
able work has been done to assess the impacts of commonly used an-
esthetic gases isoflurane, desflurane, sevoflurane, and nitrous oxide
on climate change.”®** Assuming the cooperation and support of
EHR vendors, it would be relatively simple to display in real-time
the carbon dioxide equivalent impacts of each anesthesia option
available to clinicians at the point-of-care, along with more familiar
equivalencies such as miles driven,*” to encourage environmentally
preferable choices. Real-time alerts for fresh gas flow rates have
been available for over a decade and have demonstrated waste re-
duction success.>! Such information displays might serve to nudge
clinicians to select anesthetic gases with fewer climate impacts®? and
reduce their overall use.”®

Using embodied carbon emissions when evaluating the purchase
of supplies or equipment is not well known to middle management
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who make systems-level procurement decisions. For example, SAP re-
cently released its Product Carbon Footprint Analytics tool which
provides a means for organizations in select industries to assess the
carbon footprint of their devices or supplies across the value chain.*?
Similar tools could be developed to cover the healthcare industry.
Health IT could then help by creating organization-wide dashboards
that incorporate this type of product lifecycle carbon emissions infor-
mation to help clinicians and healthcare administrators consider,
track, and compare the environmental costs of different supplies, sim-
ilar to those used to monitor EHR usage,** safety,®® maintenance,
or financial costs.>” Often, displaying and monitoring the actual or
relative costs of different options is enough to change behavior.'!

The EHR can facilitate measuring, displaying, and monitoring
information that estimates the effects of various decisions regarding
the use of supplies, treatments, or medications on GHGs. Similarly,
tracking procurement and supply chain data can provide informa-
tion on how a healthcare system uses and disposes of supplies.
Health IT can be used to track all of the information on use, clean-
ing, and disposal of different supplies and related work processes.
Displaying this information to clinicians and administrators who
make decisions about procurement and supply chain management
within a healthcare organization can nudge them into better re-
source stewardship and more carbon-friendly choices.

Mobilize the healthcare workforce

Goals: train, educate, and incentivize

To achieve high impact from the i-CLIMATE Framework, the entire
healthcare community should ideally be involved, including infor-
maticians, payers, suppliers, administrators, clinicians, and patients.
Most chief information officers (CIO) and chief medical informatics
officers (CMIO) are not taught about this in any informatics curric-
ulum even though they control a significant portion of the equip-
ment purchasing and other decisions responsible for generating a
significant amount of GHGs, environmental waste, and energy con-
sumption. Most C-suite executives and their boards of directors in
healthcare that make key decisions also do not currently have data
or information to guide them about climate actions even though
they may realize it is an important area to focus on.>® Informaticians
can play a key role here. In addition to ensuring these influential
executives can understand quantitative data about the problem, they
can communicate how informatics and health IT can make a differ-
ence.>” These concepts apply to administrators and clinicians too.
For instance, the CMIO can help educate and support clinicians in
their day-to-day decision-making through judicious use of both ac-
tive and passive clinical decision support within the EHR. Finally, if
healthcare organizations included information about their decar-
bonization activities, efforts to reduce e-waste, and activities to pro-
mote responsible resource stewardship and environmental
sustainability in their annual reports and community outreach activ-
ities, future staff would be able to use this information to help them
choose where to work.*® There is a possibility that climate-
conscious patients would also make use of this information when
making elective healthcare decisions.*'

The current climate emergency needs bolder actions and this is
also true for clinical informatics. We propose the development of a
specific clinical climate informatics curriculum that focuses on use
of data, information, and knowledge and their associated princi-
ples of management to operationalize the 5 components of the i-
CLIMATE Framework. For example, healthcare organizations
need new educational content to address the importance of mitigat-

ing GHGs and environmental waste in building a sustainable fu-
ture, along with education on how best to use utilization and
emissions data for strategic management within their healthcare
delivery system. This latter activity in turn would generate new in-
formation on how healthcare organizations could modify existing
applications, decisions, devices, and processes to address the prob-
lems of climate change. Finally, informaticians can nudge and mo-
tivate health system administrators to change by integrating
activities for reducing GHGs, energy consumption, or environmen-
tal waste with activities already being undertaken as part of exist-
ing incentive programs.

Inform policies and regulations for change

Goals: incentivize, motivate, report, and regulate

Ultimately, various types of economic, social, regulatory, and politi-
cal strategies are needed to effect change. Healthcare organizations
spend a tremendous amount of money on computer and networking
equipment in addition to utility bills. Better IT-enabled methods still
need to be developed to capture and report carbon footprint data.
Health IT can also better capture the health-related impact of cli-
mate change, for example, through new pollution-related disease
classification codes.** For example, even though certain conditions
(asthma exacerbation from smoke, heat-related illnesses) are precipi-
tated by climate changes and pollution, the current billing codes in-
frastructure and our EHRs do not accurately account for this. These
methods could provide a more powerful data-informed “burning
platform” to impact policies and regulations. Furthermore, clinical
climate informatics and use of large-scale, integrated electronic data
could not only help advance knowledge about the health impacts of
climate change but also help understand their mechanisms, enable
opportunities to intervene, and provide early warning signals to pro-
tect patients and the public.*® Such climate-related data could be of
immense value to policymakers who serve vulnerable populations
and communities.

Informatics can enable the data and information that organiza-
tions need to exert their economic power to put pressure on IT, util-
ity, and service suppliers to encourage them to “go green.” In
addition, healthcare organizations and their IT leadership can use
this data and information to work with their local, state, and na-
tional political representatives to encourage them to enact climate-

friendly legislation, including driving rapid shifts to clean power.**

i-CLIMATE framework implementation

Given the financial, technical, and personnel constraints that exist
in the modern healthcare delivery system, implementing the i-CLI-
MATE framework will be challenging. However, rapid implemen-
tation is critical if we are to make the necessary changes required to
meet aggressive climate targets.*> Currently, work underway in
both the National Academy of Medicine Action Collaborative to
Decarbonize the U.S. Health Sector*® and the U.S. Health and Hu-
man Services Office of Climate Change and Health Equity*” could
bolster such efforts. Table 1 (below) gives pragmatic examples of
actions that could be taken in each of the i-CLIMATE framework’s
components. With each potential action or intervention designed to
reduce energy consumption or environmental pollution, we provide
its rationale, potential barriers or risks that implementers may en-
counter, along with a suggested strategy to address them. Success
in implementing these actions will require a concerted effort, atten-
tion to potential unintended consequences, a consideration of
tradeoffs, and compromise. Implementation thus is a shared re-
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Table 1. Operationalizing the i-CLIMATE framework to decarbonize healthcare and reduce environmental pollution

Potential action or

i-Climate framework
component

intervention

Rationale

Potential barriers or risks

Strategy to address
barrier or risk

Use IT to identify unused
areas and equipment to
power down

Reduce Energy
Consumption

Use low electrical consump-
tion CPUs

Use shared cloud comput-
ing resources rather than
locally hosted solutions

Use clean energy sources
for data center;

Optimize algorithms to re-
duce computational com-
plexity and memory
requirements

Reduction in printed refer-
ence books

Increased use of telemedi-

cine’?

Save electricity

Reduce electricity con-
sumption

Savings on electric, heating,

cooling resources®"

Reduce greenhouse gases
and toxic air emissions
from fossil fuel combus-
tion used to generate
electricity

Reduce computational
requirements—save elec-
tricity; enable organiza-
tions to use smaller
computers

Increased availability of ref-
erence material via com-
puter; Reduced printing
costs; Save natural
resources

Reduce driving for patients

Decreased lifespan of devi-
ces; increased time to
login in the morning; dif-
ficult to do nightly
updates to software/op-
erating systems

Slower computers result in
longer response times for
clinicians

Loss of local control; po-
tential increased risk of
data breach

Underdeveloped high-reli-
ability, clean energy in-
frastructure

Assumes that algorithms
are not already opti-
mized.

Information not available
during power outages;

In-person visits are still
needed for testing, proce-
dures, and certain treat-
ments. Increased
technology and energy
requirements.

Develop applications to au-
tomatically shut down
unused devices and re-
start machines before
work starts

Newer devices should have
minimal differences in
performance

Require remote-hosting
services to sign a business
associate agreement as
specified in HIPAA

Invest in newer battery
technology and solar
panels; Work with local
utilities to maximize abil-
ity to respond to emer-
gencies; encourage state-
level policies to drive
investments in clean
energy

With a concerted effort,
most software can be sig-
nificantly improved

Work to reduce impact of
power outages

Develop guidelines for ap-
propriate use of telemed-
icine services based on
patient condition

(continued)
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Table 1. continued

i-Climate framework
component

Potential action or
intervention

Rationale

Potential barriers or risks

Strategy to address
barrier or risk

Support Clinical or Admin-

istrative Decisions

Mobilize workforce

Inform policy development

Alerts to reduce ordering/
use of tests, medications,
procedures; Personalized
resource consumption
and associated emissions
reports

Adopt pollution-related dis-
ease classification
codes’?

Reporting and displaying
estimates of carbon-
equivalent emissions in
EHR, to influence envi-
ronmentally preferable
choices

Reporting and displaying
estimates of carbon-
equivalent measures in
procurement databases
to influence environmen-
tally preferable choices;

Use data analysis to stream-
line work processes, pro-
cedures, and
procurement processes
(eg, shortest driving
routes)

Mobilize healthcare work-
force around climate
change issues

Use IT to control energy
consumption of the
building (lighting,
HVAC)

Policy changes for Payors
to set and incentivize
“green” targets for data
centers and workstations

Reductions in unnecessary
test, medications, proce-
dures; Reduce costs and
pollution

Help improve our under-
standing of the effects of
pollution on health

Increased awareness of the
problem; promote
change

Reduce shipping and han-
dling costs

Eliminate waste of supplies;
optimize driving and de-
livery routes

Increase awareness of the
problem; promote
change

Decrease energy consump-
tion; save money

Increase awareness of the
problem; promote
change

Decreased revenue for
health system; Increase
alert burden for clini-
cians; Reduction in ad-
herence to other alerts

Insufficient knowledge to
utilize existing codes; in-
sufficient codes

Increased time, effort, and
cost to generate reports;
information overload for
clinicians; reduced screen
space for other clinical
information; vendor
greenwashing of product
and service emissions

Potential increase in costs;
vendor greenwashing of
product and service emis-
sions

Information gaps and lack
of integration.

Reduced time for other im-
portant clinical matters

Small, short-term impact
during periods of change
from nonuse to high-in-
tensity usage; nonevi-
dence-based policy
barriers around infection
control.

Potential to reduce time de-
voted to other issues; leg-
islative inertia.

Use noninterruptive infor-
mation displays; Work
with payors to share cost
savings

Work with clinical content
vendors to make codes
widely available; advo-
cate for new climate-re-
lated diagnosis codes**

Work with EHR vendors to
create reports that can be
shared across their cus-
tomer base; governmen-
tal emissions reporting
standards

Work with suppliers to re-
duce impact of changes;
governmental emissions
reporting standards

Many of these services are
already commonly avail-
able; work with vendors
for seamless data integra-
tion.

Work to make climate
issues part of daily life

Careful attention to transi-
tions should minimize
impacts. Rational poli-
cies to permit HVAC set-
backs.

This should become com-
monplace over the next
few years; international
policy drivers.

sponsibility that involves many stakeholders including clinicians,
patients, informaticians, senior IT, and administrative leadership,
EHR vendors, policymakers, and the government. Successful im-
plementation will also require a strong scientific foundation that
involves implementation and behavioral scientists, especially hu-
man factors experts and organizational psychologists, alongside en-
vironmental scientists who have experience with similar efforts in
other industries.

CONCLUSIONS

The current climate emergency calls for bold involvement from
the clinical informatics community. We define a new subfield of

biomedical informatics, “Clinical Climate Informatics™ that focuses
on use of data, information, and knowledge and their associated
principles of management to operationalize actions to drive health-
care decarbonization activities toward net-zero emissions, reduce e-
waste, and promote environmental sustainability. This field sup-
ports implementation of the i-CLIMATE Framework. While the
framework is bound to evolve over time, it is currently pragmatic
and actionable enough to start creating the much-needed momen-
tum to leverage data, information, knowledge management technol-
ogies, and informatics approaches to accelerate healthcare’s journey
to net-zero emissions. Implementation of this framework using soci-
otechnical principles®* which include consideration of hardware and
software as well as people involved, their communication patterns,
workflows, culture, environment, and external rules and regula-
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tions, can help ensure an important role for health IT-enabled
healthcare and its practitioners in addressing environmental sustain-
ability and improving planetary health.
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ABSTRACT: Nearly 56% of the global population lives in cities, with this number expected to increase to 6.6 billion or >70%
of the world’s population by 2050. Given that cardiometabolic diseases are the leading causes of morbidity and mortality in
people living in urban areas, transforming cities and urban provisioning systems (or urban systems) toward health, equity, and
economic productivity can enable the dual attainment of climate and health goals. Seven urban provisioning systems that
provide food, energy, mobility-connectivity, housing, green infrastructure, water management, and waste management lie at
the core of human health, well-being, and sustainability. These provisioning systems transcend city boundaries (eg, demand
for food, water, or energy is met by transboundary supply); thus, transforming the entire system is a larger construct than local
urban environments. Poorly designed urban provisioning systems are starkly evident worldwide, resulting in unprecedented
exposures to adverse cardiometabolic risk factors, including limited physical activity, lack of access to heart-healthy diets, and
reduced access to greenery and beneficial social interactions. Transforming urban systems with a cardiometabolic health—
first approach could be accomplished through integrated spatial planning, along with addressing current gaps in key urban
provisioning systems. Such an approach will help mitigate undesirable environmental exposures and improve cardiovascular
and metabolic health while improving planetary health. The purposes of this American Heart Association policy statement are
to present a conceptual framework, summarize the evidence base, and outline policy principles for transforming key urban
provisioning systems to heart-health and sustainability outcomes.

Key Words: AHA Scientific Statements B cardiometabolic risk factors B cardiovascular diseases B cities B environmental exposure
B health equity ® policy ® pollution ® urban population

is projected to increase from 4.4 billion to 6.6 billion

people, necessitating the development of new cities
and massive investments in urban infrastructure." There is
widespread recognition that although cities can serve as
engines of economic growth and innovation, a vast major-
ity of them are currently failing this mandate and are not
delivering on environmental, health, and equity targets.2®
People living in many world cities experience multisca-
lar health risks*® (eg, households lacking clean cooking
fuels, adequate and nutritious food, or safe and structur-
ally sound housing; neighborhoods with limited greenery,
parks, and sidewalks, limiting active lifestyles; fossil fuel—

By 2050, the global population living in urban areas
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based energy and mobility systems that contribute to local
and regional air pollution; and limited access to health
care and other essential services). Indeed, cities worldwide
are ground zero for high levels of light, noise, and heat
stress, as well as high levels of air pollution contributed
from local sources such as traffic plus long-range pollu-
tion from large surrounding industrial facilities and agri-
cultural activities, crop burning in cities, or distant forest
fires. Cities also face multiscalar climate risks, including
neighborhood-level heat and flooding and larger-scale
droughts and other extreme climate events.” Exposure to
toxic chemicals and heavy metals through air, water, and
soil pollution poses additional local health risks.
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Populations in cities in the United States and across
the globe also face high levels of economic and social
inequality. Studies on “pollution inequity,’ or the difference
between environmental health exposures, have shown
disproportionately high direct exposure to pollution and
climate-related risk factors, resulting in disparities in life
expectancy by >1b years between adjacent zip codes.
The health effects of air pollution are disproportion-
ately felt by underrepresented races and ethnicities.”
Recent evidence from redlined neighborhoods in the
United States makes a compelling case that the com-
bined effect of adverse environmental exposures and
transgenerational social vulnerability, facilitated by insti-
tutionalized racial segregation, results in continued poor
health outcomes for underrepresented races and eth-
nicities."'"'® The greatest burden of chronic noncommu-
nicable diseases is borne by cities, with atherosclerotic
cardiovascular disease (ASCVD) and type 2 diabetes
contributing to the preponderant majority of deaths and
disability globally.

Addressing the diverse and multiscaled social, envi-
ronmental, and infrastructure risk factors that contribute
to cardiometabolic risk in cities by transforming the local
environment and transboundary provisioning systems
represents a new paradigm for public health and serves
as an anchor for this policy statement.'3'4'> Globally,
there are 7 key physical provisioning systems that pro-
vide food, energy, mobility-connectivity, housing, green
infrastructure, water, and waste management and lie at
the core of human health, well-being, equity, and sus-
tainability®'® In supporting people living in urban areas,
these systems consume >90% of the world’s water and
generate >94% of global CO, emissions, with faulty
and inadequate provisioning systems at the root of an
estimated 19 million premature deaths annually."'” Esti-
mates drawn from the GBD Study (Global Burden of Dis-
ease) highlight the premature mortality due to adverse
environmental exposures highly prevalent in cities that
result from inadequate and problematic provisioning sys-
tems.'® The preponderance of toxic environmental expo-
sures occurs in urban environments. In 2019, nearly 12
million people died globally as a result of living or working
in an unhealthy environment—nearly 1 in 4 of total global
deaths. Environmental risk factors such as air, water, and
soil pollution; chemical exposures; climate change; and
ultraviolet radiation contribute to >100 diseases. ASCVD
and risk factors such as hypertension and type 2 dia-
betes dominate disease burden attributable to environ-
mental pollution. In 2019, nearly 7 million deaths were
attributable to the joint effects of household and ambient
air pollution globally, whereas 831502 people died as a
result of low physical activity. Nearly 2 million died pre-
maturely as a result of nonoptimal temperatures, with this
number projected to increase in the coming years. Even
with global warming reaching just 1.5°C, 350 million
more people could be exposed to deadly heat stress by
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2050, with the number of heat-stressed megacities dou-
bling from today's levels. The results of a World Health
Organization study indicate that at least 1 million healthy
years of life are lost every year from traffic-related envi-
ronmental noise in western Europe alone.' Estimates
for exposures such as lack of green spaces, solid waste,
light pollution, and many types of chemical exposures
beyond air pollution are currently lacking given the lack
of good exposure-response relationships, suggesting
that the health impact of many urban exposures is not
captured with current frameworks.

Figure 1 presents a social-ecological-infrastructural
systems framework rooted in the 7 key provisioning
systems previously described®® This complex system
framework encompasses the various factors that are
interconnected and interact in various ways.'"* Com-
ponents of social-ecological-infrastructural systems
respond to changes in other components, sometimes
triggering feedback that can amplify, reduce, or stabi-
lize effects throughout the whole system. These inter-
connections and interdependencies, while providing the
adaptability and resilience necessary to tackle complex
challenges, also render mapping and managing chal-
lenges difficult. The framework also highlights the fact
that resource requirements transcend city administra-
tive boundaries, reaching far into regional surround-
ings and global supply networks. Although essential for
functional homes and businesses within city boundaries,
provisioning systems also generate multiscale climate
and health risks, associated with providing heart-healthy
food, energy, mobility, and construction materials, both
within cities and across the supply chain (transbound-
ary), from extraction of raw materials to their eventual
consumption in cities. At the household level, these risks
include unhealthy household diets, limited opportunities
for physical activity, and exposure to air pollution from
indoor sources, especially biomass in many developing
countries.?®?' Poor access to greenery, reduced active
mobility, and limited access to nutritious foods and health
care are additional factors at the neighborhood level.
Last, at the urban-regional level, exposure to air pollution
and chemicals, excess temperatures through urban heat
islands, and risks for flooding, drought, and forest fires
offer increasing risks.

The social-spatial-political design of urban provision-
ing systems both manifests in and exacerbates social
inequalities in cities by class, race, age, and migrant and
disability status, translating to vast disparities in exposure
to health risks and associated health outcomes. Scien-
tists and policymakers are increasingly recognizing the
importance of developing environmentally sustainable
cities and provisioning systems that are both equitable
and healthy. This new paradigm for improving health, well-
being, and sustainability through a focus on key urban
physical provisioning systems is increasingly reflected
in an emerging robust scientific literature focused on
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Figure 1. Urban provisioning systems (shown by icons surrounding the city graphic) are decisive for sustainability and health
transformation in cities by shaping resource use, affecting exposures, and determining health outcomes.

The transboundary flow of resources and the importance of larger food, water, energy, and transportation networks together with trade cannot
be overemphasized. The bottom of the figure details the health risks associated with failure in these provisioning systems. SDGs indicates
sustainable development goals. Adapted from Ramaswami et al® with permission from AAAS and the Authors.

provisioning systems,6141722-24 a5 well as high-level pol-
icy frameworks such as the United Nations’ sustainable
development goals (SDGs) framework, the New Urban
Agenda, and the Health in All Policies approach.?325-27
Several recent expert opinions and policy initiatives
related to aging infrastructure, low-carbon development,
resource-efficient cities, and zero-carbon cities are call-
ing for a transformation of these 7 key provisioning sys-
tems that are essential for the functioning of cities.!®'72#
Indeed major investments in infrastructure are already
on the horizon, including the Inflation Reduction Act in
the United States, which will provide a once-in-a-lifetime
opportunity to reform aging provisioning infrastruc-
ture.2°3! These initiatives will drive investment in cleaner
power plants, electric mobility, and other greening efforts
across cities in the United States and worldwide. Already,
>1000 cities have pledged to achieve net-zero carbon
emissions by 2050.%? The accomplishment of net-zero
goals by 2050, while requiring significant infrastruc-

Circulation. 2024;149:¢1067-e1089. DOI: 10.1161/CIR.0000000000001217

ture transformations, offers the potential of substantial
improvements in heart health. It is critical that the cardio-
vascular health research community recognize the scale
of transformation that is being proposed in zero-carbon
transitions and the once-in-a-generation coalescence of
opportunities that could be leveraged to create heart-
healthy cities (Table 1). However, it is also important to
emphasize that even small changes across multiple pro-
visioning systems may have a large impact. Indeed, there
is evidence that small changes in individual components
of the 7 key systems toward environment and sustain-
ability goals, for example, small increases in walking and
bicycling, may improve cardiometabolic health.3® Overall,
transforming key provisioning systems involves the fol-
lowing:

1. Integrated spatial planning of the urban environ-
ment that improves access to jobs, key services
such as health care, urban parks and green-
ery, heart-healthy food, safe water, walkable and
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Table 1. Opportunities to Create Heart-Healthy Cities

Emerging coconvergent technological innovations for infrastructure (smart
grid, electric vehicles, shared mobility) and urban design innovations (eg,
urban form and greenery, active transportation infrastructure) that can offer
cobenefits for cardiovascular health

Low carbon net-zero carbon agendas in cities (and nations) with reduced
fossil fuel emissions with substantial opportunity to reduce air pollution and
associated cardiovascular outcomes

Integrated approaches to urban form and 7 key infrastructure and food
provisioning systems that, while reducing social inequality, also have the
potential for significant cobenefits to heart health

The new science of sustainable urban systems, key principles, and models
with potential benefit to reduce chemical exposures and climate risks and to
advance well-being from local to global scales

Principles and policies related to cobeneficial/win-win transformations in
urban design of infrastructure and food systems that advance both
sustainability and heart health

bikeable streets, safe living environments, and solid
waste management while reducing the demand for
energy and motorized travel;
and
2. Innovations in the transboundary supply of energy,
fuels, construction materials, healthy foods, and
water that can dramatically reduce regional air
pollution and greenhouse gas (GHG) emissions.
Examples include power grid transitions toward
zero-carbon emissions, mobility transition toward
zero-pollution electric vehicles, the emergence
of low-carbon sustainable construction materials,
strengthened circular economic principles, shift to
plant-based diets, and sustainable waste manage-
ment systems.
The purposes of this policy statement are to present
a conceptual framework, summarize the evidence base,
and outline policy principles for heart health and sustain-
able cities. We call for interdisciplinary collaborations
among medical and public health professionals, urban
planners, infrastructure engineers, and economic devel-
opment and social justice organizations to fully engage
with residents, community stakeholders, and policymak-
ers—spanning from neighborhood to national scales—
and to demand and advocate for the implementation
of this policy agenda to ensure realization of economic
vibrancy, environmental sustainability, social equity, and
comprehensive public health.

IN-BOUNDARY AND TRANSBOUNDARY
METABOLISM FRAMEWORK FOR HEART-
HEALTHY SUSTAINABLE CITIES

Urban metabolism is a useful framework to help define
relationships among human activities, resource use, and
environmental impacts, both within and beyond the city
boundary.® Early efforts focused on the city as a whole
and defined metabolism as “sum total of the techni-
cal and socio-economic processes that occur in cities,
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resulting in growth, increased demand for energy, wa-
ter and materials production of value added goods and
elimination of waste3* As the field expanded, the em-
bodied water use and energy use and the related pollu-
tion emitted along the supply chains associated with key
infrastructure and food systems were integrated in the
form of footprints.? Subsequently, the concept of socially
differentiated metabolism emerged, exploring how social
inequality in access and consumption within cities con-
tributed to disproportionate exposure to pollution often in
poor and underrepresented racial and ethnic populations,
who have contributed little to these emissions.*® More re-
cently, the metabolism framework has also been used to
assess the potential transition from a linear “take-make-
waste” to circular economies that “reduce, repair, reuse,
and regenerate! Sustainable circular economies can
improve resource efficiency and preserve or regenerate
natural resources and capital, providing broad benefits
to society, as long as care is taken that any technologi-
cal processes to extract and recycle resources in and
of themselves do not cause inadvertent consequences,
including on health.

Cities may have tremendous market power in demand-
ing healthier and more environment-friendly design
of key provisioning systems, facilitating a shift toward
healthier behaviors and consumption patterns that
endorses these choices.®57 Given the substantial impact
of the urban environment on cardiometabolic health, a
better understanding of the locus and scale of interac-
tions between the 7 provisioning systems is needed to
advance our understanding of their impact on health. At
the same time, it may be necessary to connect the trans-
boundary infrastructures with regional and global envi-
ronmental and health impact by engaging multiple actors
and institutions across multiple scales. Against the back-
drop of Figure 1, 2 broad pathways can help enable this
transformation of cities to enhance heart health, environ-
mental sustainability, and equity. These 2 pathways and
associated specific strategies include the following:

1. Integrated urban spatial design: designing a more
compact, green, and inclusive urban environment
that reduces demand for energy and motorized
travel, regulates urban climate (trees, wetlands),
promotes healthy lifestyles, and enables equita-
ble access to health care, employment, and other
essential services. When broadly considered, inte-
grated urban spatial planning can be achieved
through interventions at 3 scales.

* The macroscale is generally influenced by met-
ropolitan regional planning done collaboratively
with municipal governments, which focuses on
the distribution between central cities and sub-
urbs of people (housing); jobs; open and recre-
ational space; essential services such as markets,
health care, and emergency services; and public
health and civic infrastructure.
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* The mesoscale of networks connecting these
various land uses typically consists of highways
and feeder road systems, rail and transit net-
works, pedestrian and bicycle infrastructure such
as greenway and trail systems, and on- or near-
street facilities. It is heavily influenced by state,
regional, and local transportation; public works;
and infrastructure agencies.

* The microscale entails street-level and neighbor-
hood design details such as building orientation
and access; street layout and safety measures;
public space and furnishings; and plantings. It is
heavily dependent on local government, infra-
structure agencies, and often private sector
development entities.

Urban policies in communities may facilitate cardio-
vascular and metabolic health at all 3 levels and often
require collective consideration but are seldom thought
of in this manner. Each of these levels of intervention is,
by itself and together with the others, important to sup-
port physical activity, mobility, and access to nutritious
food and transportation and could help mitigate harmful
exposures that heighten cardiovascular and metabolic
risk. Access to green space, for instance, requires plan-
ning and consideration at all 3 levels.*® The macroscale
also requires comprehensive planning, zoning, and devel-
opment policies that provide for compact development
with a mix of land uses so that “live, work, shop, play,
learn, grow, and pray” destinations are intermingled, not
segregated.®® The mesoscale requires continuous net-
works of pedestrian, bicycle, and transit facilities and ser-
vices connecting these destinations. Seemingly mundane
decisions such as sidewalks, on-street bike lanes, and
cycle tracks have a profound effect on physical activity.
Comprehensive nonmotorized trail networks and reliable
low-cost, high-frequency transit appropriate to commu-
nity size and scale are important.*®4! At the microscale,
the environment must be functional and appealing for
users of all ages, incomes, races, abilities, and disabili-
ties. Design attributes, universal access for people of
all abilities and disabilities, functional and inviting street
furnishings, and safety and traffic-calming measures, all
designed with community input, create a microscale that
rewards rather than punishes the pedestrian, bicyclist,
and transit rider.*?

2. Supply-side innovations in provisioning systems.

Supply-side transitions entail the following:

» Clean energy and zero-carbon electricity. Several
major US utilities are announcing plans to achieve
net-zero emissions by 2050.

* Low-carbon fuels and electric mobility, includ-
ing investments in renewable fuels and, more
recently, proposals to enable full-scale transition
to electric vehicles supported by a zero-carbon
grid, with several countries such as India and
China adopting such goals.
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* Low-carbon sustainable construction materi-
als, including alternative cementitious materials
and mass timber construction with potential for
reduced embodied carbon and air pollution from
the manufacturing, transportation, installation,
and disposal of building materials.

* Local-regional agriculture and sustainable pro-
ducers supplying supermarkets, small stores, and
farmers markets with nutritious food.

* Green infrastructure and low-stormwater-impact
development practices.

* Water and waste systems transformation.

These sectoral interventions exhibit system effects
in that intervening on even a few of these may have
nonlinear disproportionate benefits in reducing or even
eliminating exposure to a range of cardiometabolic risk
factors, including air pollution, noise, light, and extreme
heat.® For instance, well-designed, more compact urban
development can advance active mobility and reduce
motorized travel demand and associated tailpipe pollu-
tion locally, as well as the demand for cement and other
construction materials, producing less regional and local
pollution. Reducing red meat consumption not only can
benefit health but also can reduce energy use, GHG
emissions, and land, water, and fertilizer use associated
with the cattle and feed industries that are responsible
for regional air pollution. Last, procuring locally sourced
foods may help reduce GHG emissions, encourage
organic farming approaches, and reduce the reliance
on synthetic chemical fertilizers, thereby reducing water
contamination and nitrogen/phosphorus loading.

The emerging evidence base and mechanisms by
which these transformations individually or collectively
affect health are summarized in the following sections.
Conceptually, one may begin to consider a complex
framework of factors in the urban landscape design
and built environment that, together with provision-
ing systems, may powerfully affect cardiovascular and
metabolic health. This includes the material flow of the
stocks of energy, nutritious food, and water in a city;
political-economic dimensions of institutions, actors,
and capital; and how decisions that affect each of these
entities drive and interact with each other in determin-
ing risk exposures and eventual adverse cardiometa-
bolic health outcomes (Figure 2). Figure 2 depicts how
regional planning, urban design decisions, neighbor-
hood layouts, and transport planning decisions directly
and indirectly affect health by influencing various health
exposures and has been drawn from other similar
frameworks.** These exposures in turn may affect inter-
mediary pathways, as depicted in Figure 2, that are also
mechanisms implicated in response to diverse environ-
mental exposures such as air, light, and noise pollution;
exposure to organic chemicals; toxic metals; and social
stressors.#4%7% The relevance and importance of each of
these mechanisms may vary, depending on the type and
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Figure 2. Transforming provisioning systems to reduce cardiometabolic risk exposures and adverse outcomes.
Both known and emerging pathways that determine cardiometabolic risk are highlighted. The graph is read from left to right with eventual
culmination in adverse cardiovascular outcomes on the right of the figure with hypothetical intermediary pathways. CNS indicates central nervous

system; and HPA, hypothalamo-pituitary-adrenocortical.

duration of exposure, and in many instances, multiple
overlapping pathways may be involved. Health impact
studies that have begun modeling the impact of modify-
ing risk exposures not only individually but collectively
using systems dynamics approaches are helpful in this
regard. Such approaches attempt to model the impact of
additional human behavior and social factors on complex
systems that depend as much on the dynamics of these
interactions as they do on individual factors.®-® Such an
understanding is prerequisite to transforming these sys-
tems and curbing resource use and generation of emis-
sions/waste, changes that can result in attainment of
equitable cardiometabolic outcomes and climate goals.

PATHWAYS AFFECTING HEART HEALTH
AND EVIDENCE

Figure 3 depicts changes in key urban provisioning
systems and integrated planning measures with the po-
tential to affect cardiometabolic outcomes in urban en-
vironments.

Pathway 1: Integrated Urban Spatial Planning

Prior urban policy and academic research focused on 5
integrated urban design and policy features of density,

1072 April 9, 2024

design, diversity, distance to public transport, and des-
tination access to create cities that promote equitable
health. This was subsequently expanded to 8 Ds (those
5 plus the 3 additional features of desirability, distribution
of employment, and demand management of transporta-
tion) and an expanded framework including 3 additional
aspects (destination proximity, disaster mitigation, and
distributed interventions) to create 11 integrated urban
and transport planning and design opportunities to affect
urban health (11 Ds).5" The original 5 Ds were conceived
with the intent to create a framework to influence hous-
ing and transport mode, which in turn affects individual,
social, and environmental risk factors associated with
health and well-being. The additional 6 Ds reflect the
importance of these additional variables on health and
mitigation of climate change and recognize the impact of
city planning on these variables.®’

Examining the above features in isolation may be less
important than collectively viewing these features as a
systems framework for heart-healthy cities as concep-
tualized in the macroscale, mesoscale, and microscale.
Indeed, although many of these individual variables
have been shown to be powerful drivers of access to
resources, employment, and social well-being, interven-
tions must be integrated across the microscale, meso-
scale, and macroscale to effect sustainable and heart
healthy cities. Population density may provide benefits
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Figure 3. Changes in key urban provisioning systems with potential to affect cardiometabolic outcomes in urban environments.

such as higher wages,%2% efficient use of transporta-
tion and nontransit infrastructure, energy efficiency, and
vibrant street life.5* A useful predictor of urban demo-
graphic density is built-up density. Dense infrastructure
and population are typically associated with more walk-
ing or mobility-assisted active transport®€® However,
increases in population density beyond a certain thresh-
old may deter active mobility without the inclusion of
design and diversity to support active mobility.®” Mixed
land use diversity is a design variable most likely to affect
the walkability of neighborhoods, primarily by influencing
the accessibility and convenience of locations.®® Nonmo-
torized commuting (cycling and walking) hinges more on
the presence or absence of neighborhood services and
retail than on urban density, which may be associated
with relatively low vehicle ownership rates and shorter
commuting distances among residents of a mixed-use
neighborhood.5°™ In addition, when viewed collectively,
each individual measure may provide benefits beyond
their intended domains. The optimal blend of integrated
urban spatial planning features and policy features may
vary according to other complex geospatial terrain fea-
tures and the underlying cultural and political context.

Circulation. 2024;149:¢1067-e1089. DOI: 10.1161/CIR.0000000000001217

Overall, good evidence exists for a relationship
between multiple urban spatial planning components
and cardiometabolic risk factors.®® A systematic review
of 18 studies found that residential density, safety
from traffic, recreation facilities, street connectivity, and
a highly walkable environment were associated with
increased physical activity”" Urban spatial planning
features may affect not only access to active lifestyles
but also social interactions and access to green/pub-
lic spaces (thanks to mixed land use, connectivity, and
walkability), as well as reduced environmental exposures
(eg, reduced air pollution and noise) from diminished
demand for motorized travel.” The cross-sectional IPEN
study (International Physical Activity and Environment
Network) of 6800 individuals in 14 cities in 10 middle-
income and high-income countries found that residential
density, public transport density, and park density were
independently associated with physical activity. In this
study, differences in urban environment were on aver-
age responsible for #90 of the 150 min/wk of physi-
cal activity recommended by the 2018 Physical Activity
Guidelines for Americans, concluding that “urban design
should be a globally relevant public health priority"*
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Four environmental attributes significantly and linearly
related to physical activity were net residential density,
intersection density, public transport density, and num-
ber of parks.*® No prospective studies have examined
the impact of urban design elements or land use. Health
impact assessment studies have attempted to estimate
the health effects, attributable to diabetes and cardio-
vascular and respiratory disease, arising from alternative
land use and transport policy initiatives. In 1 such study
in 6 cities (Boston, Copenhagen, Delhi, London, Mel-
bourne, and S&o Paulo), land use changes were modeled
to reflect a compact city in which land use density and
diversity were increased and distances to public trans-
port were reduced to produce a modal shift from private
motor vehicles to walking, cycling, and public transport.
The modeled compact city scenario resulted in health
gains for all cities in the prevalence of chronic diseases
such as diabetes, cardiovascular disease, and respiratory
disease, with the overall health gains ranging from 420
disability-adjusted life-years (DALYs) to 826 disability-
adjusted life-years per 100000 population. New urban
models that actively reduce car use, air pollution, and
noise and temperature levels and increase exposures to
green space and access to places supportive of leisure
and recreational physical activity have been reviewed in
the Centers for Disease Control and Prevention’s guide
to community preventive services™ and the US Surgeon
General's Call to Action to Promote Walking and Walk-
able Communities.” A previously published American
Heart Association statement provides recommendations
and resources to improve transportation systems and
provide education to support policies and environments
to promote active travel.”

Active transportation modes such as walking, biking,
and transitioning to active mobility have been shown
to have positive effects on cardiometabolic events and
risk factors in studies across the world.3377-82 Although
there are no direct intervention studies, a meta-analysis
of 8 studies has suggested a protective effect of active
commuting on cardiometabolic outcomes (integrated
risk ratio, 0.89 [95% ClI, 0.81-0.98]; P~=0.016) that was
more robust in women® In a large prospective cohort
study (n=263540, 22 sites in the United Kingdom),
commuting by cycling and walking was associated with
a lower risk of cardiovascular disease, including cardio-
vascular mortality (cycling hazard ratio, 0.48 [95% ClI,
0.25-0.92]; P=0.03; walking hazard ratio, 0.64 [95% ClI,
0.45-0.91]; P=0.01), independently of other major mea-
sured confounding factors.®* Quasi-experimental natural
studies suggest that switching from private car transpor-
tation to active or public transportation was associated
with reduced body mass index. Conversely, switching
from active or public transport to private motor transport
was associated with increased body mass index®® Indi-
viduals who transitioned from car commuting at baseline
to active or public transportation mode at follow-up had
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a decrease in body mass index of —0.30 kg/m? (95%
Cl, —0.47 to —0.13 kg/m?, £=0.0005). Conversely, indi-
viduals who transitioned from active commuting at base-
line to car commuting at follow-up had a body mass
index increase of 0.32 kg/m? (95% Cl, 0.13-0.50 kg/
m?, P=0.008).26 The health impact of city planning and
transport mode choices has been reviewed using prior
evidence and systematic reviews when available.** Spe-
cifically, several indicators from a policy perspective to
monitor progress and investment have been identified.
These include measures such as percent population
living within 400 to 800 m of high-frequency public
transport; percent population with employment within
<30 minutes of their home by walking, cycling, or public
transportation; ratio of roads to footpaths; length of des-
ignated cycle lanes (miles); and dwellings or area within
0.8 mile of public transport hubs.

Pathway 2: Transforming Provisioning Systems
Through Supply-Side Innovations

Supply-side innovations in energy, mobility, nutritious
food, housing, green infrastructure, water, and waste
management services could potentially have a major im-
pact on health and are reviewed briefly in this section.

Energy and Mobility Sector Transitions

Air pollution from fossil fuel sources, besides account-
ing for a major fraction of global premature mortality and
disability-adjusted life-years, is directly related to climate
change through contributions to GHG emissions.#-% A
large proportion of the deaths due to air pollution have
cardiovascular causes®°'®? Globally and in the United
States, PM,  (particles <2.6 mm in diameter) is the pollut-
ant of greatest concern, with additional contributions from
common air pollutants such as ultrafine particles, ozone,
and nitrogen oxide.2469394 Ajr toxins such as formaldehyde
and other volatile organic compounds and pollutants such
as NO, that are secondarily formed in the atmosphere
from myriad sources are associated with other toxins that
can also exert significant cardiometabolic toxicity.>~1%° Al-
though air pollution is often generated by local sources, a
large if not dominant fraction is transported from outside
cities, emanating from regional sources such as power
plants and biomass burning. Although urban air quality
has improved in countries of the Global North, this is not
the case in many countries in Asia (eg, India, Nepal), Af-
rica (eg, Nigeria, Ghana), and the Middle East?"'°" Given
the high levels of ambient air pollution in cities in Asia,
the Middle East, and Africa, the preponderance of air
pollution—related health impact occurs in cities in these
regions.'®"'%? The largest contributors to total PM,, con-
centrations in cities are anthropogenic in origin and include
industry, energy transformation, extraction, residential and
commercial activities, agricultural fertilizer application,
and crop burning. Urban PM, can also originate from
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nonanthropogenic sources such as forest fires.'%371%
In addition, emissions due to construction of roads and
building construction may account for *30% to 70% of
airborne particles in some urban areas.'® Substantial vari-
ability in emission sources is noted across cities, implying
that a one-size-fits-all emission source control approach
to air quality management is unlikely to work across all
urban areas. Instead, management practices should con-
sider local context and local source emission inventories
and integrated multisectorial measures of air pollution
management, including supply-side innovations. Given
that transportation, power, and industry are generally the 3
largest sources of air pollution, reducing tailpipe emissions
from fossil fuel combustion engines by rapidly transitioning
to electric vehicles and decarbonizing power plants (eg, by
limiting fossil fuel—emitting sources in cities through legis-
lation and taxation) may have substantial impact in urban
environments. Reducing ambient air pollution may also
substantially affect indoor air quality, especially in environ-
ments where air conditioning is not in use.*® In addition
to reducing air pollution, electric vehicles are expected to
substantially reduce noise in urban areas, although noise
levels may increase at highway speeds for electric vehi-
cles. Several electric utilities have committed to net-zero
goals, providing carbon-free electricity by the year 2040 or
2050. This effectively implies the phaseout of coal power
plants in the United States by 2030, transition to electrify-
ing heat through heat pumps to advance efficiency, and
reduction in natural gas use in the heating sector?83"1%
The recent Net-Zero America Project showed substan-
tial anticipated reductions in air pollution—related deaths
arising from such a systemic transformation of the energy
sector.®® Cost-effectiveness and cost-benefit analyses of
energy transition and low/zero carbon energy interven-
tions have relied mostly on the health impact of reducing
air pollution to demonstrate economic benefits, making a
compelling case for directly targeting such interventions in
urban settings.3"%® Modeling of vehicle electrification in a
future zero-carbon grid, for instance, demonstrates sub-
stantial health benefits resulting from reductions in PM, .
and ozone pollution, particularly in urban areas.®®'%® Given
the individual pollutant health impact framework in which
most pollutant exposures have been studied and modeled,
there is a paucity of systems impact studies of changing
aggregate exposures.

Urban-Regional Food Systems

Unhealthy diets in urban environments pose a greater risk
to morbidity and mortality than many other risk factors,
including drugs, tobacco, and alcohol use and physical
inactivity combined."''" Given that many risk factors are
tied to the demand, supply, and consumption of foods in
cities, a transformation of urban food systems is urgently
needed.""""""% Nearly one-third of all food produced for
human consumption is lost or wasted."'®''” Food waste
and green waste make up more than one-third of all
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municipal waste, which may be a significant expense for
many local administrations."* Although global food sys-
tem transitions have enabled affordable diets, they have
had less favorable outcomes for nutritious foods, envi-
ronmental health, inclusion, and equity."""'"®

Urban food system-related cardiometabolic risk
includes institutional and commercial procurement, sup-
ply and eventual consumption of unhealthy diet quality
(including diets high in saturated fat, processed meats,
sugar, and sodium and low in fruits, vegetables, and
other minimally processed foods),''®''® and food and
nutrition insecurity."'"12°12" Exposures from food produc-
tion and distribution, both within and outside city limits,
also contribute to the health impact of urban food sys-
tems. These may include mental health stresses related
to high-stress/low-paying jobs in the food industry'#2'23
and exposures to air emissions from food transport
and production.'? Indeed, agricultural production in the
United States results in 17900 annual air quality-related
deaths, 15900 of which are from food production.'? Of
those, 80% are attributable to animal-based foods, both
directly from animal production and indirectly from grow-
ing animal feed.””® Many city food action plans focus
on multilayered levers, some addressing the demand
side through dietary interventions, others addressing
food and nutrition insecurity and supply chain disrup-
tions, and a third set of strategies addressing food sup-
ply through diverse mechanisms, including school lunch
meals, procurement, food service guidelines, standards in
workplaces, promotion of urban gardening, community-
supported agriculture, and farmers markets, which con-
nect local-regional food producers with consumers living
in urban areas.®"'?67133 The evidence is clear that neigh-
borhood racial and socioeconomic disparities are also
associated with disparities in access to nutritious foods,
the density of convenience stores selling unhealthy
foods, and the extent of outdoor food product market-
ing.'¥41%% Studies have been mixed, however, on how
access to nutritious food may affect diet quality'®'37 and
shape cardiometabolic and other health outcomes.'3843
The density of outlets selling unhealthy foods may be
more important than the availability of nutritious foods.
Supermarkets in particular sell both nutrient-dense and
nutrient-poor foods, and many factors beyond food pur-
chasing location contribute to consumer choices. Fur-
thermore, even consumers with low incomes and low
vehicle access frequently travel to the supermarkets they
prefer. Nonetheless, reduced access does entail marked
increase in time, effort, and expense required to procure
healthy diets."14!

Urban agriculture has become widespread, including
household gardening, community gardens, and urban
farms oriented toward education, food equity, mobile
farm markets, and market production.’** Some deliver
foods in underresourced neighborhoods that lack gro-
cery stores and to restaurants serving healthy foods.*®
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Although urban agriculture in select cities has been sug-
gested to be capable of supplying a considerable portion
of fruits and vegetables, the cost of land and limitations
in many urban environments may limit their impact.'* At
a regional scale, farmers markets are being promoted to
connect sustainable regional food production with local
consumers. Urban agriculture can improve diet health-
fulness,'” and urban gardening participation has been
associated with physical activity and fiber intake,'®
although more study and outcomes assessment are
needed to demonstrate the nutritional benefits of these
interventions. Recent guidance developed by the United
Nations, the Food and Agriculture Organization, and
other organizations describes how urban food systems
can be designed to achieve multiple sustainability and
health outcomes.”™

Green Infrastructure and Urban Heat Stress

Rising temperatures in cities are expected to exacerbate a
range of health impacts, with many studies demonstrating
a link between temperature extremes and health, includ-
ing ASCVD end points.”'388149 Urban heat islands result
from increased use of light-absorbing materials and re-
duced greenery and can lead to temperature increases
of up to about 8°F. Green infrastructure includes various
nature-based solutions being deployed in conjunction
with conventional “gray” infrastructure in communities. In
urban environments, this may include larger green infra-
structure such as areas of tree canopy, landscape patches,
and green corridors but also smaller representations of
nature (eg, green roofs, bioswales) that provide health-
supporting benefits. Several prior meta-analyses and stud-
ies have suggested an association between green space
and health benefits.'®"5? |t should be noted that in stud-
ies examining a link between green space and health out-
comes, the distinction between natural green space and
green infrastructure is not always clear.'® Results of sev-
eral recent studies have shown that residential proximity to
green spaces is associated with a decrease in the risk of
cardiovascular mortality and major adverse cardiovascular
events.'®*'%® |n a large cohort-based population study, an
increase in residential greenness has been reported to be
associated with a decrease in both incident acute myo-
cardial infarction and incident heart failure, and residential
greenness has been linked to a 10% decrease in cardio-
vascular mortality.'*® Individuals living in greener neighbor-
hoods have also been reported to have a 5% to 7% lower
relative hazard of developing ASCVD." The mechanisms
by which green spaces exert cardiovascular benefits re-
main unclear, but emerging evidence supports several
potential pathways.'™® In a small study of participants at
risk of ASCVD, arterial stiffness was positively associated
with short-term exposure to ambient PM,, . and ozone and
inversely associated with greenness. The association be-
tween pollution and arterial stiffness was attenuated in
areas of high greenness, suggesting that green neighbor-
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hoods can lessen the adverse cardiovascular effects of air
pollution.'®® Living in areas of high greenness is associat-
ed with lower levels of oxidative stress, higher angiogenic
capacity, and lower sympathetic activation.” The last may
be linked to the well-described psychological benefits of
greenery: Those who live in greener neighborhoods report
better mental health and lower levels of anxiety and de-
pression, conditions common in urban environments.'®®
Green spaces could lower exposure to volatile organic
compounds and attenuate the effects of PM and ozone
on vascular function.'®" Residential greenness could also
increase exercise-related physical activity and may help
improve indoor air quality.'®3'%° Substantial social inequal-
ity in tree canopy has been observed by both income and
race; hence, equitable design of green infrastructure will
be important to advance heart health.'?'%2 Thus, taken to-
gether, extant evidence, although largely ecological and
associative, supports the notion that green surroundings
create healthy urban environments and that living in areas
of high greenness is associated with a decrease in the risk
of ASCVD and mortality.'s®

Green infrastructure and urban greenery as an inter-
vention may help mitigate urban heat. Green roofs
and walls have the potential to attenuate indoor tem-
peratures, improve air quality, muffle noise, and reduce
flooding, among other benefits, but there are no studies
linking them to cardiometabolic health.'* Comprehen-
sive city heat action plans can save lives during the harsh
summers or in heat islands.'®® Urban reforestation efforts
could have a major impact, at least according to modeling
studies. Results of a study of 93 European cities suggest
that increasing tree coverage by 30% for each city and
from the European average of 15% to 30% can lower the
temperature in cities by 0.4°C and health-related deaths
by 39.5%."®* Potential approaches to reduce urban heat
islands include expanding green spaces, whitening, and
other material changes.'®'%¢ Such strategies have been
found to have potential health benefits.’0%'¢7

Water Supply and Waste Management

The World Health Organization has highlighted the
importance of safe, equitable access to water and the
health risks associated with the inadequate disposal
of solid waste for affected populations.'®®'%® The un-
sustainability of current water systems is increasingly
apparent in cities across the world where a growing
population is placing tremendous pressure on urban wa-
ter supplies.'” Exposure to various chemicals and met-
als in water has long been implicated in the causation
of cancer and neurobehavioral and renal disease and
is now increasingly linked to increased cardiovascular
disease risk.2''° Even low-level exposure to metals that
could occur through water has been associated with ad-
verse cardiometabolic outcomes; exposure to lead has
been linked to hypertension and arsenic and cadmium
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to stroke and atherosclerotic outcomes.®®'"'~'% Urban
water management includes the core centralized ser-
vices of provision of safe drinking water, urban hygiene
(for the purpose of public health), and protection against
flooding, complemented by water pollution control. Criti-
cal water infrastructure for cities is often obsolete and
decaying, with water sources to many cities inadequate-
ly protected from nonpoint sources of pollution from
agriculture and urban development. Further public and
private water agencies are not adequately monitoring
and enforcing existing laws and regulations.'™ Address-
ing water challenges in urban areas requires consistent
management and empowered institutions. In the United
States, a range of federal agencies or departments have
overlapping responsibilities for fresh water.'™ There is
a critical need to reorganize and streamline the diverse
water responsibilities and laws, especially in the nexus
of energy and food policies. Urban water use can be
made far more efficient with technologies, rain water
harvesting in cities, policy tools, efficiency standards,
and tax code revisions that promote water-efficiency
investments for industry and communities. A soft water
path, in which alternative renewable, smaller-scale, de-
centralized sources of water for mixed use are combined
with improved end-use efficiency and in which ecologi-
cal and social measures are considered, has been advo-
cated.' This includes a shift from a focus on traditional
sources of supply that are increasingly costly or simply
unavailable to alternative sources such as the reuse of
high-quality treated wastewater. Modern water treat-
ment technologies, which can include combinations of
chemical, biological, and physical processes, are able to
produce water of the purest quality with the health risk
from potable reuse of treated wastewater significantly
lower than the risk from conventionally treated water.
Poor disposal of waste can pose risks to heart health
through air pollution (from open burning of household
solid waste still prevalent in many world cities) and expo-
sure to toxins by virtue of living near dump sites in many
low- and middle-income countries. Many areas within and
around cities in low- and middle-income countries are
dumping sites for electronic waste, a major reason for
lead toxicity in children. Furthermore, exposure to heavy
metals such as lead and cadmium occurs routinely in
many underprivileged communities through water and is
a legacy of archaic urban water infrastructure and expo-
sure to industrial waste in urban polluted sites.2%%17 |n
general, waste management practices tend to improve as
countries move from lower income to higher income lev-
els. As a consequence, the related health risks tend to be
greater in low-income countries, where dangerous prac-
tices such as open dumping and uncontrolled burning
of solid waste are still common, resulting in variegated
exposures. The Federal Infrastructure Investment and
Jobs Act signed into law in 2021 includes a $55 million
investment for clean water and the elimination of lead
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service lines in the United States. Recent studies show
evidence of health impacts from exposure or proximity
to disposal sites such as landfills, dumpsites, incinera-
tors, open waste burning, recycling sites, and composting
plants.'® Exposure to lead at toxic waste sites in Latin
American countries has been linked to ASCVD risk,'””
and exposure to hydrogen sulfide from landfills has been
associated with increased cardiovascular hospital admis-
sions.'™ Many exposures to chemicals, toxic metals, and
radiation particularly prevalent in socioeconomically dis-
advantaged communities are the result of their proxim-
ity to legacy waste management sites in cities. Plastic
and plastic-associated chemicals are also ubiquitous in
urban environments, with many that are endocrine dis-
ruptors associated with increased risks of diabetes and
obesity. These chemicals have been covered extensively
in prior reviews.'™ Single-use and short-lived plastics
account for 35% to 40% of current plastic production
and are pervasive in urban environments. Plastic dis-
posal is highly inefficient, with recovery and recycling
rates below 10% globally. During use and in disposal,
plastics release toxic chemicals, including carcinogens,
neurotoxicants, and endocrine disruptors such as phthal-
ates, bisphenols, perfluoroalkyl and polyfluoroalkyl sub-
stances, organophosphate flame retardants, and residual
monomers, into the environment.'” Macroplastic and
microplastic degradation products are ubiquitous in
water supplies and are found in hundreds of species.
The fate of smaller microplastic and nanoplastic parti-
cles (<10 ym) in aquatic environments is poorly under-
stood, but the potential for harm is worrying, given their
mobility in biological systems. Limits on plastic use and
mandates for recycling could be particularly impactful in
urban environments.'® Some states in the United States
have proposed minimum recycled content mandates to
end plastic pollution, similar to actions by the European
Commission to set quotas for minimum recycled content
in new plastic products. The recycling of plastics is a key
priority for the new National Framework for Advancing
the US Recycling System.’®" Although these efforts are
important early steps, a global evidence-based strategy
that includes practical and measurable interventions
aimed at reducing plastic pollution may be of enormous
value.'®82 The Minderoo-Monaco Commission on Plas-
tics and Human Health is an important step in the right
direction.'™

HEALTH CARE ORGANIZATIONS
EMISSIONS AND WASTE

Health care organizations (HCOs) and access to health
care and facilities may be considered critical urban spa-
tial planning features. The contribution of HCOs to GHGs
and solutions have been the focus of many studies, in-
cluding that by the National Academy of Medicine.'83-'8°
HCOs contribute between 5% and 10% of GHGs mainly
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through their Scope 3 footprint. HCOs contribute not
only to GHGs but also to environmental pollution and
waste in many cities.'®'% The outbreak of COVID-19
(coronavirus disease 2019) and other health calamities
has further driven increased use of medical protective
equipment, takeout meals, and home-delivered groceries,
exacerbating the accumulation of plastic waste and pol-
lution in urban environments.'® It is well acknowledged
that HCOs could lead the way in urban transformation,
given their influence and, through their engagement,
could facilitate changes in urban provisioning systems
through leadership and emphasis on health.’® Interven-
tions such as avoiding hospital food waste, improving
recycling, composting, managing solid waste, procuring
sustainable and low-carbon diets, solarizing health sys-
tems, and using telemedicine could substantially reduce
the pollution footprint in urban environments.

POLICY GUIDANCE

A new strategy for urbanization, resource efficiency, and
social inclusion based on health at the core of urban de-
velopment strategies is needed. Two global milestones
have endorsed the idea that urban policies are in fact
key public health interventions. The first is the 2030
Sustainable Development Agenda, comprising 17 SDGs
and 169 targets, with a global geographical scope.’®”
The second is the adoption in 2016 of the New Urban
Agenda at Habitat Ill, the United Nations Conference on
Housing and Sustainable Urban Development.'® Based
on a new analysis using a previously described frame-
work, a comprehensive Urban Health Framework has
expanded and explicitly linked 48 SDG targets cor-
responding to 156 SDGs as a way of linking the SDG
framework with urban decision-making.?® This framing
provides an opportunity to formulate and implement poli-
cies with a Health in All Policies approach, which seeks
to ensure that health implications are central to all policy
decisions and to avoid harmful health impacts in order to
improve population health and health equity. Intersectoral
work, health equity, governance, and stakeholder partici-
pation are key cross-cutting issues in sustainable urban
development endeavors. Many cities, especially in the
developing world, do not have specific and measurable
policy targets to achieve ambitions of being sustainable
cities. Measurable policy targets for urban design and
transport features are often absent, with policies incon-
sistent with the evidence, risking committing cities to un-
healthy and unsustainable urban systems.'® Health is an
afterthought in most national urban planning policy and
is mostly nonexistent in national urban policy documents
from lower- and middle-income countries.'®'9° Multi-
tiered policies at the national, state, city, and regional lev-
els; for neighborhoods; and for households are needed.
These include specific sectoral policies related to land
use and spatial planning and the 7 provisioning systems.
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A number of coalitions around the world are starting to
mobilize attention on urban redesign with a view to bring
sustainable frameworks. For instance, C40 is a network of
mayors of nearly 100 world-leading cities collaborating to
mitigate the climate crisis.'' The Resilient Cities Network
legacy, built on the 100 Resilient Cities initiative pioneered
by The Rockefeller Foundation, focuses on a portfolio of
urban resilience in cities.'® ICLEI, Local Governments
for Sustainability, is a global network of >2500 local and
regional governments committed to sustainable urban
development.'®® Active in >125 countries, the network col-
laborates on sustainability policy and local actions to lower
emissions and to develop nature-based, equitable, resilient,
and circular development in cities. The Milan Urban Food
Policy Pact is an international agreement of mayors that
provides a framework for action aimed at tackling urban
food-related issues with 37 recommended actions clus-
tered in 6 categories.'® For each recommended action,
there are specific indicators to monitor progress.'** There
has been progress in China toward policies for healthy
cities, although this has been markedly uneven. A recent
assessment acknowledges the challenges in Chinese
cities and the lack of good data and tools to accomplish
these changes.’®® The availability of the city's health pro-
file and health milestones is an obligatory component of
the Healthy Cities approach. The importance of engag-
ing all stakeholders to work across sectors for population
health improvement also cannot be overemphasized. The
individual citizen to the entire multisectoral city manage-
ment structure needs to be integrated into a single sys-
tem geared toward maximizing local health outcomes. The
attainment of healthy city goals requires strong, consistent
political leadership and community engagement.

An important area that could aid policy development is
modeled impact of interventions. Health impact assess-
ment studies may allow full assessment of the health
impact of plans and projects using quantitative, qualita-
tive, and participatory techniques and could facilitate
cost-effective decision-making. Health impact assess-
ments have hitherto not been used effectively in urban
planning at the city level, especially modeled after stake-
holder needs and vision.'®® Several health impact assess-
ment studies have estimated mortality impact and health
costs associated with reduction in environmental expo-
sures directly attributable to energy transitions, increases
in green space, improved nutrition and physical activity,
and urban interventions, including expansion of cycling
networks and access to greenery and public transporta-
tion.'6419771%° For example, the World Health Organiza-
tion’s Health Economic Assessment Tool for walking and
bicycling estimates the health and economic impacts of
walking and cycling on premature mortality in an inte-
grated manner through changes in physical activity lev-
els, exposure to air pollution while walking or cycling, and
risk of fatal crashes in traffic.?® There is also a dearth of
community-based participatory research to identify urban
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hotspots wherein improved urban provisioning systems
can be tactfully deployed to create heart-healthy cities and
to reduce pollution exposure. The Tsinghua-Lancet Com-
mission on Healthy Cities in China aimed to understand
and address urban health challenges in China’s cities.®"
Experts from various disciplines examined environmental
and social determinants of health, identified stakehold-
ers, and formulated actions for the prevention, manage-
ment, and control of adverse health outcomes in cities.
Formulation of a national policy, the Healthy China 2030
plan, released by the State Council of China on October
25,2016, was an important part of a strong unifying mes-
sage. The plan calls for promotion of healthy lifestyles,
optimization of health services, improvements in health
care coverage, provision and protection of a healthy envi-
ronment, and development of service industries in health
care. Improving transparency in environmental governance
and metrics is apparent at least in the area of air pollution
in China. China has also embarked on the world's most
ambitious energy transition and is rapidly making progress
toward a low-carbon economy. The guiding principles of
China’s healthy cities that are also applicable broadly to
all urban environments include the following: (1) integrate
health into all policies; (2) increase participation of resi-
dents, the private sector, nongovernmental organizations,
and community groups in health management; (3) pro-
mote intersectoral action in the design, building, and man-
agement of healthy cities; (4) set local goals and assess
progress periodically (indicator systems should be put in
place to assess progress and inform the public); and (5)
encourage academic and private partnerships to support
research and education to create healthy cities.?’

Table 2 provides a rough index of potential options to
guide policy and areas where the cardiovascular commu-
nity can help influence and take the lead. The American
Heart Association is further committed to the following
principles to facilitate consideration of the cardiovascular
and metabolic impact of urban design and provisioning
system changes:

1. Helping facilitate consideration of the cardio-
vascular and metabolic impact of sustainability
transitions through coordinating/supporting sus-
tainability policy efforts at all levels of government
across urban design and energy, transportation,
and food and water/waste sectors, with atten-
tion to equity. This includes supporting low-carbon,
clean energy, green infrastructure, and decarbon-
ization plans at the national, state, metro, and city
levels and engaging with communities to dissemi-
nate awareness of the synergies between these
goals and heart health.

2. Building partnerships at the national, state, and local
levels and between government agencies, the pri-
vate sector, nongovernmental organizations, and
community-based organizations to achieve equity-
focused, evidence-based impactful urban public
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policy. These collaborations should prioritize stake-
holder engagement and buy-in to address sus-
tainability planning that achieves climate-resilient
provisioning systems and reduction of detrimental
exposures to communities. Unifying policies through
joint efforts and collaboration among the ministries
of health, energy, transportation, labor, education,
finance, and women'’s and children’s health will be
necessary to accomplish Health in All Policies.

3. Providing support for health impact assessment
tools with cardiovascular end points to consider the
adverse health effects of changing environments,
particularly the effects of inequity, and complex,
multipollutant urban exposures and their impact on
cardiovascular health.

4. Creating new models within specific cultural, social,
economic, and geographic contexts and obtain
new empirical evidence to guide the development
of equitable, sustainable and healthy cities.

5. Advancing integrated community-based civic par-
ticipatory efforts that holistically integrate health
goals, environment, sustainability, and equity goals
research to address the needs of underresourced
communities vis-a-vis the equitable access to mul-
tiple provisioning systems; reducing multipollut-
ant exposures; and supporting heart-healthy and
environment-friendly lifestyles through supportive
urban design and policy.

6. Promoting education and outreach to physicians
and the general public on developing and dis-
seminating evidence-based design guidelines to
advance heart-healthy sustainable cities and edu-
cating people on how sustainability in urban envi-
ronments can promote cardiovascular health.

7. Setting behavior change communication as an
important goal for reducing urban footprint and
using cost-effectiveness analysis and meaningful
engagement of policymakers as part of the mix in
combating environmental pollution/climate change.

8. Helping train the next generation of physicians and
an advocacy workforce to ensure cardiovascular
health in all urban policy decisions and to incorpo-
rate a health-first approach.

CONCLUSIONS

The primary purpose of this policy statement is to high-
light the importance of moving toward heart and brain
health in sustainable cities as ground zero for transform-
ing global population health. Urban cardiometabolic health
is driven by complex interactions of a multitude of factors
and stakeholders, which can best be described from a
social-ecological-infrastructural systems framework root-
ed in 7 key provisioning systems. Changes within the city
and across the transboundary supply networks that bring
electricity, nutritious food, fuels, water, and construction
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Table 2. Public Policy Solutions to Address Urban Environments for Cardiovascular Health at Different Levels of Government

standards from the current 12 ug/m® annually to <10 pg/m?®

Principle or pathway to Exposures Level of
Issue support heart health affected Examples of specific public policy solutions government
Integrated spatial Integrating land use planning Air pollution, Adoption of comprehensive (growth, master) plans, zoning Local, regional
planning and transportation planning noise, green and development ordinances and regulations, and (critically)
departments space, and permitting practices that prioritize:
stress 1. Compact and mixed development patterns
2. Inclusion of diverse and affordable residential stock proximate
to essential needs, services, employment, and green space
3. Reduction of sprawl and protection of open space and high-
value arable land, especially land that can provide quality
food to people living in nearby urban areas
4. Permanent protection of critical water resources
Metropolitan planning for Physical Planning and transport agencies to award infrastructure funding | Local, regional,
transit-oriented development activity through | according to the following: state
stlmulates active mobility and increased a.\ctlve 1. Compact development communities and mixed land use
equitable access to green/ transportation areas
public spaces and health care | (walk, bike,
facilities. transit) and 2. Full accommodation of active transport modes (walk, bike,
recreational and transit) and targeted reduction in motorized vehicle miles
Integrate Complete Streets ;
L walking and traveled
policies in all roadway i
construction, repair, and cyciing 3. Exceptional service to vulnerable (and often historically
maintenance neglected) populations based on age, race, ethnicity, income,
sex, disability, car ownership, health status
Cardiovascular health as an y P
explicit city planning goal can Adoption of prescriptive Complete Streets policies that: Locallocal,
high“ght its impprtance. Few 1. Require context appropriate accommodation of all modes regt;}onall, state,
cities have explicit health- (walk, bike, transit, motor vehicle) in all roadway projects nationa
focused actions in national
transport policy. 2. Adoption of state-of-the-art multimodal design guidance (eg,
the US National Association of City Transportation Officials
design guides)
3. Application of Complete Streets design principles in routine
painting and maintenance programs
4. Explicit and rigorous requirements limiting exceptions to fully
multimodal designs
Mixed use
Connectivity Requirements for street Physical 1. Access to public transportation within easy walkable Local
connectivity, pedestrian activity through distances
and cycling |nfr.astructure, increased e_mt've 2. Active transportation options that are convenient
access to public open spaces | transportation
(including parks) (walk, bike, 3. Mandatory laws promoting open access recreational areas to
transit) and promote physical activity
recreational 4. Taxes on private transport and restricted-access streets
walking and
cycling
Zoning Consider enabling language to | Access to 1. Specify where and how city and public land can be used for Local
provisions encourage urban agriculture. healthy food personal or community food production
Although zornng codes arg sources 2. Allow onsite sale of healthy fresh produce
often not written to specifically | through more
prohibit urban agricultural equitable, mixed | 3. Establish urban garden district
activities, the absence of development 4. Provide incentives for urban farming and public green space
express permission deters patterns
potential growers.
Provisioning systems
Energy sector Transitioning energy systems Air pollution, 1. Public investment in renewable energy at the local and Local, state,
toward clean energy and low- | noise, green regional levels federal
carbo.n goals to reduce air space, and 2. Develop and implement strategies to phase out coal-fired
pollution stress
power plants by 2030
3. Support transitions to electric mobility and heating systems
linked to low carbon supply
4. Provide deep incentives for climate technologies that support
mitigation and resilience
5. Update and implement current federal ambient air quality
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Table 2. Continued

Toward Heart-Healthy and Sustainable Cities

Principle or pathway to Exposures Level of
Issue support heart health affected Examples of specific public policy solutions government
Energy access Integrated electrification Air pollution 1. Facilitating clean energy access in cities through financial Local, state,
in cities and strategies and planning incentives federal
decarbonization | program. 2. Improving energy grids and decentralizing energy
Technical assistance and infrastructure
operational support to ) 3. Increasing electric car charging outlets
governments for geospatial
electrification planning,
pipeline development and
implementation, preparation and
minigrid investment portfolios
Improving global electrification
platform and applications
Developing data standards for
electrification planning in
coordination with key partners
Mobility Encouraging physical activity Air pollution 1. Active transport alternatives; high-volume and efficient active | Local, state,
Active Participation targets for andb.rltlatduced trarl'nksportatlon alternatives such as high-volume pedestrian federal
transportation | walking and cycling (eg, mobility walkways
Demand percentage mode share) Reduced 2. Congestion pricing: introduce congestion pricing to
management | Managing the demand for car exercise, social discourage car use during peak hours; use revenue

travel influences the appeal

stress

generated to fund public transportation and active transport

of driving relative to other Air pollution 3. Carpooling and ridesharing incentives: incentives for
transport modes, with carpooling and ridesharing such as preferential parking or
consequences for health reduced tolls
4. Park-and-ride facilities: develop park-and-ride facilities to
encourage public transportation for the final leg
Urban mobility Options for formalizing exist- Increased 1. Comprehensive transportation demand management Local, regional
Polic ing transport systems and physical programs and policies that shift behavior toward routine
decis{ons for trade-offs activity through walking, cycling, and transit use and away from single-
. increased occupancy vehicles
connecting tive t ;
the city active transpor 2. Worksite and school incentives for the use of the active
modes . . e .
modes such as financial rewards, subsidized/free transit,
Reduced schedule flexibility, elimination of free parking, and
congestion, air, accommodations for bicycle commuters
and noise - . .
) 3. Urban policies such as congestion pricing of roadways and
pollution; . S .
parking, urban mobility aids (shared bikes and scooters),
reduced stress . . .
decoupling parking from development requirements, and
planning for complementary parking uses
Distance to Decreasing distance between 1. Enact guidelines for easy-access cities where people can
transit/ transit and destination conveniently access jobs and services within 20—-30 min by
destination (15 or 30 min) and enabling public or active transport 7 d/wk
a(;hye modes to access transit 2. Implement integrated ticketing systems that allow seamless
choices transfers between different modes of transportation, including
buses, trains, and bicycles
Housing and Support equitable develop- Increased 1. Strengthen prohibitions on discriminatory home loan lending State, federal
access ment and preservation of physical activity practices to ensure that people of all races, ethnicities, and Local. state
affordable housing through active backgrounds have access to home ownership '
transportation 2. Increase planning, zoning, and regulatory support for
enabled by . . ; . .
. alternatives to single family homes and high-density
equitable hous- . . .
N o apartments; near daily needs, services, healthy food, and
ing availabil- . L .
. ) employment, provide the so-called missing middle such as
ity proximate to -
A row houses and townhomes, multiplexes, cottage clusters,
daily needs and . . '
and tiny homes with shared green space; accessory
employment L . . . !
dwellings; shared housing; and myriad evolving options
centers
Stress
reduction
Access to
healthy food
sources
(Continued)
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Table 2. Continued

Toward Heart-Healthy and Sustainable Cities

Principle or pathway to Exposures Level of
Issue support heart health affected Examples of specific public policy solutions government
Food systems Food systems should transition 1. Implement robust food service guidelines and procurement Local, state,
to ensuring nutrition security standards in government buildings, institutional feeding federal
through equitable and stable programs, and private sector food service
avia{labmty, access, afford- 2. Support sustainable, climate-smart urban-regional agriculture
ability, and use of foods and . .
and associated farmers markets and food carts to increase
beverages that promote health .
. access to nutritious foods
and well-being.
Green Spatial distribution of parks Temperature, 1. Education campaigns Local, state
infrastructure can enable access to nature, noise and air . . . .
. . . . 2. Aggressive reforestation and green infrastructure in urban
leisure and active mobility, and | pollution, stress .
. areas to reduce heat island effects
increased tree canopy cover-
age to reduce heat stress 3. Spatial distribution of parks can enable access to nature,
leisure, and active mobility, and increased tree canopy
coverage to reduce heat stress
4. Public private partnerships to increase urban gardens in
neighborhoods
5. Biophilic buildings with green walls and roofs and small
pocket parks
Water supply Improve water quality by Water pollution | 1. Automated networks for water quality and surveillance of Local, state,
Wastewater relducmg fpo}l]lu‘uc.)n, Iellmlcr;atlng release of chemicals and plastics federal
management | ' coco Of chemicals an 2. Moratorium on use of plastics and plastic-associated

plastics to water bodies

Reduce exposure to toxic
metals, including lead in urban
hot spots, often in
underresourced communities

chemicals
3. Public education

4. Mandate adherence to safety thresholds in city water
supplies with specific attention to lead, cadmium, nickel, and
arsenic

5. Recycling of wastewater and stormwater

Construction
materials,
chemicals,
plastics,

and waste
management

Use of low-carbon or “green”
infrastructure, including cement,
building materials lowers air
pollution health effect.

Promotion of circular design
of products and materials

for reuse, remanufacture, or
recycle minimizes pollution of
air, water, and soil together
with GHGs

-

. Incentives to promote green construction and materials
. Ban and eliminate single-use plastics in urban environments

. Pay to use for plastics that are recyclable

AW N

. Specific mandates on disposal of plastics in urban
environments such as restaurants, groceries, and public
arcades

Specific exposure mitigation

Air quality

Reduce exposure to ambient
air pollution for all people
living in the United States and
globally

Air pollution

1. Emission control: implement and enforce stringent emission
standards for industries, vehicles, and power plants; regularly
update these standards to reflect advancements in
technology and understanding of air pollution

2. Public transportation improvement: invest in and expand
public transportation infrastructure to reduce the reliance on
individual vehicles; promote the use of electric and hybrid
vehicles through incentives and subsidies

3. Vehicle emission controls: implement and enforce vehicle
emission testing programs; introduce vehicle emission
standards and promote the use of electric and hybrid ve-
hicles

4. Industrial emissions: enforce strict regulations on industrial
emissions and provide incentives for companies to adopt
cleaner production technologies; implement monitoring sys-
tems to track and control emissions from industrial sources

State, federal

Noise pollution

Reduce noise exposures in
urban environments

Noise pollution

-

. Enact noise guidelines in urban environments that are
consistent with global standards (eg, road noise <53 dB Ly
and<45dBL_ )

nignt

2. Harmonize solutions that reduce noise with other key
provisioning systems such as buildings, green infrastructure,
and transportation solutions that may aid in reducing ambient
noise

Local, state,
federal
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Table 2. Continued

Toward Heart-Healthy and Sustainable Cities

strategies to protect
populations from excess
indoor heat should be
developed and implemented.

2. Aggressive reforestation and green infrastructure in urban
areas to reduce heat island effects

Principle or pathway to Exposures Level of
Issue support heart health affected Examples of specific public policy solutions government
Adverse In populations exposed to Temperature 1. Education campaigns Local, state,
temperatures high ambient temperatures, federal

GHG indicates greenhouse gas.

materials into urban areas afford a generational opportu-
nity to transform health. Two broad pathways and associ-
ated specific strategies that could enable transformation
toward heart health, environmental sustainability, and eq-
uity include integrated spatial design and supply-side in-
novations in provisioning systems that include health, with
attention to addressing disparities and partnering with
communities. Although extensive new investigations are
required to assess the impact and to evaluate the influ-
ence of the built urban environments on cardiovascular
and metabolic health, translation of current understanding
into action will necessitate active engagement of a wide
range of relevant stakeholders. In this report, we provide
concrete considerations and an actionable framework
with which one may begin to consider the cardiometa-
bolic health impact of risk exposures, not just as individual
factors but collectively as a framework. Such an under-
standing is prerequisite to the attainment of equitable car-
diometabolic outcomes while meeting climate goals.
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Introduction

Environmental sustainability has become an urgent global priority as the
impact of climate change and environmental degradation, increasingly
threatens human health and planetary well-being. The US healthcare
sector contributes to an estimated 8.5% of total US greenhouse gas
emissions and 27% of all global healthcare greenhouse gas emissions."
Given the high burden of cardiovascular disease (CVD) and the nature
of diagnostics and therapeutics, cardiovascular practices, in particular,
have a substantial environmental impact through high utilization of en-
ergy, medical devices, pharmaceuticals, transportation, and generation
of large amounts of waste. Sustainability considerations however re-
main conspicuously absent in modern cardiovascular care delivery
and operations. The transition to sustainable practices will however re-
quire commitment across disciplines, between stakeholders and collab-
oration between cardiovascular specialists, policy makers, and other
healthcare stakeholders including industry.

The carbon footprint of
cardiovascular practices

The current model of healthcare delivery carries a substantial carbon
footprint that contributes to healthcare’s climate impact, Figure 1.
Common and large sources of emissions include energy for lighting,
heating, cooling, and operating medical devices (Scope 1 and 2 emis-
sions), transportation and food consumption of patients and staff
(Scope 3 emissions), and procurement and waste from medical sup-
plies, devices, and pharmaceuticals (Scope 3).? Cardiac catheterization
labs, in particular, produce significant amount of single-use equipment,
including catheters, gloves, drapes, gowns, and etc., in addition to high
energy utilization. With more than 1 million estimated catheterization
procedures in the US annually, the carbon footprint adds up.
Cardiovascular operating rooms also have high energy utilization on ac-
count of ventilation, lighting, and medical devices, and anaesthetic util-
ization with high greenhouse warming potential contributes to

significant carbon emission.® Devices like stents, pacemakers, and im-
plantable cardioverter defibrillators also have environmental impacts
from metal and plastic raw materials, manufacturing processes, and
transportation. With increasing use of single-use disposable devices,
the waste generated in cardiac catheterization labs and operating
rooms has risen. Cardiac imaging can also have significant impact on
the environment given on energy use, radiation, and contrast material.
Beyond the care delivery, the wide array of pharmaceuticals used in car-
diovascular care has a significant carbon footprint due to raw material
extraction, production, packaging, and transportation.

A systems approach to building
sustainable cardiovascular
practices

Transitioning to sustainable models of cardiovascular care requires a
major reorientation of interconnectedness between health, environ-
ment, and society (Figure 7). A systems thinking perspective facilitates
understanding of the complex dynamics and feedback loops that con-
tribute to sustainability and the close interdependence of multiple sys-
tems from the micro to macro (planetary) scale. Specific tools like
system dynamics modelling, causal loop diagrams, and health impact as-
sessments allow realization of synergies and avoidance of unintended
consequences.”

Reorganization of healthcare practices will require an appreciation of
the extent to which cardiovascular practices are embedded within lar-
ger networks involving payers, suppliers, social services, public health
agencies, and communities. Adopting sustainability measures should
therefore consider and account for how decisions propagate through
the wider system. These decisions can sometimes seem overwhelming
and unattainable. However, even simple actions could have impact
through actions on multiple systems, the so called ‘double duty’ or ‘tri-
ple duty’ actions. For example, reducing single-use device utilization not
only decreases waste and pollution but also impacts cost, healthcare
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Figure 1 Pathways to a sustainable cardiovascular practice. (A) Key sources of emissions across the cardiovascular care continuum, including energy
use, transportation, pharmaceuticals, medical devices, food, and waste. (B) Impactful strategies to improve sustainability at each level of the cardiovas-

cular system

expenditure, and changes demand for these goods. Reducing food
waste and single-use plastics in cafeterias in hospitals can impact carbon
emissions and pollution but also help with cost. Shifting to plant-based
diets in hospitals cannot only reduce carbon emissions but improve
health. There is a need for immediate action to promote innovative
food systems approaches that promote cardiovascular health while
being sustainable.® Preventing cardiovascular admissions through better
population health management may help reduce emission-intensive
healthcare utilization and cost. Avoiding or using lower carbon lab tests
and diagnostics may help improve sustainability without compromising
care. Systems approaches also consider how a hospital can play a role in
addressing social determinants in the community like education, hous-
ing, and community gardens to prevent chronic diseases and down-
stream resource utilization.

An umbrella cross-cutting organizational sustainability committee
can align efforts and foster shared responsibility. The circular economy
model framework referred to as the four R’s: reduce, reuse, recycle,

and recover, which has since evolved to nine R’s (refuse, rethink, re-
duce, reuse, repair, refurbish, remanufacture, repurpose, recycle, and
recover), is critical.® A shift to a circular economy model is non-trivial
and necessitates substantial transformation in design, production, con-
sumption, use, waste, and reuse practices. It will necessitate a funda-
mental retreat of industries focused on recycling and remanufacturing
and economies of scale.

At the individual clinician level, sustainable behaviours involve under-
standing how our everyday workplace decisions tie into the bigger pic-
ture. Clinicians should consider the climate and environmental impacts
of diagnostic tests, treatments, devices, and medications they order.
They can also help patients understand how lifestyle changes prevent
CVD progression and reduce healthcare utilization. For example, tele-
medicine may offer an opportunity to further reduce healthcare emis-
sions.” Understanding of the environmental footprint of the imaging
examinations can help clinicians make environmental-friendly decisions
that optimize patient health and environmental health. In the
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catheterization laboratories, tailored utilization of devices and kits can
have significant impact on the carbon footprint. Reducing the use of dis-
posable custom packs in catheterization and using individual compo-
nents that are actually needed,® in addition to re-using some of the
supplies (e.g. gowns), can have significant reduction in carbon footprint
of catheterization procedures.’

Building a culture of sustainability

Creating lasting impact requires instilling a culture of sustainability.
Leadership commitment is crucial—hospital executives and cardiovas-
cular practice directors must incorporate sustainability into the mission,
set bold environmental goals, and dedicate resources. Appointing sus-
tainability and Environmental, Social and Governance officers and green
teams provides organizational infrastructure to develop and implement
initiatives."”

Changing workplace culture begins with increasing awareness.
Simple measures like signs prompting employees to take the stairs,
shut off lights, and reduce printing foster daily green habits. Virtual mod-
ules, lectures, and training programmes for clinicians and staff build mo-
tivation and skills for participating in green initiatives. Discussing
sustainability in new employee onboarding conveys these values from
the start. To motivate engagement, data linking clinical decisions to
emissions, waste, and environmental impacts can be powerful.

At the health system level, partnering with professional cardiology
societies helps disseminate best sustainability practices and builds con-
sensus. Advocacy for local and national policies that incentivize green
healthcare delivery is key to removing barriers. Payment reforms which
reward prevention and appropriate resource utilization rather than vol-
ume align with sustainability.

Embedding sustainability requires reinforcement through words, ac-
tions, and symbols that environmental responsibility is integral to car-
diovascular care excellence. While challenges remain, conceptualizing
sustainability as core to the clinical mission—improving both human
and environmental health—creates a paradigm shift. With time, the
practices and mindsets required to minimize cardiology’s climate im-
pact will become second nature. Importantly, environmental sustain-
ability aligns with rather than compromises, healthcare’s goal of
delivering high-value, high-quality care.

Clinicians increasingly recognize sustainability as inherent to their
mission of health promotion and view climate action as their responsi-
bility.? Environmental stewardship also appeals to mission-driven
younger staff and enhances recruitment. By broadcasting sustainability
commitments, health systems can strengthen community trust and dis-
tinguish their brand. Healthcare sustainability ultimately requires clini-
cians to apply evidence-based green practices in their clinical
decisions. Clinical education should integrate sustainability principles
in medical school curricula and training. By taking a connected whole
systems view, cardiovascular specialists can become powerful change
agents in catalysing large-scale transformation.

Cardiovascular prevention as a
core precept for sustainability

Reconceptualizing cardiovascular prevention as an emissions mitigation
strategy recasts its impact as a pillar of sustainable cardiology practice.
Prevention offers a prime example of how optimizing both human
health and environmental sustainability can be mutually reinforcing.
Reducing incidence and severity of CVD decreases procedural

interventions, hospital admissions, pharmaceutical use, clinic visits,
and medical devices and collectively lower emissions and resource con-
sumption. Promoting plant-based planetary diets, physical activity,
smoking cessation, and self-care motivates patients to take ownership
of their heart health, and at the same time are sustainable. Critically,
prevention extends beyond medical care to address underlying socio-
economic and environmental drivers of CVD. Tackling issues like pov-
erty, access to nutrition, education, housing, and concomitantly with
environmental pollution requires broad systems approaches synergistic
with sustainability.

Challenges in sustainability

The initial costs to move to sustainable healthcare are going to be con-
siderable, with little appetite to take on higher costs and decarboniza-
tion problems. The phasing out of fossil fuels for renewable energy to
power healthcare organizations (HCOs) will help reduce anthropogen-
ic air pollution and will have measurable, immediate impact on health,
that has already been shown to outweigh upfront investment costs. It
has also been argued that technology solutions and market incentives
can spur innovations to shift carbon emissions substantially. In this re-
gard, governmental regulations and requirements by organizations
and societies to comply with carbon targets or risk being fined could
go a long way to help HCOs transition to low-carbon health systems.
Sustainability standards can no longer be optional to meet climate goals
and need regulatory oversight.

Conclusion

Environmental sustainability must become an urgent priority to reduce
cardiovascular medicine’s climate footprint and promotion of health.
While challenges exist, a new paradigm focused on the dual objectives
of human and planetary health is attainable through collaboration, in-
novation, incentivization, and reframing sustainability as being integral
to the mission of providing high-value care. The time to help pave
the way to a greener, healthier future is now.
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GREEN RECOVERY

Net zero healthcare: a call for clinician action

Health professionals are well positioned to effect change by reshaping individual practice,
influencing healthcare organisations, and setting clinical standards, argue Jodi Sherman and

colleagues

chieving net zero emissions
in healthcare will be possible
only with radical and immedi-
ate engagement of the clini-
cal community. The covid-19
pandemic has served as a wake-up call for
high income health systems that resources
are finite and globally interdependent,
vulnerable to massive surges in demands
and simultaneous infrastructure disrup-
tion, and that inequities in access to care
threaten health and wellbeing for everyone.
During the first months of the pandemic,
the medical community united at a
historic pace, rapidly sharing information,
redesigning models of care, conserving
and innovating resources, and moving
towards a circular economy. In comparison,
the task of transforming healthcare
culture and practice to halve healthcare
emissions by 2030 as recommended by
the Intergovernmental Panel on Climate
Change' seems entirely feasible.

Planetary healthcare

Planetary healthcare requires embracing
an expanded notion of the principle “first
do no harm,” beyond care for individual
patients to a duty to protect the Earth’s
natural systems on which intergenerational

KEY RECOMMENDATIONS

e Clinicians must work to reduce the
incidence and severity of disease to
decrease the amount and intensity of
care required

e Use of resources must be optimised by
ensuring appropriate care and avoid-
ing unnecessary investigations and
treatments

e Coordination of care between differ-
ent providers should be promoted
to avoid duplication of services and
reduce travel emissions and unneces-
sary building use

e Health professionals should encourage
change through individual practice,
influencing healthcare organisations,
and contributing to standards and
policy

thelbmj | BMJ2021;374:n1323 | doi: 10.1136/bmj.n1323

health and wellbeing depend.” This plane-
tary health lens acknowledges crucial links
between ecological change, human health,
and our ability to thrive.’

Planetary accountability encompasses
actions taken by individual health
professionals within the clinical setting,
collective actions of clinicians in healthcare
organisations with the communities they
serve, and interactions of individuals and
collectives in professional societies with
regulatory and oversight bodies.

For clinicians, this means recognising
that healthcare consumes finite resources
and produces harmful pollution, accepting
that environmental stewardship is integral
to our fundamental duty of care, and that
we are quickly approaching a climate
tipping point.

Healthcare is one of the largest polluting
industries, responsible for nearly 5% of
total global greenhouse gases.’ Like all
industries, healthcare must rapidly and
substantially reduce its greenhouse gas
emissions to avoid the most catastrophic
outcomes to health and wellbeing from
climate change.

Achieving net zero emissions—that is,
reducing carbon output until it is in balance
with natural and engineered means of
absorption—necessitates optimising the
efficiency and environmental performance
of healthcare delivery. However, these
alone are insufficient. We must also work to
reduce the incidence and severity of disease
to decrease the amount and intensity
of care required. Furthermore, we must
match supply of health services to their
need, by ensuring appropriate care and
avoiding unnecessary investigations and
treatments. In this way, absolute emissions
can be reduced while expanding access to
healthcare and achieving co-benefits from
mitigating harm and costs from healthcare
pollution.

Health professionals are well positioned
agents of change at many levels, from
shaping individual clinical practices to
influencing healthcare organisations
and setting standards and policy. We
have previously published a planetary
healthcare framework setting out three

strands of action: reducing emissions
from healthcare services, matching supply
and demand, and reducing demand for
healthcare.” Here we provide practical
suggestions to help clinicians enact that
framework (table 1).

Reducing emissions from supply of health
services

Reducing emissions from healthcare
services encompasses all activities that
consume materials and energy. Most
healthcare sustainability initiatives focus
on large scale facility operations, such as
improving hospital energy performance
and sourcing renewable electricity, which
typically are not under the control of cli-
nicians. However, clinicians influence
building use through decisions on care set-
tings—for example, whether to administer
monitoring or treatment in the home, clinic,
or hospital (which has the highest resource
and emissions intensity).’ Virtual care for
patient-provider interactions that do not
require in-person examination reduces
travel and clinic emissions, obviating the
need for some clinical spaces, as seen in the
covid-19 pandemic.

Coordination between care
providers, such as through arranging
multidisciplinary consultations and
services on the same day, and proximal
diagnostic testing, can further minimise
emissions from patient travel. Such changes
often require reorganisation of processes
and commitment, which can be hindered
by lack of understanding of the need for
coordination.

The majority of health sector emissions
are embedded in the supply chain,
including pharmaceuticals and medical
devices.” Embedded emissions are
dictated by materials and design, as well
as production and distribution practices.
Use of organisational purchasing power
and regulatory reform to influence
manufacturers to reduce product emissions
is critical but takes time. Clinicians have
an immediate role through preferential
use of lower emissions supplies (such
as choosing reusable rather than single
use medical devices,® and dry powder
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inhalers over metered dose inhalers), and
especially through reducing unnecessary
harms or costs outweigh benefits, is ubiq-
uitous in health systems in both high and
low income settings. It includes overuse
of health services occur because of health
system structure and funding and behav-
iours of clinicians and patients that drive

consumption of supplies and treatments in
Matching supply to demand of health services
Inappropriate or low value care, in which
and underuse of healthcare services,
which often coexist in the same health
system (and even for the same patient).
Mismatches between supply and demand
misuse.

their clinical practice.

Underuse of necessary services leaves
patients vulnerable to avoidable disease.
Overuse results in harms to patients from
adverse events and exposures, financial
harms to health systems and possible
health and wellbeing by delivery of what
is needed, wanted, clinically effective,
affordable, equitable, and responsible in
its use of resources.” High value care also
maximises environmental performance,

A robust primary care system is
foundational to appropriate care and

avoiding harm to public health.
of access to, or inadequate primary and

supply shortages, and population level
disease burden from pollution generated
by healthcare. Appropriate care optimises
provides a platform for overcoming barriers
to change.® In high income countries, lack
preventive care services results in patients
interacting with more resource intensive

health services such as hospital based
treatment. For example, patients may
present with advanced disease that would
have been preventable or manageable if
detected earlier.

Clinicians can mitigate unnecessary use
of hospital services by facilitating access
to primary and community care services.
This includes identifying and targeting
underserved groups, moving beyond
cause of inequities by building community

treating the results of ethnic and economic
disparities and seeking to tackle the root
wealth (the “anchor mission”). Screening
patients for the social determinants of
health can identify those at risk and guide

health systems to influence community
investments. Clinicians can also engage in
innovative delivery models that allow care
historically offered in the acute setting to be
delivered in the community (for example,
using remote physiological monitoring and
mobile apps.)
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GREEN RECOVERY

In light of the many harms resulting from
inappropriate delivery of health services,
clinical decision making should be viewed
through a stewardship lens—that is, the
careful and responsible management
of healthcare resources entrusted to
providers. Instead, evidence indicates
widespread overuse of resources such as
medical supplies, medications (beyond
opioids and antibiotics),” and laboratory
and radiological investigations.'°

Globally, a quarter of the total volume
of healthcare services is low value.’
Solutions include clinician education
and empowerment, development of and
adherence to evidence based standards
of care that incorporate environmental
harms, de-adoption'" of low value care,
shared decision making, care coordination,
and continuous quality improvement,
all grounded in a fundamental duty
of resource stewardship and care for
planetary health.

Evidence and education

Formal education should include training
in planetary health and stewardship princi-
ples.'? Continuing education is required to
remain up to date on best practices, as well
as indications for specific tests and inter-
ventions. The ability to critically appraise
evidence, extrapolate findings to appro-
priate patient populations, and identify
industry influence or conflicts of interest is
essential to providing high value care.

By keeping their knowledge thorough
and current, health professionals can
protect against “technology creep”—the
application of technologies or treatments
to expanded indications without
supporting evidence. New evidence or
alternative technologies can also result
in existing technologies or practices
becoming inappropriate or obsolete,
necessitating de-adoption strategies.!* A
core driver of resource misuse is ignorance
of the evidence and failure to change
practice.’® This is compounded by ethical
failures around resource stewardship
and lack of appreciation of the rapid
rate of environmental degradation and
healthcare’s contribution to it.

It is also important to understand the
risks and benefits of different options,
including non-pharmacological and non-
invasive approaches. This knowledge
can help patients to have appropriate
expectations of what is knowable and
treatable. Rather than striving for “zero
harm,” which is unattainable and results
in unintended consequences, clinicians
should embrace risk reduction.' A risk

reduction approach considers implications
for both the individual patient and society,
including from consumption of finite
resources and pollution generation.

Health professionals must apply
current evidence, critically evaluating the
likelihood that results of available tests
will inform management decisions or that
treatments will achieve desired outcomes.
If early detection has no benefit, patients
should be spared the inconvenience and
anxiety of close screening or surveillance
and the potential harm from treating false
positive findings. Effective communication
is essential to dispel mistaken notions that
resource stewardship is synonymous with
withholding care.

Shared decision making

Shared decision making involves clinicians
helping patients incorporate personal val-
ues and preferences into the weighing
of risks and benefits to arrive at tailored
solutions that best meet their needs. This
requires an appreciation of the harms
of overdiagnosis and overmedicalisa-
tion. Shared decision making embraces a
biopsychosocial approach to care and hon-
ours patient goals, tending to result in less
inappropriate disease focused treatment
(for example, chemotherapy at end of life,
and stenting in stable coronary artery dis-
ease).” Studies of shared decision making
aids have shown that 20% of elective pro-
cedures would be unwanted if patients had
access to understandable, relevant clinical
information."

Care coordination

Inadequate communication and coordi-
nation between providers lead to dupli-
cated and unnecessary services because of
incomplete information about a patient’s
history and current circumstances. Seam-
less and adequate communication between
primary care providers and specialists, and
between specialty services such as in multi-
disciplinary cancer teams, avoids unneces-
sary care, improves safety, and provides a
better patient experience. Barriers to this
coordination can be reduced by dedicated
staff and supporting technology such as
shared access to electronic health records
among different healthcare organisation
networks and non-affiliated practices.

Institutional structures to drive high value
care

Clinicians can work with their healthcare
organisations to develop and implement
structures that promote adherence to evi-
dence based best practices and discourage

wasteful practices. Restrictions on antibi-
otic and opioid ordering,*® automatic stop
dates on laboratory investigations, and
alerts for high fresh gas flow during anaes-
thesia embed stewardship into electronic
health records.

Institutional policies—for example,
those that recommend against routine
prophylaxis for stress ulcers (which data
show is harmful'®) or restrict access to
desflurane (because of its disproportionate
climate impact'’), hasten the uptake
of knowledge of harms and facilitate
de-adoption of low value care. Specialist
teams can standardise aspects of inpatient
care and ensure up-to-date best practice
through electronic decision support and
benchmarking tools.

Developing clinical practice guidelines
through professional societies lessens the
responsibility on individual clinicians and
confers a degree of medicolegal protection.
Similarly, hospital policies and procedures
can diffuse decision making responsibility,
removing pressure that drives clinicians to
practise defensive medicine or relieving
ethical dilemmas around appropriate
allocation of limited resources and end-
of-life care, as happened in the covid-19
pandemic.'®

Continuous quality improvement
Environmental performance should be
integrated into the core definition of quality
care, with best practices established for cli-
nicians and health systems and reinforced
through regulatory and oversight processes
that overcome obstacles to change. Inves-
tigations of appropriateness of care and
resource consumption lend themselves
to quality improvement initiatives, which
can be designed, initiated, and carried
out by individual clinicians within their
professional settings. Electronic health
records can provide feedback to clinicians
on resource use, costs, and emissions,
to gauge performance and drive quality
improvement."’

Reducing demand for health services

Reducing demand for health services
requires tackling drivers of poor health.
In the United States, over 50% of health-
care services are devoted to the 5% of the
population with advanced chronic dis-
ease.”” Most advanced disease develops
in people who had risk factors or early
stages of illness that were preventable or
reversible, often through behavioural and
lifestyle approaches alone.’! Furthermore,
healthcare services contribute to only 20%
of health and wellbeing, with the remain-
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der being the result of broader social, eco-
nomic, ecological, and political factors.?
However, current healthcare strategies
routinely neglect social determinants of
health, missing opportunities to reduce
the burden, expense, and environmental
effect of chronic disease. An integrative
healthcare framework offers a potential
solution.”

Integrative healthcare is the delivery
of non-pharmacological and lifestyle
approaches to disease prevention
and treatment in coordination with
conventional treatments of chronic
disease.’* Smoking cessation, reducing
use of drugs (including alcohol), and
better dietary habits, activity levels, and
stress management can prevent or mitigate
many chronic diseases.” Evidence based
approaches such as yoga, acupuncture,
massage, and mind-body practices are
particularly useful for pain reduction
and more appropriate than medications
(especially opioids) for chronic pain.” As
part of primary care, these approaches offer
opportunities to intervene upstream in
health promotion and disease prevention.*®
While these behavioural and social
determinants are not the sole responsibility
of healthcare services, helping patients
better engage and manage them could
go a long way towards reducing the need
for more expensive and environmentally
damaging interventions later.

Prescribing nature based interventions
and activities such as local walking
groups, community gardening, and
food growing projects can help meet
health needs. Benefits of green time are
most researched in mental health, with
protected areas worldwide estimated to
be worth the equivalent of $6tn (£4tn;
€5tn) annually in mental health services.”®
Recommending patients engage socially in
local community services can help tackle
some of the social determinants of health
such as food insecurity and social isolation.

Closing the information and practice gap
Environmental engineering tools and meth-
ods to quantify carbon and other environ-
mental emissions are well established, and
life cycle assessment is the gold standard
in healthcare sustainability research.””
Although the emissions and public health
damages from low value care are not yet
known, it stands to reason that reducing
unnecessary care would reduce emissions
and costs, provided that the emissions
intensity of required care is simultaneously
reduced.

thelbmj | BMJ2021;374:n1323 | doi: 10.1136/bmj.n1323

The process of mobilising the clinical
community around planetary healthcare
requires a concomitant investment
in knowledge generation to identify
environmentally preferable practices,
establish evidence around high value
care, and guide public policy for optimal
population health. Clinicians should take
the lead in advancing this research agenda,
while healthcare institutions, universities,
and funding bodies must support the work
by prioritising planetary health mandates
and providing appropriate resources.

Competing interests: We have read and understood
BM| policy on declaration of interests and have no
interests to declare.

Provenance and peer review: Commissioned;
externally peer reviewed.

This article is part of a series commissioned by The
BM)J for the World Innovation Summit for Health
(WISH). The BMJ peer reviewed, edited, and made
the decisions to publish. The series, including open
access fees, is funded by WISH.

Jodi D Sherman, associate professor’

Forbes McGain, consultant®>*

Melissa Lem, clinical assistant professor’
Frances Mortimer, medical director®
Wayne B Jonas, clinical professor’®?

Andrea | MacNeill, clinical associate professor'®
'Department of Anesthesiology, Yale School of Medicine,
Connecticut, USA

“Western Health, Footscray, Melbourne, Australia
*Department of Critical Care, University of Melbourne,
Melbourne, Australia

“School of Public Health, University of Sydney, Sydney,
Australia

*Department of Family Practice, University of British
Columbia, Vancouver, Canada

®Centre for Sustainable Healthcare, Oxford, England
’Samueli Integrative Health Programs, Corona Del Mar,
CA, USA

8Georgetown University School of Medicine, Washington,
DG, USA

*Uniformed Services University, Maryland, USA
°Department of Surgery, University of British Columbia,
Vancouver, Canada

Correspondence to:) D Sherman
jodi.sherman@yale.edu

OPEN ACCESS

This is an Open Access article distributed in
accordance with the Creative Commons Attribution
Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build
upon this work non-commercially, and license
their derivative works on different terms, provided
the original work is properly cited and the use is
non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/.

'.) Check for updates

1 Intergovernmental Panel on Climate Change. Global
warming of 1.5°C. An IPCC special report. 2018.
https://www.ipcc.ch/sr15/_

10

11

12

13

14

15

16

17

18

19

20

21

Wabnitz KJ, Gabrysch S, Guinto R, et al. A pledge

for planetary health to unite health professionals

in the Anthropocene. Lancet 2020;396:1471-3.
doi:10.1016/S0140-6736(20)32039-0

Watts N, Amann M, Arnell N, et al. The 2020

report of the Lancet Countdown on health and
climate change: responding to converging crises.
Lancet 2021;397:129-70. d0i:10.1016/50140-
6736(20)32290-X

MacNeill AJ, McGain F, Sherman JD. Planetary health
care: a framework for sustainable health systems.
Lancet Planet Health 2021;5:€66-8. d0i:10.1016/
$2542-5196(21)00005-X

Eckelman MJ, Sherman J. Environmental impacts

of the US health care system and effects on

public health. PLoS One 2016;11:0157014.
doi:10.1371/journal.pone.0157014

MacNeill AJ, Hopf H, Khanuja A, et al. Transforming
the medical device industry: road map to a circular
economy. Health Aff (Millwood) 2020;39:2088-97.
doi:10.1377/hlthaff.2020.01118

Lown Institute. Right care series in the Lancet. 2017.
https://lowninstitute.org/projects/right-care-series-
in-the-lancet/.

Elshaug AG, Rosenthal MB, Lavis JN, et al. Levers for
addressing medical underuse and overuse: achieving
high-value health care. Lancet 2017;390:191-202.
doi:10.1016/S0140-6736(16)32586-7
Fleming-Dutra KE, Hersh AL, Shapiro DJ, et al.
Prevalence of inappropriate antibiotic prescriptions
among US ambulatory care visits, 2010-2011.
JAMA 2016;315:1864-73. doi:10.1001/
jama.2016.4151

Hendee WR, Becker GJ, Borgstede JP, et al. Addressing
overutilization in medical imaging. Radiology
2010;257:240-5. doi:10.1148/radiol. 10100063
Powers BW, Jain SH, Shrank WH. De-adopting low-
value care: evidence, eminence, and economics. JAMA
2020;324:1603-4. doi:10.1001/jama.2020.17534
Omrani O, Dafallah A, Paniello Castillo B, et al.
Envisioning planetary health in every medical
curriculum: An international medical student
organization’s perspective. Med Teach 2020;42:1107-
11.doi:10.1080/0142159X.2020.1796949

Saini V, Garcia-Armesto S, Klemperer D, et al. Drivers
of poor medical care. Lancet 2017;390:178-90.
doi:10.1016/S0140-6736(16)30947-3

Amalberti R, Vincent C. Managing risk in hazardous
conditions: improvisation is not enough.

BMJ Qual Saf 2020;29:60-3. doi:10.1136/
bmjgs-2019-009443

Pollack LA, Srinivasan A. Core elements of hospital
antibiotic stewardship programs from the Centers

for Disease Control and Prevention. Clin Infect Dis
2014;59(Suppl 3):597-100. doi:10.1093/cid/ciu542
Grady D, Redberg RF. Less is more: how less

health care can result in better health. Arch

Intern Med 2010;170:749-50. doi:10.1001/
archinternmed.2010.90

Zuegge KL, Bunsen SK, Volz LM, et al. Provider
education and vaporizer labeling lead to

reduced anesthetic agent purchasing with cost
savings and reduced greenhouse gas emissions.
Anesth Analg 2019;128:€97-9. d0i:10.1213/
ANE.0000000000003771

Emanuel EJ, Persad G, Upshur R, et al. Fair allocation
of scarce medical resources in the time of covid-19.
N Engl) Med 2020;382:2049-55. doi:10.1056/
NEJMsb2005114

Sherman JD, MacNeill A, Thiel C. Reducing pollution
from the health care industry. JAMA 2019;322:1043-
4.doi:10.1001/jama.2019.10823

Waters H, Marlon G. The costs of chronic disease

in the US. Milken Institute, 2020. https://
milkeninstitute.org/reports/costs-chronic-disease-us.
McGinnis JM, Williams-Russo P, Knickman JR. The
case for more active policy attention to health
promotion. Health Aff (Millwood) 2002;21:78-93.
doi:10.1377/hlthaff.21.2.78

uBLAdoD Ag padaloid 1sanb Ag 120z [udy § o /wod g mmmy/:dny woiy papeojumod ‘TZ0Z Jaquialdas 0z uo ZeTu lwa/9eTT 0T Se paysiagnd 1s11y :CNg


mailto:jodi.sherman@yale.edu
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://crossmark.crossref.org/dialog/?doi=10.1136/bmj.n1323&domain=pdf&date_stamp=2021-09-18
https://www.ipcc.ch/sr15/
https://lowninstitute.org/projects/right-care-series-in-the-lancet/
https://lowninstitute.org/projects/right-care-series-in-the-lancet/
https://milkeninstitute.org/reports/costs-chronic-disease-us
https://milkeninstitute.org/reports/costs-chronic-disease-us
http://www.bmj.com/

GREEN RECOVERY

22

23

24

University of Wisconsin Population Health Institute.
County health rankings and roadmaps: building a
culture of health county by county. https://www.
countyhealthrankings.org/

Jonas WB. A new model of care to return holism to
family medicine. / Fam Pract 2020;69:493-8.
Egger G, Dixon J. Beyond obesity and lifestyle:

a review of 21st century chronic disease

determinants. Biomed Res Int 2014;2014:731685.

doi:10.1155/2014/731685

25

26

Qaseem A, McLean RM, O’'Gurek D, Batur P,

Lin K, Kansagara DL. Nonpharmacologic and
pharmacologic management of acute pain from non-
low back, musculoskeletal injuries in adults: a clinical
guideline from the American College of Physicians
and American Academy of Family Physicians. Ann
Intern Med 2020;173:739-48. d0i:10.7326/M19-
3602

Buckley R, Brough P, Hague L, et al. Economic value
of protected areas via visitor mental health. Nat

Commun 2019;10:5005. d0i:10.1038/s41467-
019-12631-6

27 Sherman JD, Thiel C, MacNeill A, et al. The
green print: advancement of environmental
sustainability in healthcare. Resour Conserv
Recycling 2020;161:104882. doi:10.1016/].
resconrec.2020.104882

Cite this as: BMJ 2021;374:n1323
http://dx.doi.org/10.1136/bmj.n1323

doi: 10.1136/bmj.n1323 | BMJ2021;37411323 | thebmj

uBLAdoD Ag padaloid 1sanb Ag 120z [udy § o /wod g mmmy/:dny woiy papeojumod ‘TZ0Z Jaquialdas 0z uo ZeTu lwa/9eTT 0T Se paysiagnd 1s11y :CNg


https://www.countyhealthrankings.org/
https://www.countyhealthrankings.org/
http://www.bmj.com/

Commonwealth Fund / Issue Briefs / January 24, 2024

U.S. Health Care Workers Want Their Employers to
Address Climate Change

Daniella Meza-Diaz, surgical recovery coordinator in the operating room at OneLegacy on June 29,
2023, in Azusa, Calif. About four in five clinicians surveyed believe it’s important for their hospital to
address climate change and that doing so is aligned with their organization’s mission. Photo:
Francine Orr/Los Angeles Times via Getty Images

Toplines

¢ Clinicians want hospitals and health systems to help address climate change and
minimize their impact on the environment

e Health care organizations that are taking meaningful steps to reduce carbon
emissions and reduce their environmental footprint may have an easier time
retaining and recruiting clinical staff
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Introduction

Within the United States, the health care sector is responsible for 8.5 percent of
greenhouse gas emissions, largely from hospital care and from physician and clinical
services.' While a growing number of U.S. health care delivery organizations pledged to
halve their emissions by 2030 and achieve net zero emissions by 2050, progress has been
mixed. Many health systems have not made this pledge or taken meaningful steps toward
decarbonization.?

Effective sustainability and decarbonization efforts in health care require organizationwide
buy-in to new innovations, policies, and procedures targeted at reducing waste and water
consumption, adopting green building features, protecting facilities from extreme weather
damage, converting to renewable energy, and other activities to advance a more
sustainable health system.? And buy-in from frontline health care workers — nurses,
physicians assistants, nurse practitioners, primary care physicians, and specialists —is
especially critical.

In this brief, we present findings from a national survey of 1,001 U.S. clinicians about their
views of what health systems can do to address climate change. All those surveyed worked
at a hospital or at a health system comprising more than one hospital; some had
leadership responsibilities within their organization. (See “How We Conducted This Survey’
for further details.) It is our hope that the findings could help motivate health care
organizations to consider ways to decarbonize and reduce their environmental impact.

4

Survey Highlights

o Aboutfourin five clinicians surveyed believe that it’s important for their hospital to
address climate change and that doing so is aligned with their organization’s
mission.

o Three in four surveyed clinicians feel it’s important that they themselves work to
reduce their environmental impact, both at work and at home.

¢ Respondents working in leadership positions reported that most hospitals are
increasingly undertaking climate mitigation initiatives, such as reducing energy
consumption (69%) and waste (76%) or setting emissions targets (35%).

e Aboutsixin 10 clinicians indicated a prospective employer’s policies and actions on
climate change would impact their decision to apply for ajob.
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https://www.commonwealthfund.org/publications/issue-briefs/2024/jan/us-health-care-workers-want-employers-address-climate-change#methods

Discussion

Addressing climate change is important to health care workers. Our survey’s findings
suggest clinicians overwhelmingly want their employers to be working to address climate
change. A majority of respondents said it was important to them that their organization play
arole in minimizing its impact on the environment, as well as important that they
personally address climate change at work and at home.

Climate change mitigation activities also have an impact on whether hospitals or health
systems are seen as an attractive place to work. Hospitals actively engaged in addressing
climate change and minimizing their environmental impact may have an easier time
retaining and recruiting clinical staff. A majority of respondents said the extent to which an
organization was trying to reduce its environmental impact would play a role in their
decision to remain at their current job or seek work at another organization.
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Promoting a comprehensive response to address the impacts of climate change on health, including, for example, mental
health and psychosocial wellbeing, loss of traditional medicinal knowledge, loss of livelihoods and culture, and climate-
induced displacement and migration.

Combating inequalities within and among countries, and pursuing policies that work towards accelerating achievement of
the Sustainable Development Goals, including SDG3; reduce poverty and hunger; improve health and livelihoods;
strengthen social protection systems, food security and improved nutrition, access to clean sources of energy, safe
drinking water, and sanitation and hygiene for all; and work to achieve universal health coverage.

Promoting steps to curb emissions and reduce waste in the health sector, such as by assessing the greenhouse gas
emissions of health systems, and developing action plans, nationally determined decarbonization targets, and
procurement standards for national health systems, including supply chains.

Strengthening trans- and inter-disciplinary research, cross-sectoral collaboration, sharing of best practices, and
monitoring of progress at the climate-health nexus, including through initiatives such as the Alliance for Transformative
Action on Climate and Health (ATACH).



Promoting a comprehensive response to address the impacts of climate change on health, including, for example, mental
health and psychosocial wellbeing, loss of traditional medicinal knowledge, loss of livelihoods and culture, and climate-

induced displacement and migration.

Combating inequalities within and among countries, and pursuing policies that work towards accelerating achievement of
the Sustainable Development Goals, including SDG3; reduce poverty and hunger; improve health and livelihoods;
strengthen social protection systems, food security and improved nutrition, access to clean sources of energy, safe
drinking water, and sanitation and hygiene for all; and work to achieve universal health coverage.

(Promoting steps to curb emissions and reduce waste in the health sector, A

such as by assessing the greenhouse gas emissions of health systems, and
developing action plans, nationally determined decarbonization targets, and
_Procurement standards for national health systems, including supply chains. )

Strengthening trans- and inter-disciplinary research, cross-sectoral collaboration, sharing of best practices, and
monitoring of progress at the climate-health nexus, including through initiatives such as the Alliance for Transformative
Action on Climate and Health (ATACH).
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Supply/provide digital services in the most sustainable fashion possible

Match the supply/provision of digital services to the need for those services

Use digital innovation to reduce demand/need

Create the right structures and engage healthcare professionals



Purchase Power Monitor and
sustainably sustainably measure



Replace existing

services with Reduce waste and Focus on impacts
services that are duplication on health
more sustainable



Primary prevention

of cardiac disease

through risk factor
modification

Secondary
prevention of
cardiac disease
through screening
and early
treatment

Make the tertiary
care aspect of
cardiac care
smaller



Institutions and professional Healthcare professionals

associations that incorporate who incorporate and apply
and apply principles of principles of sustainable
sustainable healthcare healthcare



Which digital innovation in cardiology do you think could have the
greatest positive impact on healthcare sustainability

Electronic health Virtual care and Al to support
records and imaging remote monitoring precision medicine



Which digital innovation in cardiology do you think could have the
greatest negative impact on healthcare sustainability

Electronic health Virtual care and Al to support
records and imaging remote monitoring precision medicine



Listen to new
ideas and see Find the common
from a different ground
perspective

Develop a
message that can
engage others






Promises and
perils of digital
transformation

Dr Gabrielle Samuel

Gabrielle.Samuel@kcl.ac.uk

@gabriellesamuel
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Premise of talk

* There’s a moral imperative to consider environmental
sustainability in health care

 Digital technologies give us one way to do this
* But they are not a technological solution...

* A more systems approach offers a way to think about the
issues that need addressing




Healthcare ~ 5% global
GHG emissions
[Canada: 4.6%]



+ o+ o+ + o+ o+ o+t

Direct physical effects of climate change...

Drought and wildfires
Availability of fresh water
Floods

Sea-level rise and coastal areas
Biodiversity

Soils

Inland water ‘Hundreds were saved’: Heavy rains cause
record death toll in southern Brazil

Marine environment

Indirect social/political effects of climate change...



Social/political/environmental factors: determinants of health
“the climate crisis is a health crisis” [COP28]

https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health



Other environmental impacts: healthcare

= » Waste: much is single-use plastic items (syringes, blood bags,

\ ‘ I tubing). COVID-19 pandemic: 8 million tonnes of pandemic-
associated plastic waste, primarily from hospitals (Peng, Wu
et al. 2021). Much ends up in the sea.

» Water: the total water footprint of the UK NHS seeing a 21%
reduction from 2010 levels - the same water volume as
243,000 Olympic swimming pools (NHS England 2018).

* Biodiversity: including direct effects (e.g., chemical pollution
from pharmaceutical residue in water,) and indirect effects
(e.g., through shipping’s impact on foreign species transfer or
whale strikes).



Estimated: 1.15 to 2.41 million tonnes of plastic enter the ocean each
year from rivers.

Animals Are Migrating to the Great
Pacific Garbage Patch

The oceanic soup of plastic fragments is becoming a new kind of
ecosystem.

By Sarah Zhang



Other environmental impacts: healthcare

= » Waste: much is single-use plastic items (syringes, blood bags,

\ ‘ I tubing). COVID-19 pandemic: 8 million tonnes of pandemic-
associated plastic waste, primarily from hospitals (Peng, Wu
et al. 2021).

» Water: the total water footprint of the UK NHS seeing a 21%
reduction from 2010 levels - the same water volume as
243,000 Olympic swimming pools (NHS England 2018).

* Biodiversity: including direct effects (e.g., chemical pollution
from pharmaceutical residue in water,) and indirect effects
(e.g., through shipping’s impact on foreign species transfer or
whale strikes).



Moral imperative to consider these issues (either via
anthropocentric or eco-centric narratives)

* Adverse environmental and health impacts are particularly problematic
when there appears to be an internal contradiction between the goal
of improving health conditions and the environmental and health risks
due to their environmental impact

* As such, the health sector has a special interest in addressing its
adverse environmental and health impacts, not only as a matter of
international priority, but also as a commitment to health



Many different ethical justifications for change

Utilitarian: failing to consider the burdens associated with healthcare creates
imbalances in any utilitarian decision-making approach because it means ignoring key
links in the consequentialist pathway that are associated with harms that come during
the manufacturing, use and disposal of healthcare products. Pierce and Jameton
(2004) argue that when these burdens are added, ‘everyday decisions unquestioned
by ethicists and regarded as rational and even praiseworthy may be seen as
guestionable and possibly maleficent” (p119).

Justice: is a key underlying principle of many modern day societies. In a globalised
world, to be just means ensuring the fair and equitable distribution of benefits and
burdens not only within national boundaries but for all those who are subject to a
given governance structure. Understandings of justice developed in recent decades
argue that all individuals and communities affected by a particular process or product
wherever they are in the world, and whatever aspect they are affected by, have moral
standing and should be the subjects of justice considerations (e.g. Marion Young /
Fraser’s, ‘all subjected principle’)






3. For planetary health, humans and the environment flourish together and a planetary
health ethic requires that all aspects of environmental and human health are respected

during decision-making practices.

4. Bridget Pratt / Peter West-Oram and Alena Buyx:

Solidaristic global health infrastructure should respond to health needs of distant others
and seek to alleviate common global threats to health such as climate change and
pandemic diseases




Digital transformation as a way to address
healthcare’s environmental impacts?

How digital tools might/can contribute to

decarbonising healthcare

Improving the operational efficiency of
existing healthcare infrastructure

Providing applications and/or services that

have lower environmental impacts than
non-digital ones

Keeping the population healthy and
reducing the demand for healthcare

Use sensors for turning off lights and
controlling room temperatures
Forecasting healthcare facility energy and
water consumption to detect and address
anomalies

Forecasting resource use so only the
necessary supplies are purchased
Replacing paper records with electronic
medical records

Replacing in-person visits with virtual
visits

Using large databases and advanced Al
algorithms to support improved clinical
decision making and patient interaction




P

Increased efficiencies Prevention

DIGITAL
TECHNOLOGIES

Py Improved
T health
outcomes

Less demand on
health system

l

=

Less environmental
impacts




Pathways to a healthy net-zero future: report of the Lancet Pathfinder Commission



Importance of digital technologies e.g. cardiology

Clinically-led reviews of specialties to examine how things are currently being done
and how they could be improved

The GIRFT report views “digital tools as a way to improve communication
between patients and clinicians and to help forestall deterioration that
might lead to hospital admission, which could have been avoided. The
report recommends using digital tools to design and improve patient-
centred cardiology pathways’.










Socio-technical imaginaries

* Collectively held, publicly performed visions of desirable futures through
science and technology, animated through shared understandings of social
life and order

* Creates visions of science and technology as something we want and that is
morally good

Expectation theory

* Expectations are performative and not just hype: they drive
infrastructure, investment, and funding into particular technologies

Sociologists: how do promises and expectations about technologies gain
meaning, traction, and investment? What issues do they hide?




Preliminary evidence.....

Effectiveness of remote real-time monitoring of patients:
* post-surgical care (Jayakumar et al 2020)
* blood pressure (NHS England )
* blood glucose levels (Lanzola et al 2016)
* vital signs in pregnancy (Veena & Aravindhar 2021)

* cardiac arrhythmia management (Bawa et al, 2023)

Suggests a useful tool for prevention and decreasing
environmental impacts (win-win)



Digitalisation could indeed reduce
environmental impacts, but it is also
possible that these technologies may be
implemented in ways that do not lead to
reductions, and/or may increase resource
use and other injustices with little change
to health outcomes



Growth in Digital
Infrastructure



Data

*one zettabyte is equal to a trillion gigabytes






Health data

While healthcare currently has the smallest share of the global datasphere among
key industries, it’s primed to not just grow the fastest but also surpass the media
and entertainment sector and match the financial services sector by 2025.

Growth reflects advancements in healthcare analytics and imaging technology, as
well as the increasing amount of real-time data created in medical care.

Healthcare data are among the most private sensitive data

Currently, 37.5% of healthcare data is patient data, and there are predictions that
the size of the global healthcare datasphere will exceed the 10ZB level by 2025.

Seagate and IDC



Genomics as an example

* Several NHS-embedded research studies now offer whole genome
sequencing (WGS) and whilst only a tiny proportion (often <0.01%) will be
analysed to answer health care needs (Horton and Lucassen 2024), the
storage costs for WGS are significantly greater than targeted genetic testing.

* WGS of half a million participants in UK Biobank requires about 25 petabytes
of storage.

* https://www.genomicsengland.co.uk/initiatives/newborns;
https://www.genomicsengland.co.uk/initiatives/100000-genomes-project



https://www.genomicsengland.co.uk/initiatives/newborns

UK NHS Spine

* NHS data moved to the cloud because it was
increasing at such a pace — so much data!

» Spine supports the IT infrastructure for health
and social care in England, joining together
over 44,000 healthcare IT systems in 26,000
organisations.

« Handles over 1.3 billion messages a month
and at peak times is processing more than
3,200 messages a second.



But data/digital is
not ‘free’...
digital tech:

material

Unhelpful statements on NHS
website: “Spine has moved from
being hosted across physical data
centres to the cloud”

https://www.bbc.co.uk/news/technology-
67053139?utm_campaign=The%20Week%20in%20Data%20TWID&utm_medium=email&utm_c

ontent=278212966&utm_source=hs_email



* underwater cables



https://www.visualcapitalist.com/wired-world-35-years-of-submarine-cables-in-one-map/

Digital Technology
relies on mining

*extractivist; exploitative; legacies of
colonialism

https://www.raconteur.net/corporate-social-responsibility/cobalt-mining-human-rights/



Digital Tech energy demands

* |ICT sector: 1.8-2.8% (1.2-3.9%) global GHG
emissions [aviation]

* Big Tech: net zero data centres?

* Power purchase agreements?

* “Follow the sun”: new tech tools to
overcome issues?

https://www.orangewebsite.com/articles/data-center-pollution/



For example....Al



* Training GPT-3 estimated to be have consumed more than 550 tonnes of
carbon dioxide equivalent, similar to flying between New York and San
Francisco on a return journey 550 times.

* Reporting suggests GPT-4 is trained on around 570 times more parameters
than GPT-3, so likely higher cost (though would have had efficiency gains)

* Google has reported that Al represents 10-15% of their power use.

...... and also water consumption...

* Training GPT-3 used 3.5m litres of water through datacentre usage (estimated
on efficient US datacentres. If it was trained on Microsoft’s datacentres in
Asia, the water usage balloons to closer to 5m litres).

* ChatGPT estimated to use up to 500ml of water every 20 questions and
corresponding answers. GPT-4 likely to be higher.



Digital sector’s e-waste

*extractivist; exploitative; legacies of
colonialism

https://www.edie.net/news/5/techUK-calls-for-tougher-e-waste-policies-after-
illegal-exports-found-to-be-contaminating-food-chains/



...including
during
manufacturing

eg toxic superfund
sites/silicon
valley/chip
development



Cartography of generative Al
https://cartography-of-generative-ai.net/

Lifecyle of the material and human labour side of Al, marking the physicality of the technology



Many frameworks; guidelines; CO2 calculators
to address these issues

NHS Digital code of
practice for sustainability




We need to think about what power/knowledge
these frameworks produce

* Foucault: power is not only repressive but also productive, promoting
particular knowledge systems, techniques for regulation, and subject
positions

* Governmentality:(Foucault 1991): power operates through various
techniques, institutions, and discourses to shape and regulate the
conduct of individuals/populations. Approaches include, regulation, self
governance (the adoption of self-disciplinary practices to conform to
societal norms/expectations).

* Environmentality: applying governmentality to environmental
management. It assumes the environment is ‘not only a biophysical
reality, but also a site of power, where truths are made, circulated, &
remade’ .




How is power operating?
*interviews; DDAl health researchers

. Self-governance in response to societal norms in which power/knowledge circulating in policy, advocacy
groups, and media constructs the need to address env issues through the lens of indiv responsibility
(‘responsibilisation of the individual (Rose, 1999)-also links with neo-liberal modes of governance and risk
assessment).

. At the same time, researchers struggle to reconcile tensions between env values/perceived responsibilities
(not sure how; other values come first). They hope reconciliation can come from regulation/obedience.

Drawing on wider literature: regulation produces knowledge through metrics/evaluation rgments (site of
knowledge production). This knowledge shapes practice by giving power to a specific meaning of
sustainability. This meaning then governs the way in which we conduct ourselves e.g. if we use carbon
calculators then we generate more knowledge about carbon. Carbon accounting has been heavily
critiqued....

In fact, interviewees already identified different meanings of sustainability in research:

Concerns include:

A. Governing through regulation can be de-contextual; tick-boxing; compliance rather than embodied. *eg
of alternative: regulation that supports what type of research is conducted not how it is conducted
(e.g., funding streams (Jamieson, 2015)).

B. Other meanings loose power. e.g., those in which knowledge production is harder or more messy.



» Carbon calculators ‘are a form of rule that has given rise to
particular ways of ‘seeing’ and ‘knowing’ the climate’
(Lovbrand, 2011).

* These ways of ‘seeing’ and ‘knowing’ are not a neutral
mirror of nature, but are socio-political artefacts that
become self-fulfilling sites of knowledge/power that are
performative: their ‘epistemic authority makes us see the
world in a specific way that makes possible specific ways
of acting upon’.

e Within this way of seeing the world, new tools and actors
involved in knowledge generation emerge, expanding the
power of this regime of rationality.

* We see this through the production of tools/actors that
draw on carbon calculators to generate new forms of
knowledge, for example, knowledge about how to
optimize digital pipelines and/or algorithmic design,
knowledge about how to assess carbon calculations on act
on it







How is power operating?
*interviews; DDAl health researchers

. Self-governance in response to societal norms in which power/knowledge circulating in policy, advocacy
groups, and media constructs the need to address env issues through the lens of indiv responsibility
(‘responsibilisation of the individual’ (Rose, 1999)).

. At the same time, researchers struggle to reconcile tensions between env values/perceived responsibilities
(not sure how; other values come first). They hope reconciliation can come from regulation/obedience.

Drawing on wider literature: regulation produces knowledge through metrics/evaluation rgments (site of
knowledge production). This knowledge shapes practice by giving power to a specific meaning of
sustainability. This meaning then governs the way in which we conduct ourselves e.g. if we use carbon
calculators then we generate more knowledge about a specific way to measure carbon emissions (there are
many ways to measure carbon

As an example, interviewees already identified different meanings of sustainability in research:

Concerns include:

A. Governing through regulation can be de-contextual; tick-boxing; compliance rather than embodied. *eg
of alternative: regulation that supports what type of research is conducted not how it is conducted
(e.g., funding streams (Jamieson, 2015)).

B. Other meanings loose power. e.g., those in which knowledge production is harder or more messy.



the science community has got to be better...we’re chasing Al
Concept of and what can this do for health....when the impact of that will
fairness: be...quite negligible and...the impact for the people who live

health for where the [resources for the] technology comes from.... (23)

sustainability, | think comes second to the
scientific question. You can’t say, “oh | can’t research

ask this question . ..[..].." (17) conducted

(-=Cleelily  Better efficiency/data storage practices
ols[ieitel| (resonates w guidelines)



How is power operating?
*interviews; DDAl health researchers

. Self-governance in response to societal norms in which power/knowledge circulating in policy, advocacy
groups, and media constructs the need to address env issues through the lens of indiv responsibility
(‘responsibilisation of the individual’ (Rose, 1999)).

. At the same time, researchers struggle to reconcile tensions between env values/perceived responsibilities
(not sure how; other values come first). They hope reconciliation can come from regulation/obedience.

Drawing on wider literature: regulation produces knowledge through metrics/evaluation rgments (site of
knowledge production). This knowledge shapes practice by giving power to a specific meaning of
sustainability. This meaning then governs the way in which we conduct ourselves e.g. if we use carbon
calculators then we generate more knowledge about carbon, which can lead to carbon tunnel vision

In fact, interviewees already identified different meanings of sustainability in research

Concerns include:

A. Governing through regulation can be de-contextual; tick-boxing; compliance rather than embodied.
[Consent is an example of this: consent as a proxy for ethics]

B. Other meanings loose power. e.g., those in which knowledge production is harder or more messy.



BUT structure means ignoring the wider picture
-Facebook example...complexity of measuring
-Messiness.....



Rebound & revenge
effects



Efficiency gains are
not enough....

e Over the last half a decade, improvements
in digital capabilities have allowed for
increasing efficiency so that energy and
resource consumption has not increased
in line with our growing appetite to gather
and process evermore data. However,
efficiency gains will likely soon no longer
be enough to offset our drive to create
and gather ever more data.

* This is not helped by the private
sector/markets....



* The need for bigger and bigger Al models as an example

* A On average, large-scale Al models use about 100 times more compute than
other contemporaneous Al models.23 If model sizes continue growing along the
current trajectory, some estimates place compute costs in excess of the entire
US GDP by 2037.24 Despite this, Al models keep getting larger because size is

now correlated with capability. Competition in the market for large-
scale Al models remains closely tied to the scale of the model:
while factors including data quality and training method are
important influences on model performance, anyone wishing to
compete in the market for large-scale Al models will have to end

up building larger models than the current state of the art. Those
seeking to build Al systems for particular use cases won’t necessarily need to
build new models from scratch—but they will be reliant on hosted models or
access to APIs that, as a rule, flow through a contract with one of the major
cloud infrastructure providers.

* https://ainowinstitute.org/publication/policy/compute-and-aitth-how-is-the-
demand-for-compute-shaping-ai-development


https://ainowinstitute.org/publication/policy/compute-and-ai#8b8eda75-b355-49e9-b916-ad619bab6f46
https://ainowinstitute.org/publication/policy/compute-and-ai#d1742a1e-e4b8-470e-bde0-55fcf6cb954c

Furthermore, the energy policy sector has
demonstrated that behaviour often changes in
response to perceived cost and energy savings,
and this can lead to energy savings being less
than expected. The phenomenon is called a
rebound effect, and one that increases energy
usage overall is called backfire




* As datasphere grows, more energy is required.

* Combined electricity use by Amazon,
Microsoft, Google, and Meta more than
doubled between 2017 and 2021

* Digital sector’s proportion of global electricity
usage will increase as other sector’s de-
carbonise

* Rebound/revenge effects.
e Consumption increases (bigger Al models)
* Other unintended revenge effects
* e.g. ride sharing increased cars on the road

* e.g. cleaning park benches with water
(Anne-Marie Mol)

 e.g. insulation in roof; less worried about
closing doors



* Turning up the heating,
opening windows in stuffy
rooms or building
extensions could all
contribute.






It’s not just about environmental impacts, but also
about the usefulness of the data

* Whether digital/data analytics will lead to better health needs
guestioning.

* There’s no doubt that it may/is effective in many circumstances, but
there are a few things that need considering....



CONCERNS

* Digital tech pushes problems to be framed as
solvable by digital interventions detracts attention
from the need for other measures

* e.g. delivery drivers; toilet (Becker; insolvent)
* Apps to measure pollution rather than
addressing pollution

* Tempted to believe only way to achieve a healthy
future is through more data/analytics
* in part, driven by pace of private sector: data
infrastructures being developed even before we
know we need/want them. Once there, we use
them—and want more of them.

 Deferral/procrastination of addressing issues:
“we need more data” (social determinants?)



Data fetishism

* Narrows our views of what ‘being healthy’ means.
We view the promotion of better health outcomes
as being equated with monitoring, analysing and
assessing as many of our everyday lives as possible.

* Ignore experiential knowledge? Less epistemic
value? [what is personalised medicine? [Prainsack]

* With such a fixation on the need for data to improve
health, sometimes it’s easy to forget that the very
act of data accumulation and analytics cannot and
will not produce health benefits on its own.

* No benefits = wasted resources
* Clinical trials?




Ways forward...

If using digital technologies:

Consider env impacts

Consider efficiency with constraints

Monitor revenge effects of digital
tech

How do we get there?






...Behaviour change models are a good
starting point....



...though what/whose behaviour do
we want to change?

* Health care guidelines now include environmental impact
considerations......

* Clinician level: World Medical Association’s International Code
of Medical Ethics: ‘[t]he physician should strive to practise
medicine in ways that are environmentally sustainable with a
view to minimising environmental health risks to current and
future generations.




...but not inline with public perceptions

UK public perceptions for change (12 focus groups)

e Change should be:
* Beyond carbon; also consider plastic waste; toxic waste etc

* Increasing efficiency in care pathways, not as a criterion in
decision-making

* Health comes first
* Clinicians should be focusing on me

* Importance of reducing stress/exhaustion of HCP and
patient

e Operational change; government; socio-politics



So what issues still remain at the operational level...?

How can the health system responsibilities contend with massive global trade
networks, as is the case with e-waste and mining? Every change will have a knock-on
effect...Also, viewing them solely through a health perspective ignores the ’liveliness’
of e-waste dumps (Peter Little)? [regulatory solutionism]

If regulations are imposed will it lead to compliance-based approaches —
‘responsibilisation of the individual’ (Rose, 1999)7?

How to address tensions between other priorities

How to address systems issues and rebound/revenge effects

Is it just about doing something rather than everything?



 PARIS-DE: moral awareness

https://wp.lancs.ac.uk/paris-de/about-paris-de/

No answers (like medical ethics), but worth asking questions



-Different case studies

-Different needs of users e.g. VC needs to be digestible and useful
-Developing prototype of tool to achieve this

In this case, it’s around having questions to ask...
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Workshop on Principles & Priorities for

Environmentally Sustainable Digital Health
Tuesday, April 23 —Wednesday, April 24, 2024
Toronto, Ontario

Tuesday, April 23: Faculty Club

5:00-5:30pm Reception

5:30-5:45pm Land Acknowledgement & Welcoming Remarks
5:45-6:15pm Introductions

6:15-6:45pm Setting the Stage

6:45-8:30pm Dinner

Wednesday, April 24: MaRS Collaboration Room 3

8:15-8:45am Registration & Breakfast
8:45-9:15am Traditional Opening & Welcoming Remarks
9:15-10:15am Keynote Presentation

Dr. Gabby Samuel

10:15-11:15am Small Group Activity: The Promises & Perils of Digital Health
Built-in break

11:15am-12:15pm | Crowd Sourcing Solutions




Workshop on Principles & Priorities for
Environmentally Sustainable Digital Health
Tuesday, April 23 - Wednesday, April 24, 2024

Toronto, Ontario

12:15-1:00pm Lunch & Prioritization Activity

1:00-2:00pm Small Group Activity: Addressing Roadblocks
2:00-2:15pm Break

2:15-3:00pm Reporting Back

3:00-3:45pm Consolidation of Consensus & Next Steps
3:45-4:00 pm Closing Remarks






