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How might Hospital at Home enable a
greener and healthier future?
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Traditional healthcare delivery models face
mounting pressure from rising costs, increasing
demand, and a growing environmental footprint.
Hospital at Home (HaH) has been proposed as a
potential solution, offering care at home through in-
person, virtual, or hybrid approaches. Despite focus
on expanding HaH provision and capacity, research
has primarily explored patient care outcomes,
patient satisfaction economic costs with a key gap
in its environmental impact. By reducing this
evidence gap, HaH may be better placed as a
positive enabler in delivering healthier planet and
population. This article explores the environmental
opportunities and challenges associated with HaH
compared to traditional hospital care and reinforces
the case for further research to comprehensively
quantify the environmental impact including any co-
benefits. Our aim for this article is to spark
conversation, and begin to help prioritise future
research and analysis.

Health systems worldwide face significant challenges to population health,
including the increased multimorbidity in an ageing population and spir-
alling delivery costs. This combination of challenges has prompted closer
dialogue and demand for innovative and resilient approaches to healthcare
delivery'. One proposed solution inpartly combatting these challenges is
expansion of Hospital at Home (HaH), often defined as the provision of
inpatient-level care at home, regardless of whether that care is delivered in
person, through digital/virtual approaches, or a hybrid of the two™’. Despite
the significant focus on expanding HaH provision and capacity, in particular
during the COVID-19 pandemic, barriers remain to widespread adoption.
A recent perspective in npj Digital Medicine exploring the future of HaH also
found several hurdles to overcome, including finance models, workforce
and care delivery models’. With the World Health Organisations (WHO)
describing climate change as the 21" century’s greatest threat to global
health, the environmental contribution and impacts of new models of care
are increasingly required to be considered in parallel. Of note the evidence
base for HaH has prioritised focus on patient care outcomes™*’, patient
preference and economic costs’ with the environmental considerations
being less discussed. Therefore, there is demand to evaluate and explore the
costs and benefits to both public health and environmental sustainability

that HaH may provide. This also leads to a key question, what steps might be
required to enable HaH to better concurrently progress both planetary and
population health? In this News and Views article we explore the potential
environmental challenges and opportunities associated HaH with recom-
mendations for future research.

What do we mean by Hospital at Home?

For the purpose of this article, we consider the definition of HaH in the
broadest sense, namely the provision of inpatient-level care at home,
regardless of whether that care is delivered in-person, through digital/virtual
approaches, or a hybrid of the two (Fig. 1). Despite HaH not being a new
concept the definitions and scope of HaH vary significantly, making com-
parisons difficult locally and internationally. Even with significant variation,
in the UK, the concept of HaH appears broadly well accepted, with nearly
three-quarters of the UK public (71%) saying they are open to being treated
through HaH under the right circumstances® and up to 63% of staff sup-
portive of HaH as a concept”.

A recent assessment by The National Institute for Health and Care
Excellence (NICE) found that HaH can be a safe and cost-effective com-
pared to in-patient benchmarks’. This finding was primarily attributed to
two factors: fewer patients occupying hospital beds (reduced bed days) and
the lower daily cost of providing care at home compared to a hospital setting.
It was, however, noted that many of the included studies had potential
serious limitations in their methodological quality, with limited con-
siderations of long-term outcomes and costs, including the environmental
benefits or costs associated with HaH. Therefore, despite some encouraging
findings, further economic, social and environmental evaluation of HaH is
warranted’.

Exploring the environmental barriers and opportunities for
Hospital at Home

Estimates suggest that if the global healthcare sector was a country, it would
be the fifth largest emitter of greenhouse gases®. As such healthcare has a
critical role in mitigating and adapting to the impacts of climate change. Asa
consequence, the NHS in England, responsible for around 4% of England’s
total carbon footprint has set itself the ambitious target of becoming the
world’s first net zero health system by 2045°"%. In this section, we highlight
some important aspects that need careful attention in the pursuit of deli-
vering more environmentally sustainable HaH (Fig. 2).

Travel. In England, patients, visitors, staff, and suppliers travelling to NHS
facilities contribute approximately 3.5% of all road travel, which accounts
for about 14% of the health system’s total emissions'"". This not only
increases traffic volumes but also has a negative impact on air quality,
resulting in significant environmental and health costs. Indeed, studies
suggest that the air pollution caused by NHS-related travel leads to higher
mortality and societal costs exceeding £345 million'*"”. The promotion of
active travel through cycling and walking has the potential to provide co-
benefits for health and the environment.
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As well as the electrification of transport, technology can help with
route planning for staff when they travel'® and with patient support pro-
grammes for self-management and promoting community involvement'”'*.
Additional opportunities to reduce emissions exist in distributed health
care, including offering multidisciplinary consultations and co-locating
providers and allied health professionals to minimise patient travel. A
broader paradigm shift of moving care closer to home will, however, require
a detailed examination of the impacts of these changes including challenges
such as equity of access and cost.

Care delivery model. The environmental impact of health and social care
has a significant influence on where and in what setting the care is
delivered”. For example, the carbon footprint of an average GP appoint-
ment is 6 kg CO2e (rising to 18 kg CO,e with prescriptions) compared to
the 708 kg CO,e associated with an elective inpatient stay'"”. Technology-

Q @
PREDICT AND PREVENT: identify individuals at high risk of unplanned

hospital admission and offer them preventive care and monitoring at
home

I=

STEP UP: : offer care at home to patients who would otherwise be admitted to
hospital

1D

STEP DOWN’: offer care at home to patients so that they can be discharged
early from hospital

Fig. 1 | Functions and approaches in Hospital at Home. Typical functions and
approaches in Hospital at Home (HaH), Predict and Prevent, Step Up, and Step
Down. Parts of this figure utilizes icons obtained via the Noun Project all licensed
under CC BY 3.0 License.

enabled models of care, such as the use of telehealth, can increase capacity
and support patients in ways that are more environmentally sustainable.
However barriers remain in quantifying the environmental footprint of
individual patient care pathways, which can make comparisons of alter-
native models difficult. There is an opportunity to move away from the
estimation of carbon impacts to more standardisation and greater use of
objective methods, calculations and real-world life cycle assessments.

Medicines and waste. Medicines represent a significant burden on the
environment and account for 25% of all emissions within the NHS"". It has
been estimated that between one third and a half of patients on long term
treatment outside of hospital do not take their medications correctly, with
an estimated cost of €125 billion and 200,000 premature deaths in Europe
each year’” ™. As such, there is an opportunity to explore ways to improve
medicine adherence for patients , as well as the use of technology for
adverse event monitoring, decentralised clinical trials and—where
appropriate—the reuse and recycling of unused medications.

Waste represents another challenge and opportunity for care in the
community, with the NHS in England alone producing approximately
156,000 tonnes of clinical waste each year'’ Shifting more care into the
community and greater use of HaH will require a recalibration and con-
sideration of best practice for how, where and when this waste will be
collected. This change may also provide an opportunity to embrace tech-

nology and innovation to explore ways to reduce inefficiencies and embrace
principles of circularity.

Hardware, data and infrastructure. Whilst digital innovation and diag-
nostics provide many opportunities to improve healthcare, technology-
enabled care itself has an inherent and often significant environmental
footprint™*. A greater reliance on digital and data to enable a shift from
hospital care to HaH will therefore require a reconsideration of the

Fig. 2 | Environmental considerations of Hospital
at Home. Exploring the key environmental con-
siderations for Hospital at Home (HaH) including
Care Delivery Model, Travel, Food, Hardware, Data,
Connectivity and Medicines and Waste. Parts of this
figure utilizes icons obtained via the Noun Project all
licensed under CC BY 3.0 License.
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Fig. 3 | Systems based assessment of co-benefits. A proposed systems based framework for assessment for future research: Comparing the Quadruple Aim of Healthcare (x
axis) with specific environmental considerations (y axis). With potential co-benefits highlighted according to estimated strength of evidence.

potential negative impacts of digital infrastructure, data and hardware
including mitigations. This is particularly important regarding the
enabling technologies for remote patient monitoring, point of care diag-
nostics and the interoperability necessary to articulate with existing elec-
tronic health record systems and infrastructure. Closer consideration
should also be given to how devices used for remote patient monitoring are
procured (including embodied carbon), deployed, and reused. In parti-
cular, research suggests that there are high rates of ‘hibernating’ devices of
consumer technology where devices no longer being used are hindering the
recycling and circular economy of wearables and mobile devices” . Other
factors to consider include the materials or carbon footprint of the hard-
ware used, which can encompass the materials used, their durability,
energy charging capacity, and efficiency”®. Moreover, there is an oppor-
tunity to consider the principles of reduce, reuse and recycle within diag-
nostics, hardware and technology—for example, by considering the
minimum required resolution for scans, images and videos to avoid
unnecessary data processing and storage.

Food. Although not traditionally considered in the remit of HaH services,
the social determinants of health, including diet, have a significant impact
on our health, economy, and the environment. Here, we propose food be
included in discussions as a key point of interest moving forward. In 2021,
the NHS is estimated to have spent £6.5 billion on obesity-related ill
health®. At the same time, the NHS in England provides 140 million in-
patient meals per year costing £633 million®, and is responsible for an
estimated 1543 kilotons of CO, equivalent annually, accounting for around
6% of the NHS’s overall emissions™”’. Therefore opportunities exist to
potentially mitigate this environmental impact while simultaneously
promoting public health. One solution already proposed is to encourage
the adoption of healthier diets such as seasonal fruits and vegetables,
legumes, pulses, and alternative protein sources with lower environmental
footprints™. However, this carries a number of considerations and com-
plexities to make it available equitably including cost, practicality of
implementation, and acceptability. Overall, shifting more care into the
community and hospital at home will require close consideration,
engagement and evaluation of the role of food interacts with existing
provision and funding models. This may include where innovation and
technology may be able to support (e.g., Personalised nutrition advice,
meal planning, remote monitoring, and delivery services).

Considerations for the future and potential next steps
Towards a systems-based assessment of co-benefits. Now more than
ever, balancing the environmental, economic and population health will
require a firm evidence base to begin careful prioritisation of choices and
investments. This includes evidence on adaptation, mitigation and the
holistic assessment of systems’ capability to cater for multimorbidity and to
adapt to the geographical and place-based challenges and opportunities.
The generation of this evidence will require harmonising assessment
methodologies that are often currently siloed (e.g economic versus envir-
onmental research) and instead focussing on ‘multimodal’ assessment. In
Fig. 3 we propose a potential framework to begin the discussion on
assessing the trade-offs, and interactions between environment and
quintuple aims of healthcare.

Focus on prevention and ‘Health@Home’. It could be argued the most
environmentally friendly hospital visit is the one you can prevent or avoid. As
such healthcare system transformations favouring disease prevention and
chronic disease management have the potential for dual reductions: lower
environmental impact and improving health outcomes. There is therefore
opportunity to explore how HaH can be used in a more preventative way,
expanding the scope of traditional HaH functions outlined in Fig. 1.

Adapt to changing workforce and skills. Achieving a net-zero health
system will depend on closing gaps in knowledge and skills for health
professionals. To provide healthcare in a more sustainable way, clinical
staff need a tailored set of skills that align with their existing professional
development plans. A vital step is to raise the awareness of clinicians and
patients about the environmental impact of current care pathways and
services and how they can make a positive difference with their actions.
This can also involve working more closely with patients to design greener
approaches to care. Lastly, ongoing monitoring of the impact of these
changes and sharing best practices across teams and organisations is
essential for enhancing positive environmental outcomes.

Conclusion

Emerging healthcare delivery models like HaH hold promise as a solution to
the growing complexities of population health. Despite climate change now a
key consideration and factor in health, the environmental considerations of
HaH, including its integration with existing systems has been relatively
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unexplored. Building a robust evidence base is essential for making informed
decisions and prioritise investments that optimise environmental sustain-
ability, economic viability, and population health outcomes, while mitigating
existing health disparities. Importantly, It may be the most environmentally
friendly hospital visit is the one you can prevent or avoid therefore HaH’s
potential for preventive care needs further exploration, which might involve
harnessing innovation, technology, and workforce development. As these
models of care continue to develop, it is crucial to conduct more holistic
evaluations that assess their economic, social, health, and environ-
mental goals.
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