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About me/disclosures
• Haematologist, Certified Lifestyle Medicine Physician, Medical examiner

• Sustainability lead for pathology practice - RCPath

• Founder & director of Plant-Based Health Professionals UK

• Education on plant-based diets and cancer at University of Winchester

• Author



What is sustainable healthcare?

• Delivers high quality care without damaging the environment, is affordable now 
and in the future and delivers positive social impact.

• The most sustainable healthcare is the healthcare we do not need

• Goal 3 Ensure healthy lives and promote well-being for all, at all ages

• One Health initiative



Inter-related crises

• Climate
• Ecological
• Health
• Ethics

https://www.ipcc.ch/report/ar6/wg2/
https://www.who.int/publications/i/item/9789240090224

‘It is unequivocal that human influence has 
warmed the atmosphere, ocean and land’.

https://www.ipcc.ch/report/ar6/wg2/


We are already 
experiencing 
impacts of 
climate change

https://ourworldindata.org/inequality-co2

Presenter Notes
Presentation Notes
air pollution, heat waves, flooding etc all lead to increased levels of disease and hence the need for more testing.

Good news is that for every £1 we spend in climate mitigation strategies there would be a saving of £4-10 compared to the cost of dealing with the future disaster and recovery plan

Climate change as a moral problem addresses such inequalities. Temperature rise is caused by the greenhouse gas emissions from predominantly high-income countries, while climate change hits people hardest in low- and middle-income countries. Healthcare is, in this regard, the rule rather than the exception. Unmet healthcare needs are greatest in low-income countries while healthcare emissions are 70-fold higher in high-income countries, reflecting both more healthcare provision and low-value and unnecessary care.3



BMJ commission on the Future of the NHS

Stewarding a sustainable NHS is a gift beyond carbon emissions, offering an 
opportunity for positive systems change across all aspects of society. Taking 
sustainability as a lens allows a holistic approach to health that reaches 
beyond the clinic walls and prioritises health promotion.

https://www.bmj.com/content/385/bmj-2024-079259
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https://www.bmj.com/content/385/bmj-2024-079259




https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.bmj.com/content/383/bmj.p2355

The climate crisis is the single biggest 
health threat facing humanity

Presenter Notes
Presentation Notes
Climate change impacts a wide-range of health outcomes. This slide illustrates the most significant climate change impacts (rising temperatures, more extreme weather, rising sea levels, and increasing carbon dioxide levels), their effect on exposures, and the subsequent health outcomes that can result from these changes in exposures.

Over 200 health journals call on the United Nations, political leaders, and health professionals to recognise that climate change and biodiversity loss are one indivisible crisis and must be tackled together to preserve health and avoid catastrophe. This overall environmental crisis is now so severe as to be a global health emergency.
The world is currently responding to the climate crisis and the nature crisis as if they were separate challenges. This is a dangerous mistake. The 28th UN Conference of the Parties (COP) on climate change is about to be held in Dubai while the 16th COP on biodiversity is due to be held in Turkey in 2024. The research communities that provide the evidence for the two COPs are unfortunately largely separate, but they were brought together for a workshop in 2020 when they concluded: “Only by considering climate and biodiversity as parts of the same complex problem … can solutions be developed that avoid maladaptation and maximize the beneficial outcomes.”1
As the health world has recognised with the development of the concept of planetary health, the natural world is made up of one overall interdependent system. Damage to one subsystem can create feedback that damages another—for example, drought, wildfires, floods, and the other effects of rising global temperatures destroy plant life and lead to soil erosion and so inhibit carbon storage, which means more global warming.2 Climate change is set to overtake deforestation and other land use change as the primary driver of nature loss.3
Nature has a remarkable power to restore. For example, deforested land can revert to forest through natural regeneration, and marine phytoplankton, which act as natural carbon stores, turn over one billion tonnes of photosynthesising biomass every eight days.4 Indigenous peoples’ approaches to land and sea management have a particularly important role in regeneration and continuing care.5
Restoring one subsystem can help another—for example, replenishing soil could help remove greenhouse gases from the atmosphere on a vast scale.6 But actions that may benefit one subsystem can harm another—for example, planting forests with one type of tree can remove carbon dioxide from the air but can damage the biodiversity that is fundamental to healthy ecosystems.7
Impacts on health
Human health is damaged directly by both the climate crisis, as the journals have described in previous editorials,89and the nature crisis.10 This indivisible planetary crisis will have major effects on health as a result of the disruption of social and economic systems—shortages of land, shelter, food, and water, exacerbating poverty, which in turn will lead to mass migration and conflict. Rising temperatures, extreme weather events, air pollution, and the spread of infectious diseases are some of the major health threats exacerbated by climate change.11 “Without nature, we have nothing,” was UN Secretary General António Guterres’s blunt summary at the biodiversity COP in Montreal last year.12 Even if we could keep global warming below an increase of 1.5°C over pre-industrial levels, we could still cause catastrophic harm to health by destroying nature.
Access to clean water is fundamental to human health, and yet pollution has damaged water quality, causing a rise in waterborne diseases.13 Contamination of water on land can also have far reaching effects on distant ecosystems when that water runs off into the ocean.14 Good nutrition is underpinned by diversity in the variety of foods, but there has been a striking loss of genetic diversity in the food system. Globally, about a fifth of people rely on wild species for food and their livelihoods.15 Declines in wildlife are a major challenge for these populations, particularly in low and middle income countries. Fish provide more than half of dietary protein in many African, South Asian, and small island nations, but ocean acidification has reduced the quality and quantity of seafood.16
Changes in land use have forced tens of thousands of species into closer contact, increasing the exchange of pathogens and the emergence of new diseases and pandemics.17 People losing contact with the natural environment and the declining loss in biodiversity have both been linked to increases in non-communicable, autoimmune, and inflammatory diseases and metabolic, allergic, and neuropsychiatric disorders.1018 For Indigenous people, caring for and connecting with nature is especially important for their health.19 Nature has also been an important source of medicines, and thus reduced diversity also constrains the discovery of new medicines.
Communities are healthier if they have access to high quality green spaces that help filter air pollution, reduce air and ground temperatures, and provide opportunities for physical activity.20 Connection with nature reduces stress, loneliness, and depression while promoting social interaction.21 These benefits are threatened by the continuing rise in urbanisation.22
Finally, the health effects of climate change and biodiversity loss will be experienced unequally between and within countries, with the most vulnerable communities often bearing the highest burden.10 Linked to this, inequality is also arguably fuelling these environmental crises. Environmental challenges and social and health inequities are challenges that share drivers, and there are potential co-benefits from addressing them.10
Global health emergency
In December 2022 the biodiversity COP agreed on the effective conservation and management of at least 30% of the world’s land, coastal areas, and oceans by 2030.23 Industrialised countries agreed to mobilise $30bn a year to support developing nations to do so.23 These agreements echo promises made at climate COPs.
Yet many commitments made at COPs have not been met. This has allowed ecosystems to be pushed further to the brink, greatly increasing the risk of arriving at “tipping points”— abrupt breakdowns in the functioning of nature.224 If these events were to occur, the impacts on health would be globally catastrophic.
This risk, combined with the severe impacts on health already occurring, means that the World Health Organization should declare the indivisible climate and nature crisis as a global health emergency. The three preconditions for WHO to declare a situation to be a public health emergency of international concern are that it is serious, sudden, unusual, or unexpected; carries implications for public health beyond the affected state’s national border; and may require immediate international action. Climate change seems to fulfil all those conditions.25 While the accelerating climate change and loss of biodiversity are not sudden or unexpected, they are certainly serious and unusual. Hence, we call for WHO to make this declaration before or at the 77th World Health Assembly in May 2024.
Tackling this emergency requires the COP processes to be harmonised. As a first step, the respective conventions must push for better integration of national climate plans with biodiversity equivalents.3 As the 2020 workshop that brought climate and nature scientists together concluded, “Critical leverage points include exploring alternative visions of good quality of life, rethinking consumption and waste, shifting values related to the human-nature relationship, reducing inequalities, and promoting education and learning.”1 All of these would benefit health.
Health professionals must be powerful advocates for both restoring biodiversity and tackling climate change for the good of health. Political leaders must recognise both the severe threats to health from the planetary crisis and the benefits that can flow to health from tackling the crisis.26 But, first, we must recognise this crisis for what it is: a global health emergency.
�
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Net Zero National 
Health Service

•The NHS accounts for almost 5% of UK emissions and the largest 
employer in the UK (1.4 million staff)

•Makes the sector (if it were a country) the fifth largest climate 
polluter on the planet.

•Committed to delivering the world’s first net zero health service in 
its landmark report: Delivering a Net Zero NHS .

•Targets;
•Net zero for emissions we control directly (NHS Carbon 
Footprint) by 2040, ambition to reach an 80% reduction by 
2028 to 2032
•Net zero for emissions we can influence (NHS Carbon 
Footprint Plus) by 2045, ambition to reach an 80% reduction by 
2036 to 2039

https://www.weforum.org/agenda/2021/06/healthcare-climate-action-roadmap/

https://www.england.nhs.uk/greenernhs/wp-content/uploads/sites/51/2020/10/delivering-a-
net-zero-national-health-service.pdf

Presenter Notes
Presentation Notes
healthcare emissions are 70-fold higher in high-income countries, reflecting both more healthcare provision and low-value and unnecessary care.3
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Principles of sustainable healthcare

https://sustainablehealthcare.org.uk/about/our-story/the-principles-of-
sustainable-healthcare/



The five R’s – circular economy concepts

https://www.england.nhs.uk/ahp/greener-ahp-hub/specific-areas-for-consideration/reducing-the-
environmental-impact-of-equipment-medicines-and-resources/

Presenter Notes
Presentation Notes
Manage resources effectively and sustainably



NHS England's carbon footprint

https://www.england.nhs.uk/greenernhs/wp-
content/uploads/sites/51/2020/10/delivering-a-net-zero-national-health-service.pdf



High impact 
healthcare 

actions

https://healthcareclimateaction.org/roadmap



Why pathology?

•95% of all healthcare decisions affecting diagnosis or treatment 
involve a pathology investigation

•Over 1.2 billion pathology investigations are carried out each 
year in England

•20 tests per person per year, £2.2 billion of NHS funding

•20-40% of pathology tests are unnecessary repeats

•Laboratories are highly resource intensive and consume 3-10x 
more energy and more water than office spaces

•Huge amounts of plastic waste

•Pathology practice is close to the cutting edge of research and 
innovation, with significant opportunities to reduce carbon.



Key areas of focus
Energy efficiency Reduce 

laboratory waste
Digital transformation Sustainable 

procurement
Sustainable Specimen 
Transport & Logistics

Staff and staff 
training

Smart scheduling to 
minimise instrument 
downtime

Minimise single use 
plastic

Adopt digital pathology Choose carbon-neutral 
suppliers

Reduce need for transport Incorporate into 
induction and 
course curricula

Switch off idle 
equipment

Reusable lab 
materials

Use AI-powered diagnostic 
tools

Use biodegradable or 
recyclable packaging

Electric fleets Implement green 
lab certification 
programs

Adjust ultra-low temp 
(ULT) freezers from 
80°C to -70°C

Reprocess and 
Reuse Lab 
Equipment

Shift to paperless, audits 
on iPads, electronic 
signatures

Reduce cold-chain storage 
emissions

Drones Working from 
home

Consolidate specimen 
storage and discard 
items that are not 
needed

Use less hazardous, 
more sustainable 
chemicals

Green data centres Order in bulk

Energy-efficient ULT 
freezers and 
use natural refrigerants

Recycling bins Efficient data compression

Use renewable energy

Presenter Notes
Presentation Notes
waste and reducing plastics
water and green chemistry
reducing energy

reduce errors rates during sample collection and processing



Pre-analytical stage

• Around 70% of the carbon footprint of 
common pathology tests comes from 
sample collection and phlebotomy stage

• At least 30% of tests performed are 
unnecessary

• Getting it right first time (GIRFT)

Appropriate test request

Care/order sets

Avoid unnecessary repeats

Collecting samples correctly 
and reduce error rates

Timely transport

Delivering results in a clinically 
relevant timeframehttps://www.gettingitrightfirsttime.co.uk/wp-

content/uploads/2022/03/Pathology-29Mar22i.pdf
The carbon footprint of pathology testing. Med J Aust. 2020;212(8):377-382. 
doi:10.5694/mja2.50583
The landscape of inappropriate laboratory testing: a 15-
year meta-analysis. PLoS One. 2013;8(11):e78962. 
doi:10.1371/journal.pone.0078962
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Carbon footprint of pathology tests

The carbon footprint of pathology testing. Med J Aust. 
2020;212(8):377-382. doi:10.5694/mja2.50583

Lifecycle assessment



Blood transfusion

• 7.56 kg CO2 equivalent per unit of RBC transfused 
• 75 x the emissions of a FBC

• 1.36 million units per year in England = 0.05% of total 
NHS emissions

• Greatest contribution from transportation, refrigeration 
& plastic packs

• Mitigation
• Electric vehicles
• Improve efficiency of refrigeration 
• Renewable energy
• Move away from plastic packs
• Not using incineration for disposable Transfusion. 2024 Mar 20. doi: 10.1111/trf.17786



The Carbon Footprint 
of Bioinformatics

• Substantial CO2 emissions
• For the same task there is great 

variation based on tools used, 
despite similar performance

• Energy efficient data centres can 
reduce remission by 34%

• Using most up to date software can 
reduce emissions by >70%

Mol. Biol. Evol. 39(3):msac034 doi:10.1093/molbev/msac034

Presenter Notes
Presentation Notes
2022, Australian study




Bioinformatic research relies on large-scale computational infrastructures which have a nonzero carbon footprint but so
far, no study has quantified the environmental costs of bioinformatic tools and commonly run analyses. In this work, we
estimate the carbon footprint of bioinformatics (in kilograms of CO2 equivalent units, kgCO2e) using the freely available
Green Algorithms calculator (www.green-algorithms.org, last accessed 2022). We assessed 1) bioinformatic approaches
in genome-wide association studies (GWAS), RNA sequencing, genome assembly, metagenomics, phylogenetics, and
molecular simulations, as well as 2) computation strategies, such as parallelization, CPU (central processing unit) versus
GPU (graphics processing unit), cloud versus local computing infrastructure, and geography. In particular, we found that
biobank-scale GWAS emitted substantial kgCO2e and simple software upgrades could make it greener, for example,
upgrading from BOLT-LMM v1 to v2.3 reduced carbon footprint by 73%. Moreover, switching from the average data
center to a more efficient one can reduce carbon footprint by approximately 34%. Memory over-allocation can also be a
substantial contributor to an algorithm’s greenhouse gas emissions. The use of faster processors or greater parallelization
reduces running time but can lead to greater carbon footprint. Finally, we provide guidance on how researchers can
reduce power consumption andminimize kgCO2e. Overall, this work elucidates the carbon footprint of common analyses
in bioinformatics and provides solutions which empower a move toward greener research.




Impact of location and computational platform on carbon footprint. Carbon footprint (in kgCO2e, tree-months, and European car km) of a
biobank scale 100 trait GWAS in various locations and platforms. Average data centers have a PUE of 1.67 (Andy 2019), Google cloud has a PUE of
1.11 (Efficiency – Data Centers – Google n.d.), Australia has a CI of 0.88 kgCO2e/kWh, the United States 0.453 kgCO2e/kWh, and the UK 0.253
kgCO2e/kWh (Carbonfootprint.Com – International Electricity Factors 2020).
Carbon Footprint of Bioinformatics . doi:10.1093/molbev/msac034 MBE
9




Personal protective equipment

Nash C (2021) Time to act: what nurses can do to reduce the environmental burden of PPE. Nursing Times; 117: 8, 18-20. 



Re-imagine 
healthcare

• Up to 20% of healthcare is of no value i.e. does 
not result in improvement of health

• 1 in 10 people are harmed at the point of care
• More than 10% of hospital expenditure goes to 

correcting preventable mistakes or hospital-
acquired infections

• 10% of prescriptions are not required
• Up to 30% of admissions in older adults are due to 

adverse effects of prescribed medications
https://www.gov.scot/publications/delivering-value-based-
health-care-vision-scotland/

Presenter Notes
Presentation Notes
value based healthcare, delivering better outcomes more equitably, sustainably with appropriate and transparent use of resources
shared decision making, person centred care always careful and kind



Pharmaceuticals in 
the environment
• Manufacturing emissions
• Human consumption and excretion of 
pharmaceutical products
• Improper disposal of pharmaceuticals 
down toilets and sinks (10%)
• Pharmaceutical industry is significantly 
more emission-intensive than the 
automotive industry

https://noharm-europe.org/documents/how-doctors-can-help-reduce-pharmaceutical-pollution
https://www.sciencedirect.com/science/article/pii/S0959652618336084
https://theconversation.com/big-pharma-emits-more-greenhouse-gases-than-the-automotive-industry-
115285

Presenter Notes
Presentation Notes
concerns around antibiotic resistance 

To conclude, the surprising dearth of research on the topic of our
paper is especially disconcerting, as the healthcare sector is bound
to only increase in importance as the developed world's population
continues to age steadily over the foreseeable future.We hope that
our work will elicit other studies of the environmental performance
and practices of the pharmaceutical industry to further our understanding
of this important sector of our economy and inform
policy makers, academics and business leaders alike on how to help
curb the environmental excesses of some of the major players of
this industry.
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Drug manufacture

• Extracted from porcine intestinal mucosa

• 1 kg of intestinal mucosa will produce 160–
260 mg of crude heparin

• The offal of around 1100 million pigs 
required annually

• We should be considering alternatives

Lancet Haematol 2022  Published Online June 7, 2022 https://doi.org/10.1016/ S2352-3026(22)00171-5
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In the NHS, the manufacture and supply of pharmaceuticals and medical devices causes 30% of these emissions; patient travel represents 5%



Treatment recommendations

• Exercise is an effective treatment for 
depression, with walking or jogging, yoga, 
and strength training more effective than 
other exercises, particularly when intense. 
Exercise appeared equally effective for 
people with and without comorbidities and 
with different baseline levels of depression.

https://collegeofmedicine.org.uk/beyondpills/
Bricca A, et al. Br J Sports Med September 2021 Vol 55 No 18
BMJ 2024; 384 doi: https://doi.org/10.1136/bmj-2023-075847

Presenter Notes
Presentation Notes
Objective To identify the optimal dose and modality of exercise for treating major depressive disorder, compared with psychotherapy, antidepressants, and control conditions.
Design Systematic review and network meta-analysis.
Methods Screening, data extraction, coding, and risk of bias assessment were performed independently and in duplicate. Bayesian arm based, multilevel network meta-analyses were performed for the primary analyses. Quality of the evidence for each arm was graded using the confidence in network meta-analysis (CINeMA) online tool.
Data sources Cochrane Library, Medline, Embase, SPORTDiscus, and PsycINFO databases.
Eligibility criteria for selecting studies Any randomised trial with exercise arms for participants meeting clinical cut-offs for major depression.
Results 218 unique studies with a total of 495 arms and 14 170 participants were included. Compared with active controls (eg, usual care, placebo tablet), moderate reductions in depression were found for walking or jogging (n=1210, κ=51, Hedges’ g −0.62, 95% credible interval −0.80 to −0.45), yoga (n=1047, κ=33, g −0.55, −0.73 to −0.36), strength training (n=643, κ=22, g −0.49, −0.69 to −0.29), mixed aerobic exercises (n=1286, κ=51, g −0.43, −0.61 to −0.24), and tai chi or qigong (n=343, κ=12, g −0.42, −0.65 to −0.21). The effects of exercise were proportional to the intensity prescribed. Strength training and yoga appeared to be the most acceptable modalities. Results appeared robust to publication bias, but only one study met the Cochrane criteria for low risk of bias. As a result, confidence in accordance with CINeMA was low for walking or jogging and very low for other treatments.
Conclusions Exercise is an effective treatment for depression, with walking or jogging, yoga, and strength training more effective than other exercises, particularly when intense. Yoga and strength training were well tolerated compared with other treatments. Exercise appeared equally effective for people with and without comorbidities and with different baseline levels of depression. To mitigate expectancy effects, future studies could aim to blind participants and staff. These forms of exercise could be considered alongside psychotherapy and antidepressants as core treatments for depression.
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Case studies
Electric drones from GSTT to laboratory hub

Plastic bag free sample transport from GP 
practices – Royal Cornwall Hospital

Microbiology team at 
Lancashire Teaching Hospitals 
(volunteered to participate in 
a pilot of the Laboratory 
Efficiency Assessment 
Framework (LEAF) audit tool, 
run by University College 
London

Presenter Notes
Presentation Notes
https://www.guysandstthomas.nhs.uk/news/nhs-delivery-drones-take-flight-offering-faster-and-greener-patient-care
https://www.england.nhs.uk/south/our-work/greener-nhs-south-west/cornwall-and-isles-of-scilly/indexor-pathologys-solution-to-plastic-reduction/
https://www.rcpath.org/resource-report/making-diagnostic-laboratories-more-sustainable.html
Reducing inappropriate blood testing in haematology inpatients: A multicentre quality improvement project. Clin Med (Lond). 2021;21(2):142-146. doi:10.7861/clinmed.2020-0250



Accreditation schemes and support

• Laboratory Efficiency Assessment Framework (LEAF)
• run from UCL, originally designed for research labs 

• My Green Lab
• ‘Clinical Labs Susnet’ via Centre for Sustainable Healthcare

https://www.ucl.ac.uk/sustainable/take-action/staff-action/leaf-laboratory-efficiency-assessment-
framework
https://greenlabs.eflm.eu
https://www.mygreenlab.org
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Individual actions

• Healthy, active lifestyle
• Green banking
• Renewable energy
• Plant-based diet
• Stop flying
• Reduce consumption
• Keep talking about the problem

https://www.un.org/en/actnow/ten-actions
https://www.who.int/publications/i/item/9789240090224
https://www.bbc.co.uk/news/science-environment-52719662

Presenter Notes
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These are good for health

The NHS in England provides 140 million inpatient meals per year, spending £633 million on inpatient food provision. The retail revenue in hospitals, most of which is from food and drink sales, is estimated at £2-3 billion a year. The NHS in England prescribes over 300,000 Oral Nutritional Supplements(ONS).

The NHS is responsible for 5% of the UK’s total transport emissions

NHS food produces 1,543 ktCO2e – each year, which make up around 6% of the NHS’s total emissions.


https://www.un.org/en/actnow/ten-actions
https://www.un.org/en/actnow/ten-actions
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https://www.who.int/publications/i/item/9789240090224


Health professionals 
are key players

‘Without decisive and urgent 
action, the climate crisis will 
increasingly undermine human 
health and disrupt healthcare 
delivery. There are both moral 
and practical reasons for health 
professionals to be at the 
forefront of climate action’

BMJ 2020;371:m3785
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