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Abstract

Climate change continues to pose a dangerous threat to human health. However, not only is
health impacted by this crisis, healthcare itself adds to the problem, through significant
contributions to greenhouse gas emissions. In the UK, the National Health Service (NHS) is
responsible for an estimated 4% of the overall national carbon footprint. Medicines account
for a quarter of this and whilst they are vital for health now, through sustainable use they
can also positively influence the environmental health of the future. In this review, we
explore how clinical pharmacologists and other health care professionals can practice
sustainable medicines use or eco-pharmaco-stewardship. We will discuss current and near
future environmental practices within the NHS, which we suspect will resonate with other
health systems. We will suggest approaches for championing eco-pharmaco-stewardship in
drug manufacturing, clinical practices and patient use, to achieve a more a sustainable
healthcare system.
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Introduction

The climate change emergency is one of the most momentous challenges we face in the
twenty-first century.1 Countries around the world have joined forces to limit further global
warming and reduce the risk of subsequent environmental catastrophes. The Paris
Agreement, a legally binding treaty committing countries to meet the long-term goal of
keeping the increase in global average temperature to well below 2°C compared to pre-
industrial levels, came into force in 2016. This has been adopted by 190 countries to date.2

Society, organisations, and individuals all have a part to play in tackling the drivers of
climate change, and the healthcare sector is no exception. In a 2017 paper on
environmental sustainability, the World Health Organisation (WHQ) advocated for health
systems to ‘improve, maintain or restore health, while minimizing negative impacts on the
environment and leveraging opportunities to restore and improve the environment to the
benefit of the health and well-being of current and future generations’.3 In the United
Kingdom;, the National Health Service (NHS) has set out a clear aim to reduce carbon
emissions to net zero in its Greener NHS campaign.4

Within a health system such as the NHS, challenges to create a more sustainable
organisation may appear to compete with increasing demands in care and economic factors.
However, it is well recognised that providing sustainable healthcare is essential not only to
protect the environment but to prevent the inevitable health hazards of climate change,
which is a potential meta-problem and threat multiplier to human health.5,6

The health sector contributes to carbon emissions in several ways, including direct
emissions from health facilities and indirectly in the supply chain, for example whilst
transporting goods. Medicines account for an estimated 25% of the overall emissions within
the NHS, and although there is a significant focus on specific groups such as anaesthetic
gases and inhaler devices, there are many other enabling actions that can be taken to
reduce this impact.4 We use the term ‘eco-pharmaco-stewardship’ to focus on sustainable
medicines use and believe that all healthcare professionals have the potential to impact
climate change in their practice.7 In this commentary, we examine how the clinical
pharmacology community can play a role within the NHS to positively drive changes for
medicines sustainability, from everyday practices in wards and GP surgeries, through to
impacts on policy at regional and national levels. We will discuss what has been done in the
UK to address this to date and share ideas about how we can work together towards a more
sustainable NHS.

Outline

Eco-pharmaco-stewardship is relatively young and there is a lack of robust evidence on this
topic, however we will build on this knowledge, along with personal experience and clinical
pharmacological principles to structure this discussion. We will consider the topic from
three distinct vantage points — drug manufacture (the pharmaceutical perspective); drug use
at a population and hospital level (the physician and pharmacy perspective); and drug use at
an individual level (the patient use perspective). Additionally, we will look at the specific
cases of anaesthetic gases and respiratory inhalers as these account for a significant
proportion of direct emissions at the point of use.3,8
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The pharmaceutical perspective

The pharmaceutical industry exerts a huge impact on the environment, and this so called
‘pharmaceutical pollution’ is increasingly acknowledged as a global danger to the health of
humans and our ecosystem.9 This damage comes in many forms, such as pharmaceutical
products entering the environment into water supplies and significant contributions to
greenhouse gas emissions, the latter being the focus of this commentary. We will discuss
the current and future sustainable practices within the pharmaceutical industry most
relevant for health care professionals working within the NHS.

Environmental accountability procedures already exist in the drug manufacturing process.
For example, in Europe, companies are required to provide an environmental risk
assessment (ERA) for newly licensed products.10 There are calls for extensions of the ERA
beyond the initial marketing authorisation stage to span the product lifecycle for enhanced
accountability. Other methods that could promote environmental responsibility include the
development of universal greenhouse gas emissions metrics and disclosure of these metrics
by pharmaceutical companies. This information can be used to ‘eco-label’ products,
increasing the ease of making sustainable purchasing decisions.11

Enhancing the drug development process is a key step towards sustainability. Green
chemistry techniques, such as designing reactions to run at room temperature and
increased use of catalysts, are increasingly adopted to reduce chemical waste and emissions
from the carbon resource intensive manufacturing process.12 Improvements in the stability
of drugs can impact on sustainability also. For example, improving the temperature stability
of pharmaceutical products can reduce energy consumption from storage and transport.13
In addition, optimising stability prolongs shelf life and reduces the risk of expiration before
use. Drug dosing formulation could be optimised to avoid wastage. Where appropriate,
producing multi-dose vials and increasing the range and availability of vial sizes and pre-
filled syringes can reduce partial usages of ‘drawn up’ medications.14 This is particularly
relevant in paediatric prescribing for which there are more body-weight dosage calculations
and wider dosage ranges.

Pharmaceuticals are increasingly being combined with medical device delivery systems
which improve accuracy of dosing, pharmacy efficiency time, patient convenience and
usability, and require less packaging15. Examples of this include subcutaneous auto-
injectors for insulin delivery or longer-term implantable devices. However, the increase in
single use delivery systems causes some contention given the potential for considerable
waste compared to reusable products. Innovative steps have been made to reduce the
impact of these systems. For example, devices can be designed to keep contaminated parts
separate and readily disposable, so that the remainder of the device can be used again,
therefore maximising reusability.15,16 There is also increasing use of replacing standard
materials in these devices with biocompatible and biodegradable materials.1516

Packaging and transportation are clear targets to reduce the environmental impact of
medicines. The development of green packaging must be balanced with strict criteria
regarding Good Manufacturing Practice (GMP), material traceability, product protection
including sterility and waste disposal.17 Packaging must also be made with the patient in
mind to maximise user adherence, which itself reduces pharmaceutical waste. Sustainable
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packaging aims to be light and compact to improve efficiency in storage and transportation.
It should be structurally sound to reduce the need for additional shipping materials like
corrugated boxes. Also, if primary and secondary packaging steps are combined with drugs
in a single process at one location, this maximises efficiency of the supply chain and further
reduces waste from transportation.18

Packaging material optimization is crucial and there is growing interest in using novel
biodegradable materials, recyclable plastics, and materials from renewable sources. Plastic
waste is a significant ecological hazard and efforts have been made to reduce this burden.
For example, there is increased utilisation of PET (Polyethylene terephthalate), the most
recyclable plastic, which can be used for medication liquid bottles, caps, ampoules, and
syringes. Blister packs are widely used in pharmaceutical packaging. They are traditionally
made of composite materials, such cardboard with a plastic, making them difficult to
recycle. However, some progress has been made to improve their sustainability. In 2019,
the Wasdell group, a manufacturing and packing company based in Swindon, manufactured
the world’s first plastic blister pack that is biodegradable when exposed to water or
landfill.19 The Australian-American packing giants Amcor this year announced trialling the
world’s first fully recyclable polyethylene-base thermoform blister pack.20

Optimised packaging also reduces direct environmental costs through transportation.
Transportation is a particular area in which close collaboration and strategic planning
between NHS organisations and suppliers could significantly improve efficiency and reduce
waste. Changes can be made to streamline transportation processes, such as improving
distribution load and restructuring routes.18 Additional reductions in carbon footprint can
be made by utilising lower emission and electric vehicles.

The NHS cannot control emissions from the pharmaceutical industry directly, but it can use
its considerable purchasing power to drive change. For example, by incorporating
environmental requirements in procurement processes.3 Furthermore, by forming alliances
with other health systems, purchasing power agreements can be made, creating an even
more influential force to be reckoned with. Whilst the pharmaceutical industry is making
progress to reduce its environmental impact, those working within health organisations can
positively influence this progress through greater awareness, collaboration, and definitive
action.

The physician and pharmacy perspective

Although occupying a relatively small carbon footprint in medicines emissions, both
physicians and pharmacists hold unique positions in healthcare systems as ‘gatekeepers’ to
the use of medicines and are therefore important in the process of eco-pharmaco-
stewardship. Sustainable changes can be made in many parts of healthcare — in hospitals
and the community with better prescribing, in regulatory meetings through carbon-
conscious medicines optimisation decisions, and in lecture halls through educating the next
generation of environmentally conscious health care professionals.

Careful prescribing and medication use can help reduce both carbon and financial costs

within healthcare. In hospitals, this includes timely medication use before expiration dates,
supported by efficient stock logistics; using patient’s own drugs during their inpatient stay;
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providing smaller supplies of new medications or ‘starter packs’ to mitigate wastage from
poor tolerability; and regular medication reviews with appropriate deprescribing.
Medication wastage can also be significantly reduced with practical measures such as vial-
sharing in cytotoxics and the use of low dead volume syringes in vaccination.21 Vial-sharing
is not always achievable in every drug class as it depends on the stability of the drug over
time, and whether patients can get grouped together to administer this.

There are physicians and pharmacists involved in the procurement of medicines and
optimisation of their use through local committees such as Medicines Advisory Groups and
Drug and Therapeutic Committees in addition to the national procurement processes. While
these meetings highlight the clinical efficacy, safety and cost-effectiveness of current and
new drugs, the environmental costs are not routinely discussed. By incorporating
sustainability assessments using the available environmental product information, greener
medicines choices can be made, and we can start to develop ‘carbon-friendly’ formularies. A
good example of a sustainability switch is seen with flupentixol. This is one of the most
commonly administered long-acting antipsychotic injections and in the UK is often
prescribed at higher doses and more frequently than studies suggest is beneficial.22
Evidence-based reductions of this not only reduces potential harm to patients from over
exposure but could also cut down on emissions by 170,000 kg COe and save an estimated
£300,000 per year across England.22

Aside from improving current practices, the conversations around eco-pharmaco-
stewardship should extend to the next generation of healthcare professionals. The GMC has
stated that "newly qualified doctors must be able to apply the principles, methods and
knowledge of population health and the improvement of health and sustainable healthcare
to medical practice".23 Some medical schools have also started to incorporate planetary
health and education for sustainable healthcare, in either a student-selected component or
as part of the core curriculum.

There may be staff barriers to fully realise the potential of sustainable medicines use within
the NHS such as diffusion of responsibility and not being able to see the environmental cost
of their clinical practices.24 Clinical pharmacologist, along with others interested in
medicine use, have the potential to overcome these barriers not only by ensuring
environmentally friendly medicines optimization, but through education, engagement and
empowerment of others to make the changes in practices today that lead to a greener, safer
and more sustainable tomorrow.

Eco-pharmaco-stewardship case study 1 — Anaesthesia: gases and other practices
Anaesthetic gases, notably nitrous oxide and halogenated hydrocarbons, represent over 2%
of the NHS's overall carbon footprint.4. Anaesthetists and critical care physicians are
therefore in a position to make valuable contributions towards the practice of eco-
pharmaco-stewardship.

Over half of anaesthetic gas carbon emissions are due to nitrous oxide (N20). It has a global
warming potential (GWP100) that is 298 times that of C0O,.25 In addition, nitrous oxide is now
the dominant ozone-depleting substance emitted by human activity and has been
recognised as one of the most of environmentally damaging gases in the atmosphere.25,26
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Within the field of anaesthesia, nitrous oxide is a popular agent in obstetrics as

an alternative to neuraxial analgesia. It also offers some benefit as a carrier gas for other
volatile anaesthetic agents, such as decreasing the latter’s effect on cardiac depression

and reducing systemic vascular resistance.26 Outside of the operating theatre, nitrous oxide
is used extensively for minor procedures amongst the paediatric population, in the
emergency department for procedures such as fracture reduction.26 Despite being a highly
versatile agent with a relatively efficacious and safe profile, its environmental impact must
not be overlooked. Considerations must be made with regard to standardizing and

limiting its usage, and opting for alternative agents where possible.

Of the halogenated hydrocarbon based gases, desflurane has the greatest environmental
impact, with a GWP100) 2,540 times that of CO,.27 The greenhouse gas emissions of
desflurane are around 2,600 times greater than propofol, a non-volatile anaesthetic
agent.27To look at it another way, using desflurane with a modern anaesthetic machine for
1 hour produces the same CO; emissions as a 230-mile trip in a modern car.28

The choice of anaesthesia is influenced by patient, surgical and anaesthetic factors, as well
as the individual preferences of the anaesthetist. Use of inhalational agents can be reduced
by adopting alternative techniques, such as regional anaesthesia and Total Intra-Venous
Anaesthesia (TIVA). When this is not possible, carbon footprint can be minimized by
rationalizing the agent of choice and minimizing the quantity of agent by monitoring the
depth of anaesthesia and flow rates. Inhalation anaesthesia offer advantages compared
with TIVA, including the ease of use for paediatric patients, improved cerebral and cardiac
protection, reduced postoperative pulmonary complications and decreased mortality
following cardiac surgery. TIVA on the other hand has a favourable profile for post-operative
recovery and is the preferred agent for cancer resection surgeries.29

Beyond anaesthetic gas use, there are other practices contributing to medicines wastes
within the speciality. Anaesthetists and intensivists are frequently called to initiate
emergency pharmacological treatments under time-limited conditions. Therefore, it is
standard practice to prepare the main anaesthesia and emergency drugs in advance, to
mitigate the risk of medication error under stressful situations and this leads to significant
medication wastage. An estimated 20 — 50% of drugs drawn up are unused and discarded.30
A recent multicentre study in Italy of over 13,000 prepared drug syringes found a variation
of drug wastage from 7.8% (urapidil) to 85.7% (epinephrine), with an average wastage rate
of 38%.31 Potential strategies to reduce medication waste include the use of prefilled
syringes, especially for high acuity, low-usage rate emergency drugs such as atropine and
ephedrine. The use of prefilled syringes in pre-diluted forms with enhanced labelling can
also help to reduce the risk of medication errors, as well as variations in drug
concentrations.

In the UK, the Royal College of Anaesthetists, Association of Anaesthetists of Great Britain
and Ireland and the College of Anaesthesiologists of Ireland joined forces in 2013 to
establish a task group called the Environment and Sustainability Committee. They produced
an environmental policy statement in July 2017 to identify and act on opportunities to
improve the sustainability of the anaesthetic practice.32 Environmental impact modules
have been incorporated into anaesthetic curricula. There have been a range of educational
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events and updated clinical guidelines to encourage greener practices.33 Furthermore, to
assist with real time decision making, an anaesthetic impact calculator mobile application
has been created to help clinicians to calculate and compare the CO; emissions of inhaled
anaesthetic agents.34

Eco-pharmaco-stewardship in anaesthetic practice is still in it’s early stages and will take
time for it to fully impact clinical practice; but with growing recognition of this problem
comes increased opportunities for practical solutions, with the potential for huge
environmental gains.

Eco-pharmaco-stewardship case study 2 — Metered-dose inhalers

Medications delivered via inhalers form the mainstay of the management of chronic
respiratory conditions such as asthma and COPD. The use of pressurised metered-dose
inhalers (MDIs) account for around 3% of the NHS’s greenhouse gas emissions.4 Since their
introduction in 1956, MDIs have become the leading inhaled therapy delivery modality.35 In
2019, an estimated 480 million MDIs were prescribed globally, which equates to 2,400
doses inhaled every second.35 Currently around two-thirds of inhalers prescribed are
MDIs.35 Inhalers further impact the environment via their contribution to plastic waste.

The main source of their carbon footprint comes from the propellant used to deliver the
medication to the airways rather than the medication itself. Previously, the propellant gases
in MDIs were chlorofluorocarbons (CFCs) but due to their recognised contribution to ozone
layer destruction, they were banned under the enforcement of the Montreal protocol in
1989.35 Hydrofluoroalkanes (HFAs), also referred to as hydrofluorocarbons (HFCs), have
taken their place as the propellant gas of choice. Whilst HFAs do not contribute significantly
to ozone damage, they are extremely powerful greenhouse gases. Of the 11,500 tonnes of
HFA propellant produced worldwide per year, 92% is HFA-134a (norflurane) and the
remainder is HFA-227ea (heptafluoropropane).36 They have high 100-year global warming
potentials, up to 1,300 and 3,350 times that of CO,, respectively.36

The challenge of lowering HFA MDI related emissions is underway, with cross cutting efforts
from health organisations, environmental groups, pharmaceutical companies, regulatory
authorities and governments working to reduce this impact by developing strategies from
drug development to clinical usage.

Within MDI manufacture, emissions can be limited by decreasing the production of inhalers
using the more damaging HFA-227ea propellant in favour of HFA-134a. There is growing
interest in using alternative propellants with better emissions profiles, such as HFA-152a
(1,1-difluoroethane). It is estimated that an MDI using HFA-152a as the propellant reduces
carbon emissions by 90% compared with an equivalent HFA-134a MDI. 37 Major
pharmaceutical companies such as GSK have made commitments to focus on production of
alternative propellant free inhalers.38

Some of the most impactful changes occur at the healthcare provider-patient level.
Strategies here can broadly be split into two groups: increased use of propellant free
inhalers and optimising HFA MDI use to limit emissions. Clinical pharmacologists can work
with other healthcare professionals championing these strategies.
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Dry powder inhalers (DPIs) or soft-mist inhalers (SMIs) are inhaler devices that do not use
propellants, therefore increased use of these types of inhalers can reduce overall HFA
related emissions. It is advised that where clinically appropriate these inhalers should be
used preferentially. DPIs have the advantage over MDIs in that their use does not require
breath coordination.36 However, they are not suitable for children or patients who cannot
generate sufficient inspiratory flow rates such as advanced airflow limitation in severe
COPD.36

Healthcare providers can prescribe MDIs to minimise the quantity of propellant used. For
example, for beclomethasone, prescribing 1 puff of a 200mcg MDI versus 2 puffs of a
100mcg MDI, halves the amount of propellant required for the same dose.36 Correct inhaler
technique can help to improve therapeutic efficacy and reduce wasted doses. Furthermore,
for demonstration of technique, propellant free placebo MDIs can be used.36 Ensuring
patients have awareness of how many doses their inhalers contain can further reduce
unused inhaler content.

Non-pharmacological management is also important. Respiratory conditions are
exacerbated by smoking and air pollution and where possible this should be minimised.
Improving respiratory reserve with increased physical activity and pulmonary rehabilitation
can also assist with better disease control and potentially reduce inhaler use, particularly
with reliever therapies.

The patient use perspective

Physicians, pharmacists, nurses, and allied health professionals have vital roles to play in
working with patients to optimise the benefits of medicines and to promote sustainable
medicines use. We have discussed the environmental impacts of pharmaceutical waste but
there are also significant financial implications of this. Each year, around £300 million NHS
prescribed medicines are wasted and at any given time, an estimated £90 million worth of
medicines lie unused in patients’ homes.39 In this section we will focus on medicines waste
related to patient use and how we can support our patients to reduce the impact of this.
The key areas we have identified to target this are adherence issues, reduction in issued
prescriptions and medicinal product disposal.

Non-adherence to medications presents a major challenge both therapeutically and
environmentally. An estimated 50-60% of patients are non-adherent to medicines they have
been prescibed.40 According to the WHO, “increasing the effectiveness of adherence
interventions may have a far greater impact on the health of the population than any
improvement in specific medical treatment.”40

Healthcare professionals often encounter patients in whom medicines are not used as
prescribed despite their efforts to come to shared decisions about appropriate therapy. The
issues underlying this can be complicated and not always fully appreciated by the healthcare
professional. Warning signs of medicines not used as prescribed may come in the form of
fear of lifelong treatment, poor understanding of the condition, poor mental wellbeing,
concerns about adverse effects and apparent lack of expected treatment effects.41

Identifying medicines not used as prescribed is an important step as it helps to initiate an
honest discussion between the patient and healthcare professional. However, there is more
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that we can do beyond traditional patient education. We can use tools that support
patient’s adherence to treatment. Health coaching through telephone-based support can
provide regular contact with patients to help them build better medicine taking habits and
improve self-monitoring. There is growing interest in advancements in technology that can
enhance such information delivery as well as improve engagement of patients with their
own health and with healthcare providers. This has become especially pertinent during the
COVID-19 pandemic, where the way that we communicate with our patients has shifted and
virtual communication formats have become increasingly important. Online initiatives such
as Me & My Medicines42 are tools that can assist in the understanding of medicines for
patients and aid in empowering patients to have open conversations about issues regarding
compliance. Factors leading to unintentional adherence such as forgetfulness in either
taking medications or regular collection of prescriptions can be targeted with medication-
taking reminder applications and pharmacy-to-door medicines delivery services. For
example, the NHS app has a prescription ordering service. However, as with all technological
progress, we should be mindful that there is a potential for exclusion of patients who may
not have the digital literacy to fully utilise this.

Reducing the number of prescriptions can help cut down on unused medicines, and a
balance needs to be achieved between giving appropriate therapy without omitting
potentially important medications. The recently published UK National Overprescribing
Review advised that tackling this complex problem will require a system-wide approach that
supports both health professionals and patients.43 It suggested that at least 10% primary
care prescriptions items were unnecessarily issued. Strategies outlined to reduce
prescriptions that are not needed focused on improving digital systems, interoperability,
performing structured medication reviews, and promoting personalized care. Clinical
pharmacologists who have expertise in evidence-based and stratified therapies can be of
valuable here, through using population medicines optimisation approaches that aim to
maximise therapeutic efficacy and minimise harm and waste.

Polypharmacy, though appropriate for many patients, can increase the risk of non-
adherence, and inadvertently lead to requests for more medications than is needed and
stockpiling. Medication reviews and the use of tools such as the STOPP/START criteria are
increasingly employed to tackle inappropriate polypharmacy.44 However, for further change
we need to empower our patients to take control of their medication supplies. This could
perhaps start with open conversations about medication requirements and building
relationships with their local pharmacies. Organisations such as Medicine Waste UK45
campaign to increase awareness on prevention of prescriptions, their tagline message being
‘order only what you need’.

The number of unused medications that resides in patients' homes indicate that current
methods of ensuring appropriate use are sub-optimal and additional measures are needed
to influence and change behaviour amongst patients.45For patients who pay for their
prescriptions, there is a disincentive to dispose of medicines not being taken as there may
be a view that they will be required in the future. Better medicines ordering systems and
general practice repeat prescribing processes may ensure that only what is actually required
is ordered.
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For disposal of pharmaceuticals including packaging, currently the main route is via the
pharmacy with the onus on the patient to do this. Medicine Waste UK gives advice on how
to safely dispose of medications. For medication packaging, Teracycle offer free recycling at
drop off options in participating Superdrug stores across the UK.46 Further development of
systems that collect and dispose of household pharmaceutical waste in the UK, including
medicines and their packaging could represent an important measure to protect the
environment, while also protecting human health from unintended exposure and
inappropriate use. Such collection schemes for unused medicines are available and indeed
compulsory by law in many other developed countries.47

Conclusion

Time is short for making the substantial changes in carbon emissions reduction worldwide
to achieve the ambitious goals set out over the next few years and decades. Every sector
must make decisions and create actions to improve sustainability and within the health
sector clinical pharmacologists, working with other specialties and disciplines especially
clinical pharmacists, can make innovative choices and plans to support climate change
ventures. We have set out some the principles of eco-pharmaco-stewardship from a variety
of perspectives which focus on areas such as optimising prescribing, substituting high
carbon products for low-carbon alternatives, and improvements in production and waste
processes. If these principles are considered and actioned widely across the health service,
then we too can play a part in reducing the global crisis we face through climate change and
improve the health of the world and the population for future generations.6
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