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Abstract
Globally, more than 1.2 billion inhalers are purchased for asthma and chronic
obstructive pulmonary disease (COPD) annually. In Australia and New Zealand, pres-
surized metered dose inhalers (pMDIs) are the leading delivery device prescribed and
pMDI salbutamol can be purchased over the counter in Australia. These inhalers are a
major contributor to healthcare related greenhouse gases. This is due to the propel-
lants that they currently contain which have extremely high global warming potential
(GWP). In this position paper, we report the findings of a Thoracic Society of
Australia and New Zealand (TSANZ) working group on the environmental impact of
inhaled respiratory medicines. We reviewed the use of inhaled medicines in Australia
and New Zealand and their contribution to climate change and other environmental
degradation. We propose strategies for health professionals and consumers to reduce
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environmental impact in the management of airway diseases. These include accurate
diagnosis to avoid unnecessary treatment, better disease control to minimize the need for
reliever therapy and actively choosing inhaler devices with lower environmental impacts
when clinically appropriate. Inhaler selection should be tailored to the individual, aiming
to achieve the best possible clinical outcome. Choosing an appropriate inhaler for an
individual involves consideration of factors such as dexterity, inspiratory capacity and
cost. In our current climate emergency and with the availability of lower carbon alterna-
tives, health professionals should also consider environmental impact.
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INTRODUCTION

Human contribution to environmental degradation and
climate change and their subsequent effects on health are
well recognized. We collectively face a huge challenge in
addressing this.1 Climate change has caused shifts in the
frequency of extreme weather events.2 In Australia and
New Zealand alone, the last decade has brought significant
droughts, heatwaves, flooding and bushfires.3 Most notably,
in Australia, climate change has driven a significant increase
in forest fires in the last three decades leading to substantial
losses (lives, livelihoods, property, ecology). The health
impacts of major disasters, increases in communicable dis-
eases, extreme temperatures, declining air and water quality
and food insecurity are immeasurably large. Further, the full
impact and breadth of climate change effects on global pop-
ulation health are likely to be under-estimated due to gaps
in data from lower-income countries,4 which are also the
regions worst affected. Without considerable action, the
impacts on the health of current and future generations will
be devastating.1,3 The effects of climate change will continue
to worsen even if carbon emissions drop to zero, but drastic
actions to reduce carbon emissions will reduce losses and
damages to human health and ecosystems.5 Healthcare prac-
titioners are ideally placed to take leadership on this critical
public health issue.

Globally, healthcare is responsible for an estimated 4.4%6 of
greenhouse gas emissions; however this figure is much higher
(7%) in Australia7 and is likely to be similar in New Zealand.
Whilst healthcare is a critical service, there is significant scope
to reduce its environmental impact while still ensuring optimal
patient outcomes. We urgently need to identify feasible inter-
ventions to achieve sustainablility in healthcare.6,7

Airway diseases such as asthma and chronic obstructive
pulmonary disease (COPD) affect over 3 million Australians8

and 700,000 New Zealanders.9 Inhaled therapies are the
mainstay of treatment for these conditions; however, these
inhalers contribute approximately 13% of the total carbon
footprint associated with healthcare delivery.10,11

Inhaled medicines are available in various dosages and
combinations, and are delivered by different devices such as
pressurized metered-dose inhalers (pMDIs), the most com-
monly used delivery devices in Australia and New Zealand;
dry powder inhalers (DPIs) and soft-mist inhalers (SMIs).

All of these devices have environmental impacts from man-
ufacture, shipping, use and disposal. However, the propel-
lant gases currently used in pMDIs are potent greenhouse
gases. When released into the atmosphere, these gases trap
heat to a much greater degree than other common green-
house gases like carbon dioxide and methane.

This position paper outlines our current understanding
and critical knowledge gaps in this field. It highlights more
environmentally sustainable prescribing practices and man-
agement strategies with lower carbon footprint and compa-
rable efficacy. This paper is intended to complement
established guidelines on inhaler prescribing for people with
asthma and chronic obstructive pulmonary disease (COPD)
to assist healthcare practitioners to make greener choices
whilst maintaining the highest quality patient care.

METHODS

The writing group was convened by the Thoracic Society of
Australia and New Zealand (TSANZ) following an open call
for participants. Applications were received through the stan-
dardized TSANZ process and multidisciplinary members were
selected on the basis of their experience and complementary
skills. Applications from suitably qualified non-members were
reviewed to ensure adequate expertise and representation.
Co-chairs were selected from within the group, and they pre-
sented a broad outline of the scope and format of the position
paper which comprised a development of the idea first pro-
posed to TSANZ for this document. Following input from the
wider group and changes by consensus to this structure,
working subgroups were established to gather information on
allocated topics and to draft sections of the paper.

This document is a Position Statement and is not
intended as a guideline. Given the diversity of contributory
information and relative paucity of respiratory clinical
research, a formal systematic review and meta-analysis was
not undertaken. Targeted literature reviews were performed
by members of the working group. Reference is made to key
reviews, studies and guidelines. Perspectives from other
healthcare professionals with an interest in this area were
sought to ensure no major omissions and that the manu-
script represents a comprehensive summary of currently
available literature and knowledge on the subject. We are
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grateful for the input of consumers during a consumer-
engagement event and NZ consumer and prescriber study.12

All authors had the opportunity to comment on and/or
revise all drafted sections through working group videocon-
ferences and access to a shared document. The final draft
was crafted by a core writing group, circulated and edited
before final approval by the overall group. Peer review was
conducted jointly by TSANZ and Respirology and the final
position paper was approved by the TSANZ Board and
Editor-in-chief of Respirology. Given the relatively recent
changes in guidelines for asthma and COPD, and the
planned changes in propellants by several manufacturers, a
review of this document is planned 3 years from the date of
publication.

Consumer engagement

Consumer engagement was sought through a community con-
versation which was advertised widely through the Western
Australian Health Translation Network Consumer and
Community Involvement. We invited consumers with lived
experience of taking any inhaled medication to participate.
The event was held in 2021 as an online event held over sev-
eral hours and consumers were remunerated for out of pocket
expenses. A note taker recorded key points of the conversation,
which was led by a Western Australian Health Translation
Network Consumer and Community Involvement Officer,
guided by several “conversation starters” provided by the
TSANZ researcher leading the engagement activity.

Although the conversation was guided, the facilitator
also asked questions and open conversation was encouraged
by the two consumers in attendance. Consumer engagement
in Australia is not qualitative and does not require ethics
approval, which limits the sharing of data from the conver-
sation. However, notes were summarized and a key message
taken from the conversation. Consumers were not aware
that there was an environmental impact of their inhaler
prior to the community conversation, however, would be
happy to switch to greener alternatives if: (1) they were
equally as effective (as their old inhaler), (2) they did not
cost more and (3) the alternative options were presented by
their pharmacist and/or general practitioner.

THE USE OF INHALED MEDICINES

The importance of inhaled medicines

Chronic obstructive airways diseases such as asthma and
COPD are highly prevalent globally, affecting hundreds of mil-
lions of people.13 Inhaled therapies are a cornerstone
of medical care for these conditions and cause fewer adverse
effects than systemic treatments such as oral corticosteroids.14

Prescribing of inhaler therapies by healthcare practi-
tioners in Australia and New Zealand is guided by interna-
tional consensus documents and national guidelines. For

asthma, these are the Australian Asthma Handbook,15

National Asthma Council Asthma and Respiratory Foundation
of New Zealand (ARFNZ) asthma guidelines16 and Global
Initiative for Asthma (GINA).17 For COPD, these include the
Global Initiative for Chronic Obstructive Lung Disease GOLD
guide,18 COPD-X Plan19 and ARFNZ COPD guidelines.20 All
guidelines advocate for a stepwise approach to inhaler thera-
pies and highlight their benefits in improving symptoms,
quality of life, reducing unscheduled healthcare visits and
hospitalisations/deaths; and now include information on the
environmental impact of inhalers, highlighting the lower
carbon footprint of DPIs compared to pMDIs.

Inhaler types

Although there are many inhaler devices in use globally, this
document focuses on three broad types (pMDIs, DPIs and
SMIs) reflecting those most prescribed in clinical practice in
Australia and New Zealand. We recognize that nebulised
SABA therapy (alone) is commonly used as emergency ther-
apy delivered via facemask with similar effect to pMDI and
spacer, although pMDI with spacer is the preferred emer-
gency treatment in the GINA asthma21 and GOLD COPD
guidelines.18 For this reason, nebuliser therapy is not consid-
ered further in this paper. ICS-SABA and ICS-formoterol
treatment was discussed by GINA in the 2024 report as a
replacement for SABA alone however more studies are
needed to determine efficacy in the emergency department
setting.21

For a given class of drug, the selection of an inhaler
device (when options exist) should be a shared decision with
the patient/parent. This is often driven by patient factors,
for example, age, dexterity, satisfaction with the device. Cost
and environmental impact should be included in the discus-
sion. When switching devices, patient level factors are par-
ticularly important to consider and loss of disease control
from an inappropriate device can lead to exacerbations
which can have a very large carbon footprint.22 In this con-
text, it is perhaps surprising that patterns of prescribing vary
markedly between countries with similar populations.23

Sales of pMDIs range from less than 10% of total usage in
some countries in Europe to over 60% in others.23 Percent-
age of inhaler doses delivered by pMDI exceeds 80% in
Australia, United States and United Kingdom; and, together
with Brazil, Puerto Rico and Russia, Australia is one of the
highest users among the top 15 markets globally (accounting
for 90% of the global spend on COPD and asthma medi-
cines).24 In contrast, Japan has significantly lower use of
pMDI with <35% of inhaler doses delivered by pMDI.24

Inhaler usage in Australia and New Zealand

Tens of millions of inhalers are consumed annually in
Australia and New Zealand with some products having sold
over one million units per year25,26 The most recent asthma
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guidelines strongly recommend a single combination inhaler
(inhaled corticosteroid and long acting beta-agonist, ICS-
LABA) as preventer and reliever for adolescents and
adults.17,27 Despite this recommendation, separate inhalers
as reliever and preventer remain the most commonly used
regimen (Figure 1A).

According to current GINA as well as Australian and
New Zealand guidelines, SABA alone is not recommended
for safety reasons. It should be noted that in Australia ICS-
formoterol as budesonide/formoterol is not currently
approved for children under the age of 1229 and beclometha-
sone/formoterol is not approved for children under the age
of 18.29 Therefore, combination therapy will still include two
inhalers for most children.

The primary drivers of pMDI use (over DPIs and SMIs)
are often clinician comfort and familiarity and their avail-
ability over-the-counter. Preferential prescribing may also
be driven by the Pharmaceutical Benefits Schedule (PBS).
For example, subsidy for DPI terbutaline is only available
when a patient is unable to use or has had an adverse reac-
tion to a pMDI salbutamol formulation.30 This is despite the
absence of evidence that one device type is superior to
the other at a population level.

THE ENVIRONMENTAL IMPACT OF
INHALERS

There are many factors throughout the life cycle of an
inhaler device that have detrimental impacts on the environ-
ment (Figure 2). These include the manufacture, distribution
and disposal of single-use manufactured goods as well as the
pharmaceuticals and non-active ingredients (excipients)
used in these products.

The cause of global warming is the atmospheric release
of greenhouse gases that reduce the amount of heat energy
radiated into space. Some chemicals used in medical appli-
cations exert a disproportionate influence due to their
greater per-molecule warming impact and their lifetime in
the atmosphere. The hydrofluorocarbon (HFC) propellants
in pMDIs are a major contributor. Indeed, pMDIs were esti-
mated to contribute around 13% of the total carbon foot-
print associated with healthcare delivery in the British
National Health System (NHS) in 2019.10,11 The data on
pMDIs are drawn from NHS modelling and confirm the
substantial contribution to emissions from inhaler devices.
This represents an opportunity for clinicians to reduce
the environmental impact of prescribing through targeted
change.

It is notable that almost all inhalers are made of single-
use plastic or a combination of plastic and metal and are
disposed of regularly (usually monthly). In Australia, the
National Return and Disposal of Unwanted Medicines
(NatRUM) program enables disposal of unwanted medica-
tions using high temperature incineration, thereby reducing
the environmental impact.31

Re-useable devices are relatively uncommon however, in
a welcome product development the SMIs have transitioned
to a system where the medicine-containing canister is chan-
ged monthly whilst the plastic body of the device is retained
for several months.32 Re-useable device components can sig-
nificantly reduce waste and environmental impact. Some
inhalers have dose-counters so that patients know when
their inhaler needs replacing. However, even fully used
pMDIs contain residual propellant that will eventually leak
into the environment. Overfill estimates from published and
grey literature range from 5%33 to 40%34 a magnitude of
difference with important implications for the impact of

F I G U R E 1 Relative dispensing
frequency of inhaler types. NZ data shows
Pharmac funded packs of inhalers 2017–2020
by type of inhaler dispensed. Australian data
do not include SABAs sold over the counter,
so significantly underestimates Australian
pMDI sales, and slightly underestimates DPI
sales. Private prescriptions are not included
in either dataset. Australian data source: PBS
202228; New Zealand data source Pharmac
2017–2020.26
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disposal in landfill as compared to recycling schemes such as
NatRUM. Smart inhalers contain sensors and allow connec-
tivity to mobile apps, so that patients know when their
inhaler is empty. Smart (digital) inhalers are not readily avail-
able outside research settings in Australia and New Zealand,
however, so are not discussed in this document.

The energy required to manufacture, transport and store
inhalers is probably similar in absolute terms regardless of
the inhaler design, although accurate and/or comparable
data are difficult to acquire. However, the manufacture of
pMDI devices creates 50%–100% greater carbon dioxide
(CO2) equivalent per unit than DPIs35 (CO2 equivalent is a
metric used to compare emissions from greenhouse gases
based on their global-warming potential (GWP): it is a mea-
sure of how much energy the emissions of a metric measure
of a gas will absorb over a given period of time relative to
the emissions from the same measure of CO2).

Previously, pMDIs used chlorofluorocarbon (CFC) pro-
pellants, which were recognized to contribute substantially
both to ozone layer depletion and global warming. The 1987
Montreal Protocol36 led to the phasing out of ozone-
depleting CFCs globally, including in inhalers. Unfortu-
nately, the hydrofluorocarbons (HFCs) used as replacements
for CFC propellants also have substantial global warming
potential37 because they are chemically stable (long-lasting)
and very effective at trapping heat in the atmosphere.
Their global warming potentials over 100 years (GWP-100)
are thousands of times greater than CO2. The Kigali
Amendment to the Montreal Protocol, effective from 2019,
commits to reductions in the production and consumption
of hydrofluorocarbons (HFCs).38 As of April 2024, the
Kigali Amendment, which requires the phase-down of

high global warming potential HFCs by more than 80%
(in CO2-equivalent) over the next 30 years, had been ratified,
accepted or approved by 159 states, including Australia and
New Zealand.39 This has not yet led to changes to the HFC pro-
pellants contained in inhalers currently prescribed in clinical
practice, however significant research and development are
underway in this area.

All currently available pMDIs have a larger carbon foot-
print than DPIs or SMIs. Most of this larger carbon
footprint is due to the HFC propellant released during its
use and disposal at end-of-life. However, the carbon foot-
prints of pMDIs vary depending on the amount and type of
HFC propellant used (e.g., HFC-134a, GWP-100 1530;
HFC-227ea, GWP-100 3600), and can range from 9900 to
36,500 grams of CO2-equivalent (gCO2e) per inhaler.

40 DPIs
and SMIs are propellant-free and have much smaller carbon
footprints ranging from 359 to 917 gCO2e per inhaler.

36

The working group used publicly available data to generate
indicative estimates of the daily carbon footprint of commonly
used inhalers (Appendix S1 in the Supporting Information).
The following analysis illustrates the range of indicative carbon
footprints from usage per day of the inhalers currently avail-
able on the Australian and New Zealand markets, using pub-
lished carbon footprint data for equivalent or very similar
inhalers on the UK market.41–43 An estimated weighted aver-
age number of puffs per day was used to approximate average
maximum daily SABA inhaler usage, based on an Australian
study describing the maximum number of puffs per day
(Figure 3).

The indicative carbon footprints of devices used in
Australia and NZ range from 102 to 2293 gCO2e per day for
pMDIs; 3 to 68 gCO2e per day for DPIs and 26 gCO2e per

F I G U R E 2 Relative contributions of
stages of a pMDI life cycle to its total CO2

equivalent carbon footprint with excipient
propellant release representing the most
substantial contributor, equivalent to
20 kgCO2e per 30-day treatment. ‘End of life’
and ‘use by consumer’ phases are almost
entirely due to the propellant gas. Percentages
rounded to nearest whole number in line
with source report. Data source: The Carbon
Trust GlaxoSmithKline PLC Product Carbon
Footprint Certification Summary
Report, 2014.
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day for SMIs (Table A1 in the Supporting Information). For
comparison, the estimated carbon footprint for the average
emissions per day for a passenger vehicle in Australia is
4454 gCO2e for 2020.44,45 For further comparison, the
reduction in a person’s annual carbon footprint for a regular
pMDI user changing from a pMDI to a DPI is similar to
changing from a petrol to hybrid car or from a meat-eater to
a vegetarian.35,46

Within this context, it is unsurprising that pMDIs are a
major contributor to the overall carbon footprint of pharma-
ceuticals and a notable factor in the overall global impact of
greenhouse gases. It is estimated that the contribution of
inhalers to the overall annual greenhouse gas emissions
of the United Kingdom is approximately 0.3%11 and equiva-
lent to the annual greenhouse gas emissions of approximately
610,000 diesel cars.47 Published estimates for Australia and
New Zealand are unavailable, however are likely to be of

similar relative proportion. Published reviews have consid-
ered the impact of different device types with respect to
their GWP.

The key findings as summarized in a recent review by
Woodcock et al are as follow48:

• The carbon footprint of DPI and SMI devices can be 100–
200-fold lower than those of pMDIs.

• Propellants in pMDIs contribute most of the carbon foot-
print of inhalers.

• There are large differences in the carbon footprint of
pMDIs depending on the amount and type of propellant
used, varying from 50 gCO2e up to 300 gCO2e per actua-
tion, or 9900 to 36,500 gCO2e per device.

36

� Not all propellants have the same GWP, for example,
the high GWP propellant HFC-134a, used in most cur-
rently available pMDIs is about half the GWP of the
very high GWP HFC-227ea propellant used in a few
pMDIs.

� The carbon footprint of different pMDI products can
also vary substantially because they contain more or
less propellant; for example, salbutamol pMDIs contain
an estimated 6.68–19.8 g of HFC-134a depending on
the brand.48

• The environmental impact should be considered in the
decision-making algorithm regarding optimal inhaler
use/combinations for an individual.

As noted above, under the Kigali Amendment to the Montreal
Protocol, HFCs will be phased down. Pharmaceutical compa-
nies are increasingly establishing carbon reduction or carbon
neutral corporate plans, the focus of which includes inhaler
manufacture and downstream use. There are an increasing
number of DPI and SMI choices available from major pharma-
ceutical companies. There are also HFC pMDIs available that
contain less propellant (e.g., Airomir™ Autohaler™), and
therefore have lower carbon footprints, than other HFC pMDIs
(e.g., Ventolin). A small but growing number of pharmaceutical
companies including Chiesi,49 AstraZeneca50 and GlaxoS-
mithKline51 have announced plans to switch to lower-GWP
propellants, with 10 or more companies globally reported to
have active programs to develop pMDIs containing lower GWP
propellants, HFC-152a (GWP-100 164) and HFO-1234ze
(E) (GWP-100 1.37). In addition, recent agreements have been
formed between the two major lower-GWP propellant manu-
facturers and contract development and manufacturing organi-
zations to develop and manufacture pMDIs containing these
propellants on behalf of other companies.52 Based on company
announcements, inhalers containing new propellants could
launch from as early as 2025. Only one company so far
has announced specific reformulation plans for salbutamol
pMDI.51,53 Based on modelling of a switch to pMDIs with
HFC-152a propellant, with GWP almost 10 times smaller than
HFC-134a propellant, studies suggest that the carbon footprint
of pMDIs could be reduced by up to 92%, and the annual CO2

equivalent emissions from inhalers could be halved by incorpo-
rating pMDIs with HFC-152a propellant into a strategy

F I G U R E 3 Daily CO2e of inhalers by inhaler type. Range of indicative
inhaler carbon footprints (gCO2-equivalent) per day, by inhaler type, for
inhalers used in Australia and New Zealand. Source: Data were taken from
NAC and Pharmac for inhalers available on the Australian (Aus) and
New Zealand (NZ) markets and compared against inhalers and their carbon
footprints available from the United Kingdom (UK). Not all Australian and
NZ inhalers are available in the United Kingdom and these have been
omitted from this analysis: for Aus, ASMOL (Alphapharm), Fluticasone
(Cipla) and Symbicort Rapihaler® 50 mcg/3 mcg budesonide/formoteral
(AstraZeneca; other dosages included); and for NZ, Floair, Meterol, RexAir,
SalAir (REX Medical), Duolin® (Cipla), Respigen® (Viatris; this inhaler was
discontinued in October 2023) and Tilade® (Sanofi; this inhaler was
discontinued in New Zealand during 2020). The carbon footprints of these
products are likely similar to corresponding products already included in
this analysis (see Appendix S1 in the Supporting Information).41–43
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alongside greater use of DPIs54 and SMIs. A switch to
HFO-1234ze(E) propellant in pMDIs would afford even greater
carbon footprint reductions, given its GWP is more than
100 times smaller than HFC-152a. A range of technical and
economic issues and potential challenges have been identified
that could emerge in the transition away from high-GWP pro-
pellant pMDIs to inhalers with lower GWPs, for example,
potential issues with the supply of high-GWP propellant, which
could create future risks for inhaler markets unless carefully
managed by governments and industry.36,52

In the real-world setting, preventer adherence is low for
many individuals, resulting in less than optimal asthma con-
trol and consequently an unnecessarily high use of reliever
medications contributing to their carbon footprint.55 In fact,
recent data from 20 European countries and Canada have
shown that two-thirds of total greenhouse gas emissions
associated with inhalers relates to high reliever use.56

Further to this, the working group recognize that inhaler
choice is influenced by a number of factors, such as cost of
inhalers, patient preferences,57 clinician prescribing habits,58

concerns about device switching59 and the patient’s ability
to use the inhaler correctly60 at all times aiming to achieve
the best possible outcome for the patient.

POTENTIAL MEANS TO MITIGATE IMPACT

Prescribing strategies

Several strategies exist to improve prescribing practices
which benefit the patient and reduce carbon footprint.61

These include:

1. Ensure that the respiratory diagnosis is accurate, and that
inhaled therapy is necessary. International evidence sug-
gests that roughly a third of people labelled with asthma
are incorrectly diagnosed62 we expect this value to be
similar in Australia and New Zealand. For COPD, the
proportion of incorrect diagnoses ranges from 30% to
60%.63 Improving access to lung function testing would
assist in achieving this as spirometry is the gold-standard
for asthma and COPD diagnosis. Regular re-assessment
and de-prescribing, if appropriate, should be routinely
performed.

2. Actively pursue better disease control. This has obvious
benefits for patients and concurrently reduces use/
overuse of short-acting beta-agonists (SABAs) or other
reliever medications. Of people seeking SABA medica-
tion in Australian community pharmacies, most over-use
SABAs and about a third of those with asthma are not
prescribed inhaled corticosteroids (ICS),64 despite cur-
rent guidelines suggesting that most or all adolescents/
adults with asthma should be prescribed preventative
therapy as maintenance and/or as needed AIR (anti-
inflammatory reliever) therapy.16,17,65 This can lead to
sub-optimal control and unnecessary use of SABAs.
Evidence-based COPD guidelines outlining preventative

strategies to optimize disease control using pharmaceuti-
cal and non-pharmaceutical measures should be adhered
to.66 Appropriate use of preventers, in line with current
asthma and COPD guidelines, will mitigate against
adverse asthma outcomes as well as global warming.

3. Prescribe inhalers with lower global warming potential
(GWP). pMDIs with the current HFC propellants have
the highest GWP. Although some pMDIs have higher
GWP than others (Table A1 in the Supporting Informa-
tion), a straightforward message for practice is that cur-
rently, preferential prescription of DPIs/SMIs for
patients who can use them reduces unnecessary contri-
bution to global warming with the current range of avail-
able devices.67

4. Create awareness among health professionals and health-
care students through education. Most patients are will-
ing to consider changing to inhalers with lower GWP if
they provide good symptom control and if their health
practitioner recommends them.12 The most environmen-
tally sensitive choice is likely to be the inhaler that the
patient can and will use and that reduces the risk of
exacerbations.

It is important to note that pMDIs (with spacers ± face
mask) are currently preferred in children under the age of
six and in people with poor inspiratory capacity to maximize
lung deposition.65 However, consideration of DPIs or SMIs
will be appropriate for most older people. Systematic reviews
of clinical trial data have confirmed that DPIs and pMDIs
have equivalent efficacy both for beta-agonists and ICS68,69

and some real-world observational evidence suggests that
DPIs are more effective.70

5. Clinicians should assess and reassess an individual
patient’s abilities when prescribing an inhaler device to
ensure the most appropriate and effective delivery device
(Figure 4) with consideration of common patient errors in
their inhaler technique.74,75 Whilst a proportion of
patients (e.g., young children and elderly) may lack the
inspiratory flow to use DPIs, two independent studies
have found that a third of patients with asthma are unable
to breathe in slowly and gently enough to achieve the cor-
rect inspiratory flow for a pMDI, even with training.76,77

Minimizing plastic waste is also an important step
towards reducing the environmental impact of inhalers.

6. Choose dosage regimens which use fewer devices, either
by delivering the same cumulative dose from a smaller
number of actuations or by choosing regimens with less
total medicine use, is another potentially important step.
An example of the former in asthma management is the
robust evidence that a once-daily dose (such as 400 mcg)
budesonide in adults is equally effective as a twice-daily
dose of 200 mcg.78 The once-daily option halves plastic
waste and reduces cost.

Several of the above strategies can be achieved simulta-
neously with the use of “anti-inflammatory reliever” (AIR)
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therapy.79,80 This involves the as-needed (prn) use of combi-
nation formoterol/ICS inhalers instead of SABA, with or
without regular use of the same inhaler as maintenance.
This is now the preferred strategy in New Zealand and inter-
national adult asthma guidelines17,81 and is an option in
Australian guidelines.82 When formoterol/budesonide in a
DPI is chosen for this purpose, over 90% of the carbon foot-
print can be saved due to a reduction in use of salbutamol
pMDIs83 (Figure 3), reflecting not just the use of less-
polluting inhalers but also improved asthma control. Further,
prn-only use in mild asthma likely modestly reduces plastic
waste compared to regular ICS maintenance, due to using
fewer doses, while achieving equivalent clinical outcomes.

Recycling and reuse

Many inhalers in Australia and New Zealand end up as
landfill waste. The component parts (plastics and metals)
are not recycled and any unused HFC propellant will even-
tually leak from the canisters.

A proportion of inhalers at their end-of-life are collected
through National Return and Disposal of Australia’s Return
of Unwanted Medicines (NatRUM) program,31 through
which unwanted medications are returned by consumers to
community pharmacies. These inhalers are collected by
pharmaceutical wholesalers for incineration (which destroys
the propellant) in accordance with regulations and environ-
mental regulatory authority requirements.

Several pilot schemes have also been trialled internation-
ally to responsibly recycle and/or dispose of inhalers at their
useful end-of-life. Recent schemes have aimed to recycle
plastic and metal components and recover HFCs for reuse
in refrigeration and air conditioning. Recycling schemes
have an important role alongside the above strategies.
Whilst some initiatives have struggled with low participation
and feasibility84,85 a UK pilot postal scheme, Take AIR
(Action for Inhaler Recycling) reduced an equivalent of an
estimated 119.3 tonnes of carbon dioxide emissions over a
12-month period.

Modest reductions in plastic waste may be achievable by
use of DPI or SMI devices with reusable inhaler compo-
nents, such as the Handihaler and Respimat® devices used
for some COPD medicines.86

DISCUSSION

The impact of human activity on the environment is a criti-
cal and urgent problem. We have described the scale of this
issue and the relative global warming contributions of differ-
ent types of inhalers in terms of their indicative carbon foot-
print and CO2 equivalent, based on available information.
Options for prescribing inhalers for mitigating this effect
have been discussed. Broadly, these comprise steps to
improve the efficiency of inhaler use which are considered
good clinical practice (confirming the diagnosis and
optimizing therapy, preventing breakthrough symptoms),

Assess

Choose

Train

Assess the patient’s breathing in air, without an inhaler:
- Can the patient take a slow, steady breath in (taking 3 or more seconds)?
- Can the patient take a quick, deep breath within 3 seconds?

Confirm
Review the symptoms and objective evidence for the diagnosis

Consider the use of training devices to better assess ability

Manages slow and steady Manages quick and deep

Consider a pMDI or SMI Consider a DPI

Consider using a lower carbon footprint inhaler, being mindful that the “greenest” inhaler is the 
one that the patient can and will use

Teach the specific inhaler technique with demonstration

Support Provide materials such as links to inhaler technique videos. This is especially important for people 
switching inhaler types. 

Understanding Ensure the patient is happy they know not only how to use the inhaler, but also what it is for and 
when to use it

Inhaler device choices can have cost implications for the patient which should also be explicitly 
considered

Review

F I G U R E 4 A stepwise, systematic approach to selecting an appropriate inhaler device for an individual patient.71–73 This decision tree considers carbon
footprint only and does not consider other environmental factors such as plastic waste and recycling. Reproduced with permission from The Royal Australian
College of General Practitioners from: Montgomery BD, Blakey JD. Respiratory inhalers and the environment. Aust J Gen Pract 2022; 51 (12): 929–34. doi:
10.31128/AJGP-08-22-6536. Available at www1.racgp.org.au/ajgp/2022/december/respiratory-inhalers-and-the-environment.
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alongside additional steps specifically aimed to reduce envi-
ronmental impact where possible. These steps include pref-
erentially recommending DPIs and SMIs instead of pMDIs
for patients who are able to use them, and prescribing lower
carbon footprint pMDIs (both those currently available and
those under development when they become commercially
available) (Figure 5).

Our understanding of the potential of inhaled medicines,
and especially their propellants, to harm the environment is
sound. However, we acknowledge that very precise estimates of
the environmental influence are not currently available. This is
due in part to uncertainty around energy consumption in pro-
duction and distribution by manufacturers. There is also uncer-
tainty and a lack of publicly available data in relation to
prescribing and usage habits for many common inhalers making
it difficult to estimate absolute climate impacts and the extent of
waste from inhaler usage in Australia and New Zealand. How-
ever, these data limitations do not detract from the general prin-
ciples and strategies outlined here to mitigate against the
inherent environmental impacts from inhaler usage.

Some of the actions that clinicians may take now are
described above, but there is also scope for further action by
government, regulatory bodies and industry to facilitate the
use of less environmentally impactful medicines. We also
hope that those responsible for guidelines will include more

practical information for prescribers in this crucial area.87 In
relation to prescribing/dispensing inhalers, our consumer
group highlighted the importance of cost, clear communica-
tion between pharmacists and health practitioners, availabil-
ity of inhaler recycling schemes and improving public
awareness of greener inhaler choices.

The research currently underway into the use of less harm-
ful propellants and reusable devices is welcome. However, we
are not aware of large-scale research endeavours that look to
understand how best to change the attitudes of prescribers to
consider carbon footprint, or sustainability more broadly, in
the prescription of inhalers in Australia and New Zealand.

CONCLUSION

The environmental impact of inhaled medicines is a critical
global health issue that affects us all. It is one that is increas-
ingly well delineated, internationally recognized, and, in the
case of HFC propellants, subject to global environmental
agreements supported through national legislation. This is
driving change by inhaler manufacturers in Australia and
New Zealand to incorporate lower carbon footprint alterna-
tives. There are positive steps that prescribers can make
now, by considering environmental impact in the decision-

F I G U R E 5 The many levels of responsibility for reducing the carbon footprint of inhalers.
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making algorithm when prescribing, dispensing and recom-
mending inhaler medications, with a focus on improving
asthma control and reducing unnecessary pMDI use. It is
everyone’s responsibility to consider if and how they can
take action to help mitigate the detrimental environmental
impact of inhalers and we need to act now.
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