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ABSTRACT

Objectives Dry powder inhalers (DPIs) and soft mist inhalers
have a substantially lower global warming potential than
pressurised metered-dose inhalers (pMDIs). To help mitigate
climate change, we assessed the potential emission reduction
in CO, equivalents when replacing pMDIs by non-propellant
inhalers (NPIs) in Dutch respiratory healthcare and estimated
the associated cost.

Design We performed a descriptive analysis of prescription
data from two national databases of two independent
governmental bodies. First, we calculated the number of
patients with chronic obstructive pulmonary disease (COPD)
and asthma that were using inhalation medication (2020).
Second, we calculated the number and total of daily defined
doses of pMDIs and NPIs including DPIs and soft mist inhalers,
as well as the number of dispensed spacers per patient (2020).
Third, we estimated the potential emission reduction in CO,
equivalents if 70% of patients would switch from using pMDIs
to using NPIs. Fourth, we performed a budget impact analysis.
Setting Dutch respiratory healthcare.

Primary and secondary outcome measures The

carbon footprint of current inhalation medication and the
environmental and financial impact of replacing pMDIs with
NPIs.

Results In 2020, 1.4 million patients used inhalers for COPD
or asthma treatment. A total of 364 million defined daily doses
from inhalers were dispensed of which 49.6% were dispensed
through pMDls. We estimated that this could be reduced by
70% which would lead to an annual reduction in greenhouse
gas emission of 63 million kg.CO2 equivalents saving at best
EUR 49.1 million per year.

Conclusions In the Netherlands, substitution of pMDIs to NPIs
for eligible patients is theoretically safe and in accordance with
medical guidelines, while reducing greenhouse gas emission
by 63 million kg.CO2 equivalents on average and saving at
best EUR 49.1 million per year. This study confirms the potential
climate and economic benefit of delivering a more eco-friendly
respiratory care.

INTRODUCTION

Climate change is the greatest global
health threat of our times, inflicting a
range of ill health outcomes including (re)
emerging zoonoses such as COVID-19, non-
communicable diseases and mental health

1,7

STRENGTHS AND LIMITATIONS OF THIS STUDY

= In countries with national administrative databases
on drug use, this type of study quickly provides in-
sight in the current CO, impact and the potential for
improvement in respiratory healthcare.

= This type of study provides insight in the cost/ben-
efit of a large-scale shift from propellant to non-
propellant inhalers.

= This type of study may be used to monitor imple-
mentation strategies to decrease use of propellant
inhalers.

= Given availability and reliability of the data, the
present analysis could easily be replicated else-
where which allows for international comparison
and aggregation.

= Implementation challenges remain underexposed.

disorders.' 2 Paradoxically, the healthcare
industry contributes substantially to global
warming. If global healthcare were a country,
it would rank fifth for greenhouse gas emis-
sions and its environmental footprint is
substantial.®* In the Netherlands, the health-
care sector is responsible for 6%-7% of the
total national CO, equivalents emission.”
Hence, the Dutch healthcare sector could
play a significant role in meeting the national
climate policy goals, thereby preserving plan-
etary health and human health that depends
on it. Public concerns for healthcare and for
the ecological crises rank high in consecu-
tive opinion surveys of the national statistical
office, Statistics Netherlands (CBS).

Among the impactful solutions to deliver
sustainable healthcare is the choice of inhaler
type to deliver medication to the lungs of
patients with asthma, allergies or chronic
obstructive pulmonary disease (COPD).
Pressurised metered-dose inhalers (pMDIs)
contain propellants known as hydrofluorocar-
bons (HFCs), potent F gases that account for
15 megaton CO, equivalents (0.03%) of all
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Box 1

Global warming potential (GWP)

The GWP is the heat absorbed by any greenhouse gas in the atmosphere
compared with the mass of CO,. The GWP of CO, is 1.0. The GWPs of
HFC-134a and HFC-227ea, hydrofluorocarbons used in metered-dose
inhalers, are 1330 and 3220.

greenhouse gas emissions worldwide.” In the European
Union, HFCs will be phased out by two-thirds in 2030
through limiting sale and use of air conditioning and
refrigeration equipment. However, their application in
metered-dose inhalers is exempted from this regulation.’
pMDIs contain either the propellant HFC-134a or HFC-
227ea. Other commonly used inhalers are dry powder
inhalers (DPIs) and soft mist inhalers. For the purpose
of this paper we label these as non-propellant inhalers
(NPIs). These are as safe and effective in most patients
but do not contain greenhouse gases which is why the life
cycle assessment (LCA) of their environmental impact is
substantially lower than those of pMDIs.”

Several studies have assessed the costs and benefits
of switching to medication with a lower global warming
potential (GWP) (see box 1). Wilkinson et al found
considerable reductions in both CO, emissions and phar-
maceutical costs.” Janson ef al recommend that ‘the lower
carbon footprint of DPIs should be considered alongside
other factors when choosing inhaler devices’.’ In their
review, Starup-Hansen et al recommend to update guide-
lines: ‘guidance should consider the potential benefits of
advising DPIs as the device of choice in new diagnoses
of asthma and COPD as well as the benefits of switching
patients currently using pMDIs to DPIs where clinically
appropriate’.'” These recommendations have been
recently adopted in the guidelines ‘Asthma in adults’"!
and ‘COPD’"? of the Dutch College of General Practi-
tioners (NHG). Among other updates, these guidelines
contain the same modest, though historical, reference to
considering the environmental impact of the medicine of
choice for the prescribing physician (see box 2).

To understand the implications of changing from
pMDI to more eco-friendly NPI use for policy, practice
and patients in settings, we build on the cost and carbon
analysis of Wilkinson et al.® In this paper, we calculated the
environmental impact of this change in Dutch primary

Box2 NHG Guidelines ‘Asthma in adults’ (2020) and
‘COPD’ (2021)

One of the criteria in the decision aid for choosing an inhaler device is:
A general objection against metered-dose inhalers is that they contain
a greenhouse gas with a strong environmental impact.

Note: Metered-dose inhalers use hydrofluorocarbon propellants. The F-
gas hydrofluorocarbon does not affect the ozone layer but is a strong
greenhouse gas. The environmental impact of 1 inhalation is 25 times
larger than a dry powder inhalation. Environmental impact of produc-
tion, transport and waste processing (...) have not been included.

and secondary respiratory healthcare and analysed the
associated pharmaceutical and device costs.

METHODS

We performed a four-step data analysis of prescription
data in order to estimate the carbon equivalent footprint
of prescribed inhalers over a l-year period (2020). We
determined how much inhalation medication could be
attributed to the following patient groups: (1) asthma, (2)
COPD, (3) severe COPD and (4) children younger than
7 years of age. Estimations were based on the Genees-
en hulpmiddelen Informatie Project (GIP) database
(Medicines and medical devices Information Project) of
the Dutch National Health Care Institute and the DBC
Informatie Systeem (DIS) database (Diagnosis-Treatment
Combination Information system) of the Dutch Health-
care Authority, both independent government bodies
residing under the Dutch Ministry of Health, Welfare
and Sports. GIP is a representative information system
containing data on the use and cost of prescription
drugs and medical devices."”” DIS contains information
of all treatment trajectories in Dutch medical specialist
care, including pulmonary medicine, mental healthcare,
forensic care and rehabilitation.'* Healthcare providers
are legally required to deliver these data for policy-making
and regulation. Online supplemental file 1 contains the
complete data analysis protocol and additional informa-
tion regarding methodological details, assumptions and
choices made.

First, we calculated the number of patients with asthma
or COPD who used inhalation medication in the Neth-
erlands in 2020 by joining diagnoses codes to inhalation
medication. Second, we calculated the number of defined
daily doses (DDDs) discriminating between pMDIs and
NPIs. Nebulizers were excluded from the analysis since
they do not contain propellants and due to their size and
dependency on electricity, they are not to be considered
an alternative to pMDIs for use by patients at home. We
included the soft mist inhalers in the NPI group, because
they do not contain propellants and may be considered an
alternative to pMDIs. Third, we determined the volume
of pMDIs that could hypothetically be replaced by NPIs
in a safe and medically responsible way. We estimated the
size of this volume in DDDs, according to current medical
guidelines excluding children younger than 7 years of
age and those patients with severe COPD having at least
two exacerbations per year. In our data, the subgroups
‘younger than 7 years’ and ‘severe COPD’ consume 13.6%
of the total medication delivered by pMDI. Hence, if we
would disregard their pMDI use and only replace inhalers
of the remaining patients, we could theoretically achieve
a 86.4% reduction of pMDI use. In these two subgroups
(younger than 7, severe COPD), it is possible to safely
replace pMDIs in inhalation corticosteroid (ICS) main-
tenance therapy for NPIs, without any negative medical
impact. Here, breathing is not hampered during main-
tenance therapy and an immediate effect of ICS is not
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required. We nonetheless choose a more conservative
estimate of change. We used the frequently stated figure
of 10% pMDI use in Sweden as a proxy, assuming Sweden
and the Netherlands are comparable in terms of a variety
of social-epidemiological indicators."”” '® Hence, it is likely
that the latter country could approach Sweden’s level of
NPI prescription to an again more conservative, puta-
tive 15%. From the current level of 49.6% down to 15%
pMDI use equals a 70% reduction, which is considerably
less than the previous 86.4%. Based on our data, we know
how many canisters of each type were prescribed in 2020,
and we applied two conversion tables, one published
by Wilkinson et al® and the other one by Jeswani and
Azapagic.” Since they use different resources for quantifi-
cation we have used a range instead of an average. Finally,
we calculated the kg.CO2 equivalents decrease as a conse-
quence of this substantial 70% reduction in pMDI use.
In the fourth and last step, we calculated if this potential
replacement could be achieved in a cost-neutral way. By
determining both the current costs of medication, spacers
and estimated replacement costs, we calculated the differ-
ence. For the replacement costs, we applied two realistic
scenarios, one is the low-cost scenario in which pMDIs are
replaced by low-cost NPIs. In the second scenario pMDIs
are replaced by average-cost NPIs.

Patient and public involvement
No patients were involved.

RESULTS

In 2020, 1 434 311 patients used inhalation medication in
the Netherlands, and they received a total of 364111907
DDDs (table 1). In addition, 544 544 spacers were admin-
istered to 509650 (pMDI-using) patients meaning that
60% of 856425 pMDI-using patients could use their
inhaler together with a yearly to-be-replaced spacer, as
recommended by Dutch medical guidelines.

After excluding the use of nebulizers, we focused on the
group of 1 429 677 patients using pMDI and/or NPI, who
were prescribed over 359280109 DDDs in 2020 (table 1).
The total amount of medication delivered in 2020 by
pMDI is 178116715 DDDs. We observed that 49.6% of
the medication has been delivered using pMDIs, 50.4%
per NPIs (table 1).

Not all inhalation medication is delivered by both types of
inhalers and can be switched. Long-acting muscarinic antag-
onists (LAMA) and the combination of long-acting beta
agonists with LAMA were only available as NPI, the combi-
nation of short-acting beta agonists (SABA) with short-acting
muscarinic-antagonists was only available as pMDI. SABA—
ICS has not been analysed as it was not prescribed.

The number of patients who could hypothetically
switch safely to NPIs with the same content would be
using 121043039 DDDs, equal to 3543553 canisters.
Here, we may safely assume equal bioavailability of pMDIs
and NPIs, because their DDD differs which corrects for
differences in bioavailability.

Using the Wilkinson’s conversion table with ‘mg HFC
per canister’ delivers a reduction of 66 million kg.CO2
equivalents.® Using the conversion table from Jeswani and
Azapagic yields a reduction of 60 million kg.CO2 equiv-
alents,” the range being 66 028 669-60 142 156kg.CO2
equivalents with an average of 63 085 412 kg.CO2 equiva-
lents corresponding to 47977 kg/HFC, HFC-134a for the
better part (figure 1).

We calculated if shifting to NPIs could be achieved in a
cost-neutral way. We determined both the current costs of
medication and spacers, we estimated replacement costs
and we calculated the difference. For the replacement
costs we applied two realistic scenarios. One is a low-cost
scenario in which pMDIs are replaced by low-cost NPIs. In
the second scenario pMDIs are replaced by average-cost
NPIs in current market share (table 2).

If the percentage of DDDs from pMDI could be
reduced from 49.6% to 15%, this 70% reduction implies
a decrease of 121043043 DDDs which equals EUR 103
502 329 (medication+inhalerscost EUR 90 899 398 plus
the cost of spacers EUR 12 602 931). Replacing this by
low-cost NPIs would incur a cost of EUR 54 419 848 saving
approximately EUR 49.1million annually. The average-
cost scenario would result in EUR 3.7million annual
added expenses.

DISCUSSION

The healthcare sector needs to decrease greenhouse
gas emissions to help mitigate climate change. This
may be viewed as a moral and practical obligation in
times of climate crisis and the global health emergency

Table 1 Inhalation medication in the Netherlands 2020

Inhaler type Number of patients* Number of DDDs % of total DDD use
Pressured metered-dose inhaler (pMDI) 856425 178116715 49.6

Non-propellant inhaler (NPI) 822996 181163394 50.4

Nebulizers (excluded in further analysis) 24178 4831798

pMDI and/or NPI (included) 1429677 359280109 100.0

pMDI and/or NPI and/or nebulizers (total group) 1434311 364111907

*Users may use different types of inhalers at the same time.
DDDs, defined daily doses.
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Figure 1
the Netherlands.

it implies.17 To achieve this, substantiated and medically
safe eco-friendly alternatives are necessary. In this study,
we assessed the hypothetical impact of converting eligible
patients from using pMDIs to using NPIs in the Nether-
lands, both in terms of greenhouse gas emissions and in
cost. With these outcomes we seek to offer insight into
the impact of making this change and to inspire health-
care professionals to act climate responsibly which is
congruent with announcements of professional organi-
sations such as the British Thoracic Society,18 the Euro-
pean Respiratory Society,' the International Society for
Quality in Health Care® and the US National Academy of
Sciences, Engineering, and Medicine.?!

Our results show that a sizeable reduction in green-
house gas emissions is attainable in the Netherlands with
a readily available eco-friendly alternative. The financial
impact of this shift depends on the choice for either a low-
cost option or a more expensive option, but we demon-
strated a cost reduction is feasible. The estimated cost
saving does not include financial calculations of patient
training or potential drawbacks of substitution such as
lower adherence leading to increased GP visits or hospital
admissions.

These results are in accordance with earlier studies
but we were relatively stringent in our eligibility criteria
(which patients are able to change safely) and more selec-
tive as to what brands to include for the financial impact
estimation. Obviously the outcomes refer to Dutch respi-
ratory healthcare, its specific patient population and
medication use.

8922

|

50 60 70 80 90 100

millions of kg CO2-eq
Environmental impact (in kg.CO2 equivalents) of a hypothetical replacement of pressurised metered-dose inhalers in

In estimating the environmental impact of pMDlIs,
we considered their full amount of propellants. We did
not subtract unknown quantities of propellants that may
remain in the canister after use, assuming that sooner
or later 100% of these gases will be released into the
atmosphere. We neither included other environmental
impacts of pMDIs nor NPIs, as would have been done in
a full LCA. LCAs typically include the whole spectrum of
production, packaging, distribution, usage, waste, etc.
However, pMDIs’ global warming effect is mainly caused
by their use (95%-98%), not by the manufacturing
of this class of inhalers.” Though NPIs, as opposed to
pMDIs, generate much lower GWP, LCAs imply other
harmful impacts that eventually should be included in a
comparison such as human toxicity, marine eutrophica-
tion or fossil depletion.7 Like Wilkinson e al, we could
not perform a full LCA due to the lack of reliable LCA
data across all different types of inhalers, spacers, distri-
bution and manufacturing processes. Since the use of
propellants represents a major part of the environmental
impact, we nonetheless believe this provides a good start
for dealing with these issues.®

Our study implies that if medically safe and possible,
choosing the medicine or device with the least environ-
mental impact is imperative in times of global climate
crisis. This is not just about patients’ choice, as may
be suggested by a patient decision aid developed by
NICE (National Institute for Health and Care Excel-
lence).?® It could be considered the prescriber’s task
as well. Therefore, it should be integrated in medical

Table 2 DDD volumes, costs of medication and spacers

pMDI use in 2020, in

Replacement

medication groups: SABA, 70% of pMDI use (part by NPI, in
LABA, ICS, SAMA, LABA- that can theoretically Replacement of pMDI current market
ICS, LABA-SAMA-ICS be safely replaced) by low-cost NPI share
Volume in DDD 172918633 121043043 121043043 121043043
Medication cost €129856283 €90899398 €54419848 €107245032
Cost of spacers €18004 187 €12602931 €0 €0
Total cost €147860470 €103502329 €54419848 €107245032
Impact of replacement €49082481 €3742703
savings increased costs

DDD, defined daily dose; ICS, inhalation corticosteroids; LABA, long-acting beta agonists; LAMA, long-acting muscarinic antagonists;
NPI, non-propellant inhaler; pMDI, pressurised metered-dose inhaler; SABA, short-acting beta agonists; SAMA, short-acting muscarinic

antagonists.
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guidelines and standards as part of healthcare quality
improvement trajectories much like Mortimer et al have
elegantly proposed and practiced.** This should not
affect the established fact that suitable patient training
and monitoring of inhalation techniques are a sine qua
non for effective inhaler use for all a patients, especially
for children.” * In the Netherlands, general practi-
tioners updated their guidelines on the management of
asthma and COPD, and included a recommendation to
consider the environmental impact of the medicine of
choice (see Textbox 2). In view of the health emergency
represented by the climate crisis, we recommend that
pulmonologists also consider to update national and
local guidelines and appreciate the potential benefits of
advising green inhalers as the device of choice in new
diagnostics of asthma and COPD and the benefits of
resetting patients currently using pMDIs to NPIs if safe
and possible. In 2019, Belgian pulmonologists recom-
mended the use of DPIs to lung patients not just because
they can deliver better treatment results for asthma and
COPD but also because they are ‘far less damaging to
the environment than traditional propellant driven
aerosols’.”’

Evidently, the chosen medication should be fitting for
the individual patient. It is beyond the scope of this study
to include all specific circumstances in which patients
cannot use NPIs. Since daily use and emergency use are
quite different, there have been reservations about DPIs
in case of exacerbations especially since both the expira-
tory flow and the inspiratory (‘trapped air’) flow of breath
are obstructed leading to patients’ preference for pMDIs
in such circumstances. In Sweden soft mist inhalers are
recently used more often in such cases because they
require minimal inspiratory power. Wilkinson et al refer-
ring to a data analysis of the NHS Business Services

Authority suggest that in England ‘clinicians believe the
vast majority of patients can use a DPI effectively’.®

Apart from climate and economic benefits, we iden-
tified more advantages of replacing pMDIs with NPIs as
suggested by research and practice (table 3).

The present study does not discuss implementa-
tion questions or possible (dis)advantages of pMDI or
NPI use. We have assumed a 100% implementation to
determine the maximum impact. What level of imple-
mentation can be achieved in healthcare practice is yet
unknown and depends on a range of contextual factors,
for example, does the patient perceive benefits or harm.
But if one could estimate what level of implementation
can be achieved in practice, the actual impact could easily
be calculated with the data from the present paper. It is
certainly useful to address the preferences and prejudices
of patients and professionals and we know that citizens,
patients and professionals are increasingly willing to
choose eco-friendly alternatives but there is no knowl-
edge on this specific shift from pMDIs to NPIs.*** Next
to that, while some practical (dis)advantages of both
pMDIs and NPIs are known, we recommend explaining
these to patients similar to the NICE decision aid as well
as to professionals.” ' For example, most pMDIs do not
have dose counters. While all DPIs have a counter they do
not necessarily prevent using an empty device. Without
a dose counter it may be hard to know how many doses
are left in the device. Unknowingly using empty pMDIs
could lead to avoidable exacerbations or even avoidable
hospital admissions. Unknowingly replacing pMDIs that
still contain medication would incur unnecessary cost.”
Adherence to inhalation instructions may be an issue
when it comes to changing, but this is already an issue,
for example, not every patient with an pMDI uses the
recommended, though bulky, spacer. Also, adherence to

Table 3 Plausible advantages of replacing pMDIs with DPIs

Plausible advantages

References (if present)

Less critical errors are made using DPIs as compared
with pMDls.

Chrystyn H, van der Palen J, Sharma R, Barnes N, Delafont B, Mahajan A, Thomas
M. Device errors in asthma and COPD: systematic literature review and meta-

analysis. NPJ Prim Care Respir Med. 2017 Apr 3;27(1):22.

Sometimes pMDIs are used when empty, which may
lead to poor disease control and less quality of life.

Conner JB, Buck PO. Improving asthma management: the case for mandatory
inclusion of dose counters on all rescue bronchodilators. J Asthma. 2013

Aug;50(6):658-63. doi: 10.3109/02770903.2013.789056. Epub 2013 Apr 29.
Tsangarides A, Wilkinson A, Mir F. Disadvantages of salbutamol pressurised metered-
dose inhalers (pMDIs). Thorax 2018;73:A193-A194.

Some pMDIs are unknowingly considered empty and
are disposed of leading to unnecessary costs.
Following Dutch clinical guidelines, pMDI users should
yearly receive a new spacer. During 2020 however, only
60% of pMDI-using patients received it which implies
suboptimal quality of care.

Changing to DPI may improve guideline adherence
because use of a spacer is not required for DPI.

Use of DPI requires no spacers and consequently does
at least not generate non-reusable plastics.

DPIs, dry powder inhalers; pMDIs, pressurised metered-dose inhalers.

Holt S, Holt A, Weatherall M, Masoli M, Beasley R. Metered-dose inhalers: a need for
dose counters. Respirology (Carlton, Vic.). 2005 Jan;10(1):105-106.
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inhalation medication therapy should be supported and
promoted by repeated inhalation instruction.” Switching
without sufficient instruction may result in uncontrolled,
exacerbations and increased use of healthcare services.
Uniformity of the devices in case of multiple inhaler use
is relevant here. Such questions pertain to responsible
implementation, a subject we address in the follow-up
study, that has already begun.

The pharmaceutical industry meanwhile continues to
develop and study inhalers with lower climate impacts.
And new propellants will enter the market. For patients
who are dependent on pMDIs, this is meaningful. Given
that these developments have not yet entered the market
and knowledge of these is still limited, we will not elabo-
rate on this matter. Research should nonetheless include
more green metrics into their output and outcome param-
eters. This would enable meta-analyses and evidence-
based climate-responsible innovation in healthcare.

CONCLUSIONS

Large-scale replacement of pMDIs with NPIs would have
a substantial climate impact in respiratory healthcare.
In 2020, about 1.4million patients using pMDI and/or
NPI were prescribed over 364million DDDs. The use of
pMDIs is more or less equally prevalent among patients
with COPD and patients with asthma. Half (49.6%) of the
medication has been delivered through pMDIs that have
a relatively high GWP. The percentage of NPI-delivered
inhalation medication that can safely be replaced is esti-
mated to be 70%, resulting in an environmental health
benefit of 63085412 kg.CO2 equivalents on average,
which equals the carbon dioxide emission of just over 8400
Dutch households. This shift could be achieved with low
budgetary risk. In the low-cost scenario it may even lead
to a cost reduction of approximately EUR 49.1 million per
year in Dutch respiratory healthcare. The average-cost
scenario would result in EUR 3.7million annual added
costs while still reducing greenhouse gas emission.
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