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Abstract

Background: Drugs are a major source of greenhouse gas (GHG) emissions from
healthcare systems. Pressurized metered-dose inhalers (pMDIs) have raised concerns
over their environmental impact due to GHG emissions. Evaluations and reduction
strategies for GHGs have been primarily studied in Europe, but not in other regions,
including Japan. Therefore, our objective was to calculate the carbon footprint of in-
halers in Japan and evaluate their reduction scenarios.

Methods: Using the National Database of Health Insurance Claims, our analysis was
conducted on inhaler prescriptions in Japan for the fiscal year of 2019. We calcu-
lated the number of inhalers used, GHG emissions, and total costs. Next, we simulated
the environmental and economic impacts of three reduction scenarios: the first sce-
nario replaced pMDI with dry power inhalers, followed by age-based replacements.
In the last scenario, we replaced pMDI with a propellant with a lower global warming
potential.

Results: All inhaler-related GHG emissions were 202 ktCO,e, of which 90.9% were
attributed to pMDI use. Scenario analysis demonstrated that replacing 10% pMDI
with DPI would reduce emissions by 6.7%, with a relatively modest increase in cost;
substituting 10% of pMDI used by adults (excluding children and older adults) with
alternative inhalers would reduce emissions by 6.1%, with a 0.7% increase in cost; and,
replacing 10% of pMDI propellants with lower global warming potential would reduce
emissions by 9.3%.

Conclusions: Selecting appropriate inhalers can mitigate GHG emissions in Japan, but
its impact will be less than in other countries. Nevertheless, collaborative efforts be-
tween physicians, patients, and pharmaceutical companies are necessary to reduce

GHG emissions.
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1 | INTRODUCTION

Global warming is a serious and urgent environmental problem.1
Greenhouse gases (GHGs), such as carbon dioxide (CO,), methane,
and chlorofluorocarbons (CFCs), which increase because of human
activities, mainly contribute to global warming. In response to this
challenge, the United Nations Framework Convention on Climate
Change (UNFCCC) serves as the overarching global framework for
addressing climate change.2 At COP21 in 2015, the Paris Agreement
was adopted as a successor to the Kyoto Protocol, setting the goal of
limiting the global temperature increase to 1.5°C or less, well below
the 2°C threshold established in relation to preindustrial levels. To
achieve this objective, a number of countries, as well as Japan, have
announced plans to achieve virtually zero CO, emissions by 2050.8
Although the reduction of fossil fuels and introduction of renewable
energy are major policies in Japan, low-carbon strategies in all indus-
tries are essential for achieving this goal.

In recent years, the relationship between healthcare and global
warming has attracted significant attention. Global warming not
only causes direct health hazards through an increase in heat-related
illnesses, but also has indirect adverse effects on the human body
through anincrease in heart disease, epidemics of tropical infectious
diseases, and deteriorating mental health.*®> Healthcare's environ-
mental impact is also significant. Nansai et al. calculated healthcare-
related carbon footprint in Japan to be 62 MtCO,e in 2011, which
is equivalent to 4.6% of Japan's total carbon footprint.® In other de-
veloped countries, healthcare-related GHG emissions are approxi-
mately 5%-10% of the national GHG emissions.””? Although global
warming must be addressed to promote human health, the health-
care system itself is a major source of GHG emissions.

Greenhouse gas emissions from healthcare stem from various
sources and can be mitigated through various reduction strategies.
In 2011, the carbon footprint of the Japanese healthcare industry
was primarily attributed to healthcare services, such as inpatient
and outpatient care, and pharmacy services, accounting for 66.4%
of emissions.> Among healthcare services, the largest contributor
was pharmaceutical procurement (27%). Other contributors in-
cluded electricity consumption, transportation, and waste disposal.
To achieve net zero healthcare-related emissions in 2050, the US
Agency for Healthcare Research and Quality has published a guide
containing recommended measures and interventions to reduce the
carbon footprint of healthcare.'® These measures include enhancing
energy efficiency, implementing sustainable transportation systems,
managing the supply chain, and managing anesthetics. Among these,
reducing the percentage of pressurized metered-dose inhalers
(pMDI) prescriptions among all inhalers was identified as the high-
est priority measure for reducing GHG emissions associated with
medications.

The use of portable inhalers in patients with asthma and
chronic obstructive pulmonary disease (COPD) has one of the
greatest impacts on global warming.“'12 There are two main

types of inhalers: dry powder inhalers (DPI) and pMDI. Of these,

pMDlIs contain CFC substitutes as propellants, which are harmful
to the environment, whereas DPl is propellant-free. Currently pre-
scribed pMDls include 1,1,1,2-tetrafluoroethane (HFA-134a) or
1,1,1,2,3,3-heptafluoropropane (HFA-227ea). The percentage of
pMDI and DPI use varies by country. In 2019, the United Kingdom
used more pMDI at 69.6%, but the average was approximately
30%-40%.1% It is estimated that 3.9% of the UK health service's
carbon footprint is due to the use of pMDIs.** In the United States,
the reported usage of pMDI in 2018 was approximately 75%.10
One advantage of pMDIs over DPIs is that they require less in-
spiration force. Thus, pMDIs may be more desirable for children
and older adults with decreased inspiratory flow.*>¢ Elderly in-
dividuals, particularly those over 70, have a marked decrease in
inhaler technique and knowledge.!” Despite the relatively small
contribution of pMDI usage to GHG emissions (0.03%), the sub-
stantial proportion of emissions within the healthcare sector
highlights the potential for reduction.'® For instance, in 2019, the
National Health Service in the United Kingdom proposed a target
to decrease inhaler-related GHG emissions by 50% within the next
decade.”’

Several studies have examined strategies to reduce the GHG
emissions associated with pMDIs and evaluated their environmental
and economic impacts. The first strategy is to replace pMDI with
a nonpMDI (NPI). Wilkinson et al. estimated that for every 10%
replacement, 58 ktCO,e could be saved.?® Forced replacement of
inhalers throughout a country could lead to up to 76%-84% reduc-
tion in pMDI-related GHG emissions.*>2%2! The second strategy
is to replace pMDI propellant with an eco-friendly one. HFA134a
and HFA227ea, currently in use, have high global warming poten-
tials (GWP) of 1300 and 3350, respectively. Recently, a pMDI device
that uses HFA152a (GWP of 138), has been developed.11 Pernigotti
et al. estimated that this replacement would result in a 65%-71%
reduction.’® The third strategy is to optimize the use of SABAs. Their
overuse is associated with worse asthma outcomes.?? These devices
are often pMDls; therefore, reducing the use of SABAs may improve
patient outcomes and reduce GHG emissions.

This study aims to examine GHG emissions associated with
inhaler use in Japan and assess potential reduction strategies.
Despite the limited studies in Japan, we aim to fill this gap using
data from The National Database of Health Insurance Claims and
Specific Health Checkups of Japan (NDB) Open Data. This study
will calculate inhaler usage and associated GHG emissions in Japan
and evaluate the environmental and economic implications of var-
ious reduction scenarios, including the replacement of pMDI with
DPI, selective replacement of DPI only for adults who can use
them appropriately, and implementation of the most eco-friendly
pMDI. This study is novel in its utilization of age-specific usage
data, which has not been evaluated in prior research. These re-
sults will provide valuable insights for the Japanese and worldwide
government and medical professionals to understand the potential
impact and the most efficient methods of reducing GHG emissions

from inhalers.
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2 | METHOD

2.1 | Study design and data source
This was a nationwide, cross-sectional study. The NDB, developed
by the Ministry of Health, Labour and Welfare (MHLW), provides
reliable data on drug prescriptions in Japan. MHLW also published
NDB Open Data Japan, which contains fundamental spreadsheets
and are easily accessible to the public. In this study, all inhaler use
data were obtained from the 6th NDB Open Data Japan.23 This da-
tabase included medical claims for almost all populations in Japan
for fiscal year (FY) 2019. Data on medications included drug names,
codes, prices, and the number of prescriptions. The database also
provided prescription numbers by age group and prefecture. No
data were provided for prescriptions below 1000. Data on the top
100 drugs by class were published. We excluded data on topical and
nebulizer medications to collect only portable inhaler data.
Additional information on inhalers was obtained from the on-
line published package inserts. All inhalers were separated into
the following classes: SABAs, short-acting muscarinic antagonists
(SAMASs), inhaled corticosteroids (ICS), long-acting beta2-agonists
(LABAsS), long-acting muscarinic antagonists (LAMAs), ICS +LABAs,
ICS+LAMASs, LABAs + LAMAs, and ICS+LABAs + LAMAs. The
device types were divided into pMDls, DPIs, and soft mist inhalers
(SMs). Because GHG is used only for pMDIs, DPIs and SMIs were
placed in the same category as NPlIs in this study. We further identi-
fied the propellants used in pMDls (only HFA-134a and HFA-227ea
were used in Japan).

2.2 | |Inhaleruse

The 6th NDB Open database provided data on the total number of
prescriptions for all inhalers. However, for DPIs that use two de-
vices (Breezhaler® and Handihaler®), the number of capsules pre-
scribed were provided. In addition, the use of Rotadisk® inhalers
was defined as the number of blisters prescribed. Most inhalers are
designed to be consumed as one device per month. Therefore, con-
sidering the percentage of inhaler use, the total number of capsules
or blisters divided by the standard number of puffs for 28 days was
used as the equivalent number of inhaler prescriptions for these
DPIs. In addition, SABAs were considered a separate category to ex-

amine the percentage of use.

2.3 | Carbon footprint analysis

The carbon footprint of an inhaler is the amount of CO, equivalent
(COze) of all GHG emissions associated with its manufacture, distri-
bution, use, and disposal.'® Data on the carbon footprint per inhaler
or per inhalation for all inhalers were obtained from previous stud-
ies and nonprofit public information.®2%2% Although we requested
that pharmaceutical companies provide missing information, some
data were unavailable. Missing data were estimated by referring to

data on similar drugs. In the estimation of the missing pMDI data, we
referred to their carbon footprint using the same HFA. The carbon
footprint data of inhalers are presented in Appendix S1.

More than 95% of pMDI carbon footprint was attributable to the
HFA propellant in during use.’® By contrast, the carbon footprint of
NPIs was largely unrelated to the use. Considering these character-
istics, we mainly used the carbon footprint per inhaler for NPIs and
the carbon footprint per puff for pMDIs when calculating total GHG
emissions. The exception was NPIs that use capsules and blisters,

for which the carbon footprint per puff was used in the calculation.

2.4 | Economic analysis

Drug prices per inhaler were included in the dataset, and inhaler-
related costs were calculated by multiplying them by the total num-
ber of prescriptions. In DPIs with capsules or blisters, drug prices
were calculated by multiplying the drug price per capsule or blister
by the total prescribed number.

2.5 | Scenario analysis
We simulated the environmental and economic impacts of three

possible scenarios to reduce the carbon footprint of inhalers.

2.5.1 | Scenario 1: Forced replacement

This scenario examined the impact of replacing pMDIs with DPIs
for inhaler types. In Japan, pMDIs are commonly used in six drug
classes: ICS, SABAs, SAMA, ICS+LABA, LABA+LAMA, and
ICS+LABA+LAMA. Of the NPIs, SMI is used primarily for LABAs
and LABA+LAMA and is a limited candidate to replace pMDI.
Therefore, we replaced pMDI with DPI in this scenario. In addition,
SAMA was removed from this replacement analysis because only
pMDI is commercially available.

To assess the environmental impact, we calculated the total
GHG emissions assuming 10% of pMDIs were replaced by DPIs. In
the replacement, the carbon footprint per DPI inhaler was calculated
to be 0.8kg CO,e. Because the carbon footprint of DPI is almost the
same regardless of drug class, this value was applied consistently to
all pMDI replacements.

We then evaluate the economic impact of replacement. As noted
above, pMDIs were used in six drug classes. Cost calculations were
performed using the price of the most prescribed DPI for each drug
class. The details of these drugs are provided in Appendix S1

2.5.2 | Scenario 2: Age-adjustment replacement

In scenario 1, we replaced pMDIs with DPIs, but preferred agents
also depend on patient age. Children generally prefer pMDls; ex-
isting data show a high rate of pMDI use in the pediatric group.17
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Among older adults, the preferred device was determined by their
disability.'® For example, DPIs are not preferred by patients with re-
duced maximal inspiratory volume, whereas pMDIs are not preferred
by those with reduced manual dexterity. Therefore, in Scenario 2 we
only replaced 10% of pMDIs with DPIs for adults aged between 15
to 74years while retaining the original inhalation devices for chil-
dren and older adults. The same calculation methods were used as

in Scenario 1.

2.5.3 | Scenario 3: Replacement with low-
GWP pMDI

The newly developed HFA propellant, HFA-152a, has a significantly
reduced GWP of 138, which is 11% of the GWP of HFA-134a and 4%
of that of HFA-227ea.’™*® This scenario assumed that 10% of pMDls
using propellants currently used were replaced with pMDIs using
HFA-152a. Calculations were made assuming that GHG emissions
from inhalers using HFA-134a were reduced by up to 11%, and GHG
emissions from inhalers using HFA-227ea were reduced by up to 4%.
As inhalers utilizing this propellant are not currently commercially

available, an economic analysis was not performed for this scenario.

2.6 | Statistical analysis

This study was mainly descriptive and, therefore, did not contain any
statistical hypotheses to analyze. First, we described the percentage
of inhaler use and total costs. We then calculated the inhaler-related
GHG emissions and summarized them by drug class. The calculations
were repeated for each age group and prefecture. The scenarios
were calculated as described above. A graphical summary of the cal-

culation methodology is presented in the Appendix S1.

3 | RESULTS

3.1 | Currentinhaler uses

Among all inhalers prescribed in Japan in FY2019, pMDIs accounted
for 22.6% of them, whereas NPIs accounted for 77.4% (69.5% DPIs,
7.9% SMI; Table 1). The total cost of inhaler use was 159 billion yen,
of which DPIs, pMDls, and SMIs were responsible for 73.9%, 15.0%,
and 11.1%, respectively.

3.2 | Carbon footprint calculation

GHG emissions from inhalers totaled 202.6 ktCO,e, of which 90.9%
(184 ktCO,e) were attributed to the use of pMDls (Table 1). By drug
class, ICS+ LABA accounted for 53.5%, SABAs for 37.6%, and ICSs
for 7.7%; these drug classes were responsible for most emissions.

3.3 | Differences in inhaler use by
age and prefecture

The number of inhalers used, costs, and GHG emissions by age group
are shown in Figure 1. Children under 15years of age used 4.5% of
all inhalers, of which 44.6% were pMDls. In other age groups, pMDI
use ranged from 14.6%-26%. SMI use was high among older adults
(60years and above), accounting for 88.8% of total SMI use. The
age group with the highest GHG emissions from inhaler use was the
44-59 age group (24.4%), followed by the 60-74 (23.8%), and 75-90
(20.5%) age groups.

Appendix S1 presents the utilization of inhalers, associated costs,
and GHG emissions by prefecture. The national average percentage
of pMDIs among all inhalers was 20.7%. The prefectures with the
highest percentage of pMDI utilization were Tokushima (26.5%),
Hyogo (25.8%), and Fukuoka (25.4%), while the prefectures with the
lowest were Yamanashi (13.0%), Tottori (15.4%), and Ilwate (15.8%).

3.4 | Scenario analysis

3.4.1 | Scenario 1: Forced replacement

This scenario evaluated the impact of replacing the inhaler type from
a pMDI to a DPI. In terms of environmental impact, replacing 10%
of the pMDls prescribed in Japan in FY2019 with DPIs would reduce
their GHG emissions by 6.7% (12.4 ktCO,e). The economic impact of
switching from a 10% pMDI to DPI was small, with a 1.4% increase
in total drug cost (2.2 billion yen).

3.4.2 | Scenario 2: Age-adjustment replacement
The environmental impact of switching from pMDIs to DPIs for adult
patients aged 15-74 years was evaluated in this scenario. We found

that replacing 10% of pMDIs with DPIs in this age group would

TABLE 1 Descriptive summaries of inhaler usage in Japan in fiscal year 2019.

pMDI
7.5 million (22.6%)
184.0 (90.9%)

24.0 billion (15.0%)

Prescribed inhalers
Greenhouse gas emission (ktCO,e)

Cost (yen)

DPI

18.5 (9.1%)

SMI Total

23.1 million (69.5%) 2.6 million (7.9%) 33.1 million
0.0 (0.0%) 202.6

117.9 billion (73.9%) 17.7 billion (11.1%) 160.0 billion

Abbreviations: DPI, dry powder inhaler; pMDI, pressurized metered-dose inhaler; SMI, soft mist inhaler.
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FIGURE 1 Descriptive summaries Inhaler Use (million uses)
of inhaler usage by age group. pMDI,
pressurized metered-dose inhaler; DPI,

dry powder inhaler; SMI, soft mist inhaler. ~90
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reduce GHG emissions by 8.7%, reducing all GHG emissions by 6.1%.
Considering the fiscal impact, switching to DPIs would increase in-
haler costs for adults by 1.1%, resulting in an overall increase of
0.7%.

3.4.3 | Scenario 3: Replacement to low-GWP pMDI

A hypothetical scenario was constructed wherein 10% of pMDls utiliz-
ing current propellants were replaced with pMDIs using newly devel-
oped low WGP formulation, HFA-152a propellants. The results of this
scenario indicate a 9.3% reduction in GHG emissions associated with
the use of pMDlIs. When considering the overall GHG emissions from

all inhaler formulations, GHG emissions would be reduced by 8.4%.

4 | DISCUSSION

In this study, we assessed nearly all prescribed inhalers in Japan in
FY2019 using the 6th NDB Open database. The inhaler-related GHG
emissions were 202 ktCO,e per year. Although used in only 22.6%
of inhalers, most of the emissions (90.9%) were derived from pMDls.
An age-specific analysis revealed that a greater proportion of chil-
dren were prescribed pMDls (44.6%); however, there was a slight
variation in utilization by prefecture. For each replacement of pMDI
with 10% DPI, emissions could be reduced by 6.7%, with limited eco-
nomic impact. Replacing 10% pMDI among adults would result in an
overall emission reduction of 6.1%. If 10% of pMDI propellants were
replaced with a novel low-GWP propellant, the emissions would be
markedly reduced by 9.3%. This study provides essential data to pro-
mote the environmentally appropriate use of inhalers in Japan and
can serve as a starting point for future research.

The study estimated inhaler-related GHG emissions in Japan in
FY2019 to be 202 ktCO,e, which is relatively small compared to
European countries, even when accounting for population differ-
ences. In 2019, Pernigotti et al. found domestic emissions for the
United Kingdom, France, and Germany to be 1300 ktCO,e, 520 kt-
CO,e, and 450 ktCO.e, respectively.13 The difference in emissions
can be attributed to Japan's low use of pMDI (22.6%); in Europe it is
approximately 40%-50%, and in the United Kingdom, it is close to
70%. In addition, while SABAs are the main source of pMDI emissions
in Europe, in Japan the share is lower at 37.6%, with ICS+LABAs
(53.5%) instead being the largest source. These differences influ-
ence strategies for reducing inhaler-related GHG emissions in Japan.

In the scenario analysis, changing 10% of pMDIs to DPIs with
the highest prescription volume for each drug class resulted in a
6.7% GHG reduction (12.4 ktCO,e), while increasing costs by 1.3%
(2.2 billion yen). According to the UK estimates, a 10% replacement
would result in a 9.1% GHG reduction.?® Pernigotti et al. made sim-
ilar estimates for five EU countries and reported that 80% replace-
ment would result in 68% GHG reduction.®® In Japan, the reduction
effect of replacement is relatively small, probably because the ratio
of pMDI prescriptions is lower than that in these countries. The

economic impact of replacement has also been investigated in the
United Kingdom and the Netherlands, and it appears that a change
to lower-cost DPIs can result in cost reductions, while a conventional
change would lead to an increase in cost.2%?1 |n this study, it appears
that a change to a DPI with a higher prescribing volume would lead
to only a slight cost increase.

Age-specific analysis was a unique aspect of this study. The de-
vice selection among children and older adults differs from that in
adults. In children, the use of pMDIs was relatively high at 44.6%,
which is also true in other studies. The use of DPI formulations is
more difficult in childhood due to their lower inhalation capacity, and
pMDils are generally preferred. As SMls are only available in LAMA
and LABA+LAMA, they are mostly used in older patients with COPD.
The change from pMDI LAMA to SMI LAMA is favorable because
SMlI is a device with very low GHG emissions. In addition, in older
adults with reduced physical function, DPI is difficult to use when
inhalation force is reduced, and pMDI is difficult to use when hand
dexterity is reduced.’® Therefore, the simple replacement of pMDIs
with DPIs is not a realistic option for both children and older adults,
and different methods of reducing GHGs should be encouraged.

This study estimated the inhaler-related GHG emissions in
Japan to be 202 ktCO,e., which correspond to 2.4% of the total
GHG emissions from all drug prescriptions.® This GHG emission
cannot be ignored, and its reduction should be encouraged. Table 2
lists the possible strategies for reducing inhaler use in Japan. For
clinicians and patients, the crucial factor is to take into account
environmental considerations when selecting an inhaler device.
Inhaler device selection is typically based on factors such as effi-
cacy, cost, and personal preference.?® Physicians should educate
patients on the environmental impact of inhaler devices and dis-
cuss the potential for choosing environmentally friendly options.
In this context, the effect of inhaler replacement on patient out-
comes is a critical aspect that requires consideration. Nonetheless,
this study could not assess this aspect due to the limitations of the
NDB Open Data, which does not include patient-specific informa-
tion. A post-hoc analysis of a randomized controlled trial on adults
showed that switching from ICS/LABA pMDIs to DPIs improved
asthma control in those who switched compared to those who re-
mained on pMDIs.26 Considering the substantial GHG emissions
from ICS/LABA pMDIs in Japan, it may be both safe and effective
to replace ICS/LABA. However, replacing inhalers may be chal-
lenging for children and the elderly. Therefore, the simulation in
this study focuses on reducing GHG emissions in adult cases, re-
sulting in a 6.1% reduction compared to the 6.7% reduction from
replacing all ages. Hence, it may be beneficial to initially focus on
reducing GHG emissions in adult cases. Cost is also a concern, but
the increase in cost may be minimal depending on the chosen de-
vice. Pharmacists can also facilitate the selection of appropriate
inhalers. Pharmacists routinely educate patients on the use of in-
halers and have sufficient time to provide information to patients
regarding eco-friendly inhaler selection. Pharmaceutical compa-
nies play a major role in reducing GHG emissions. Changing the
propellant used in pMDIs would make the greatest impact. GHG
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TABLE 2 Strategies to reduce greenhouse gas emissions from inhaler in Japan.

Strategy Key stakeholder Effect Potential reduction Feasibility Additional comment
Switch from Physician, Patient, Avoid use All age: 6.7% All age: Moderate Difficult for children and the elderly
pMDI to Pharmacist of HFA reduction with Adults: High
NPI (DPI propellants 10% replacement
or SMI) Adults: 6.1%
reduction with
10% replacement
Switch from Pharmaceutical Avoid use of 61% reduction per Moderate HFA-227ea is used in top share SABA
HFA- company high GWP pMDI inhaler
227ea propellants
pMDI to
HFA-134a
pMDI
Change Pharmaceutical Utilize HFAs 9.1% reduction with Low Not commercially available
propellant company with 10% replacement
of pMDI to significantly
HFA-152a lower GWP
Reduction of Physician Reduce use of Unknown Moderate SABA overuse worsens asthma
SABA use SABA pMDI outcomes
Recycle and Physician, Patient, Reduce Depends on the Moderate No recycle program available in Japan
Reuse Pharmacist, disposal of recycling rate of
Pharmaceutical propellants the inhaler and
company the quantity of

residual propellant

(25%-50%)1%2°

Note: This table illustrates possible strategies for reducing inhaler-associated GHG emissions in Japan. The strategies and their effects have been
derived from the simulation outcomes of the present investigation and prior studies.

Abbreviations: DPI, dry powder inhaler; HFA, hydrofluoroalkane; pMDI, pressurized metered-dose inhaler; SABA, short-acting beta agonist; SMI, soft

mist inhaler.

emissions from pMDIs could be significantly reduced if devices
are developed using the new propellant, HFA-152a. Furthermore,
most Japanese pharmaceutical companies do not disclose their
carbon footprint data for the inhalers they market. This informa-
tion should be actively released to enable clinicians and patients
to make appropriate choices.

This study had several limitations. First, carbon footprint data
for every drug in this study were not available in detail, and some
of the calculations were based on assumptions. Furthermore, the
carbon footprint data for inhalers was calculated in other countries,
and variations in the calculation may occur in different countries.
Second, the feasibility of these scenarios has not been verified. We
do not know how much of an effort it would require for clinicians
and pharmaceutical companies to replace pMDI to DPI in the real
world, and this needs to be investigated in the future. Third, there
are other strategies to reduce GHGs emissions from inhalers. These
strategies include changing HFA-227ea inhalers to HFA-134a inhal-
ers, reducing the use of SABAs, and promoting inhaler recycling.

5 | CONCLUSION

Although the GHG emissions associated with inhalers in Japan are
relatively low compared to those in other European countries, there
remains considerable potential for reduction. Collaborative efforts

among healthcare providers, patients, and pharmaceutical compa-
nies are required to care for patients with asthma and COPD in an

environmentally responsible manner.
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