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ABSTRACT
Background: Inhaler therapy is a cornerstone 
treatment for asthma and chronic obstruc-
tive pulmonary disease. Propellants used in 
pressurized metered-dose inhalers contain 
potent greenhouse gases that contribute to 
climate change. Dry powder inhalers and soft 
mist inhalers do not use propellants and have 
a lower carbon footprint. 

Methods: We conducted a retrospective lon-
gitudinal analysis of community-dispensed 
inhaler prescriptions in the Fraser Health region 
in British Columbia from 2016 to 2021 and 
calculated the resulting carbon footprint. We 
modeled three scenarios for switching inhalers 
to lower-carbon alternatives. 

Results: The average annual carbon footprint 
of inhalers was 8478 tonnes of CO2 equivalent 
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(tCO2e), which was 21.8% of the reported total 
emissions from Fraser Health facilities. Different 
prescribing scenarios for inhalers can eliminate 
1217 to 6607 tCO2e annually.

Conclusions: Encouraging switches to low-
carbon inhalers offers an opportunity to reduce 
health care–associated carbon emissions and 
potentially improve respiratory care. 

Background 
Health care–related carbon emission is a 
significant contributor to climate change; 

it is estimated to constitute 4.6% of the 
global carbon footprint.1 When compared 
with the health care systems of 47 countries, 
the carbon footprint of the Canadian health 
care system is the third highest in the world 
on a per capita basis.2,3 

A group of medications called pres-
surized metered-dose inhalers, which 
are used for managing obstructive lung 
diseases such as asthma and chronic 
obstructive pulmonary disease, have an 
outsized carbon footprint. Because pres-
surized metered-dose inhalers use liquefied 
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eliminate 1217 to 6607 tCO2e annually. 

We modeled three scenarios for switching inhalers 
to lower-carbon alternatives. 
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gases called hydrofluoroalkanes (HFAs) 
as propellants to deliver medication to 
the lungs, they release potent greenhouse 
gases into the atmosphere on actuation 
and if disposed of improperly.4 Pressur-
ized metered-dose inhalers account for 
70% of inhalers prescribed in the United 
Kingdom and up to 4% of its health care 
carbon footprint.5,6

Low-carbon alternatives to pressurized 
metered-dose inhalers are readily avail-
able in Canada. HFA-free dry powder in-
haler and soft mist inhaler formulations 
have similar effects as those of pressurized 
metered-dose inhalers but with reduced 
climate impact.7 

In this study, we reviewed the prescrib-
ing patterns for and calculated the climate 
impact of inhalers available in the Fraser 
Health region. Fraser Health is the most 
populous health region in British Co-
lumbia; it includes 20 communities from 
Burnaby to the Fraser Canyon and has an 
estimated population of 1.9 million.8 We 
also estimated the prevalence of overuse of 
short-acting ß2-agonists, which results in 
significant greenhouse gas emissions and 
can be used independently to predict ad-
verse respiratory health outcomes.9 Finally, 
we modeled three scenarios for reducing 
emissions with altered inhaler prescription 
patterns and discuss their indirect potential 
to improve respiratory care. 

Methods 
Ethics review and approval for this study 
were waived by the Fraser Health Research 
Ethics Board.

Data sources

PharmaNet
All prescriptions dispensed in community 
pharmacies in BC are recorded in the Phar-
maNet system. We requested PharmaNet 
data for Fraser Health region residents from 
1 January 2016 to 31 December 2021 via 
the Health Data Platform BC.10 Dispensed 
inhalers were identified and categorized into 
pressurized metered-dose inhalers or dry 
powder inhalers/soft mist inhalers by their 
drug identification number. Information 

on the date the inhaler was dispensed and 
the age of the individual who received the 
inhaler was obtained. Unique study subject 
identifications were also used. 

Inhaler carbon footprint 
We used the Health Canada Drug Product 
Database to determine the availability of 
inhalers in Canada and obtain their drug 
identification numbers. To calculate the 
carbon footprint of every inhaler available 
in the Fraser Health region, we took the 
following steps: 
1.	 We used the manufacturer’s footprint 

values that were certified by the Carbon 
Trust—a global organization that veri-
fies the carbon footprint data supplied 
by various companies.7 

2.	 When no manufacturer data were pro-
vided, we used values from PrescQIPP, a 
UK organization that generates carbon 
footprint data through a survey sent to 
pharmaceutical companies.11 We en-
sured that the inhalers available in BC 
matched the dose, brand, ingredients, 
and mechanism of administration of 
the equivalent UK products. 

3.	 For the remaining inhalers, we followed 
PrescQIPP’s methods and estimated 
the carbon footprint of pressurized 
metered-dose inhalers by multiplying 
the inhaler’s propellant weight by the 
propellant’s global warming potential. 

Fraser Health carbon footprint
Each year, Fraser Health releases its Cli-
mate Change Accountability Report, 
which summarizes the health authority’s 
measured carbon footprint, including 
buildings (fuel combustion and electricity), 
mobile fleet combustion, and paper.12 The 
total footprint excludes any prescription 
data. We obtained the annual total emis-
sions from Fraser Health for 2016 to 2021. 

Data analyses 
Data cleaning, analysis, and visualization 
were conducted using R (Version 4.1.3) 
on the Health Data Platform BC secure 
virtual desktop environment.

Overuse of short-acting ß2-agonists
We defined the rate of short-acting 
ß2-agonists overuse as the number of in-
dividuals 12 to 40 years of age who were 
dispensed three or more short-acting 
ß2-agonist inhalers in a calendar year, di-
vided by the number of individuals 12 to 
40 years of age who received at least one 
inhaler in the same year. This definition ap-
proximates the definition of overuse in the 
Global Initiative for Asthma guideline.9,13,14

Scenario development
Three scenarios were developed to calculate 
the potential reduction in greenhouse gas 
emissions due to altered patterns of inhaler 
use. In the first scenario, we replaced each 
pressurized metered-dose inhaler that con-
tained higher volumes of propellants with 
pressurized metered-dose inhalers that of-
fered the same or similar medication but 
contained lower volumes of propellant. 
Teva-Salbutamol and Airomir deliver the 
same medication as all other salbutamol 
pressurized metered-dose inhaler prepa-
rations (i.e., Ventolin) but have a reduced 
amount of propellant and thus a lower 
carbon footprint.11 In addition, Zenhale, 
a pressurized metered-dose inhaler that is 
available in BC, uses a type of propellant 
that has a much higher global warming 
potential (HFA-227) than all other avail-
able pressurized metered-dose inhalers 
(HFA-134a).11 In the second scenario, we 
replaced pressurized metered-dose inhal-
ers prescribed to patients 12 years of age 
and older with the available equivalent dry 
powder inhaler formulation that offered the 
same or similar medication at equivalent 
doses. In the third scenario, we followed the 
current evidence-based asthma guideline, 
which calls for patients who are 12 years 
of age and older and have mild and very 
mild asthma to use budesonide-formoterol 
(a dry powder inhaler) solely instead of 
the pressurized metered-dose inhaler 
short-acting ß2-agonists as a rescue in-
haler.13,14 We restricted this replacement 
to those between 12 and 40 years of age to 
prevent the inclusion of older patients with 
chronic obstructive pulmonary disease. The 
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supplementary data (available online) list 
the inhaler switches undertaken in each 
scenario. Inhalers contain varying doses 
depending on the device type and medica-
tion. We used a dose-to-dose substitution 
to model inhaler switches and to calculate 
the carbon footprint reduction. 

Results 
From 2016 to 2021, 70 unique inhaler de-
vices were commonly available in the Fraser 
Health region, primarily for treatment of 
asthma and chronic obstructive pulmonary 
disease: 20 were pressurized metered-dose 
inhalers, 47 were dry powder inhalers, and 
3 were soft mist inhalers. In the Fraser 
Health region between 2016 to 2021, the 
carbon footprint of available pressurized 
metered-dose inhalers ranged from 9720 
to 36 500 gCO2e (grams of carbon dioxide 
equivalent) per inhaler; the range for dry 
powder inhalers/soft mist inhalers is 282 
to 1700 gCO2e per inhaler. 

From 2016 to 2021, more than 3.56 mil-
lion inhalers were prescribed for Fraser 
Health region residents; an average of 
394 094 pressurized metered-dose inhalers 
and 199 536 dry powder inhalers/soft mist 
inhalers were dispensed per year [Table 1]. 
The resulting carbon footprint of inhalers 
was 8478 tCO2e per year, and pressurized 
metered-dose inhalers accounted for more 
than 98% of the footprint [Figure 1]. To put 
this in context, the annual average measured 
emissions from the Fraser Health region, 

Year Number 
of pMDIs*

Number of 
DPIs† and 

SMIs‡

Total carbon footprint
(tCO2e)§

Percentage of footprint 
from pMDIs only 

Fraser Health  
facilities carbon  
footprint (tCO2e)

Percentage of  
Fraser Health facilities  

footprint 

2016 384 700 174 852 8386 98.8 37 143 22.6

2017 395 345 186 152 8883 98.8 40 547 21.9

2018 400 543 194 578 8821 98.6 37 384 23.6

2019 409 073 201 828 8581 98.5 37 529 22.9

2020 420 199 225 421 8738 98.2 39 876 21.9

2021 354 704 214 383 7460 98.0 41 228 18.1

Annual 
average

394 094 199 536 8478 98.5 38 951 21.8

* pMDIs = pressurized metered-dose inhalers;  † DPIs = dry powder inhalers;  ‡ SMIs = soft mist inhalers;  § tCO
2
e = tonnes of CO

2
 equivalent

Table 1. Number and type of inhalers dispensed in the Fraser Health region from 2016 to 2021 and the resulting carbon footprint.

Figure 1. (a) Number of inhalers dispensed and (b) the carbon footprint from dispensed inhalers, 
shown quarterly, from 2016 to 2021, by type of inhaler.

DPI = dry powder inhaler; SMI = soft mist inhaler; pMDI = pressurized metered-dose inhaler
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Figure 2. Estimated carbon emissions in the 
scenarios of altered pattern of inhaler prescription 
compared with current annual emissions. 

The height of the bar is the average annual emission 
estimates; the black lines indicate the range between 
the maximum and the minimum year. 
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which includes 174 buildings with 13 acute 
care hospitals in 2021, over the same 6-year 
period was 38 951 tCO2e.12 

Approximately 4.1% of patients between 
0 and 9 years of age were prescribed at least 
one dry powder inhaler/soft mist inhaler. 
The proportion for patients 50 years of age 
and older increased to 41%, which illustrates 
a trend toward nonpressurized metered-
dose inhaler use in older age groups. An 
average of 12.9% of patients between 12 
and 40 years of age were prescribed three 
or more short-acting ß2-agonist inhalers 
per year during the 6-year period [Table 2].

The three scenarios for altered inhaler 
prescribing patterns resulted in significant 
emission reduction [Figure 2]:
1.	 Switching patients between different for-

mulations of pressurized metered-dose 
inhalers would result in a reduction in 
emissions of 3776 tCO2e (44%) per year. 

2.	 If patients older than 12 years of age 
were prescribed only dry powder in-
halers, a reduction in emissions of 6607 
tCO2e per year, or 78% of annual in-
haler emissions, would be achieved. 

3.	 Switching asthma patients who are be-
tween 12 and 40 years of age from a 
salbutamol pressurized metered-dose 
inhaler to a budesonide/formoterol dry 
powder inhaler would reduce emissions 
by 1217 tCO2e (14%) per year. 

Discussion 
To our knowledge, this is the first study that 
has evaluated the climate impact of inhaler 
therapy in Canada based on prescription 
data. Our results show that pressurized 
metered-dose inhalers alone release ap-
proximately one-fifth of the emissions pro-
duced by Fraser Health facilities. Patients 
were prescribed a far greater proportion 
of pressurized metered-dose inhalers than 
lower-carbon alternatives that have similar 
expected efficacy. A method of reducing the 
inhaler footprint involves switching patients 
to a dry powder inhaler when clinically ap-
propriate, which mirrors prescribing pat-
terns used in Sweden, where only 13% of 
inhalers prescribed are pressurized metered-
dose inhalers.5 

Table 2. Number and percentage of individuals (12 to 40 years of age) who were dispensed short-
acting β2-agonist (SABA) inhalers each year from 2016 to 2021.

Year Number of patients dispensed 
three or more SABA inhalers

Number of patients dispensed 
at least one inhaler Overuse (%) 

2016 4837 37 447 12.9

2017 4809 38 323 12.5

2018 4933 39 056 12.6

2019 4755 41 313 11.5

2020 5317 38 834 13.7

2021 4416 31 080 14.2

Average 4845 37 676 12.9

In addition to their outsized climate 
impact, pressurized metered-dose inhalers 
present various clinical concerns. Subopti-
mal inhaler technique is common with pres-
surized metered-dose inhalers used in the 
outpatient setting.15 Dry powder inhalers 
and soft mist inhalers, if used appropriately, 
can lead to greater medication deposition 
on the airways compared with pressurized 
metered-dose inhalers.16 In addition, due to 
a lack of dose counter on many pressurized 
metered-dose inhalers, patients often have 
trouble determining when their pressurized 
metered-dose inhalers are empty, which 
results in either inappropriate disposal of 
nonempty inhalers or, conversely, the con-
tinued use of empty inhalers.17 Finally, many 
dry powder inhalers and soft mist inhalers 
offer once-a-day dosing, which can reduce 
the respiratory “pill burden” and improve 
adherence.

Among all pressurized metered-dose in-
halers, salbutamol remains the single largest 
source of carbon emissions from the Fraser 
Health region: it generates 5640 tCO2e per 
year, or 67% of the total inhaler footprint. 
Many patients with asthma are common-
ly prescribed salbutamol or short-acting 
ß2-agonists-only treatment, but frequent, 
single-agent salbutamol use is associated 
with poor asthma control and increased 
exacerbations, hospitalization, and death.9 
In our analysis, an annual average of 12.9% 
of patients between 12 and 40 years of age 
in the Fraser Health region are prescribed 
three or more short-acting ß2-agonist 

inhalers each year, an independent risk 
factor for asthma exacerbations leading to 
increased mortality and morbidity.13,14

Although efforts are made to reduce the 
greenhouse gas emissions associated with 
inhalers, patient choice should be central 
to decision-making; changes ought to be 
made only when clinically advantageous. 
Children, older adults, and people with 
disabilities may not have the inspiratory 
flows required to use a dry powder inhal-
er.20 Pressurized metered-dose inhalers have 
unique clinical applications for specific pa-
tient groups. 
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Year Number of patients dispensed 
three or more SABA inhalers

Number of patients dispensed 
at least one inhaler Overuse (%) 

2016 4837 37 447 12.9

2017 4809 38 323 12.5

2018 4933 39 056 12.6

2019 4755 41 313 11.5

2020 5317 38 834 13.7

2021 4416 31 080 14.2

Average 4845 37 676 12.9
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In instances where pressurized metered-
dose inhalers are deemed necessary, lower 
greenhouse gas emission per inhaler actua-
tion could be used in preference to larger 
greenhouse gas emission per actuation. 
Based on our modeling analysis, conversion 
of all patients from high-volume to low-
volume salbutamol pressurized metered-
dose inhalers would theoretically reduce 
emissions by 3776 tCO2e (44%). A new 
propellant (HFA-152a) is currently in phar-
maceutical development; it will reduce the 
carbon footprint of pressurized metered-
dose inhalers by up to 90%, which will be 
equivalent to that of dry powder inhalers.19 
However, it is not yet known when pres-
surized metered-dose inhalers containing 
this propellant type will become clinically 
available.19

Cost must also be addressed when con-
sidering switching inhalers. Some switches 
from pressurized metered-dose inhalers to 
dry powder inhalers/soft mist inhalers are 
associated with a higher per-dose cost. Al-
ternatives to pressurized metered-dose in-
halers may not be readily available in BC 
because they may not be covered under the 
province’s PharmaCare program. However, 
the per-dose cost of pressurized metered-
dose inhalers does not take into account 
the long-term cost of their climate impact 
and the associated health care costs due to 
poor respiratory control. Figure 3 shows the 
common pressurized metered-dose inhalers 
that are available in BC, along with their 
dry powder inhaler/soft mist inhaler coun-
terpart, the PharmaCare coverage status, 
and the approximate cost of each inhaler.

Study limitations
Inhaler dispensing data may not reflect ac-
tual medication use. Patients may store in-
halers for future use; thus, our calculation of 
overuse of short-acting ß2-agonists is likely 
an overestimate. However, our study does 
not account for in-hospital data; thus, the 
inhaler carbon footprint is underestimated. 
Additionally, patients older than 40 years 
of age who had asthma were excluded 
from our analysis of overuse of short- 
acting ß2-agonists. Finally, our scenarios 

for switching inhalers to lower-carbon al-
ternatives are inexact. Our calculation of 
dose-to-dose conversion presumes equiva-
lent efficacy across medications under the 
same class, which could introduce errors. 

Conclusions 
Climate change presents severe health 
consequences for all British Columbians. 
Therefore, there is an urgent need for all 
sectors, including health care, to decarbon-
ize. The propellants used in pressurized 
metered-dose inhalers are potent greenhouse 
gases. With widely available alternatives for 
the management of asthma and chronic ob-
structive pulmonary disease, switching away 
from pressurized metered-dose inhalers with 
high carbon footprints, when appropriate, 
would be a positive step toward a meaning-
ful reduction in greenhouse gas emissions 
by the health care sector. n
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Figure 3. Common inhalers available in British Columbia and their costs. � Adapted from Cascades Canada.
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