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The term “carbon footprint” describes the emission of greenhouse gases into the environment as a result of human activities. The 
healthcare sector is responsible for 5–8% of the value of global greenhouse gas emissions, of which medical aerosols account 
for only 0.03% of the total emissions. The reduction of greenhouse gases, including those used for the production and use of 
medicinal products and medical devices, is part of the responsibilities that Poland and the respective countries should undertake 
in order to implement the assumptions of international law. At the level of medical law, this obligation correlates with the need to 
exercise due diligence in the process of providing health services, including the selection of low-emission medical products and 
devices (inhalers) and providing patients with information on how to handle used products and devices, with particular emphasis 
on those that imply greenhouse gas emissions. Pressurized metered dose inhalers (pMDI) containing the hydrofluoroalkane 134a 
demonstrate the largest carbon footprint, followed by a metered dose liquid inhaler and dry powder inhalers (DPI). The carbon 
footprint of DPI with a given drug is 13–32 times lower than it is in the case of the corresponding pMDI. Replacement of pMDI 
by DPI is one of the effective methods to reduce the carbon footprint of inhalers, and the replacement should be based on current 
medical knowledge. A recycling system for all types of inhalers must be urgently implemented.
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Introduction

The aim of the publication was to present 
the influence of inhalers used in the treatment of 
respiratory diseases on global warming. For this 
purpose, the literature available in the PubMed 
database was reviewed. Data provided by inhaler 
manufacturers were also used. The following 
parts of the article present the definitions and 
indicators of the carbon footprint, European 

and Polish legal regulations on the reduction 
of greenhouse gases, a short review of inhalers 
and inhalation drugs based on the example of 
the Polish market. Further section presents the 
results of studies on the carbon footprint of 
selected inhalers and methods of reducing the 
negative impact of inhalers on the environment, 
including the problem of replacing pressurized 
metered dose inhaler (pMDI) with dry powder 
inhaler (DPI).
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Basic definitions and indicators 
of the carbon footprint

Term carbon footprint describes the emission 
of greenhouse gases (GHG), that are generated to 
the environment due to human activity [1]. Car-
bon footprint is quantified by the global warming 
potential (GWP), expressed in tones, kilograms or 
grams of the equivalent emitted carbon dioxide 
(CO2): t CO2e, kg CO2e or g CO2e. GWP shows 
how many times the impact of a single t/kg/g of 
a given gas emitted to the atmosphere is higher 
that the greenhouse effect caused by a single t/kg/g 
of CO2. For instance, GWP values for methane 
and hydrofluoroalkane (HFA) 134a are 23 and 
1300 t CO2e, respectively [2]. Accordingly, one 
tone of emitted methane causes the same effect 
as 23 tones of emitted CO2, while one tone of 
HFA 134a — as 1300 tones of emitted CO2. An-
other important indicator of the impact of GHG 
on the natural environment is their atmospheric 
persistence (stability). Methane is stable in the 
atmosphere for 12–15 years, whereas various 
HFAs — above 250 years. The stability of sulfur 
hexafluoride (SF6) in the atmosphere is up to 
3200 years [3]. Among GHGs that are defined as 
natural or anthropogenic components of the atmo-
sphere that absorb and reemit infrared radiation, 
we can find CO2, CH4, N2O and many gases that 
contain fluoride (the F-gases), including: SF6, 
perfluorocarbons (PFCs), chloroflourocarbons 
(CFCs, including freons) and hydrofluorocarbons 
(HFCs, including HFAs). HFCs that are used in 
pressurized metered dose inhalers (pMDIs) are 
mainly HFA 134a and HFA P277 [4]. 

Power industry and transportation are the 
predominant sources of GHGs on the global 

scale, where CO2 forms ¾ of the total emission. 
According to the available data in 2016, the glob-
al emission of CO2 was above 34 bln tones. Dif-
ferent regions and countries have various input 
to this emission. China, USA, India and Russia 
are dominating being responsible for 55% of 
global CO2 emission. Accoring to the same data, 
the input of Poland is only 0.83% of global 
emission of CO2 [5]. It is also known that F-gases 
compose 2% of global GHG emission and they 
are primarily used in cooling and refrigeration, 
AC systems and fire fighting [6]. Only 0.03% of 
total GHG emission is related to medical aerosols 
[7] (Figure 1).

The broadly understood healthcare sector is 
responsible for 5–8% of the global GHG emission 
value [8]. In Germany, 7% of the country’s carbon 
footprint is produced in the health sector [9]. It is 
not known how big this share is in Poland. Among 
the many elements that make up this value, 
inhalers, especially pMDI, occupy a certain pro-
portion. Over 800 million HFA-based pMDIs are 
sold annually worldwide (> 11,500 tones/year), 
resulting in an estimated CO2e of > 13 million 
tonnes [10, 11]. In light of the above, global and 
regional non-governmental organizations and 
governments of several countries have started im-
plementing projects aimed at reducing GHG emis-
sions from the healthcare sector [12]. A policy of 
pro-ecological public procurement is proposed 
and the inclusion of these considerations in the 
decision-making process on purchasing and fi-
nancing medical technologies. Reducing CO2 pro-
duction has become the goal of the sustainable 
development of pharmaceutical companies. In 
a more patient-centered healthcare ecosystem, 
patients are increasingly acting as consumers and 

Figure 1. The share of medical aerosols in the total GHG pool in the world in 2016 [7]. RACHP — Refrigeration, Air-Conditioning, Heat Pomp
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may prefer environmentally friendly products 
(including inhalers) [13].

Review of inhalers and inhalation drugs 
on the example of the Polish market

The inhalation route is the most important 
method to administer majority of drugs used in 
asthma, chronic obstructive pulmonary disease 
(COPD), cystic fibrosis and other acute or chronic 
respiratory diseases [14–16]. Aerosol therapy can 
be carried out with several groups of inhalation 
devices (inhalers), such as: 

—	pressurized metered dose inhaler (pMDI) 
with its variant — a pressurized metered dose 
inhaler — breath actuated — pMDI-BA; 

—	dry powder inhaler (DPI) — a lot of different 
types (generations) of inhalers;

—	metered dose liquid inhaler (MDLI) — one 
inhaler on the market in the country;

—	nebulizers (pneumatic and ultrasonic, in-
cluding mesh nebulizers) — a lot of devices 
that are technically very diverse.
There is huge variation between the respec-

tive countries in the share of inhalers being used. 
For example, in 2011 in Sweden, about 90% of 
inhaled corticosteroids (ICS) were inhaled using 
DPI, while in the UK about 80% were inhaled 
using pMDI [17]. The share of individual types 
of inhalers in the Polish market is shown in 
Figure 2. 

The data contained in the BAZYL Pharma-
ceutical Database, which are partially presented 
in Figure 2, show that a little over 13 million 
pMDI and DPI packages are sold in Poland per 
year. Of these, pMDI accounts for approx. 44%, 
single-dose capsule DPIs for approx. 30%, and 
multi-dose blister and reservoir DPIs for approx. 
26% of this market. The list does not include 
MDLI (Respimat) and nebuliser devices.

Table 1. Availability of inhaled drugs in Poland in the respective types of inhalers (as of 01/01/2021)

Inhaler/Drug ICS LABA ICS + LABA SABA SAMA SABA + SAMA LAMA LABA + LAMA ICS + LABA + LAMA

pMDI + + + + + + – – –

pMDI-BA + – – – – – – – –

DPIs + + + + – – + + +

Nebulizer + + – + + + – – –

DPIs — dry powder inhalers; ICS — inhaled corticosteroid; LABA — long acting beta-2 agonist; LAMA — long acting anti-muscarinic agent; pMDI — pressurized me-
tered dose inhaler; pMDI-BA — pressurized metered dose inhaler-breath actuated; SABA — short acting beta-2 agonist; SAMA — short acting anti-muscarinic agent

Figure 2. Sale of pMDI and DPI inhalers to pharmacies in 12-month periods from 09.2018 to 08.2019 and from 09.2019 to 08.2020 (data from the 
Pharmaceutical Database, IQVIA 08/2020 sell in.). DPI — dry powder inhaler; pMDI — pressurized metered dose inhaler



Advances in Respiratory Medicine 2021, vol. 89, no. 4, pages 427–438

430 www.journals.viamedica.pl

Table 1 presents various inhaled medications 
used in the treatment of asthma or COPD available 
on the Polish market in each type of inhaler, and 
Table 2 presents the drugs registered in Poland 
in each DPI.

The wide variety of DPIs is, on the one hand, 
a good solution for patients and doctors, as it 
allows individual selection of the appropriate 
inhaler. However, on the other hand, it causes 
difficulties in choosing DPI and the need to ed-
ucate medical personnel and patients. Choosing 
the right inhaler for a given patient depends on 
many elements and it is subject to established 
rules depending on the type of the disease (asth-
ma vs COPD vs cystic fibrosis), age of patients 
(children vs adults), and other variables, not only 
clinical [14–19].

European and Polish legislation 
on greenhouse gas reduction

The issues of reducing GHG are regulated 
both under European and Polish law. The pream-
ble to the United Nations Framework Convention 
already States that climate change and its negative 

effects are one of the key problems facing human-
ity [20]. It was noted that the highly developed 
countries have the largest share of global GHG 
emissions. The purpose of this Convention is, in 
accordance with the wording of Article 2 thereof, 
to “achieve (…) stabilization of greenhouse gas 
concentrations in the atmosphere at a level that 
would prevent dangerous anthropogenic interfer-
ence with the climate system (…)” [20]. Another 
important legal step was the Kyoto Protocol of 
11.12.1997, which required 38 developed coun-
tries to reduce GHG emissions [21, 22].

On 12 December 2015 in Paris, at the Confer-
ence of the Parties to the United Nations Frame-
work Convention on Climate change, 195 States 
adopted the text of the new climate agreement, the 
Paris Agreement signed in New York on 22 April 
2016, which became applicable at the beginning 
of 2020, Replacing the Kyoto Protocol [23]. The 
agreement imposes an obligation on individual 
States to take two types of action: To reduce 
CO2 emissions and to extend their absorption, 
inter alia, by increasing forestation. In accordance 
with Article 4 of that Agreement, the reduction of 
CO2 emissions is to be achieved as soon as possi-

Table 2. Medicines registered in Poland in the respective types of DPI (as of 01/10/2020)

Inhaler’s trade name DPI type Medicines available  

Aerolizer® Capsule Budesonide, formoterol

CNG Fantasmino® Capsule Budesonide, fluticasone propionate, formoterol, salmeterol 

CNG Breezhaler®* Capsule Budesonide, mometazon/indacaterol, indacaterol/glycopyrronium, 
mometazon/indacaterol/glycopyrronium

Diskus®* Blister Fluticasone propionate, salbutamol, salmeterol, fluticasone propionate/salmeterol 

Generic Diskus (Aerostar®, G7) Blister Fluticasone propionate/salmeterol 

Easyhaler® Reservoir Budezonid, salbutamol, formoterol, budezonid/formoterol

Ellipta®* Blister Umeclidinium, fluticasone furoate/vilanterol, umeclidinium/vilanterol, 
Umeclidinium/fluticasone furoate/vilanterol

Forspiro® Blister Fluticasone propionate/salmeterol, budezonid/formoterol

Genuair® Reservoir Umeclidinium, Umeclidinium/formoterol

Handihaler® Capsule Tiotropium

Nexthaler® Reservoir Beklometazone/formoterol

Novolizer® Reservoir Budesonide, salbutamol, formoterol

Podhaler® Capsule Tobramycin

Spiromax®* Reservoir** Budesonide/formoterol

Turbuhaler®* Reservoir Budesonide, formoterol, Budesonide/formoterol

Twisthaler® Reservoir Mometasone

Zonda® Capsule Tiotropium

*Inhalers also available in an electronic version (sensor recording the use of an inhaler and/or measuring the inspiratory flow), but currently not available in Poland.
**Spiromax® — multidose, reservoir, III generation.
DPI — dry powder inhaler
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ble. Individual States are required to identify their 
contributions (Intended Nationally Determined 
Contributions) to the fight against climate change 
and to gradually increase it. 

Further legislation relevant to this issue 
concerns the protection of the ozone layer of the 
atmosphere. These include Regulations (EC) No 
1005/2009 of the European Parliament and of the 
Council [24] and No 517/2014 [25]. In view of the 
direct effectiveness of EU regulations, national 
legislation on this issue is complementary and 
implementing to EU law, and is intended pri-
marily to enable the latter to be properly applied. 

National legislation on the protection of the 
ozone layer is in force under the Act of 15 may 
2015 on substances that deplete the ozone layer 
and on certain fluorinated greenhouse gases 
(F-gases) [26]. The provisions of Regulation (EU) 
NO 517/2014 of the European Parliament and of 
the Council on fluorinated greenhouse gases reg-
ulate environmental issues by reducing emissions 
of such gases [27].

The first important international document 
which directly referred to ozone-depleting sub-
stances was the Montreal Protocol of 16 Septem-
ber 1987 [26]. The Protocol was amended by an 
amendment from Kigali of 15 October 2016 [28], 
which was ratified by Poland on the basis of Ar-
ticle 89(1) of the RP Constitution [29]. On 18 De-
cember 2018, the Law of 9 November 2018 on the 
ratification of the amendments to the Montreal 
Protocol [30] entered into force. The first result 
of the adoption of the Kigali amendment is:

1.	 Extension of the list of controlled substanc-
es to 19 HFC substances commonly used as 
substitutes for ozone-depleting substances 
but to be GHG with very high GWP values;

2.	 Introducing a timetable for reducing HFCs, 
which is separate for developed and devel-
oping countries;

3.	 Extension of the obligation to submit annual 
reports on HFC production, import and ex-
port [31];

4.	 Extension of the obligation to license imports 
and exports to HFC;

5.	 Extending the withdrawal of HFCs in de-
veloping countries to the multilateral Fund 
Protocol funding scheme.
According to Article 4 of the Act on the 

professions of doctor and dental practitioner, 
‘a doctor is required to practice the profession, 
as indicated by current medical knowledge, by 
the methods and means available to him to pre-
vent, recognize and treat diseases, in accordance 
with the principles of professional ethics and 

due diligence’ [32]. Due diligence in the treat-
ment process should be understood, inter alia, 
to eliminate activities which involve the risk of 
adverse effects for the person being treated or for 
the general public (even after many years). The 
use of ecological inhalers prevents distant effects 
in the area of climate change, which has a direct 
impact on improving quality of life and health 
protection. An example of a lack of due diligence 
can be the choice and use of medicinal products 
with negative environmental consequences. It 
should be noted that where the patient declares 
that he is only in agreement with the handling of 
non-organic products that are still in circulation, 
the doctor cannot implement a treatment contrary 
to the patient’s will, even if it considers it to be 
the optimal way of medical treatment.

In analysing the context of due diligence in 
the area of GHG reduction, attention should be 
paid, inter alia, to the British Thoracic Society 
guidelines, which stress the importance of select-
ing DPI as an alternative to pMDI, and to inform-
ing patients about the possibility of low-carbon 
inhalation therapy [33]. At the same time, the 
above-mentioned guidelines emphasize the need 
to inform patients that optimizing the use of 
medicinal products involves the use of existing 
products and also the proper segregation of used 
packaging of medicinal products.

The last of the topics discussed is important 
under Polish law. According to it, the packaging 
of used, expired or damaged medicinal products 
or medical devices (including inhalers) should 
be placed in labelled containers, which may be 
placed, inter alia, in publicly available pharma-
cies [34]. In the context of the due diligence to 
which the doctor is responsible, it should be 
noted that it will inevitably be an element of 
informing the patient about the handling of used 
packaging of medicinal products and medical 
devices (including inhalers), which should be 
properly disposed of due to the loss of therapeu-
tic value.

In conclusion, the reduction of greenhouse 
gases, including those used in the manufacture 
and use of medicinal products and medical de-
vices, falls within the scope of the obligations 
which Poland and the individual countries should 
undertake to implement the principles of inter-
national law. At the level of medical law, this 
obligation implies due diligence in the process of 
providing health services, including the selection 
of low-carbon products and products (inhalers), 
and information to patients on how to deal with 
used products and products, with particular 
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attention to those which imply greenhouse gas 
emissions.

Carbon footprint of selected inhalers 

In the analysis of the carbon footprint of 
a given product, including an inhaler, its full “life” 
cycle should be considered — from its production, 
through its use, to the disposal of its waste [35]. 
Comprehensive analysis is possible with the use 
of a special LCA methodology — life cycle anal-
ysis [36, 37]. In order to perform this analysis in 
relation to medical inhalers, complete information 
is required about each stage of the process:

1.	 Manufacturing of the inhaler;
2.	 Manufacturing of the drug contained therein 

(that usually includes a proprietary know-
how);

3.	 Distribution and sales channels as well as 
warehousing of the inhaler;

4.	 Use of the drug; 
5.	 Maintaining hygiene of the inhaler;
6.	 Managing (partial or complete) waste of the 

inhaler and the drug. 
For each of these “life” stages of the inhaler, 

the carbon footprint would have to be determined 
separately in terms of GWP values (e.g., per deliv-
ered dose of the drug or per 100 doses) and then 
summed up. Accurate data on this subject is not 
available for many inhalers, making it difficult to 
reliably quantify and compare inhalation prod-
ucts in terms of their carbon footprint.

The study by Goulet et al. [36] is an example 
of an analysis of the carbon footprint for various 
inhalers. The authors attempted to compare the 
carbon footprint of two types of inhalers: pMDI 
HFA 134a with albuterol 200 µg/dose (Proventil, 
Merk & Co., Inc., Kenilworth, NJ, USA) and the 
DeVillbis Pulmo-Aide continuous pneumatic 
nebulizer (DeVilbiss, Port Washington, NY, USA) 
using the standard dose of 3 mg of albuterol. 
In the case of pMDI, the authors analyzed not 
only the HFA 134a carrier released into the at-
mosphere during drug administration, but also 
other components of the inhaler, including an 
aluminum drug container (canister), dosing 
valve or polypropylene inhaler housing, carrying 
a specific carbon footprint. The pneumatic nebu-
lizer, although it does not emit greenhouse gases 
directly when inhaling the drug, is electrically 
powered, and consists of many metal and plastic 
elements that relate to carbon footprint. Even the 
washing method (by hand or in the dishwasher) 
and the possible sterilization of the nebulization 
chamber also contribute to the carbon footprint. 

The authors cited above showed that the carbon 
footprint of pMDI HFA 134a is two to three times 
higher than the carbon footprint of the nebulizer 
(per dose), the difference is mainly caused by the 
emission of HFA, a gas with a high GWP value. 
In the case of a nebulizer, its carbon footprint is 
significantly influenced by the method of wash-
ing the nebulization chamber and mouthpiece 
— the GWP significantly increases in the case 
of manual washing. The contribution of other 
factors, due to the long time of using the device 
(compressor, nebulization chamber, connecting 
tubes), remains at a very low level. The authors 
omitted the issue of the carbon footprint resulting 
from the management of the used pMDI inhaler 
and the complete nebulizer, and did not consider 
the inhalation filter in the nebulizer. Similarly, 
they considered the contribution of the transport 
of both inhalers to the carbon footprint to be 
insignificant. There are no data available on the 
carbon footprint of mesh nebulizers, although 
theoretical considerations may indicate lower 
GWP values vs pneumatic nebulizers (in-house 
data, unpublished). Another study showed that 
a GWP of Atrovent pMDI HFA 134a is approx. 
14.6 kg CO2e, and a GWP of Berodual™ pMDI HFA 
134a is approx. 16.5 kg CO2e and these values are 
approx. 20 times higher than those obtained for 
drugs administered with MDLI such as Spiriva 
Respimat® or Berodual Respimat® preparations 
– both approx. 0.78 kg of CO2e [38]. In the case 
of MDLI of the Respimat type, depending on the 
number of uses (refillable cartridge), the inhaler 
“produces” between 0.77 and 1.03 kg of CO2 [39]. 
In pMDI, more than 95% of GWP comes from the 
HFA carrier, and the additional effect comes from 
the inhaler itself (approx. 1%), drug formulation, 
and other components (approx. 0.8%), as well as 
from manufacturing and distribution processes 
(< 0.5% ) [38]. This study was methodologically 
correct, as it covered all stages of the “life” of the 
inhalers tested (acquisition and initial processing 
of materials, production, distribution, use and 
disposal of the inhaler — LCA methodology). 
Similar data apply to other drugs with pMDI 
HFA 134a [40]. It is worth recalling that the HFA 
227a propellant contained, for example, in the 
GKSw/LABA Flutiform™ 120 doses, demonstrates 
even higher GWP value — 295 g CO2e per dose 
[41] vs VentolinTM pMDI 134a 200 doses — approx. 
120 g CO2e per dose [42]. Also, the HFA 227a 
contained in pMDI Symbicort™ shows a very 
high GWP value [43]. Both, Flutiform™ pMDI 
and Symbicort™ pMDI, are not available on the 
Polish market.
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The comparisons of pMDI HFA 134a with 
DPI for inhalers available on the Polish market 
are interesting. In a recently published study, 
Janson et al. [44] assessed the total annual carbon 
footprint of pMDI and DPI of Accuhaler (Diskus)™ 
and Ellipta™ types (Table 3).

The presented data show that the combina-
tion of fluticasone propionate with salmeterol in 
DPI results in a carbon footprint 32 times lower 
than in pMDI HFA 134a. On the other hand, 
preparations containing two or three medicinal 
substances in one inhaler resulted in a lower 
carbon footprint than using them in separate in-
halers: by 12.6% for pMDI and by 23.2% for DPI 
[44]. Similar results are found in the publication 
by Wilkinson et al. [40]. 

Slightly different results were presented by 
Panigone et al., who were analyzing some inha-
lation drugs by Chiesi Farmaceutici S.p.A., also 
with the new HFA-152a propellant (drugs with 
this propellant are under study) (Table 4) [45]. It 
presents data on inhalers containing 120 doses and 
providing 200 µg beclometasone dipropionate/6 µg 
formoterol/nominal dose (Foster®) or 100 µg be-
clometasone/6 µg formoterol/12.5 µg glycopyrroni-
um bromide per metered dose (Trimbow®).

The carbon footprint of the NEXThaler type 
DPI is approx. 15 times lower than the corre-
sponding combination in case of pMDI HFA 134a. 

On the other hand, the use of the new HFA 152a 
carrier in pMDI reduces the carbon footprint of 
the assessed preparations by approx. 8 times and 
it is only approx. 2 times higher than it is in case 
of NEXThaler. Recently, data on the Breezhaler® 
capsule type DPI was provided by Novartis AG for 
its combination drugs: indacaterol (IND)/mometa-
sone furoate (MF) and IND/MF/glycopyrronium 
(IND/MF/GLY) [46]. These tests were performed 
in accordance with the recommended standards 
(GHG Protocol). The evaluation covered the entire 
life cycle of the product, including the device, 
active pharmaceutical ingredient (drugs) and 
optional sensor. The carbon footprint comparison 
was carried out for these products in 4 countries: 
France, Germany, the UK and Japan. Data from 
France are shown in Figure 3. For the first time, 
the authors reported the carbon footprint of the 
sensor, an optional electronic device (Propeller 
Health Sensor) facilitating the control of patient 
adherence to prescribed inhalation treatment, 
and registered by the European Medical Agency 
in 2020 for use with DPI Breezhaler [47].

They show that a Breezhaler containing 
IND/MF or ING/MF/GLY without a sensor “pro-
duces” approx. 0.4 kg CO2e and approx. 0.38 kg 
CO2e, respectively, per month of use. However, an 
inhaler with ING/MF/GLY with a sensor produces 
as much as about 0.5 kg of CO2e per month. 

Recently, Orion Pharma reported the carbon 
footprint of the Easyhaler® DPI, and the study 
was performed according to the LCA methodology 
(Table 5) [48 ,49].

Manufacturing process of the device, drug 
substance, lactose carrier, packaging and package 
leaflet for the patient turned out to be the most 
important source of emissions constituting ap-
prox. 60% of the total carbon footprint (CO2e) of 
the product. By comparison, the distribution of 
the inhaler constitutes less than 2% of the total 
carbon footprint. Salbutamol Easyhaler® shows 
the highest carbon footprint associated with its 
production, as it requires more lactose than other 
medicines manufactured by this company.

Table 3.	 Comparison of GWP for frequently used pMDI 
and DPI (own modification according to [44])

Inhalers/drugs GWP kg CO2e/year

pMDI — Ventolin Evohaler® 205

pMDI — Seretide Evohaler® 234

Total 439

DPI — Seretide Accuhaler (Diskus)® 7.3

DPI — Relvar Ellipta® 9.5

Total 16.8

DPI — dry powder inhaler; GWP — global warming potential; pMDI — pres-
surized metered dose inhaler

Table 4. Carbon footprint of selected inhaled drugs by Chiesi Farmaceutici S.p.A. [45]

Inhalers/drugs GWP g CO2e/dose GWP kg CO2e/inhaler

pMDI — Foster® HFA 134a* 
pMDI — Foster® HFA 152a*
pMDI — Trimbow® HFA 134a
pMDI — Trimbow® HFA 152a
DPI — Foster NEXThaler®

118.56
14.50
118.99
14.34
7.64

14.23
1.74
14.28
1.61
0,92

DPI — dry powder inhaler; GWP — global warming potential; pMDI — pressurized metered dose inhaler
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Not all pharmaceutical companies have dis-
closed the carbon footprint of their inhalers. For 
example, there are no data or only estimates for 
such popular DPIs as Turbuhaler® (AstraZene-
ca), Forspiro® (Sandoz AG) or Spiromax® (Teva 
Pharmaceuticals Industries Ltd.). There are also 
no data on inhalation chambers necessary for 
the use of pMDI in children and in some groups 
of adults.

Methods of reducing the negative environmental 
impact of inhalation drugs — a responsible view 
of inhalers in the context of the carbon footprint

Offered inhalers and the method of their 
use (until their disposal) will undoubtedly move 
towards reducing their carbon footprint, as this 
will be enforced by signed obligations and creat-
ed law. Reducing the negative impact of inhalers 
on the environment can be achieved through 
a number of activities that involve inhaler and 
drug manufacturers, the payer, medical staff, and 
the patients themselves. Detailed actions should 
include the following [45, 50, 51]:

1.	 Implementation and strict adherence to an 
effective individual inhalation treatment 
plan (physician, patient);

2.	 Education and continuous verification of 
the correctness of the inhalation technique 
(health educator, physician, nurse, patient);

3.	 Reducing the use of SABA “on demand” in 
all types of inhalers by improving asthma 
and COPD control (physician, patient); 

4.	 Optimal use of the inhalation chamber, usu-
ally associated with the improvement of the 
clinical efficacy of pMDI drugs (physician, 
patient);

5.	 Using inhalers for the last dose and not 
wasting doses by releasing the drug into the 
atmosphere (patient); 

6.	 Introduction of pMDI with new propellants 
with lower GWP values, for example: HFA 
152a (manufacturer, payer, physician);

7.	 Rational replacement of pMDI by DPI or 
MDLI (doctor);

8.	 Reducing the number of inhalers in a given 
patient through the wider use of drugs com-
bined in one inhaler and the introduction of 
new two- or three-component formulations 
(manufacturer, physician, payer);

9.	 Creating DPI and MDLI inhalers with re-
placeable cartridges extending the time of 
using the inhaler (manufacturer); 

10.	Using DPI capsule for a larger number of 
doses, which requires actions that improve 
the inhalers (manufacturer);

11.	Promoting the recycling of all inhalers (man-
ufacturer, pharmacy, patient).

Replacing pMDI with DPI 

Replacing pMDI with DPI is one of the ways 
to reduce the carbon footprint of inhalers, which 
was suggested a few years ago [52]. For example, 
it has been shown that reducing the number of 
pMDIs in favor of DPI in the UK from 70% to 13% 

Figure 3. Carbon footprint in kg of CO2e per month of medication use with DPI Breezhaler [46].
IND — indacaterol maleate; MF — mometasone furoate; GLY — glycopyrronium bromide
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will reduce CO2 emissions by over 550 kt/year [53]. 
However, inhalers are not easily interchangeable 
and the selection of the correct device depends 
on many factors [54]. The best inhaler for a given 
patient should be chosen, following the principle 
of “the right inhaler for a given patient” and not 
“the same inhaler for all patients” [18, 51, 55, 56]. 
Each type of inhaler requires specific instructions 
for use and a new inhaler can be a problem for the 
patient, even if it would be better for some reason 
in the opinion of the doctor. Changing the inhaler 
may lead to a deterioration of the treatment effect 
[57, 58]. However, switching (both to a generic 
inhaler and to another one) in clinically justified 
cases in patients with asthma or COPD may reduce 
exacerbations and improve adherence as well as 
it can be a cheaper treatment [59]. It seems to 
be influenced by various local factors, therefore, 

data from one country (market) and a given type 
of inhaler cannot be uncritically transferred to 
other countries (markets) and inhalers [60]. As 
a general rule, if an obstructive bronchial dis-
ease is well controlled, the inhaler should not be 
changed without good reason. The change of each 
inhalation device should be agreed with the pa-
tient, who should be trained in the use of the new 
inhaler, and the use of the inhaler and inhalation 
technique should be controlled [54, 61, 62]. The 
limitation of the necessary inhaled drugs (regular 
and emergency) to one type of device (pMDI or DPI 
or MDLI or nebulizer), and in the case of DPI — to 
inhalers of the same generation is a significant fa-
cilitation for the patient [63, 64]. Switching drugs 
administered from pMDI to DPI may be associated 
with an increase in direct costs for most large EU 
countries, but not for Poland (Table 6) [65].

Table 5. Components of the carbon footprint level for various drugs in Easyhaler® DPI [49]

Carbon footprint (g CO2e) per inhaler

Components influencing the carbon footprint Salbutamol Fluticasone/Salmeterol Budosonide/Formoterol

Dose size in µg Number of doses 100 200 250/50 60 160/4.5 120 

Raw materials for the production of inhaler components, 
packaging and patient information leaflets

142.3 142.3 142.3

Raw materials needed for drug and carrier production 0.74 1.9 0,50

Transportation of raw materials 11.5 11.50 11.40

Drug and carrier production 314.1 250.4 164.7

Assembling of the finished product 76.4 76.4 76.4

Product distribution 8.5 8.4 8.3

Utilization 72.4 72.4 72.4

Total 664.1 601.8 514.5

Table 6.	 Percent change in costs resulting from the replacement of various drug classes from pMDI to DPI — Poland com-
pared to other European countries, data from European markets with the highest value (65 in-house modification). 

Poland [%] Germany [%] United Kingdom [%] France [%] Italy [%] Spain [%]

SABA 290 147 290 171 277 304

SABA/SAMA —* 205 —* —* —* —*

ICS 80 81 121 101 107 99

LABA 90 92 92 100 99 107

ICS/LABA 93 91 95 97 100 92

ICS/LABA/LAMA —* 155 148 142 161 183

Sum 96 102 107 107 106 104

Market value in mln $ 271 1394 1293 894 685 751

*No equivalent in DPI.
DPI — dry powder inhaler; ICS — inhaled corticosteroid; LABA — long acting beta-2 agonist; LAMA — long acting anti-muscarinic agent; pMDI — pressurized metered 
dose inhaler; SABA — short acting beta-2 agonist; SAMA — short acting anti-muscarinic agent



Advances in Respiratory Medicine 2021, vol. 89, no. 4, pages 427–438

436 www.journals.viamedica.pl

The highest cost of replacing pMDI with DPI 
will relate to SABA, also in Poland (growth by 
290%). In the case of other drug classes in the 
country, lower costs of DPI vs. pMDI can be ex-
pected. There are substitutions in DPI for majority 
of pMDI drugs. Exception in the country includes 
ciclesonide, fenoterol, ipratropium bromide, feno-
terol/ipratropium bromide and beclomethasone/for-
moterol/glycopyronium occurring only in pMDI.

Summary and conclusions

Precise determination of the carbon footprint 
for a given inhaler is not easy, so comparing differ-
ent inhalers in this respect is a major challenge. In 
articular, the variety of DPI and nebulizer designs 
makes it difficult to perform simple comparisons 
of the carbon footprint between different device 
classes. There is not enough data on the carbon 
footprint of nebulizers to form a reliable opinion. 
So far, the assessment of the carbon footprint of 
pMDI inhalation chambers, nebulizer exhaled 
aerosol filters and many electronic devices (sen-
sors) attached to or incorporated into the pMDI 
or DPI has been omitted. There are also no gen-
erally applicable uniform methods for assessing 
the carbon footprint of inhalers. The reduction of 
GHG related to the production and use of inhal-
ers, despite a relatively low share of inhalation 
products in the total GHG emission, is part of 
the obligations that individual countries should 
undertake in order to implement the principles 
of international law. At the level of medical law, 
this obligation correlates with the need to exercise 
due diligence in the process of providing health 
services, including the selection of low-emission 
inhalers and providing patients with information 
on how to deal with inhalers.

Conclusions

1.	 The vast majority of inhalation drugs used in 
the treatment of asthma or COPD available 
in Poland are available in pMDI and DPI.

2.	 pMDI HFA 134a shows the highest carbon 
footprint, followed by MDLI and DPI. There 
is insufficient data on nebulizers to assess 
this group of inhalation devices. 

3.	 The carbon footprint of DPI with a given 
drug is 13–32 times lower than it is in the 
corresponding pMDI.

4.	 It is necessary to disseminate new pMDI 
propellants with low greenhouse potential.

5.	 All types of inhalers should be available, as 
there are numerous groups of patients who 

cannot use DPI (children under 4–6 years of 
age, elderly COPD patients, severe forms of 
COPD/asthma with inspiratory flow < 30 L/
min, in case of the drugs available only in 
pMDI). 

6.	 We recommend caution and the use of cur-
rent medical knowledge when replacing 
pMDI inhalers with DPI in patients with 
asthma or COPD. Changing the inhaler type 
solely on the basis of the dose equivalence 
is not appropriate. 

7.	 There is an urgent need to implement a re-
cycling system for all types of inhalers.
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