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Thinking “Green” When Treating “Pink Puffers” and
“Blue Bloaters”—Reducing Carbon Footprint When
Prescribing Inhalers

Harland T. Holman, MD, Michael J. Bouthillier, PharmD, and Frank M€uller, MD, PhD

The impact of man-made climate change is already affecting millions of people worldwide. The health care
sector in the US is a relevant contributor, accounting for about 8 to 10% of national greenhouse gas emis-
sions. This special communication describes the harmful impact of propellant gases in metered dose
inhalers (MDI) on the climate and summarizes and discusses current knowledge and recommendations
from European countries. Dry powder inhalers (DPI) are a good alternative to MDIs and are available for
all inhaler drug classes recommended in current asthma and COPD guidelines. Changing an MDI to PDI
can significantly reduce carbon footprints. The majority of the US population is willing to do more to pro-
tect the climate. Primary care providers can engage in this by addressing the impacts of drug therapy on cli-
mate change in medical decision making. ( J Am Board Fam Med 2023;00:000–000.)
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Climate change is a serious threat to the founda-
tions of human life, and mitigation of climate
change can be considered the main challenge to
mankind in the 21st century. Human-induced cli-
mate change is already having a major adverse
impact on the health of millions of people world-
wide1. Effective steps to minimize carbon emissions
in all areas of human life, especially in the industri-
alized world, are required to reduce global warm-
ing. Ironically, the health care sector is responsible
for a significant proportion of greenhouse gas emis-
sions. In the US, an estimated 8 to 10% of national
greenhouse gases are emitted by the health care

sector2,3 with production chains for pharmaceuti-
cals being a significant portion. Worldwide, the
pharmaceutical industry emits significantly more
climate-damaging gases than the automotive indus-
try4. Upstream carbon emissions comprise emissions
due to drug research, production processes, and
transport. Downstream carbon emissions occur at the
provider and their patient level and can be reduced
by changes in prescription habits such as avoiding
unnecessary prescriptions and drug product selec-
tion. Preventing illnesses that require drug treat-
ment as well as reducing nonadherence can also
reduce downstream carbon emissions5. A further
step can be taken by providers and patients replac-
ing particularly harmful prescriptions with less
harmful ones. Pharmaceutical companies have
been reluctant to apply measures to reduce their
carbon footprints in the past,6 and governments
and health insurance companies do not regulate
or incentivize the carbon emission reduction of
pharmaceutical companies. Health care pro-
viders can lead the way with changing prescrip-
tion patterns that might add economic pressure
to foster change. A good case in point here can
be asthma and COPD medications.

Propellant gases in metered dose inhalers
(MDI) in particular have been a major source of
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climate-damaging gases in outpatient care. The
USA and Puerto Rico have the highest propor-
tion of inhaler doses delivered by MDIs in the
western world at 88.5% and 90.4%, respec-
tively7. When first introduced, chlorofluorocar-
bons were used as propellant gases, but their use
was banned under the Montreal Protocol 1989
due to their harmful effect on the ozone layer8.
However, the now frequently used hydrofluorocar-
bon-based propellants norflurane and aplaflurane have
a devastating impact on the climate7,9. These propel-
lant gases disintegrate very slowly, and thus allow solar
radiation in the upper atmosphere to penetrate to the

earth’s surface but trapping reflected emissions and
reradiating heat energy back toward the earth.10

A German guideline on climate-friendly prescrip-
tion of asthma medication recently released by the
German College of General Practitioners and
Family Physicians estimated that replacing MDI
with dry powder inhalers reduces the CO2 footprint
of a typical patient by 455kg CO2 for each patient/
year. This reduction is more than changing to a veg-
etarian diet (-440kg CO2) or taking a 1250mile air-
line flight (-210kg CO2).11

Beta2-agonists and inhaled corticosteroids,
the key components of asthma drug treatment

Table 1. Dry Powder, Soft Mist, and Nebulization Solutions Available in the US

Generic Drug Name Brand Names*

Short-Acting Beta2-Agonists (SABA)
Levalbuterol Xopenex and generic (Neb)
Albuterol (Salbutamol) ProAir Digihaler, ProAir RespiClick, and generic (Neb)

Long-Acting Beta2-Agonists (LABA)
Formoterol Perforomist and generic (Neb)
Arformoterol Brovana and generic (Neb)
Salmeterol Serevent Diskus
Olodaterol Striverdi Respimat

Corticosteroids
Budesonide Pulmicort Flexhaler, generic (Neb)
Fluticasone furoate Arnuity Ellipta
Fluticasone propionate Flovent Diskus, ArmonAir Digihaler, RespiClick
Mometasone Asmanex Twisthaler

Combination of Long-Acting Beta2-Agonists 1 Corticosteroid (LABA/ICS)
Salmeterol/fluticasone propionate Advair Diskus, Airduo Digihaler, Wixela Inhub
VilanteroI/fluticasone furoate Breo Ellipta and generic

Short-acting Anticholinergics (SAMA)
lpratropium bromide Atrovent and generic (Neb)

Long-acting Anticholinergics (LAMA)
Aclidinium bromide Tudorza Pressair
Glycopyrronium bromide Lonhala Magnai (Neb)
Revefenacin Yupelri (Neb)
Tiotropium Spiriva HandiHaler, Spiriva Respimat (SMI)
Umeclidinium Incruse Ellipta

Combination Short-Acting Beta2-Agonists 1 Short-acting Anticholinergics (SABA/SAMA)
Albuterol/ipratropium Combivent Respimat (SMI), Duoneb and generic (Neb)

Combination Long-Acting Beta2-Agonists 1 Long-acting Anticholinergics (LABA/LAMA)
Formoterol/aclidinium Duaklir Pressair
Vilanterol/umeclidinium Anoro Ellipta
Olodaterol/tiotropium Stiolto Respimat (SMI)

Triple Combination (LABA/LAMA/ICS)
Fluticasone/umeclidinium/
vilanterol

Trelegy Ellipta

*Products are Dry Powder Inhalation formulations unless otherwise specified.
Abbreviations: SMI, soft mist inhaler, Neb, Nebulization solution.
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guidelines12 are available as dry powder inhalers
(DPI). For treatment of chronic obstructive pul-
monary disease (COPD),13 long-acting anticho-
linergics and combination products are available
as DPIs or soft mist inhalers (SMI). In addition,
some drugs may also be administered using neb-
ulizers (Table 1).

Despite the different application techniques, the
efficacy between MDI and DPI medications is con-
sidered equivalent in current asthma and COPD
guidelines. Some research suggest that drug adher-
ence is higher among asthma patients using DPI
than those using MDI.14 Although the nebulization
of the inhalation powder requires a flow of breath
against a resistance, we could not find any evidence
in the existing literature that this is associated with
a feeling of unease in patients. Regardless of which
inhaler type is preferred, providers should be aware
that errors in inhaler technique are very common15

and associated with reduced symptom control and
increased risk of exacerbations16. This should en-
courage providers to regularly check in with
patients to demonstrate the correct use of the pre-
scribed inhaler. As inadequate skill in the use of
asthma inhalation devices is also frequent among
health care professionals17, external education
resources, for example, YouTube videos showing
the correct use, can be considered. DPI should not
be used in children under 4 years of age with
asthma, as their respiratory volume is not sufficient
to inhale the powder. In such cases, MDIs with
spacers are still recommended18. For patients with
impaired peak inspiration flow rates <60L/min that
can be found in elderly patients or patients with
severe or exacerbated COPD, MDIs, mist inhaler
or nebulized therapy should be considered.19

Although there is a strong case for prescribing
DPIs rather than MDIs for climate change reasons,
implementation of the recommendation should not
be automatic but should take into account patient
preference and willingness and ability to use
DPIs safely. Organizations such as the Arthritis
Foundation provide guidance for medical devices
for patients with physical limitations that can be
used in optimizing product selection. From a prac-
tical point of view, changing an ongoing and effi-
cient inhaler therapy should be well considered,
weighing the pros and cons, and always discussed
with the patient in the context of shared decision-
making. There is scarce research on patient and
health care provider openness to medication

changes in favor of climate protection. Although
generic DPIs are becoming available, potential
barriers might exist for patients involving copay-
ments and insurance prior authorization require-
ments. Importantly, in a recent representative
study 65%20 of Americans agreed with the state-
ment that citizens should do more to address
global warming. This opens a window of oppor-
tunity for including climate change in medical
decision-making and drug therapy changes that
patients may welcome.

Teaching Point of Significant Clinical
Relevance
Two-thirds of the US population agree that citizens
should do more to address global warming.
Currently, used propellant gases in MDIs are a
major source of climate-damaging gases in outpa-
tient care7,9. Changing a patient from an MDI to a
DPI can save greenhouse gas emissions per year
that are equivalent to burning 50 to 60 gallons of
gas each year. For all asthma and COPD guidelines
recommended inhaler drug classes, alternatives to
MDIs are available. Hospitals, health plans, insur-
ance programs all have formulary decision-making
procedures. Individuals can make formal requests
to add agents or to make DPIs costs equal to MDI
or preferred over MDIs. MDI as a delivery method
has, in adult patients with sufficient peak inspiration
flow, no proven advantages over DPI. Where
appropriate, combination products in favor of indi-
vidual drug products (eg, in mild intermittent
asthma Budesonide/Albuterol combination) rather
than rescue and maintenance inhalers can be con-
sidered. Optimize control and maintenance therapy
and patient education can reduce exacerbations and
positively impact the environment.

To see this article online, please go to: http://jabfm.org/content/
00/00/000.full.
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