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ABSTRACT

Introduction: Faced with the challenges of cli-
mate change, countries are seeking to decar-
bonise their economies. A greater
understanding of what comprises the carbon
footprint of care in healthcare systems will
identify potential strategies for reduction of
greenhouse gas (GHG) emissions. In respiratory

care, the focus has been on preventer inhalers,
thereby omitting contributions from other
aspects such as healthcare resource utilisation
(HCRU) and reliever inhaler use. The health-
CARe-Based envirONmental cost of treatment
(CARBON) programme aims to provide a
broader understanding of the carbon footprint
associated with respiratory care.
Methods: CARBON will quantify the carbon
footprint of medications and HCRU among
approximately 2.5 million patients with respi-
ratory diseases from seven ongoing studies
spanning more than 40 countries. Across stud-
ies, to obtain the carbon footprint of all inhaled,
oral, and injectable medications, SimaPro life
cycle assessment software modelling resource
and energy consumption data, in addition to
Ecoinvent� data sets and certified published
studies, will be used. The carbon footprint of
HCRU in the United Kingdom will be estimated
by applying the methodology and data
obtained from the Sustainable Healthcare
Coalition Care Pathway Guidance.
Planned Outcomes: In asthma, CARBON stud-
ies will quantify GHG emissions associated with
well-controlled versus not well-controlled
asthma, the contribution of short-acting b2-ag-
onist (SABA) reliever inhalers (and their poten-
tial overuse) to the carbon footprint of care, and
how implementation of treatment guidelines
can drive improved outcomes and footprint
reduction. In chronic obstructive pulmonary
disease (COPD), CARBON studies will assess the

A. Wilkinson (&)
Respiratory Department, Lister Hospital, East and
North Hertfordshire NHS Trust, Coreys Mill Lane,
Stevenage, Hertfordshire SG1 4AB, UK
e-mail: alex.wilkinson2@nhs.net

E. Maslova � Y. Xu � J. Bell
AstraZeneca, Cambridge, UK

C. Janson
Department of Medical Sciences, Respiratory,
Allergy and Sleep Research, Uppsala University,
Uppsala, Sweden

J. Haughney
Queen Elizabeth University Hospital, Glasgow, UK

J. K. Quint
National Heart and Lung Institute, Imperial College
London, London, UK

N. Budgen
AstraZeneca, Macclesfield, UK

A. Menzies-Gow
Royal Brompton Hospital, London, UK

M. G. Crooks
Hull York Medical School, Hull, UK

Adv Ther (2022) 39:2270–2280

https://doi.org/10.1007/s12325-022-02076-7

http://orcid.org/0000-0002-1808-3663
http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-022-02076-7&amp;domain=pdf
https://doi.org/10.1007/s12325-022-02076-7


impact of exacerbation history on GHG emis-
sions associated with HCRU and SABA use in
subsequent years and estimate the carbon
footprint associated with all aspects of COPD
care.
Conclusion: CARBON aims to show that the
principle of evidence-led care focused on
improvement of clinical outcomes has the
potential to benefit patients and the
environment.

Keywords: Asthma; Carbon footprint; COPD;
Greenhouse gas emissions

Key Summary Points

Why carry out this study?

The healthcare sector is one of the largest
public sector emitters of carbon globally
and will need to achieve significant
reductions to achieve net zero carbon
targets.

Within the respiratory community, this
focus has been on the carbon footprint of
preventer pressurised metered-dose
inhalers, omitting other relevant factors
such as reliever medication and
healthcare resource utilisation (HCRU).

The CARBON programme aims to quantify
the carbon contribution of these
additional aspects of respiratory care in
asthma and chronic obstructive
pulmonary disease (COPD).

A more holistic understanding as to how
respiratory care contributes to greenhouse
gas emissions will help identify
opportunities for reduction without the
potential harm to patients from non-
clinically led switching of therapy (for
‘‘environmental’’ reasons).

What was learned from this study?

CARBON is an ongoing programme and is
the first to quantify the carbon footprint
of care of a disease.

Comprising approximately 2.5 million
patients from seven studies in more than
40 countries, CARBON aims to calculate
the impact of poor disease control and
disease progression on the carbon
footprint of respiratory care and
demonstrate how guideline
implementation can improve outcomes
and reduce the carbon footprint.

CARBON will help determine whether
patients with well-managed disease are
likely to have a lower carbon impact
overall through reduced requirement for
HCRU and lower short-acting b2-agonist
use in order to identify tangible solutions
for how a focus on an outcomes-
improvement approach in respiratory
diseases such as asthma and COPD can
help achieve carbon targets.

INTRODUCTION

Climate change is the defining challenge of the
twenty-first century and is associated with
extreme weather events, food scarcity, and
worsening of chronic and infectious conditions
[1–3]. Based on an urgent need for countries to
take concrete steps against this climate emer-
gency, the Paris Agreement, a legally binding
international treaty on climate change, was
adopted by 196 countries in 2015 [4]. It com-
mits signatories to reduce global warming by
limiting the rise in average global temperatures
this century to less than 2 �C. Signatories will
thus need to undertake efforts to limit green-
house gas (GHG) emissions and become carbon
neutral by mid-century.

The healthcare sector is one of the largest
public sector contributors of GHGs in many
countries, accounting for 10% of the total
national emissions in the United States of
America (USA) in 2013 [5] and 7% in Australia
in 2014–2015 [6]. In Canada, from 2009 to
2015, the healthcare system generated 33 mil-
lion tonnes of CO2 equivalents (CO2e) (pri-
marily from hospitals, pharmaceuticals, and
physician services) and over 200,000 tonnes of
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other pollutant emissions [7]. Health damages
from healthcare-generated emissions in Canada
equated to an estimated 23,000 disability-ad-
justed life years (DALYs) lost annually, with a
range of 4500–610,000 DALYs, reflecting
potential uncertainty at each step. In the USA,
assessment of a broad sample of emergency
medical services agencies in 2011 identified
GHG emissions of 660,000–1.6 million tonnes
CO2e/year, with diesel and gasoline consump-
tion accounting for 71.6% of emergency ser-
vices–related emissions [8]. In England, the
carbon footprint from health and social care
was 27.12 million tonnes CO2e in 2017, of
which medical instruments/equipment were
the largest contributors (13.2%) [9].

Healthcare systems will thus need to achieve
substantial reductions in GHG emissions as
societies look to decarbonise. The National
Health Service (NHS) in the United Kingdom
(UK) is the first health service to set emissions
targets, aiming to achieve net zero emissions by
2045, with an ambition to reach an 80%
reduction by 2036–2039 [10]. Key to this is the
ability to quantify the carbon footprint of
healthcare practices in a standardised manner.
The UK has standardised and validated
methodology for quantifying CO2e for phar-
maceuticals and interventions [11] and has also
carbon footprinted components of healthcare
resource utilisation (HCRU) [12].

Inhaled corticosteroids (ICS) and bron-
chodilators are the mainstay of treatment for
airway diseases and many are delivered via
pressurised metered-dose inhalers (MDIs) [13].
MDIs contain hydrofluorocarbon propellants
that have high global warming potential (GWP)
[14]. As a result, the environmental impact of
preventer MDIs has received attention [13, 15].
The development of a next-generation of MDIs
that contain propellants with 90–99% less GWP
is also underway [16] with the expectation that
they will have an impact on reducing total GHG
emissions from inhalers from 2025. With more
than 500 million people worldwide currently
living with asthma and chronic obstructive
pulmonary disease (COPD) [17], examining the
impact of respiratory care on the environment
may provide insights into whether, and how,
better management of chronic diseases can lead

to greater environmental sustainability. How-
ever, the focus on preventer inhalers without
considering the contributions made by HCRU,
short-acting b2-agonist (SABA) reliever use, and
other medications to the carbon footprint pro-
vides an incomplete picture of the carbon
impact of respiratory care. Many patients with
asthma and COPD remain poorly managed and
uncontrolled [18, 19] because of multifactorial
reasons, including lack of implementation of
treatment guidelines into standard of care
[20, 21]. This is exemplified by the widespread
overuse of SABA in asthma globally, which in
itself is associated with increased risk of exac-
erbations and hospitalisations [22–24]. Poorly
controlled disease and progression will drive
increased demand for HCRU [25, 26], and,
intuitively, this will carry a higher carbon
footprint compared with patients whose disease
is well controlled. Conversely, better disease
management may reduce reliever use and
HCRU and lower the carbon footprint. Thus,
attempts to decarbonise respiratory care by
focusing on preventer inhalers alone are likely
to fall short as they account for only one com-
ponent of care. Furthermore, there is conflicting
evidence of therapeutic equivalence between
different inhaler devices with the same active
compounds [27, 28], emphasising the require-
ment for treatment to be personalised to patient
needs with the aim of improving outcomes.
Non-consensual switching has been associated
with worsened asthma control, increased
HCRU, and wasted medication [29, 30], which
in turn may increase the carbon footprint.
Hence, switching of inhalers should only be
done as part of a clinical consultation and based
on clinical need or patient preference.

The healthCARe-Based envirONmental cost
of treatment (CARBON) programme was
designed to broaden the understanding of the
carbon footprint of respiratory care. This pro-
gramme aims to quantify the total carbon
footprint of care, identify how poor disease
management contributes to a larger carbon
footprint, and examine whether targeting
improvement of care reduces the carbon foot-
print without compromising patient outcomes.
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METHODS

Design of the CARBON Programme

CARBON will quantify the carbon footprint of
medications and HCRU among respiratory
patients using a combination of certified pub-
lished studies and methodologies.

Quantification of GHG emissions will be
based on the quantity and type of medications
sold or prescribed/possessed (as a surrogate for
use) and the CO2e emission value of each
asthma treatment. To obtain the carbon foot-
print of all inhaled, including SABA and ICS
treatments, as well as oral and injectable medi-
cations, SimaPro life cycle assessment software
modelling resource and energy consumption
data, in addition to Ecoinvent� data sets and
certified published studies [31, 32], will be used.
To obtain the carbon footprint of HCRU in the
UK, emissions data from the Sustainable
Healthcare Coalition (SHC) [12] will be used for
all healthcare visit types, including travel by the
patient and healthcare professional. The carbon
footprint of HCRU is currently not available for
other countries.

CARBON will use data from seven ongoing
studies spanning more than 40 countries and
involving approximately 2.5 million patients
(Table 1). SABINA CARBON UK will draw from
the SABA use IN Asthma (SABINA) UK study
[22], with the aim of quantifying GHG emis-
sions associated with asthma care of patients (at
least 12 years of age) with well-controlled and
not well-controlled asthma. Similar analyses
evaluating the carbon footprint associated with
poor asthma control are planned in separate
studies in the USA (SABA CARBON USA) and
Canada (as part of SABA CARBON Europe-
Canada).

A second set of studies will use SABA pre-
scription/possession data from SABINA studies
as well as inhaler sales data to evaluate emis-
sions linked to SABA use versus all inhaler use,
and that of SABA overuse in asthma. The anal-
yses on SABA overuse will be conducted in
patients (at least 12 years of age) as part of the
SABINA studies [22, 23, 33] in Europe and
Canada (SABA CARBON Europe-Canada), USA

(SABA CARBON USA) and in other mostly low-
and middle-income countries outside of Europe
(SABA CARBON International).

In COPD, prior exacerbations are linked to
increased likelihood of future exacerbations
[26]. The Study of HEalthcare Resource utiLisa-
tion related to exacerbatiOns in patients with
COPD (SHERLOCK) CARBON, an observational
cohort study conducted in UK patients (over
40 years of age), will quantify the impact of
prior exacerbations on GHG emissions associ-
ated with HCRU and SABA use in subsequent
years. EXACerbations and their OutcomeS
(EXACOS) CARBON, an observational cohort
study, will take this a step further by examining
the carbon footprint associated with all aspects
of COPD care as well as the influence of disease
severity and comorbidities.

Lastly, SABA rEductioN Through Imple-
meNting Hull asthma guidELines (SENTINEL), a
quality improvement programme including UK
patients (at least 18 years of age) with asthma
across six primary care networks in Hull and
East Yorkshire, will evaluate the environmental
impact associated with system-wide implemen-
tation of evidence-based asthma treatment
guidelines focused on the use of maintenance
and reliever therapy. SENTINEL aims to
improve asthma outcomes and reduce SABA
overuse through supported guideline imple-
mentation and, as a consequence, reduce the
environmental impact of asthma treatment.

Ethics and Dissemination

All studies in this programme will be conducted
in accordance with the ethical principles con-
sistent with the International Conference on
Harmonisation (ICH) guideline for Good Clini-
cal Practice and the Declaration of Helsinki, and
all applicable legislation on non-interventional
studies and/or observational studies of the
countries where the research is conducted.

DISCUSSION

Societies will have to decarbonise all aspects of
their economies in the coming years, including
healthcare, if nations are to meet their climate
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change commitments. CARBON, to our knowl-
edge, will be the first programme to systemati-
cally quantify the carbon footprint of
respiratory care globally to better understand its
potentially modifiable contribution to global
GHG emissions. Findings from CARBON will
help reveal what comprises the carbon footprint
of respiratory healthcare, how it is impacted by
poor disease control or progression, and how
optimal treatments and guideline implementa-
tion can drive carbon reduction.

Although reducing carbon emissions is
important, it must be achieved without putting
patients at risk. Patients with well-managed
disease are likely to have a lower carbon impact
overall through reduced requirements for
HCRU and lower SABA use. CARBON aims to
highlight that optimising care through imple-
mentation of quality standards and clinical
guidelines targeting reductions in SABA use and
exacerbation frequency could benefit patients
by improving disease control, while at the same
time reducing carbon emissions associated with
all elements of their care.

Strengths and Limitations
of the Programme

Strengths of this programme include the fol-
lowing. All CARBON studies use standardised
methodology to evaluate the carbon footprint
of medications globally. In addition, in the UK,
the carbon footprint of HCRU is estimated
applying the methodology and data obtained
from the SHC guidance enabling quantification
of the sustainability performance of care path-
ways in a consistent and transparent manner.
Overall, results from this programme have the
potential to promote the development and
implementation of effective treatment strate-
gies that will improve patient outcomes, whilst
also reducing the carbon footprint of asthma
and COPD care. Moreover, once established, the
principle of prioritising improvements in
patient outcomes, which in turn may elicit
environmental benefits, could be applied to
other common progressive diseases such as
diabetes and chronic kidney disease [34, 35].

A potential limitation of the CARBON pro-
gramme is that medication prescription and/or
sales data are used across studies as a surrogate
for actual use. Additionally, only CARBON
studies conducted in the UK will initially
quantify the carbon footprint of HCRU because
of the lack of care pathway guidance in other
countries. Lastly, GHG estimates were quanti-
fied on the basis of published guidelines and
estimates but are subject to some uncertainty.
To account for this potential variability, where
possible, sensitivity analyses will be conducted
using one-tenth to tenfold of recommended
HCRU CO2e values.

CONCLUSIONS

In CARBON, a detailed mapping of the carbon
footprint associated with healthcare will enable
a thorough assessment of the environmental
impact of treatment and management of respi-
ratory diseases. Output from CARBON has the
potential to generate awareness among policy
and healthcare decision makers of the carbon
footprint of poor care and accelerate innova-
tions to make respiratory care both patient-
centric and carbon conscious.
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