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Abstract

Healthcare systems are responsible for 4%-5% of the emissions of greenhouse gases
worldwide. The Greenhouse Gas Protocol divides carbon emissions into three scopes:
scope 1 or direct emissions secondary to energy use; scope 2 or indirect emissions
secondary to purchased electricity; and scope 3 for the rest of indirect emissions.
Aim: To describe the environmental impact of health services.

Design: A systematic review was conducted in the Medline, Web of Science, CINAHL,
and Cochrane databases. Studies that focused their analysis on a functional health-
care unit and which included. This review was conducted from August to October
2022.

Results: The initial electronic search yielded a total of 4368 records. After the screen-
ing process according to the inclusion criteria, 13 studies were included in this re-
view. The reviewed studies found that between 15% and 50% of the total emissions
corresponded to scopes 1 and 2 emissions, whereas scope 3 emissions ranged be-
tween 50% and 75% of the total emissions. Disposables, equipment (medical and
non-medical) and pharmaceuticals represented the higher percentage of emissions
in scope 3.

Conclusion: Most of the emissions corresponded to scope 3, which includes the in-
direct emission occurring as a consequence of the healthcare activity, as this scope
includes a wider range of emission sources than the other scopes.

Implications for the profession and/or patient care: Interventions should be carried
out by the healthcare organizations responsible of Greenhouse Gas emissions, and
also every single individual that integrates them should make changes. The use of
evidence-based approaches to identify carbon hotspots and implement the most ef-
fective interventions in the healthcare setting could lead to a significant reduction of
carbon emissions.

Impact: This literature review highlights the impact that healthcare systems have on
climate change and the importance of adopting and carrying out interventions to pre-

vent its fast development.
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and meta-analyses.
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1 | INTRODUCTION

Climate change has forced many countries and institutions to de-
clare a climate emergency and carry out changes in different sec-
tors of society in an attempt to reduce Greenhouse Gases (GHGs)
(Intergovernmental Panel on Climate Change, 2018). Romanello
et al. (2021) described climate change as one of the worst healthcare
threats of the 21st century. Climate change can be defined as the
alteration of the climate patterns provoked by changes in the envi-
ronment and the variability of its characteristics and that keeps hap-
pening for a long period of time (Intergovernmental Panel on Climate
Change, 2018). Climate change can be caused by natural internal
and/or external processes, as well as human activity. GHGs emitted
by human activity intensify global warming, increasing the chances
of heatwaves, floods, droughts and/or air pollution, among others.
These variations in the climate are directly related to an increase in
pathologies such as cardiovascular, respiratory and/or infectious dis-
eases, as well as malnutrition or mental health issues secondary to
the lack of resources and the growth of situations of high emotional
distress (Chua et al., 2019). The Intergovernmental Panel on Climate
Change (IPCC) report (2018) analysed data from different models of
projected risks and found that exposure to climate change could in-
crease heat-related morbidity and mortality up to 16 times. Diseases
such as malaria or dengue are expected to be intensified due to
climate change, which could potentially put 2.25 billion people at
risk (IPCC, 2018). The food industry may also be affected by climate
change, posing a risk of malnutrition. Furthermore, climate change
could lead to conditions of severe poverty affecting more than 100
million people worldwide and, therefore, to a significant increase in
migration processes (Hallegatte et al., 2016). This increased migra-
tion along with the intensification of natural disasters could result in
a significantly greater number of healthcare demands, thus having
an especially significant impact on those countries in which health-
care systems are already fragile (Watts et al., 2018). The COVID-19
pandemic has showed the vulnerability of healthcare systems world-
wide and the difficulties experienced when dealing with situations of
extreme emergency, so prevention, adaptation and preparation are
key to reduce and slow down the consequences of climate change
(Fournier et al., 2022).

Carbon footprint can be defined as the best possible estima-
tion of the impact that something has on climate change (Spruell
et al., 2021). Carbon footprint is the sum of direct and indirect

Reporting Method: This review adhered to PRISMA guideline. PRISMA 2020 is a
guideline designed for systematic reviews of studies that analyse the effects of heath

interventions, and aim is to help authors improve the reporting of systematic review
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carbon footprint, environmental impact, greenhouse gases emissions, healthcare settings, life

What does this paper contribute to the wider
global clinical community?

e Awareness of the carbon emission caused by the health-
care activity.

e |dentification of the hotspots carbon emission within
the healthcare system.

e Guidance for more effective interventions aimed at re-

ducing carbon emissions.

emissions of GHGs secondary to a process, a product or an orga-
nization and is calculated in Carbon Dioxide equivalent (COZe).
This concept entitles the seven GHGs established by the United
Nations Framework Convention on Climate Change (The Paris
Agreement, 2015): carbon dioxide (CO,); methane (CH,); nitrous
oxide (N,O); hydrofluorocarbons (HFCs); perfluorocarbons (PFCs);
sulphur hexafluoride (SF,); and nitrogen trifluoride (NF,). CO, rep-
resents 86.0% of the GHGs emissions, hence why GHGs emissions,
carbon emissions and carbon footprint are often used interchange-
ably. The Greenhouse Gas Protocol (2022) classifies carbon emis-
sions in three scopes; scope 1 or direct emissions are those related
to the use of energy (without including purchased electricity) and on
which the organization has direct control, for example the use of fuel
for heating; scope 2 or indirect emissions are those related to pur-
chased electricity or the use of electricity that has been produced
somewhere else; and scope 3, which encompasses the rest of indi-
rect emissions emitted by an organization and of which production
is not controlled by the organization. There are three main method-
ologies for measuring the carbon footprint or Life Cycle Assessment
(LCA): bottom-up life cycle assessment; top-down cycle assessment
or economic input-output analysis; and the combination of both or
hybrid model. Bottom-up LCAs measure all the materials used to
produce an item or a process and multiply each material or item by
a conversion factor. Top-down cycle assessment or economic input-
output analysis uses the money spent in a product or a process, and
this is multiplied by a conversion factor. Finally, the hybrid model is a
combination or both (Lin et al., 2013).

Over the last years, there has been a surge of interventions aimed
at reducing the effects of climate change (Spruell et al., 2021). The
Sustainable Development Unit (SDU) carried out a survey of NHS
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workers between 2017 and 2019 and found that 98% of them believed
in the importance of building a sustainable healthcare service (NHS
England, 2017). As different situations serve as evidence of necessary
interventions, laws change, as can be seen in the Climate Change Act
passed in the UK, which aims to reduce carbon emissions to zero by
2050 (UK Government, 2008). On their part, healthcare systems are
responsible of 4%-5.0% of the emissions of GHGs worldwide (Pichler
et al., 2019), so health services have a responsibility in fighting climate
change not just to reduce their own carbon footprint but also to de-
crease the consequences of healthcare activity on health and to act
as a role model for the society (SDU, 2018). The IPCC report (2018)
stated that climate resilience could have a strong potential for ame-
liorating climate change impact on health and that transformational
changes would be more effective if they are responsive to regional and
local knowledge, considering the many dimensions of vulnerability.
The development and implementation of programmes and policies in
health systems has followed an evidence-based model over the last
years (Hess et al., 2014). The use of evidence-based approaches to
identify carbon hotspots and implement the most effective interven-
tions in healthcare could bring about a significant reduction of carbon
emissions (Hess et al., 2014). Therefore, the analysis of healthcare set-
tings emissions is essential to decrease the impact of health services on
the environment. The contribution and novelty of this literature review
lies on collecting the most recent evidence available regarding the car-
bon footprint of healthcare systems. The results of this study will help
to analyse the carbon footprint of the healthcare systems and identify

those areas of higher greenhouse gases intensity.

11 | Aim

This review aims to describe the environmental impact of healthcare
services by answering the following questions: What is the carbon
footprint of healthcare settings? How much greenhouse gas emis-
sions do healthcare services emit? Which are the hotspots of carbon
emissions in the healthcare sector?

1.2 | Methodology

To give answer to the study questions, a systematic review was
conducted in accordance with the PRISMA 2020 Statement
(Page et al., 2021). The review was registered at PORSPERO ID
CRD42022365121.

1.3 | Eligibility criteria

The eligibility criteria were structured according to the components
of the Population, Intervention, Comparator, Outcome (PICO) frame-
work (Booth et al., 2019), in which health care units were considered
the population, care activity the intervention, absence of care activ-
ity the comparator, carbon footprint and outcome.

Regarding the population, studies that focused their analy-
sis on a functional healthcare unit, that is a complete patient care
service, from admission to discharge, were included. Analyses of a
single procedure or device were excluded for not performing a ho-
listic assessment of user care. In relation to the intervention, stud-
ies carried out in the healthcare field, which analyse patient care,
were included, and studies carried out in other fields, such as indus-
trial, economic, waste management or studies not centred on the
patient, were excluded. As for the outcome, cross-sectional studies
that measured the carbon footprint, life cycle assessment or GHG
emissions of healthcare functional units and which incorporated the
three scopes recommended in the Greenhouse Gas Protocol (2022)
were included. Reviews, opinion or popularization articles, research
projects or other reports that did not provide results of an envi-
ronmental impact assessment were excluded. Studies published
between 2012 and 2022 were included so as to identify the latest
evidence, and which were written in English and Spanish, as they are
the most frequent languages in the scientific literature.

1.4 | Information sources

The Medline, Web of Science, CINAHL and Cochrane databases
were searched. Furthermore, a snowball search was performed to
retrieve studies not identified in the database search. Reference
lists of publications which were eligible for full-text review and
references from systematic review reports on a similar topic were
reviewed. The initial search was conducted between February and
April 2022, and updated in July 2022 after incorporating the results
obtained from the snowball process.

1.5 | Search strategy

The search terms were identified by consulting the titles, abstracts
and keywords of relevant reviews and articles. Several combinations
of search terms were tested in the databases beforehand to select
the strategy that could identify relevant studies in the most focused
way. This process was agreed upon by two of the researchers. The
search strategy used was (“carbon footprint” OR “greenhouse gas
emission” OR “life cycle assessment”) AND (health*). The filters used
were year of publication and language.

1.6 | Selection and data collection process

The retrieved records were downloaded into a Microsoft Excel
spreadsheet that allowed for the identification and elimination of
duplicate records. The records were blindly screened by two in-
dependent researchers. The titles were reviewed, and the records
were pooled to discuss inconsistencies and unify criteria. Then, the
abstracts were screened and those that met the inclusion criteria
were selected. Discrepancies in the selection were resolved by
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consensus. In case of doubt, it was agreed upon to include them for
full-text review. The same researchers independently reviewed the
full text of the selected studies, and discrepancies were resolved by
consensus, resorting to a third researcher when necessary.

Data collection was carried out by one of the researchers and
verified by two others. A form was designed to extract the data, in-
cluding country, year of publication, functional unit, methodology,
categories analysed, carbon emissions, data collection (including
data source and data type) and emissions factors (Table 2).

Once the data were extracted, they were analysed and grouped
according to the dimensions described by the Greenhouse Gas
Protocol (2022): scope 1 (gases directly emitted by the institution,
such as anaesthetic gases); scope 2 (indirect cause of gases derived
from primary resources, such as electricity); and scope 3 (indirect
cause of gases derived from products used by the institution in its

production chain, such as medical devices).

1.7 | Study risk of bias assessment

Two main sources of biases were considered in this review. On the
one hand, biases arising from methodological quality, and on the
other hand, biases arising from inaccuracies in the measurements
made by the reviewed studies. These inaccuracies may lie in the cal-
culation method employed (top-down or bottom-up), the inventory
boundaries and the accuracy of data and assumptions made by the

reviewed studies. Therefore, the risk of bias assessment was carried

out through an ad hoc tool with elements drawn from the most rel-
evant critical appraisal tools for assessing methodological quality
(Pussegoda et al., 2017; Zeng et al., 2015) and elements from the
reference guidelines (Greenhouse Gas Protocol, 2022). This assess-
ing method has been used by Rizan et al. (2020) in a previous similar
review. The assessment was conducted independently by two re-

searchers who agreed on the discrepancies.

2 | RESULTS

The initial electronic search yielded a total of 4368 records.
Duplicated articles were excluded, and, after carrying out a title
screening, 90 met the inclusion criteria. The abstract review further
reduced the number of records to 41, and a full-text reading was
carried out. Finally, 13 studies were selected for this literature re-
view (Figure 1). Regarding the quality assessment of the studies, all
of them scored over 17 out of 24. All the articles were accepted as
the magnitude of their analysis and the methodological quality were
considered appropriate (Table 1).

The chosen studies were all written in English and conducted in
different locations between 2012 and 2022: one in Morocco; one in
Japan; two in the United States; three in Australia; two in Switzerland;
one in the UK; one in China; and two in Canada. This literature re-
view included studies that calculated the carbon footprint of a func-
tional unit in a healthcare setting using one of the following methods:

bottom-up life cycle assessment (Keller et al., 2021; Lim et al., 2013;

[ Identification of studies via other methods ]

Records identified from:
Citation searching (n=3)

Reports sought for retrieval
(n=3)

!

Reports assessed for eligibility
(n=3)

[ Identification of studies via databases
s Records identified from: Record; removed before
g Databases (n=4368) screening:
L Medline (n=1048) ——-— Duplicate records removed
"g Web of Science (n=3087) (n=815)
k) Cochrane (n=21)
CINAHL (n=212)
Records excluded by title
Records screened >| (n=3350)
(n=3553) Records excluded by abstract
l (n=113)
Reports sought for retrieval = Reports excluded (n=49):
o 90 > Analysis of single products
2 (n=90) (n=34)
] Analysis of procedures
] l (n=15)
Reports assessed for eligibility | Reports excluded (n=31):
(n=41) Not analysing the three scopes
(n=20)
Not analysing a functional unit
(n=11)
A 4
3 Studies included in review
Ef (n=13) <
o
£

FIGURE 1 Atrticle selection flowchart.
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MacNeill et al., 2017; Mtioui et al., 2021); top-down cycle assessment
or economic input-output analysis (Eckelman et al., 2018; Eckelman &
Sherman, 2016; Malik et al., 2018; Nansai et al., 2020; Wu, 2019); or
a combination of both, also known as hybrid model (Malik et al., 2021;
Nicolet et al., 2022; Prasad et al., 2022; Tennison et al., 2021).

The functional unit for analysis was stablished by the author/s
of each study. Seven studies took the healthcare system of a whole
country or a large state within a country as functional unit (Eckelman
et al., 2018; Eckelman & Sherman, 2016; Malik et al., 2018, 2021;
Nansai et al., 2020; Tennison et al., 2021). Three studies were mul-
ticentred: one of them in thirty-three hospitals (Keller et al., 2021);
another one in three hospitals (MacNeill et al., 2017); and the third
one in ten private primary care settings (Nicolet et al., 2022). The
other three studies were carried out in units within a hospital: two
of them in haemodialysis units (Lim et al., 2013; Mtioui et al., 2021)
and one in an intensive care unit (Prasad et al., 2022).

Not all the studies analysed the same categories and that might
be due to the complexity of such analysis. For example, those arti-
cles that analysed the entire healthcare system distributed their data
in different areas of healthcare (such as public hospitals, primary
healthcare, pharmaceutical industry), whereas those studies carried
out in smaller functional units divided the data in more specific cat-
egories (such as water, waste, medical equipment, etc.). The main
findings of the reviewed studies are summarized in Table 2.

2.1 | Scope 1 emissions

Scope 1 emissions ranged between 10% and 30% in the analysed
studies. Studies that assessed healthcare systems found that scope
1 emissions were around 10% (Eckelman et al., 2018; Eckelman &
Sherman, 2016; Malik et al., 2018, 2021; Nansai et al., 2020; Tennison
et al., 2021), whereas in those analysing hospital settings or primary
healthcare centres, these were around 20% (Keller et al., 2021; Lim
et al.,, 2013; MacNeill et al., 2017 and Nicolet et al., 2022).

There were two exceptions of studies that found dispa-
rate results: one that found low levels of emissions, 0.4% (Mtioui
et al., 2021) and another one which found high levels, 25.2% (Prasad
et al., 2022). Only three of the studies assessed the use of medical
gases, that ranged between 1.9% (Prasad et al., 2022) and 83.7%
(MacNeill et al., 2017). Transport freight or transport of goods by
the organization was also part of the direct emissions and they ac-
counted for less than 5% in the studies that looked into them (Mtioui
et al., 2021; Nansai et al., 2020; Nicolet et al., 2022).

2.2 | Scope 2 emissions

Emissions secondary to purchased electricity differs between the
studies analysed. Nicolet et al. (2022) found very low levels of emis-
sions due to electricity (0.3%); however, their scope 1 emissions
were higher than those of other studies. Three studies analysed en-
ergy and electricity together, thus hindering the individual analysis.

Two of them showed higher percentages of emissions for energy and
electricity (MacNeill et al., 2017; Prasad et al., 2022). On the other
hand, Lim et al. (Lim et al., 2013) found relatively low levels, com-

pared to the other two.

2.3 | Scope 3 emissions

Scope 3 emissions ranged between 50% and 75%. The largest emis-
sions in scope 3 were found to be due to disposables or consuma-
bles, equipment (medical and non-medical) and pharmaceuticals.
Disposables or consumables were analysed in different ways, yet
most of the studies found that the carbon footprint related to them
was greater than 20.0%. Studies that analysed healthcare systems
found pharmaceuticals to account for between 7.6% (Wu, 2019) and
35.7% (Lim et al., 2013) of the emissions. Carbon emissions derived
from medical equipment were generally high, ranging between 0.4%
(Nicolet et al., 2022) and 32.2% (Prasad et al., 2022). Although there
were some studies that calculated medical equipment, disposables
and infrastructure together, this was still a significant percentage
of the carbon footprint. Only two studies (Lim et al., 2013; Nicolet
et al., 2022) found relatively low levels of emissions secondary to
disposables. Two other categories, staff travel and building infra-
structure, represented around 3.0% (Lim et al., 2013) and 16.6% of
the total emissions each (Mtioui et al., 2021). Water, waste and pa-
tient travel generally represented less than 10.0%. The results for
catering differed, ranging from 1.9% (Wu, 2019) to 30.3% (Prasad
et al,, 2022). The two studies that calculated the emissions second-
ary to food consumption for the whole national healthcare system
found the levels relatively low, 3.6% (Nansai et al., 2020) and 6.1%
(Tennison et al., 2021), respectively. However, the other two stud-
ies calculating catering carbon footprint found higher percentages,
of 17.0% (Keller et al., 2021) and 30.3% (Prasad et al., 2022), and
this might be so because these studies were carried out in hospital
settings, where the provision of food to patients is expected to be
high. Furthermore, Prasad et al. (Prasad et al., 2022) found higher
percentages of emissions due to catering, and that is likely to be re-
lated to the fact that both staff and patient food consumption were

calculated together.

3 | DISCUSSION

The aim of this systematic review was to analyse studies measuring
the carbon footprint of healthcare settings and identify hotspots of
carbon emissions. Overall, the studies reviewed showed that scopes
1 and 2 emissions were between 15% and 50% of the total emis-
sions. Scope 3 emissions accounted for the rest, ranging between
50% and 75%, in which disposables, equipment (medical and non-
medical) and pharmaceuticals represented the highest percentage
of emissions. Staff travel and building infrastructure were also found
to have a significant impact on the emissions, ranging between 10%
and 15%. Water, waste and patient travel represented low levels of
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TABLE 1 Quality assessment results.

Mtioui Nansai Prasad Malik
Category Scoring system etal. (2021) etal.(2020) etal.(2022) etal.(2021)
Completeness  (a) To what extent are study inventory boundaries complete for a 2 2 2 2
given functional unit?
Includes all reasonable factors (2) Includes limited/ambiguous factors
(1) Narrow focus (0)
(b) Does the study account for all 3 scopes of GHG associated 2 2 2 2
with the functional unit?
All 3 scopes measured (2) 2 scopes measured (1) scopes limited to 1
(0)
Consistency (a) To what extent is the study consistent with a recognized carbon 2 2 2 1
footprinting guideline?
Stated and referenced (2) Stated, not referenced (1) No guideline
stated (0)
(b) For comparative studies, how consistently are methods 2 2 2 2
applied?
Consistently applied throughout (2) Limited consistency (1) Poor
consistency (0)
Transparency  (a) Are the hypothesis(/es) and study objectives clearly stated? 1 2 1 2
Both clearly stated (2) Either hypothesis or study objectives stated (1)
Neither stated (0)
(b) To what extent are the GHGs included clearly stated? Number 1 2 1 1
of GHGs included clearly stated (2) Number of GHGs deducible (1)
Number of GHGs not deducible (0)
(c) To what extent are study assumptions and exclusions clearly 1 2 2 2
stated?
Both assumptions and exclusions stated (2) Limited (1) Neither stated
(0)
(d) To what extent are the number of data points collected per 2 2 2 2
process clearly stated?
Clear for all processes (2) Clear for limited processes (1) Not stated for
any processes (0)
(e) How transparent are reported GHG results? Numerical data 2 2 2 2°
for all sub-processes (2) Limited numerical data for some sub-
processes (1) Descriptive or graphical data only (0)
Accuracy (a) What is the specificity of the data sources to the study site? 1 1 1 0
1° data only (2) Both 1° & 2° data (1) 2° data only (0)*
(b) Does the study determine parameter uncertainty? Clear 2 0 0 0
statistical plan with Cl reported (2) Cl reported, no clear plan (1)
No Cl or plan (0)
(c) Does the study determine scenario uncertainty? 2 0 1 1
Yes, demonstrating minimal uncertainty (2) Yes, demonstrating large
uncertainty (1) No (0)
Total Scores out of 24 20 19 18 17

#1°=primary, 2° =secondary, Cl=confidence interval, GHG=greenhouse gas.

emissions. Data regarding carbon emissions secondary to catering
were limited.

Regarding scopes 1 and 2, the geographic location of the an-
alysed functional unit might influence the results. For instance,
Metioui et al. (2021) measured the carbon footprint in a dialysis unit
in Casablanca (Morocco) and found energy only being responsi-
ble of 0.2% of carbon emissions; however, electricity represented
a 27.7%. The authors explained this finding as due to the little use
of heating and air conditioner in this functional unit because of
the specific weather conditions in Casablanca (Mtioui et al., 2021).

Another factor that could influence scopes 1 and 2 emissions was
the age of the buildings. When analysing three different hospitals,
MacNeill et al. (2017) noticed that two new hospitals produced less
carbon emissions derived from energy and electricity than an old
one. Overall, scopes 1 and 2 emissions proved to be linked, as those
studies that found higher levels of emissions in scope 1 had lower
emissions in scope 2, and vice versa. Reducing scopes 1 and 2 emis-
sions can be achieved by introducing renewable energy in healthcare
units as well as the use of insulation materials in the renovation and

construction of new buildings (Campion et al., 2016). Furthermore,
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Keller Tennison Lim Malik MacNeill
etal.(2021) etal.(2021) etal.(2013) etal.(2018) etal. (2017)
2 2 2 2 2

2 2 2 2 2

2 2 2 2 2

2 2 2 2 2

2 2 2 2 2

1 2 0 1 1

2 2 2 2 2

2 2 2 2 2

2 2 1 2 2

2 2 2 1 2

2 0 0 2 0

2 2 0 2 0

23 22 17 20 19

optimized electrical installations by improving air conditioning and
heating systems could lead to a further reduction in energy use
(Garcia-Sanz-Calcedo et al., 2018). Montiel-Santiago et al. (2020)
carried out a simulation of a digital system to model new systems of
lighting and found that energy efficiency improvements could lead
to a 47.0% reduction in energy use.

The use of certain anaesthetic gases can have a significant impact
on the environment. The study conducted by MacNeill et al. (2017)
in three hospitals of different countries (Canada, United States and
United Kingdom) identified that the use of anaesthetic gases such

Nicolet Eckelman Eckelman and
et al. (2022) Wu (2019) etal.(2018) Sherman (2016)
2 2 2 2

2 2 2 2

2 2 2 2

2 2 2 2

1 2 2 1

1 2 2 2

2 2 2 2

2 2 2 2

2 2 2 2

2 0 0 0

1 2 2 2

0 2 2 2

19 23 22 21

as desflurane versus isoflurane and/or sevoflurane could lead to a
46.0% increase. Vollmer et al. (2015) suggested that the use of an-
aesthetic gases with low global warming potential, as well as limiting
their use when possible, could reduce the carbon footprint. Hence,
healthcare professionals and organizations should support and de-
mand the use of anaesthetic gases that have a minimal impact on
the environment.

The reviewed studies revealed that scope 3 emissions repre-
sented between 50% and 75% of the total emissions in healthcare.
A previous study carried out in England found that the two largest
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contributors of scope 3 carbon emissions were medical equipment
(13.1%) and pharmaceuticals (12.1%), and that is mainly due to the
emissions caused by manufacturing, packaging and transport of
goods (NHS England, 2008). For example, the carbon footprint of
pharmaceuticals without including the energy used to produce them
has been estimated at 5.0%, showing that most of the emissions
come from the energy used in their production and distribution
(Karliner et al., 2020). It is important to understand that the carbon
footprint of an item represents indirect emissions for the user; how-
ever, its production will require energy and electricity (scopes 1 and
2); thus, most carbon emissions come from energy that might be di-
rect or indirect depending on where it is used.

Interventions such as the installation of solar panels in roofs and
parking lots in hospitals, changing to a vegetable-based hospital
menu, replacing telemedicine for face-to-face appointments when
possible, promoting active transport and/or introducing effective
lighting and energy appliances, have shown to have a significant im-
pact in the reduction of carbon footprint (Bozoudis & Sebos, 2021;
Bozoudis et al., 2022). Nansai et al. (2020) stated that the carbon
footprint of a hospital supply chain could be minimized by reducing
the demand of goods and services. This can be achieved by restrict-
ing unnecessary patient attendance and diagnostic testing, mini-
mizing human error and/or avoiding duplication of processes, such
as previous consultations or testing in different services (Malhotra
et al., 2016). Ouslander et al. (2016) found that 23% of the emer-
gency visits, hospital admissions and/or readmissions were prevent-
able. Freund et al. (2013) carried out semi-structured interviews with
12 primary care physicians from 10 primary care clinics in Germany
regarding 104 hospitalizations of 81 patients and found that 41% of
those hospitalizations were avoidable and could have been managed
in ambulatory services. However, this raises the question whether
admissions versus ambulatory patients would increase or decrease
carbon emissions as, for example, the use of transport-related emis-
sions would be greater. The COVID-19 pandemic has shown how
telemedicine can be used as a feasible, acceptable and effective way
of healthcare practice (Hong et al., 2020). Studies such as the one
carried out by Purohit et al. (2021) found that telemedicine could
significantly reduce the carbon emissions secondary to travelling as
well as the demand in healthcare settings. The use of telemedicine
could mean an opportunity to reduce attendances in settings such
as primary healthcare, where the carbon emissions secondary to pa-
tient and staff travelling are much higher than in other healthcare
settings (Nicolet et al., 2022).

McAlister et al. (2022) carried out a prospective life cycle assess-
ment of five imaging modalities: chest X-Ray, mobile chest X-ray,
computerized tomography (CT), magnetic resonance imaging (MRI)
and ultrasound (US). They found that CT and MRI produced 17 and
9 times more carbon emissions than X-rays and US. They recom-
mended using low-impact imaging when appropriate and limiting
unnecessary testing in order to reduce the carbon footprint. Human
errors such as incidents related to drugs or treatments may also lead
to an increase in the carbon footprint. Panagioti et al. (2019) in their
metanalysis found that one in twenty hospitals admissions some kind

of preventable error was made. For example, the wrong administra-
tion of a drug can lead to anaphylaxis and, therefore, to an increase
in the items and resources used. Another example could be a sur-
gery that is not properly performed, and, as a result, another surgery
needs to be carried out, leading to the utilization of more resources
as well as longer hospital stay of the patient. Consequently, it is im-
portant to put in place measures to reduce human errors not only to
improve patient's care but also to reduce the carbon footprint.

The promotion of a healthy lifestyle may also help to reduce the
carbon footprint as well as improving physical health. Several stud-
ies have shown that shifting towards a healthy diet could contribute
to minimizing the carbon footprint by adopting diets with low calo-
ries or reducing animal-based food (Scarborough et al., 2014; Tukker
et al., 2011). Furthermore, the promotion and maintenance of phys-
ical activity such as walking or cycling will reduce the carbon emis-
sions secondary to transport and also improve health by decreasing
the incidence of cardiovascular diseases, among others (Lindsay
et al.,, 2011; Woodcock et al., 2009). In addition to this, the reduced
incidence of certain diseases after adopting healthy lifestyles could
diminish the demand for health services, thus reducing the carbon
footprint of healthcare settings (Lee et al., 2017).

However, sustainable practice can only be achieved with the
commitment of all healthcare professionals and their organizations
(IPCC, 2018). As mentioned by NHS England (2022) recommenda-
tions, advanced health professionals and their teams should reduce
the environmental impact of equipment and resources by, for exam-
ple, applying the 5 R's: reduce, reuse, reprocessed, renewable and
recycle. In this sense, healthcare professionals should demand man-
ufacturers of healthcare equipment ways of reducing the carbon
footprint of their products whenever possible (Chiarini et al., 2017).
Furthermore, the move from a linear economy to a circular one,
where items are not wasted or replaced by new ones, but fixed or
used for different purposes, is also a way of reducing the carbon
footprint, so these approaches should be further explored (NHS
England, 2020).

The limitations of the present study include those inherent to
the systematic review methodology. It is possible that some relevant
studies were not identified, although the search strategy was broad
and targeted, and measures were taken to retrieve studies such as
the review of reference lists. A possible interpretation bias is also
acknowledged, yet the data were analysed and peer-reviewed. In
addition, possible biases are recognized when comparing the results
of the articles reviewed, due to differences in the assessment meth-
odology employed by the researchers or the scope of the study in

terms of the service assessed or the level of detail.

4 | CONCLUSION

The studies analysed in this literature review found that scopes 1 and
2 emissions were between 15% and 50% of the total, whereas scope
3 emissions ranged between 50% and 75%. Disposables, equip-
ment (medical and non-medical) and pharmaceuticals represented
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the higher percentage of scope 3 emissions. Other variables such as
transport and building infrastructure were also significant contribu-
tors of carbon emissions.

This literature review highlights the effect that healthcare sys-
tems have on climate change and the importance of adopting and
carrying out interventions to reduce the impact of healthcare on the
development of climate change. Interventions must be carried out
by the organizations responsible for those emissions, but also every
single individual that integrates them should make changes. In fact,
scope 3 emissions represent a high percentage of the total, and in-
dividuals in the organizations could have a significant impact on re-
ducing these, or demanding manufacturers to do so, whereas scopes
1 and 2 emissions are more likely to be managed at organizational
level. Current healthcare practice should be assessed at all levels, for
example by creating or reviewing pathways and policies to not only
reduce the carbon footprint but also improve patient's care and the
service provided.

To effectively reduce carbon emissions secondary to healthcare
activities, in-depth analysis of individual units is recommended.
Evidence-based approaches may facilitate the identification of car-
bon hotspots, thus achieving a more effective development and
application of interventions aimed at reducing carbon emissions.
Further research in healthcare's carbon footprint is recommended,
as well as the development of tools to measure carbon emissions and
identify carbon hotspots, so as to reduce the impact of healthcare

activity on the environment.
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