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Abstract

Background Clinical activity accounts for 70-80% of the carbon footprint of healthcare. A critical component of
reducing emissions is shifting clinical behaviour towards reducing, avoiding, or replacing carbon-intensive healthcare.
The objective of this systematic review was to find, map and assess behaviour change interventions that have been
implemented in healthcare settings to encourage clinicians to reduce greenhouse gas emissions from their clinical
activity.

Methods Studies eligible for inclusion were those reporting on a behaviour change intervention to reduce carbon
emissions via changes in healthcare workplace behaviour. Six databases were searched in November 2021 (updated
February 2022). A pre-determined template was used to extract data from the studies, and risk of bias was assessed.
The behaviour change techniques (BCTs) used in the interventions were coded using the BCT Taxonomy.

Results Six full-text studies were included in this review, and 14 conference abstracts. All studies used a before-after
intervention design. The majority were UK studies (n=15), followed by US (n=3) and Australia (n=2). Of the full-text
studies, four focused on reducing the emissions associated with anaesthesia, and two aimed at reducing unneces-
sary test ordering. Of the conference abstracts, 13 focused on anaesthetic gas usage, and one on respiratory inhalers.
The most common BCTs used were social support, salience of consequences, restructuring the physical environment,
prompts and cues, feedback on outcome of behaviour, and information about environmental consequences. All
studies reported success of their interventions in reducing carbon emissions, prescribing, ordering, and financial costs;
however, only two studies reported the magnitude and significance of their intervention’s success. All studies scored
at least one item as unclear or at risk of bias.

Conclusion Most interventions to date have targeted anaesthesia or pathology test ordering in hospital settings.
Due to the diverse study outcomes and consequent inability to pool the results, this review is descriptive only, limiting
our ability to conclude the effectiveness of interventions. Multiple BCTs were used in each study but these were not
compared, evaluated, or used systematically. All studies lacked rigour in study design and measurement of outcomes.

Review registration The study was registered on Prospero (ID number CRD42021272526) (Breth-Petersen et al,,
Prospero 2021: CRD42021272526).
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Cutting carbon emissions as a first step toward reduc-
ing greenhouse gas (GHG) levels in the atmosphere is
the most urgent goal in the climate emergency. Climate
change is the ‘single biggest health threat facing human-
ity’ and is already negatively impacting public health
and health systems globally [1]. Paradoxically, the global
health sector — hospitals, health services, and its medical
supply chain — is responsible for around 5% of global net
carbon emissions [2—4], thus inadvertently contributing
to irreversible environmental changes and threatening
human health and future generations. This carbon foot-
print is equivalent to the total CO, emissions of entire
countries such as India (7.1%) and Russia (4.7%) [5]. To
fulfil international commitments to the Paris Climate
Change Agreement and decarbonisation of healthcare
systems around the world [6], the health sector must take
a lead role in reaching net-zero emissions [1].

Carbon footprint modelling has been applied to health
systems internationally to quantify the environmental
impacts of healthcare services and activities [7]. This
has helped determine the areas in which the most car-
bon emissions are produced and identify priority areas
for strategic intervention [7]. For example, 62% of total
health service emissions in the UK were from the supply
chain, with 24% (of the total) from the direct delivery of
care (e.g. on-site fossil fuel use, anaesthetics, inhalers).
Life cycle assessments have identified emissions involved
in different hospital departments or operations [8-10]
that could be reduced simply and cheaply through, for
example, reducing waste [11, 12], changing anaesthetic
gases used [13], and reducing unnecessary testing [14]
and imaging [15].

Since clinical activity itself accounts for 70-80% of the
total carbon footprint of healthcare (not buildings, water,
and waste) [16, 17] optimising how clinical care is deliv-
ered is a key component to decarbonising the health
sector. Therefore, a crucial component to reducing the
emissions of clinical care is individual behaviour change
[18]. Encouraging a shift in clinical behaviour to avoid or
replace carbon-intensive healthcare could result in sig-
nificant health, carbon, and cost savings for the health
system. For example, an existing NHS initiative that used
prompt cards to ‘nudge’ anaesthetists away from using
a potent anaesthetic agent (desflurane) and towards a
lower carbon alternative (e.g., sevoflurane) resulted in the
equivalent of 30,000 kg less CO, per month for the hos-
pital [19]. A Trainee-Led Research and Audit in Anaes-
thesia (TRA2SH) group have campaigned for hospitals

in Australia and New Zealand to pledge to #DitchTheDes
and remove desflurane from their formularies by 2025
(or sooner) [20]. In Australia, unnecessary Vitamin D
testing (>3 million tests per year) cost Medicare more
than $87 million in 2020 and a carbon burden equiva-
lent to 28,000—42,000 kg CO,e or driving approximately
160,000-230,000 km in a standard, petrol-fueled, pas-
senger car, yet provided no net health benefit for patients
[21]. Lastly, pathology and diagnostic imaging account
for approximately 9% of healthcare’s carbon footprint
in Australia [22]. Opportunities for intervening in this
context include turning off scanners to reduce emissions
from standby power and reducing ordering of unneces-
sary imaging or substituting high-impact imaging (e.g.,
MRI and CT) with lower-impact imaging (e.g., X-Ray and
ultrasound) to reduce carbon and costs [15].

Behaviour change interventions are ‘coordinated sets
of activities designed to change specified behaviour pat-
terns’ [23]. Systematic reviews of behavioural interven-
tions to reduce carbon emissions in office workplaces
[24] and residential buildings [25] have shown that
incentives given to individuals (both financial and non-
financial) can be very successful, as well as interven-
tions which change the physical environment in some
way (such as fitting technologies) and social influences.
However, these are lacking in the healthcare sector. It is
widely recognised that interventions targeting clinicians
are the most effective when implementing changes in the
health setting [26], and that behaviour change interven-
tions have demonstrated effectiveness in multiple areas
of healthcare [27-29]. These types of interventions aim
to change individual clinicians’ behaviour through a vari-
ety of methods. One framework for designing behaviour
change interventions is the Behaviour Change Wheel
(BCW) [23, 30] which has been used extensively in this
setting [31, 32]. It characterises interventions and policies
aiming to change behaviour and categorises barriers and
facilitators to a particular behaviour change into three
areas: capability, motivation, and opportunity (COM-B).

Despite the recent emergence of multiple studies esti-
mating the carbon footprint of clinical activity and sug-
gesting emissions reduction strategies via behaviour
change [22, 33, 34], no reviews, to our knowledge, have
explored the effectiveness of implemented behavioural
change interventions, targeting clinicians, to reduce
carbon emissions in health settings. To design and
implement effective carbon reduction interventions in
clinical care in the future, it is essential to identify and
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understand the nature and scope of existing initiatives
internationally and the impact of those interventions
have had on healthcare emissions.

This systematic review sought to answer the question:
“What behaviour change interventions have been imple-
mented in healthcare settings to encourage clinicians
to reduce greenhouse gas emissions from their clinical
activity? We will achieve this by identifying and synthe-
sising global empirical evidence on behavioural change
interventions implemented to reduce carbon emissions
arising from clinical care provision. The findings of this
review will inform the design and development of emis-
sions-reduction interventions in healthcare settings —
and ultimately support a shift towards more sustainable
healthcare at this critical time for the environment, the
future medical workforce, and the global population.

Methods

The study was registered on Prospero (ID number
CRD42021272526) [35]. Study procedures are reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidance [36].

Types of studies

See Table 1 for inclusion and exclusion criteria. Eligible
study types included randomised and non-randomised
controlled trials, controlled or uncontrolled before-and-
after studies, case series, case studies, and audit. Con-
ference proceedings were excluded initially before being
re-introduced due to a limited number of full-text papers
identified. No language restrictions were applied.

Types of interventions

Studies were included if they reported on a behaviour
change intervention/s implemented in any clinical setting
aimed at decreasing greenhouse gas emissions through
changing the behaviour (clinical activity) of individual
clinicians at their workplace. Interventions could have
been initiated by clinicians or healthcare services and

Table 1 Inclusion and exclusion criteria

Page 3 of 23

implemented in any healthcare setting including primary
care clinics, hospitals, health clinics, allied health centres,
or online.

Studies were excluded if they described interventions
targeting supply chains/procurement (beyond individual
clinician behavioural change) or interventions to reduce
emissions outside of clinical activity in the healthcare set-
ting. Studies that evaluated interventions designed pri-
marily to address waste/recycling or water and/or energy
use were also excluded. Comparisons of the intervention
versus no intervention (usual practice) or another inter-
vention were acceptable.

Outcomes

Our primary outcome was environmental impact (spe-
cifically, greenhouse gas emissions/carbon footprint) of
clinical activity, measured or modelled directly or indi-
rectly (e.g. estimated from costs, waste and/or energy
consumption). Secondary outcomes included financial
costs and change in clinical activity (e.g. reduction in
anaesthetic gas use or pathology test ordering).

Search strategy

Six databases were searched (Medline (via OvidSP),
Scopus, EMBASE (via OvidSP), Cinahl, Web of Science
(Core Collection), and ABI-Inform) for all studies up to
November 4, 2021. The search was repeated to update
the results on February 7, 2022. The search terms were
based on a previous similar review [24], with additional
terms based on known relevant papers and librar-
ian suggestions [from the Faculty of Medicine and
Health at the University of Sydney]. The complete list
of search terms is included in Table 2 below, and the
search strategy is shown in Additional file 1: Appen-
dix 1. The terms were searched within article title,
abstract, and keywords. Once the final selection was
complete, references and citations of full-text papers
were also searched, and potentially relevant articles
were reviewed.

Inclusion

Exclusion

- RCTs, before-and-after studies, case series, case studies, audit

« Full text published papers explicitly describing interventions available
to change the behaviour of individual clinicians towards environmentally
sustainable healthcare choices which reduce emissions

« No limits on type of behaviour change intervention/s (e.g. audit and
feedback, provider education, incentives, reminders)

- No limits on type of clinical activity targeted by intervention (e.g. anaes-
thesia, prescribing, imaging)

- Interventions delivered in primary care clinics, hospitals, health clinics,
allied health centres, or online. Studies can report on interventions in any
country

« Full-text studies describing interventions targeting supply chains/pro-
curement (beyond individual clinician behavioural change) or interven-
tions to reduce emissions outside of clinical activity in the healthcare
setting

- Studies not describing interventions

- Waste/recycling interventions (e.g. improving waste segregation, intro-
ducing recycling scheme)

+ Animal/veterinary studies

- Letters, editorials, reviews or commentaries, opinion pieces, protocols
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Fig. 1 Part of the Behaviour Change Wheel, Capability-Opportunity-Motivation-Behaviour Model (COM-B) definitions and example Behaviour
Change Techniques (Figure developed by the research team, using information from the Behaviour Change Wheel and the Behaviour Change

Techniques Taxonomy [23, 37]

Study selection

We downloaded references identified in searches and
uploaded them to Covidence, an online software plat-
form and primary screening and data extraction tool.
Two reviewers (CB, MBP) independently conducted title
and abstract screening using the inclusion and exclu-
sion criteria to determine suitability. Any conflicts were
resolved by discussion with two additional reviewers
(KP and TD). All reviewers assessed the full text of the
remaining papers.

Once this process was completed, a small number
(n=6) of studies were found to be relevant to the review.
After a discussion amongst the reviewers, it was decided
that we would also include conference abstracts of rele-
vant studies that may be published in the future because
of the limited pool of studies. Attempts were made to
contact authors of all included conference abstracts to
confirm that the study had not (yet) been published.

Data extraction

Three reviewers (MP, TD, CB) used a pre-determined
data extraction template on Excel to extract data from
the included full-text papers and conference abstracts.
The data extracted from the included studies were: year,
country, study design, study population, research ques-
tion/aim, description of the intervention, measured out-
comes (change in CO,e, change in clinical activity e.g.
anaesthetic gas usage, change in cost), and behaviour
change techniques used.

One reviewer (CB), with training in applying Michie
et al’s behaviour change technique taxonomy [37] to pub-
lished methods, extracted the behaviour change tech-
niques from the methods section of the full-text papers
and as much as possible from methods described in the
conference abstracts. We used this taxonomy as it relates
to a model of behaviour change commonly used when
designing interventions, the Capability-Opportunity-
Motivation-Behaviour (COM-B) model [23]. Figure 1
demonstrates how some of the behaviour change tech-
niques, from the taxonomy of 93 techniques, are situated
in the COM-B model.

Assessing the quality of the included studies

For the full-text papers, we used a risk of bias tool for
single-arm observational studies of interventions using
a modified checklist based on previously-published
checklists and evidence-based medicine criteria [38, 39],
adapted from [40] (see Additional file 1: Appendix 4 for
the tool used). Two reviewers independently rated each
study for risk of bias (CB, MBP) and conflicts that arose
were discussed with two further reviewers (KP, TD) until
consensus was reached. The Template for Intervention
Description and Replication (TIDieR) checklist [41] was
completed for each study (TD, CB).

Data synthesis
We anticipated that meta-analysis to calculate the pooled
effects of the interventions would not be possible because
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of heterogenous data reported across the studies and
measurement of outcomes. Study findings were therefore
synthesised thematically in tabular form.

Results

Description of studies

Search results

The PRISMA diagram (Fig. 2) shows the search pro-
cess and results. In November 2021, 5,956 database
results were assessed for eligibility. In February 2022, the
search was repeated, and an additional 1,006 database
results were assessed. The 144 citations and references
from the full-text papers included were also reviewed.
We identified a total of 4,675 papers (after duplicates
were removed). After excluding irrelevant papers based
on abstract screening, the full texts of 10 studies were
assessed, with six eligible studies identified. Of 309 con-
ference abstracts identified in the search, 14 were found
to be eligible for inclusion. The study team emailed lead
authors from the conference abstracts to request whether
they had progressed to full-text papers. 3 out of the 14
replied and confirmed that they had not. Study details
and outcomes are summarised in Tables 3, 4, 5, 6 and 7.

Full text papers

Characteristics of included studies

All studies described interventions in hospital settings.
Four of the six included studies were undertaken in hos-
pital anaesthesia departments in the USA [42, 45, 46]
(3/6), and UK [44] (1/6). These studies (4/6) focused on
reducing emissions of volatile anaesthetic agents, for
example by encouraging anaesthetists to use a low flow
anaesthesia technique or reducing the use of specific
anaesthetic gases — such as desflurane—that have a par-
ticularly potent global warming potential. The remaining
two studies (2/6) aimed to reduce unnecessary test order-
ing in a paediatric cardiology ward in the UK and a hos-
pital in Australia (Regan et al. focused on biochemistry
[43] and McAlister et al. on pathology [47]).

All included studies used a before-after (pre-post)
intervention study design. The main outcome was most
commonly measured at baseline for the whole hospital
department, followed by an intervention administered to
the staff in the department, and the outcome measured
again, often many times over a period of months (range
of 2 months to 4 years). However, one study [47] meas-
ured the effect of the intervention retrospectively, rather
than designing the intervention and following its out-
comes over time.

The interventions themselves included many differ-
ent facets. Some common themes were: adding remind-
ers onto machines for which/how much gas to use,
sending personalised feedback to individuals based on
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performance (e.g. how much gas had been used in the
last month, and the target), physically changing the can-
isters in the rooms so that it is more difficult to use the
unwanted gas, gathering the team regularly for updates
in person, and putting up educational posters. For more
detail of the characteristics of included studies’ interven-
tions, the completed TIDieR checklist [41] for each study
is in Additional file 1: Appendix 6.

Behaviour change techniques (BCTs) used in interventions
The studies in this review used very similar methods to
change behaviour. Table 5 shows the BCTs coded from
the full-text papers (see Additional file 1: Appendix 2 for
more detail, and Table 7 for definitions of the techniques
included). Five to 10 BCTs were used in each study; all
included papers used the techniques of (1) credible
source, as they all took place in a hospital setting and
interventions were run by colleagues of participants, and
(2) instruction on how to perform a behaviour, such as a
guide to using new machines to deliver anaesthesia.

Most of the studies included the BCTs of social sup-
port (5/6; e.g. encouraging staff), salience of conse-
quences (5/6; e.g. showing carbon emissions reductions
as equivalent miles driven by a car), adding objects to the
environment (5/6; e.g. posters put up), prompts or cues
(5/6; e.g. reminder labels on machines), feedback on out-
come of behaviour (4/6; e.g. by sending email updates on
progress), and information about environmental conse-
quences (4/6; e.g. describing environmental impacts of
the emissions). For a more detailed table of the BCT cod-
ing, see Additional file 1: Appendix 2.

Outcomes from the interventions

Table 3 summarises primary and secondary outcomes
measured across the studies, which were change in CO,e
(both percentage and absolute difference), change in cost,
and change in clinical activity (e.g., anaesthetic gas use or
pathology test ordering). All studies reported success in
their interventions; however, only two reported any sta-
tistical analysis to measure the size and significance of
the effect [42, 47].

In terms of the primary outcome of CO,e reduction,
four studies calculated a reduction in emissions as a result
of their intervention. Zuegge et al. reported a reduction
of 2,865,430 kg CO,e per year, calculating CO,e using
the global warming potential (GWP) of the gas and the
mass emitted [45]. They also reported a CO,e per case
of 163 kg before their intervention, versus 58 kg 3 years
later, in 2015 [45]. Glenski & Levine calculated a reduc-
tion of 28.5 MT CO,e per year compared to before their
intervention, using a formula based on number of Sevo-
flurane bottles, their density and the GWP [46]. McAlis-
ter et al. reported a reduction of 53 g CO,e (P<0.001) per
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Fig. 2 PRISMA diagram

admission using an analysis which included many fac-
tors (e.g., current energy suppliers, differences in power
when a test is taken) [47]. Regan et al. [43] estimated a
10,042 kg CO,e reduction per year attributable to a
reduction in test ordering after their intervention, using

Studies included in
conference abstract

synthesis
(n=14)

estimates from the UK government’s carbon emissions
indicator [62], which convert price to CO,,.

Of those studies that aimed to change anaesthetic
gas use [42, 44-46], all four reported a reduction in
emissions after the intervention, through for example,
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Table 6 Behaviour change techniques (BCTs) for conference abstracts
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Author,
year

Behaviour Change Techniques

1.3

Goal
setting
(outcome)

2.7

Feedback
on

outcome(s)

of
behaviour

4.1

Instruction
on how to
performa
behaviour

5.2

Salience of
consequences

5.3

Information
about

social and
environmental
consequences

7.1

Prompts /
cues

9.1 12.1

Credible Restructuring
source  the physical
environment

12.5

Adding
objects

to the
environment

Pateletal, Vv v
2014 [48]

Boyle et al,,
2018 [49]

Danby et al,, v v
2018 [50]

Jani &Kalla, v v
2018 [51]

Hickman & v v
Molyneus,
2019[52]

Lawson &
Baxter, 2019
[53]

Self & Eve- v
leigh, 2019

[54]

Benness & v
Doane, 2021

[55]

Cartaetal, v
2021 [56]

Hirst et al,,
2021 [57]

Jameson& Vv v
Young, 2021
[58]

Kirkman
etal, 2021
[59]

Roome v
etal, 2021
[60]

Wilson & v
Clark, 2021
[61]

v

4

A U U N

Number corresponds to the code in the Behaviour Change Technique Taxonomy [32]

increasing uptake of low flow anaesthesia or replacing
more potent inhalational anaesthesia with lower emis-
sions alternatives. Epstein et al. [42] reported a statisti-
cally significant reduction in Sevoflurane use (P<0.001)
and a non-significant decrease in the number of gas bot-
tles purchased (P=0.81), when comparing 8-week peri-
ods before and after their intervention. Carter et al. [44]
reported an 18% reduction in volatile gas bottles ordered
in the year after their intervention compared to the year
before; Zuegge et al. [45] a 55% reduction in Desflurane

use (and a 16% increase in Sevoflurane use) in the yearly
totals before and after their intervention; and Glenski &
Levine [46] reported a 20% decrease in Sevoflurane bot-
tles used per month (and a 25% decrease in the amount
of Sevoflurane used per anaesthetic performed) before
their intervention compared to 9 months later.

Two studies described the effect of interventions that
aimed to reduce the cost and environmental impact of
unnecessary test ordering. Regan et al. [43] reported a
significant reduction in percentage of biochemical tests
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ordered, as well as an increase in use of more efficient
C005 tests as a percentage of total biochemistry tests
ordered, from 13 to 45%. McAlister et al. [47] found a
10% reduction in rate of pathology collections (2 <0.001)
after the intervention.

Five of six studies also found a reduction in finan-
cial cost. Epstein et al. [42] reported a non-significant
decrease in the cost of absorbent purchases (P=0.81).
Carter et al. [44] reported a 25% decrease in spending on
volatile agents compared with the same period the previ-
ous year. Zuegge et al. [45] calculated savings of $25,000
per month after their intervention. McAlister et al.
[47] also found that fees per admission were $22 lower
(P=0.001) after their intervention, and for Regan et al.
[43] biochemistry test cost fell by £533 (23%) per month
after their intervention.

Conference abstracts
Characteristics of included studies
Almost all the studies (13/14) described in the conference
abstracts were conducted in the UK, with the remaining
one from Australia [55]. Most of the studies (13/14) were
focused on anaesthetic gas usage, with only one aiming
to reduce emissions of respiratory inhalers [60]. In terms
of methodology, all abstracts described before-after (pre-
post) study design. One of the studies [60] was aimed at
GPs; the rest targeted anaesthetists in hospitals (13/14).
As limited detail was included in the abstracts, inter-
ventions were not described as thoroughly as in the
full-text papers. However, some common -character-
istics of the interventions described were: participant
feedback on progress via, for example, email updates,
visual prompts such as stickers on machines, education
provided through presentations and posters, and physi-
cally removing the unwanted gas (usually Desflurane)
from anaesthetic machines. The one intervention that
focused on inhalers was slightly different [60]. Here, GPs
were provided with educational materials on the environ-
mental benefits of using less carbon intensive inhalers, as
well as a decision support tool to use with patients and
prompts when prescribing inhalers.

Behaviour change techniques (BCTs) used in interventions

Table 6 includes as many BCTs as possible from the
abstracts (see Additional file 1: Appendix 3 for more
detail, and Table 7 for definitions of the techniques
included). Like the full text papers, the conference
abstracts also all included the technique of ‘credible
source. Most also included information about environ-
mental consequences (8/14; e.g., presentation on envi-
ronmental impacts). Also common were instruction on
how to perform a behaviour (7/14; e.g., a website with
education and instructions), and prompts or cues (7/14;
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e.g., reminders on machines). For a more detailed sum-
mary, see Additional file 1: Appendix 3.

Outcomes from the interventions

Primary and secondary outcomes of the conference
abstracts are summarised in Table 4, where detail was
available. Only one study reported statistical analyses as a
measure of effect [58]. All reported an effect on outcomes
following the intervention. Nine of the 13 anaesthetic gas
studies found a reduction in gas use, and the study aim-
ing to reduce Ventolin inhaler prescribing [60] achieved
a 31% reduction in inhalers being prescribed after their
intervention, and improved patient satisfaction. Simi-
lar to the full-text papers, 7/14 abstracts also reported a
reduction in financial cost and 8/14 a reduction in CO,e
emissions.

Quality of the evidence

Risk of bias assessment for the 6 included studies is
reported in Table 8; definitions of the risk of bias cri-
teria and detailed rationale per study are provided in
Additional file 1: Appendices 4 and 5. Overall, all studies
scored at least one item as unclear or at risk of bias.

Internal validity

Selection bias was assessed as low risk for all studies, as
the total eligible population (e.g., entire hospital depart-
ment) was included in the intervention (although none
explored how many individuals within the departments
were engaged with the intervention). Study outcomes
were also assessed in >95% of the study group of interest,
meaning that risk of attrition bias was judged to be low
for the included studies. All 6 studies were judged to be
at high risk of detection bias because all studies did not
have blinded outcome assessors (except McAlister et al.,
however, in this study, they also were not blinded to the
investigated determinant [47]). Regarding adjustment for
confounding factors, four of the six studies [43-46] did
not report adjusting for any confounders. The remain-
ing two did account for some but not fully. McAlister
et al. included sensitivity analyses adjusting for age, sex,
NWAU19 and type of admission but reported in their
limitations that they did not capture all confounding
factors due to a lack of control in the study [47]. Epstein
et al. conducted a sensitivity analysis on the financial
implications of changing gases, however not for any
other of their hypotheses [42].

External validity

Reporting bias was not well defined for three studies:
Carter et al. [44] and Zuegge et al. [45] did not adequately
define the number of participants or the intervention.
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Table 8 Risk of bias for full-text papers

Paper Internal validity External validity
Selection bias:  Attrition Detection Confounding: Reporting bias Reporting bias Reporting bias Analyses:
representative? bias: bias: adjustment?  (study group): (follow-up): (outcome): well

adequate?  blind? well defined?  well defined?  well defined?  defined?

Epstein et al., v v x ? ? v v v

2016 [42]

Reganetal, v v x x ? v v x

2018 [43]

Carter et al., v v x x x v v x

2019 [44]

Zueggeetal., Vv v x x x v v v

2019 [45]

Glenskietal, Vv v x x ? v v v

2020 [46]

McAlisteretal.,, v v x ? ? v v v

2021 [47]

Glenski & Levine defined the number of participants
(number of people in the anaesthesiology department)
but did not define the intervention adequately enough
[46]. Epstein et al. [42], Regan et al. [43] and McAlister
et al. defined the intervention but not the number of
participants, as they did not include the number of peo-
ple in the department being targeted by the interven-
tion [47]. All studies defined the follow up and outcome
adequately. Despite four of the studies also defining the
method of analysis and quantifying the effect of the inter-
vention [42, 45-47], two studies [43, 44] did not perform
any kind of rigorous statistical analyses.

Discussion

Principal results

Six studies that described behaviour change interventions
to reduce greenhouse gas emissions in healthcare settings
were identified for inclusion in this review. 14 conference
abstracts were also identified that met eligibility criteria.
All studies took place in hospitals. The most common
techniques included in the behaviour change interven-
tions were: credible source, social support, salience of
consequences, adding objects to the environment, and
prompts or cues. Four looked at changing or reducing
anaesthetic agents, a key carbon emitter, with their inter-
ventions resulting in 16—-55% reduction in gas used. The
other two aimed to reduce unnecessary test ordering to
lower emissions; these two interventions were also suc-
cessful in their aims.

However, not all studies measured or calculated CO,e,
despite a reduction in emissions being their goal. Those
studies that did report a reduction, for example Regan
et al’s calculated reduction of 10,042kg [43], were not
necessarily reporting an accurate estimate of carbon

emissions saved because their estimate is based on a con-
version of cost to carbon emissions. While cost-based
estimates of carbon emissions are widely used, they are
less accurate than emissions estimate from life cycle
assessment for a range of reasons including some compo-
nents of the life cycle of the product/service may be omit-
ted, and the assumption of a linear relationship between
costs and carbon emissions may not always hold. One
study [47] used rigorous methodology (i.e., environmen-
tal impact was based on previous LCA), however oth-
ers used simple calculations which may not account for
all CO,e emissions. Therefore, the quantifiable reduc-
tions in number of tests ordered and amount of harmful
gases (e.g. desflurane) used may be a better indicator of
reduced environmental impact.

Strengths and limitations
As far as the authors are aware, this review is the first to
look at behaviour change interventions to reduce carbon
emissions in healthcare settings. It provides a valuable
starting point for others to design interventions in similar
contexts as it demonstrates the type and scope of behav-
ioural change interventions implemented internationally
to address the carbon footprint of clinical care. It shows
interventions to date have targeted anaesthetic gas use or
unnecessary pathology test ordering in hospital settings
only. A strength of this study is our systematic mapping
of behavioural change techniques used in each study.
Other strengths include the extensive search strategy and
large number of titles and abstracts screened and having
multiple assessors to extract data and conduct risk of bias
assessments independently.

However, only 6 studies were eligible to be included
in this review, and eligible conference abstracts (which
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were included to illustrate some local initiatives that
have been undertaken by clinicians in their clinical set-
tings) are unlikely to be published in academic journals
in the future. Furthermore, the 6 included studies were
very similar in methodology and interventions. None
of the studies randomised groups to different interven-
tions or had a control group. The only study design was
uncontrolled before-after. In order to conclude that the
interventions were indeed effective, we need gold stand-
ard RCTs to truly measure their effectiveness. As statisti-
cal analyses was not performed in most of the included
full-text papers, we cannot be sure of how much of an
improvement the interventions caused and whether this
was statistically significant.

Another limitation is that the studies introduced new
aspects of the intervention as it progressed, with limited
or no effort made to evaluate the effects of each com-
ponent, so it remains unclear which aspect of the inter-
vention produced the largest effect on the outcomes
measured. The studies used multiple behavioural change
techniques, for example adding objects to the environ-
ment and providing tailored feedback, but did not com-
pare any, or use them systematically or strategically.
Therefore, it is not clear which techniques were the most
effective, or indeed if any were counter-intuitive.

None of the studies appear to have designed their inter-
vention using a model, theory or framework which is rec-
ommended when designing successful behaviour change
interventions [63, 64]. All included studies did not ref-
erence or define the barriers and facilitators involved in
the behaviour they were attempting to change. This is
best practice when aiming to change behaviour, so as to
ensure the intervention is targeting the barriers to behav-
iour change [23].

Comparison to prior work

Previous work in other areas has also found that the
behaviour change techniques of incentives and social
influences work well, as well as changing the environment
[24, 25]. This review demonstrates success using social
support and adding or removing objects in the environ-
ment in the healthcare setting too. However, incentives
were only used in one of the studies [43], and this was in
combination with 9 other BCTs [43], so it isn’t clear how
effective this specific technique is in this setting.

This review shows that very little work has been done
to date to develop and evaluate behaviour change inter-
ventions to reduce the carbon footprint of healthcare. Yet
this area is in urgent need of attention if commitments
by countries at the COP26 meeting to move towards low
carbon healthcare systems are to be met [65]. Measur-
ing carbon emissions from healthcare is challenging,
and methods for doing this work accurately, while well
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developed in other sectors, are only now being applied
to healthcare (e.g., [14, 15, 66, 67]). The gold standard
method is the Life Cycle Assessment (LCA), as described
by ISO 14040 and ISO 14044. Most of the studies in our
systematic review did not measure carbon emissions
directly based on LCA, but estimated them, for exam-
ple from changes in anaesthetic gas usage. This approach
is likely to be valid, as in turn those anaesthetic gases
have been thoroughly studied in previous LCAs. One
study [47] was able to estimate carbon emissions from
a previous LCA of common pathology tests. Such stud-
ies are currently rare in healthcare. Other studies in our
review, which estimated carbon emissions from costs
data, are likely less accurate in their estimates of CO,e
emissions. This highlights the urgent need for LCAs of
more healthcare products and services. This work will
be needed for better measurement of the outcomes of
behavioural interventions to reduce the carbon footprint
of healthcare.

Future research

As most of the interventions of the included studies were
designed and run by clinicians themselves, we suggest
that there is strong clinician interest and engagement
with this issue, which is promising for future research
being implemented and maintained in hospitals. How-
ever, future research should aim to run these inter-
ventions in a systematic and evidence-based way. One
method would be to use the COM-B model [23], a tool
for designing interventions based on tackling the capabil-
ity, opportunity and motivational barriers for individu-
als to perform a particular behaviour. Once the barriers
are understood, the relevant BCTs can be applied which
target those barriers. Future interventions should also
test a select few techniques at a time only, with a control
or comparison group, as doing so would give a clearer
indication of which specific BCTs are effective, result-
ing in more practical outcomes that can be implemented
in other contexts. High quality evidence is necessary to
direct change in clinical behaviour, and close attention
must be paid to local contexts (e.g. resources, culture
and values, receptivity) for successful implementation of
evidence-based interventions into practice, that best sup-
port healthcare decarbonisation [33, 68]. Clinicians could
be supported to partner with researchers to improve
research design, quality, and long-term evaluation.

We also found that most interventions to reduce emis-
sions in healthcare have focused on anaesthesia. This is a
priority area due to the high global warming potential of
anaesthetic gases — prioritisation which has been made
possible by previous LCA studies of these and other
greenhouse gases. The behaviour changes observed in
these studies represent big wins in terms of large-scale
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emissions reduction. However, rigorous studies with
well-designed interventions are also needed in other
areas of clinical practice both in and outside of hospital
settings within health care. Future research should inves-
tigate what types of interventions could work in other
settings, such as primary care or allied health, where
there are likely to be different barriers and facilitators to
behavioural change.

Conclusion

To conclude, this review demonstrates that there has
been little published research on behaviour change inter-
ventions to reduce carbon emissions in healthcare. Those
that do exist have all used a before-after design and have
tested multiple interventions simultaneously, limiting the
reliability of their findings, and have focused on either
anaesthetic gas use or test ordering. Future research
should be more systematic when designing interven-
tions in this space, and test more rigorously their impact.
More interventions should also be done in other areas
of healthcare, such as in primary care or other hospital
settings.
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CO2e Carbon dioxide equivalent
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