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Abstract

Climate change is the greatest health threat of the 21st century, with healthcare contributing
approximately 4–5% of global greenhouse gas emissions. Decarbonising healthcare, the
deliberate reduction of emissions across all healthcare activities, is essential to reduce
the health sector’s environmental impact while maintaining equitable, high-quality care.
Preparing future health professionals for sustainable, low-carbon practice is increasingly
recognised as critical; however, education on healthcare decarbonisation remains inconsis-
tent and weakly embedded in curricula. This scoping review mapped existing educational
resources for pre-registration health profession students. Following the JBI methodology,
six databases (Scopus, Web of Science, MEDLINE, CINAHL, PsycINFO, and GreenFILE)
were searched in April 2025 (updated in October 2025). Data were thematically analysed.
In total, 32 studies met inclusion criteria, comprising 17 mixed-methods, 11 quantitative,
and 4 qualitative designs. Most interventions were multimodal, addressing sustainability
or climate change through simulation, digital, formal, or didactic methods. Knowledge
and attitudes were the most frequently evaluated outcomes. Thematic analysis identified
knowledge and awareness, attitudes and emotional responses, behavioural intent and
action, identity formation through collaborative learning, and barriers to decarbonisation.
Findings suggest that blended, interactive, and technology-enhanced education improves
knowledge, attitudes, and identity, but sustained impact requires longitudinal, skills-based,
and policy-aligned interventions to drive meaningful healthcare decarbonisation action.

Keywords: healthcare decarbonisation; sustainability education; climate change; low-
carbon healthcare; pre-registration health professions; health professions education;
environmental sustainability
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1. Introduction
Climate change poses an unparalleled threat to human health and places increasing

strain on healthcare systems worldwide [1]. Driven largely by human activity, including
fossil fuel combustion, deforestation, and industrialisation, climate change encompasses
sustained alterations in temperature, precipitation, and weather patterns, leading to global
warming [2], with current atmospheric carbon dioxide levels reaching unprecedented
highs [3]. The healthcare sector itself contributes substantially, generating around 4–5% of
global greenhouse gas emissions [4]. The Lancet Countdown report highlights escalating
health consequences, including rising mortality from extreme heat, deteriorating air quality,
threats to food security, and expanding infectious disease risks, emphasising the need for
equitable, health-focused climate action [5].

Decarbonising healthcare has emerged as an urgent priority to mitigate the sector’s
environmental impact while safeguarding health outcomes. Healthcare decarbonisation
refers to actions that reduce or eliminate carbon dioxide emissions across healthcare systems,
including transitioning to renewable energy, improving energy efficiency, and adopting low-
carbon practices [6]. These emissions are classified as Scope 1 (direct provider emissions),
Scope 2 (indirect emissions from purchased energy), and Scope 3 (other indirect emissions
across the supply chain, including pharmaceuticals, medical products, food, and patient
travel) [7].

Decarbonisation represents a targeted, measurable component of sustainability, fo-
cused specifically on reducing greenhouse gas emissions within healthcare systems [6].
Sustainability, in contrast, is broader, encompassing environmental, social, and economic
dimensions and guiding the long-term, equitable functioning of health systems. Healthcare
systems face a paradox whereby the growing health needs created by climate change lead
to increased healthcare activity, which in turn generates additional emissions. Decarbonisa-
tion addresses this tension by prioritising emission reduction through coordinated actions
at system, organisational, and clinical levels while remaining embedded within the wider
sustainability agenda. These actions contribute directly to climate mitigation goals while
also supporting resilient and equitable healthcare delivery [8].

Global and national policies, including the United Nations (UN) Climate Change
Conference (COP26) health commitments led by the Alliance for Transformative Action
on Climate Change and Health (ATACH), Health Care Without Harm’s 2023 Europe’s
Operation Zero, the World Health Organization’s (WHO) 2023 Operational framework
for building climate-resilient and low-carbon health systems, and Delivering a Net Zero
National Health Service (NHS) in the United Kingdom, have set ambitious targets to
transform healthcare towards sustainability and emphasise the need for both technological
solutions and professional practice shifts supported by education [9–12].

Such practice involves not only awareness and values related to environmental respon-
sibility but also competencies that support measurable decarbonisation outcomes. At the
macro level, strategies include addressing energy grid emissions, improving infrastructure
efficiency, and reducing supply chain emissions, including those from agriculture and food
provision. At the meso and micro levels, actions range from reducing low-value care to se-
lecting low-carbon options, such as anaesthetic gases or dry-powder inhalers, rationalising
the use of personal protective equipment (PPE), adopting sustainable procurement policies,
and incorporating telehealth to reduce travel-related emissions [13]. These multi-level
approaches demonstrate how individual, team, and system-level interventions collectively
contribute to healthcare decarbonisation.

Key concepts underpinning education in this area include sustainability, defined by
Brundtland as “meeting the needs of the present without compromising the ability of
future generations to meet their own needs,” and planetary health, which recognises the
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intrinsic interconnectedness between human health and the health of the environment [14]
(p. 43), [15]. In healthcare, these concepts translate to maintaining the capacity of health
systems to provide equitable, quality care while minimising environmental harm. While
sustainability provides a broad systems-oriented framework, decarbonisation is distin-
guished by its specific focus on emissions reduction, requiring both technical knowledge
and systems thinking to inform clinical and organisational decision making. This framing
aligns with the vision set out in the 2030 Agenda for Sustainable Development published
by the United Nations in 2015 [16]. Healthcare decarbonisation aligns most directly with
SDG 3 (Good Health and Well-being), SDG 7 (Affordable and Clean Energy), SDG 12 (Re-
sponsible Consumption and Production), and SDG 13 (Climate Action), with further links
to SDG 9 (Industry, Innovation, and Infrastructure) and SDG 10 (Reduced Inequalities).
Given healthcare’s contribution to emissions and the influence of health professionals, there
is a clear need to develop and evaluate educational resources that promote sustainable,
low-carbon practice within health profession training programmes.

Health professionals are trusted influencers capable of advocating for sustainable
practices [17]. However, many remain under-equipped to address climate-related health
risks [18,19]. Higher education represents a critical window to embed decarbonisation
principles, shaping students’ behaviours and decision making early in their careers [20,21].
Competency frameworks, such as those from the Global Consortium on Climate and Health
Education (GCCHE), provide guidance, but barriers remain, including limited educator
training, constrained resources, and lack of interdisciplinary integration [22–24]. These
gaps limit the capacity of higher education to equip future professionals with competencies
specifically required to support healthcare decarbonisation, including mitigation-oriented
practice change and systems-level action.

Educational provision remains variable, with students and educators calling for more
inclusion of sustainability, climate change, and planetary health in curricula [25–27]. A
range of educational initiatives has been developed to introduce health profession students
to sustainability, climate change, and planetary health concepts, including didactic modules,
online learning platforms, simulation-based activities, and innovative approaches, such as
educational board games [28–30]. While these initiatives have demonstrated improvements
in students’ knowledge, attitudes, and skills, there is comparatively less emphasis on
educational strategies that explicitly prepare students to deliver low-carbon healthcare or
engage in mitigation-oriented practice.

A growing body of literature has examined how climate change and sustainability
are integrated into health professions education. Reviews have identified factors influenc-
ing sustainability education, including students’ pre-existing environmental behaviours,
self-directed learning, and the role of educators, alongside barriers, such as curriculum
overload and limited faculty expertise [31]. Other reviews have examined diverse educa-
tional approaches across multiple health professions, reporting positive impacts on student
knowledge, attitudes, and skills, though no single method has emerged as superior [32].
Increased attention to climate education since 2015 has been noted, with calls for more
scalable and practice-ready curricula [33]. Additional work has emphasised the value of in-
terprofessional education while also highlighting challenges related to institutional support,
assessment, and curriculum embedding [34–36]. Core environmental competencies, such
as systems thinking and resource stewardship, have been identified, reinforcing alignment
with broader healthcare competencies [37]. However, none of these reviews have focused
explicitly on healthcare decarbonisation as a distinct educational domain, underscoring
the need for a clearer understanding of how decarbonisation is currently addressed within
health professions education.

https://doi.org/10.3390/su18021068



Sustainability 2026, 18, 1068 4 of 23

2. Materials and Methods
2.1. Research Question

This scoping review aimed to systematically map the existing literature on educational
resources for teaching healthcare decarbonisation to pre-registration health profession
students. The purpose was to identify the scope and characteristics of existing educa-
tional approaches, highlight evidence gaps, and inform future curriculum and resource
development. The review addressed the following research question: “What current educa-
tional resources about healthcare decarbonisation are available to pre-registration health
profession students?” This was achieved via the following objectives:

• To identify and examine the current literature on educational strategies for teaching
healthcare decarbonisation to pre-registration health profession students.

• To explore the content and effectiveness of different educational resources in relation
to student outcomes.

• To map the evidence on pedagogical approaches to healthcare decarbonisation edu-
cation for pre-registration health profession students to inform the co-design of an
educational resource on healthcare decarbonisation.

• To identify any gaps in existing research regarding healthcare decarbonisation educa-
tion for pre-registration health profession students.

2.2. Study Design

Given the breadth and heterogeneity of the literature, a scoping review methodology
was selected to enable an exploratory synthesis without restrictions on study design, in-
tervention type, or outcomes [38]. The review was conducting using the Joanna Briggs
Institute (JBI) methodology for scoping reviews (ScRs) and guided by the Preferred Re-
porting Items for Systematic Reviews and Meta-analysis extension for scoping reviews
(PRISMA-ScR) checklist (Table S1) [39–41].

The protocol for this scoping review was registered on the Open Science Framework
(registration https://doi.org/10.17605/OSF.IO/2W7UP) on 14 April 2025.

2.3. Inclusion and Exclusion Criteria
2.3.1. Types of Sources

This scoping review included a range of study designs. Experimental and quasi-
experimental designs included randomised controlled trials, non-randomised controlled
trials, before-and-after studies, and interrupted time-series studies. Analytical observa-
tional designs considered for inclusion were prospective and retrospective cohort studies,
case-control studies, and analytical cross-sectional studies. Descriptive observational de-
signs, such as case series, individual case reports, and descriptive cross-sectional studies,
were also eligible. All manner of qualitative research approaches were considered within
the scope of this review. Systematic reviews that met the inclusion criteria were examined
for relevant references that may not have been identified through database searches. These
were included if they satisfied the eligibility criteria. Only studies published in English
were considered due to the language proficiency of the research team. No date restrictions
were applied. No critical appraisal of included studies was undertaken, in keeping with
the Joanna Briggs Institute (JBI) methodology for scoping reviews, which prioritises the
identification and mapping of available evidence over evaluation of study quality [39]. The
purpose of this review was to describe the scope, characteristics, and trends within existing
educational research on healthcare decarbonisation, rather than assessing effectiveness or
methodological rigour. Accordingly, findings should be interpreted as indicative of patterns
and gaps in the literature, not as a measure of intervention quality. Grey literature was
excluded to ensure methodological consistency and to focus on peer-reviewed empirical
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studies that provided sufficient methodological detail for structured data extraction. As
no formal critical appraisal was conducted, limiting inclusion to peer-reviewed sources
helped maintain a baseline standard of quality and reporting. This approach reduced
heterogeneity and enhanced transparency within the evidence mapping process.

2.3.2. Population, Concept, and Context (PCC) Framework

Eligibility criteria were developed using the Population, Concept, and Context (PCC)
framework recommended by the Joanna Briggs Institute (JBI), which was prioritised as the
primary organising model to maintain conceptual coherence and reduce complexity [40].
This review included studies involving pre-registration health profession students (nursing,
medicine, dentistry, and pharmacy) aged 18 or over, with no restrictions on gender or
ethnicity. It aimed to explore the use and impact of educational resources on healthcare
decarbonisation, including outcomes, experiences, and behaviours related to this education.
Relevant studies addressing related topics, such as climate change, sustainability, and
planetary health, were included only if there was reference to decarbonisation within the in-
tervention or its associated outcomes. To clarify how indirect references to decarbonisation
were operationalised, studies were included if they explicitly linked educational content
to emissions-related healthcare practices, systems-level change, or mitigation-relevant
behaviours. Related topics, such as climate change, sustainability, and planetary health,
were eligible only when these links to decarbonisation were clearly described within the
intervention or associated outcomes. All types of educational approaches and settings,
such as workshops, serious games, face-to-face teaching, and clinical or higher education
environments, were considered, with no geographical limitations. Pilot testing of inclusion
and exclusion criteria among reviewers was conducted to ensure consistent study selection.
A detailed description of the eligibility criteria is included in Table 1.

Table 1. Review inclusion and exclusion criteria.

Inclusion Exclusion

Study
Characteristics

Empirical studies
Literature reviews (to search reference lists)

English language

Non-empirical studies
Studies not in the English language

Participants

More than 50% of participants are pre-registration
health profession students (nursing, medicine,

pharmacy, dentistry)
Aged 18 years or older

Less than 50% of participants are
pre-registration health profession students
(nursing, medicine, pharmacy, dentistry)

Participants under 18 years of age
Post-graduate students

Registered health professionals
Non-health profession students

Concept

Educational resources related to healthcare
decarbonisation

Studies reporting student outcomes and
experiences

Education on climate change, sustainability, or
planetary health (if decarbonisation is discussed)

Educational resources with no content
relating to decarbonisation

Studies without student-specific outcomes or
experiences

Education on climate change, sustainability,
or planetary health (if no decarbonisation is

discussed)
Studies with no educational intervention

Context

All types of educational resources
Higher education setting

Clinical teaching areas (as long as population is
correct)

All geographical locations

Studies conducted outside of educational or
clinical training settings
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2.4. Search Strategy

The search strategy was developed by the review team. An initial limited search of
MEDLINE was conducted to identify relevant articles on the topic. The PEO (Population,
Exposure, Outcome) framework was used to develop the review question and the search
strategy. Although PEO is more commonly associated with etiologic or risk studies to
determine the effect of an exposure on health outcomes, it can be appropriately adapted
for educational reviews to explore how exposure to specific teaching methods, curricula,
or learning environments impact students’ outcomes [42]. In this review, “Population”
referred to pre-registration health profession students (e.g., medicine, nursing, pharmacy,
dentistry, allied health, etc.); “Exposure” referred to decarbonisation-related education
(e.g., decarbonisation, climate change, planetary health, SDGs); and “Outcome” referred
to educational delivery and learning processes (e.g., curriculum, pedagogy, training, e-
learning). These definitions guided the search strategy and ensured the inclusion of studies
involving the target learners, relevant sustainability exposures, and educational outcomes.
Text words contained in the titles and abstracts of these articles, keywords, and the index
terms used to describe them were used to develop a comprehensive search strategy for
MEDLINE (Table S2). This strategy, including all identified keywords and index terms, was
then adapted for each database and/or information source, including, for example, the use
of MeSH terms where available. Manual screening of reference lists of all included sources
of evidence was completed to identify additional or potentially missed studies. The six
databases searched were CINAHL, PsycINFO, MEDLINE, GreenFILE, Scopus, and Web of
Science on 30 April 2025 (n = 28), and searches were updated on 25 October 2025 (n = 32).
This combined approach ensured both systematic coverage and verification of potentially
overlooked studies. The search terms listed in Table 2 were used.

Table 2. Search terms (PEO).

Population

“Nursing Students” OR “Medical Students” OR “Pharmacy
Students” OR “Dental Students” OR “Health Professions Students”

OR “Nursing Education” OR “Medical Education” OR “Allied
Health Education” OR “Health Education”

Exposure
Decarboni?ation OR Sustainability OR “Climate change” OR

“Planetary health” OR “Sustainable Development Goals” OR SDGs
OR “Environmentally Friendly” OR “Green Skills”

Outcome

Education OR Curriculum OR “E-learning” OR Training OR
Pedagogy OR “Instructional Design” OR Learning OR “Learning

Interventions” OR “Blended Learning” OR “Learning Management
System” OR “Virtual Classroom” OR “Flipped learning” OR

“Active Learning”

Study Selection

Following the search, all identified citations were collated, converted to RIS files,
uploaded into EndNote, a reference management system, and then subsequently imported
into Covidence (https://www.covidence.org/ accessed 1 May 2025), a screening and data
extraction tool designed to streamline literature review processes. Duplicates were removed.
Titles and abstracts were independently screened by NM and SC to assess eligibility based
on the inclusion criteria. Potentially relevant sources were retrieved in full text. Full-text
screening was completed by NM and SC. Reasons for the exclusion of sources at the full-
text stage were documented and reported via Covidence. Any disagreements between
reviewers at any stage of the selection process were resolved through discussion (NM, SC,
and GM). The results of the search and the study selection process are reported in full in
the final scoping review and presented using a PRISMA-ScR flow diagram (Figure 1) [41].
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Figure 1. PRISMA flow diagram.

2.5. Data Extraction

NM completed data extraction for all papers included in the scoping review
(Table S3). This was independently checked for accuracy by SC and GM. The JBI Template
for Source of Evidence Details, Characteristics, and Results Extraction Instrument was
selected in accordance with the review protocol [43]. The instrument was adapted to suit
study needs and utilised for data extraction. The tool was piloted with three studies. The
review team agreed that all relevant data for the review were extracted before proceeding
with the data extraction process.

Data extraction was guided by this revised tool, which facilitated the collection of
key information on participants, concept, context, study methods, and findings relevant
to the review questions. As this is a scoping review, no critical appraisal of evidence was
undertaken. No studies focused exclusively on healthcare decarbonisation; therefore, all
extracted data were drawn from studies in which the topic was addressed alongside other
subjects, such as sustainability, climate change, and planetary health. The adapted version
is attached (Table 3).

https://doi.org/10.3390/su18021068
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Table 3. Data extraction template.

Citation Country of
Origin Aim Population Concept Context Study

Design
Data

Collection
Data

Analysis
Key

Findings

e.g., Smith, J.,
et al. (2025)

The country
or region
where the
study was
conducted

The main
objective or

research
question of
the study

Details of
participants,
sample size,
age, or other
relevant de-
mographics

The main
topic or focus
of the study

Setting or
environment
of the study

The method-
ological

approach
used

Methods
used to

gather data

Techniques
or tools used

to analyse
the data

Main results
relevant to
the review

2.6. Data Synthesis and Reporting

Data were analysed using a combined content and thematic analysis approach to
identify, interpret, and synthesise patterns across the included studies. In line with JBI ScR
guidance, a basic content analysis was conducted following Pollock et al.’s (2023) three
phases of preparation, organising, and reporting [40,44]. Thematic analysis was undertaken
using Braun and Clarke’s six-step framework, involving familiarisation with the data,
inductively generating initial codes, searching for themes, reviewing themes, defining and
naming themes, and writing up [45]. This process was led by NM and independently
reviewed by SC and GM alongside collaborative discussion to achieve consensus on final
themes and to ensure rigour. Findings are presented narratively and supported by tables
and figures to illustrate key results.

3. Results
A total of 17,788 results were identified by the review search strategy. A combined

11,324 results were removed due to duplication (n = 11,267 by Covidence; n = 57 manually),
leaving 6464 results identified for title and abstract screening. A total of 6137 studies were
excluded at this stage due to not aligning with the review eligibility criteria (Table 1). A total
of 327 full-text articles were retrieved for screening. However, five of these could not be
retrieved due to barriers, including paywalls and unavailability via public or institutional
databases. Therefore, 322 full-text articles were screened. A total of 290 articles were excluded
for reasons detailed in the PRISMA diagram (Figure 1). Of these, 33 were literature reviews,
which were excluded in line with study eligibility criteria, which specified inclusion of only
empirical studies (Table 1). However, the reference lists and content of all excluded reviews
were manually searched to identify any additional relevant primary studies. After full-
text screening, 32 articles were included in the review [46–77]. A PRISMA-ScR flowchart
detailing this process is presented in Figure 1. Initial searches were completed in April
2025 (n = 28) and updated in October 2025 (n = 32). The four additional studies identified
through the update were screened, assessed, and incorporated using the same eligibility
criteria and data-charting procedures.

3.1. Characteristics of Included Studies

All studies included in the review were published within the last 10-years
(2015–2025) [46–77]. Most studies were published in 2025 (n = 9) [46–54]. The majority were
published within the last 5 years (n = 27) [46–72]. Study participants included nursing students
(n = 16) [48–53,55,57,61,68,69,73–77], medical students (n = 13) [46,47,56,58,59,62–65,67,70–72],
dentistry students (n = 2) [54,60], and health professions students (n = 1) [66]. No included
studies had pharmacy student participants. This represents a notable gap given the sub-
stantial contribution of medicines and pharmaceuticals to healthcare-related emissions. Sam-
ple sizes ranged from n = 12 to n = 676 with a mean sample size of n = 213 across the
total 32 included studies [46–77]. The majority of studies were completed in the United
Kingdom (UK) (n = 9) [57,60,70,71,73–77], followed by the United States of America (USA)
(n = 4) [58,59,61,72], Australia (n = 3) [49,51,67], Turkey (n = 3) [50,53,65], Spain (n = 3) [55,68,69],
Germany (n = 2) [62,63], Egypt (n = 2) [46,52], Indonesia (n = 1) [48], The Netherlands
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(n = 1) [56], Canada (n = 1) [65], Austria (n = 1) [64], Peru (n = 1) [60], and Mexico
(n = 1) [66]. All studies (n = 32) were completed in higher educational settings [46–77]. A
total of n = 17 utilised a mixed-methods approach, n = 11 were quantitative, and n = 4 were
qualitative. The two most frequently used quantitative analysis methods were the Wilcoxon
signed-rank test (n = 9) [55,56,62,63,65,69,72,73,75] and t-tests (n = 8) [47,51–54,57,58,67]. For
qualitative data, thematic analysis (n = 10) [48,49,56,58,60,63,66,67,70,71] and content analysis
(n = 8) [47,58,60,61,63,64,68,74] were the most common approaches to analysis.

3.2. Study Results

Content analysis was conducted for all 32 included studies, examining the fre-
quency and characteristics of intervention types, topic areas, measured outcomes,
and evaluation methods. Most studies (n = 22) employed a multimodal or blended
approach [46,47,49,54,56–64,66,67,69–76], integrating multiple educational strategies, while
n = 10 used a single instructional method [48,50–53,55,65,68,77]. Educational approaches
were grouped into four broad categories (Figure 2): (1) interactive and simulation-
based methods, e.g., scenario-based learning (n = 8) [55,60,68,69,73–75,77], workshops
(n = 5) [60,67,70,71], serious games (n = 1) [56], and skills-based training (n = 4) [51,61,65,77];
(2) didactic and case-based methods, e.g., traditional lectures (n = 7) [46,54,56–59,62,67],
case studies, or case-based learning (n = 6) [54,58,60,67,73]; (3) formal courses, e.g., stan-
dalone or integrated courses (n = 9) [46–48,53,59,62,63,67,72]; and (4) digital and multimedia
resources, e.g., augmented reality (n = 3) [55,68,69], podcasts (n = 2) [57], video-based re-
sources (n = 2) [52], and an online course (n = 1) [46]. Case-based learning focused on
analysing case examples, while scenario-based learning involved interactive or simulated
situations; therefore, they were categorised separately.
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Figure 2. Educational approaches content analysis (bar graph).

Across the included studies, the most common overarching topic focus was sustain-
ability (n = 16) [49,51,54,55,57,60,61,66,68–71,73–75,77], closely followed by climate change
(n = 12) [47,49,52,53,56,58,59,61–63,67,72] and planetary health (n = 3) [47,62,65]. One study
addressed both sustainability and climate change [60]. All studies met the inclusion crite-
rion of incorporating content related to healthcare decarbonisation within their educational
intervention, though the framing ranged from explicit (e.g., carbon footprint and resource
stewardship) to implied (e.g., sustainable clinical decision making).
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A wide range of outcomes were measured, including, most frequently, knowledge
(n = 18) [46,47,54,56–63,65,67,69,70,72,73,75] and attitudes (n = 17) [53–60,62,67,69,70,72,75,77].
Other outcomes included awareness (n = 6) [55,56,60,68,69,72], perceptions (n = 4) [64,68],
self-efficacy/confidence (n = 4) [52,57,59,61], behaviour (n = 4) [49,60,73,74], change in
practice (n = 2) [60,73], beliefs (n = 2) [59,72], eco-anxiety (n = 2) [52,53], environmental
literacy (n = 1) [53], acceptability (n = 1) [57], and barriers and facilitators (n = 1) [71].
Knowledge and attitudes dominated the evaluations, with far fewer studies assessing
behavioural change or measurable practice change.

Evaluation methods (Figure 3) were predominantly questionnaires (n = 29) [46–
49,51–65,67–70,72–77], supported by interviews (n = 5) [48,58,63,66,68], focus groups
(n = 4) [56,57,70,71], documentary analysis (n = 1) [60], LMS engagement metrics
(n = 1) [47], and assignments/project outputs (n = 2) [46,66]. Among the question-
naires, pre- and post-test designs (n = 20) [46,49,51–58,60,62,63,65,67,69,70,72,73,75] were
more common than post-test only (n = 9) [47,48,59,61,64,68,74,76,77], reflecting a gen-
eral preference for short-term pre–post measurement rather than long-term follow-up.
Student feedback was collected using open-text feedback sections in n = 13 of the
evaluations [49,56–58,60,61,63,66–68,70,71,74].
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A wide range of outcomes were measured across the included studies (Figure 4),
grouped into four broad domains: cognitive, affective, behavioural or skill-based, and
systemic or contextual outcomes. Cognitive outcomes (n = 29) were the most frequently
assessed and included knowledge (n = 17) [46,47,54,56–63,65,67,69,70,72,73,75], awareness
(n = 6) [55,56,60,68,69,72], perceptions (n = 5) [64,68], environmental literacy (n = 1) [53],
and relevance (n = 1) [57]. These outcomes reflected students’ understanding and com-
prehension of sustainability, planetary health, and healthcare decarbonisation concepts.
Affective outcomes (n = 25) included attitudes (n = 17) [53–60,62,67,69,70,72,75,77], beliefs
(n = 2) [59,72], eco-anxiety (n = 2) [52,53], concern (n = 1) [68], value (n = 1) [57], accept-
ability (n = 1) [57], and engagement (n = 1) [66]. These captured changes in students’
emotional responses, motivation, and values related to sustainability and environmental
responsibility. Behavioural and skill-based outcomes (n = 10) encompassed behaviour
(n = 5) [49,60,73,74], change in practice (n = 2) [60,73], skill (n = 1) [51], usefulness
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(n = 1) [69], and effectiveness (n = 1) [46]. These outcomes examined the degree to which
participants translated learning into applied or intended actions, including sustainable
behaviours and professional practices. Systemic and contextual outcomes (n = 4) consisted
of barriers and facilitators (n = 1) [71] and impact (n = 1) [46], with additional references to
contextual understanding of systems-level factors that support or constrain sustainability
integration. Although all included studies addressed healthcare decarbonisation either
explicitly or indirectly, the outcomes measured varied in their proximity to emissions re-
duction. Some studies assessed decarbonisation-relevant outcomes (e.g., carbon-informed
clinical decision making or waste reduction), while others focused on broader sustainabil-
ity or pro-environmental outcomes that function as proxy indicators but do not directly
quantify decarbonisation impact.

 

42.6%

36.8%

14.7%

5.9%

Cognitive 

Affective

Behavioural and Skill-Based 

Systemic and Contextual 

Healthcare Decarbonisation Education Outcomes (%)

Figure 4. Healthcare decarbonisation education evaluation outcomes (funnel chart).

Overall, the analysis continues to show a prevalence of blended educational interven-
tions focused on knowledge and attitudinal development, evaluated primarily through
self-reported data, with limited yet slowly increasing use of behavioural and practice-based
outcome measures. Following thematic analysis, the following five themes emerged from
the data. A summary of thematic findings can be found in Table 4.

Table 4. Summary of thematic results.

Theme Key Findings Behavioural/Practice Outcomes Pedagogical/Contextual Notes

1. Building a Decarbonisation
Mindset

Improved knowledge, awareness, and
understanding of healthcare

decarbonisation;
recognition of climate–health-professional

practice link;
reframing decarbonisation as professional

responsibility

Identification of carbon-intensive
practices (anaesthetic gases, PPE,

procurement)
Self-reported awareness of system-level

drivers

Scenario-based learning
Augmented reality

Planetary health modules
Simulation

Quality improvement projects
Practical relevance enhances intrinsic

motivation

2. From Concern to
Constructive Engagement

Positive attitudes toward climate mitigation
and sustainability; eco-anxiety transformed

into constructive engagement;
moral responsibility and professional

accountability

Increased willingness to engage in
sustainability-related actions

Emotional resilience supports action

Solution-focused framing fosters optimism
and agency

Immersive approaches can heighten
distress but also urgency
Structured workshops

3. Translating Awareness into
Decarbonisation Practices

Knowledge and attitudes frequently
translated into professional action; spillover

to personal behaviours

Clinical actions: optimise
investigations, appropriate PPE use,
low-carbon inhalers, advocacy for

sustainable clinical practices
Leadership roles in peer engagement

Context-specific interventions
Simulations

Waste management training
Advocacy workshops enhance actionable

competence
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Table 4. Cont.

Theme Key Findings Behavioural/Practice Outcomes Pedagogical/Contextual Notes

4. Becoming Low-Carbon
Change Agents

Professional identity shaped around
sustainability;

recognition of ethical duty to reduce
healthcare’s environmental impact

Active engagement as change agents
Interprofessional collaboration

Peer mentoring
Advocacy

Reflective and applied decision making

Collaborative and experiential learning
Scenario-based learning

Serious games
Podcasts

Augmented reality
Structured debriefs

5. Barriers to Decarbonisation
Action

Hierarchical, structural, and emotional
barriers limit translation of learning;

uncertainty about advocacy and
operationalisation

Reduced opportunity for practice-level
change due to institutional constraints,
time pressures, and lack of role models

Highlights need for multi-level support:
safe learning environments, applied
training, advocacy pathways, and

alignment of institutional policies with
sustainability

3.2.1. Theme 1: Building a Decarbonisation Mindset

Across health professions, educational interventions consistently improved students’
knowledge, awareness, and understanding of healthcare decarbonisation [46,48–50,55–
57,60,63–66,69–71,75–77]. Participants increasingly recognised the interconnectedness be-
tween climate change, health outcomes, and clinical practice, reframing sustainability as a
professional responsibility rather than a peripheral concern [55,56,69–71]. Recent course-
based planetary health teaching reported similar attitudinal shifts, with students explicitly
linking sustainable healthcare to their emerging professional identity [46,48]. Knowledge
gains were observed using both objective and self-reported measures. Objective improve-
ments included statistically significant post-test score increases [46,62,65,67] and enhanced
ability to identify carbon-intensive clinical practices, such as high-emission anaesthetic
gases, wasteful procurement, or excessive PPE use [54,75]. Self-reported outcomes demon-
strated students’ heightened awareness of system-level drivers of emissions, including
procurement decisions, single-use culture, and waste management practices [48–50,60,76].

Indirect sustainability outcomes, such as recycling, waste segregation, and per-
sonal sustainable behaviours, were also reported alongside decarbonisation-specific out-
comes [60,66,77]. While these proxy behaviours do not directly measure carbon reduction,
they support the development of a sustainability mindset that may facilitate future decar-
bonisation actions. Interventions with practical relevance to professional practice were
particularly impactful. Examples included scenario-based learning, augmented reality
platforms, planetary health modules, simulation-based sessions, and sustainable quality
improvement projects [51,57,58,65,70,71]. These approaches enabled students to connect
decarbonisation to safe, evidence-based care, fostering intrinsic motivation to act as future
change agents [49,57,58,63].

Attitudinal shifts reinforced knowledge gains. Nursing students showed year-on-year
increases in recognising the professional importance of climate change, with “excellent”
attitude ratings more than doubling post-intervention [55]. Medical and dental students
also demonstrated large effect sizes for knowledge and awareness improvements [52,54,60].
Some studies reported sustained effects over time, particularly when follow-up testing was
conducted [65]. One study indicated that 70% of students proposed at least one personal
action, 58% proposed health-related professional actions, and 30% proposed non-health
professional actions, reflecting progression from personal to professional climate–health
agency [66].

3.2.2. Theme 2: From Concern to Constructive Engagement

Students frequently expressed positive attitudes toward climate change mitiga-
tion and sustainability, linking these responsibilities to professional identity and ethical
duty [48,56,63,70]. Emotional responses ranged from concern and eco-anxiety to hope,
empowerment, and agency. Constructive eco-anxiety emerged when climate change was
presented as a pressing problem accompanied by practical solutions, allowing students to
channel worry into proactive engagement [53,70]. Regression analysis in one study showed
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that stronger pro-environmental attitudes correlated with higher eco-anxiety, moderated
by students’ perceived capacity to act [53].

The framing of educational interventions influenced emotional outcomes. Solution-
focused teaching fostered optimism, professional engagement, and motivation [46], while
workshops framing climate change as a solvable challenge inspired rather than over-
whelmed students [70]. Immersive activities illustrating the scale of the problem sometimes
heightened climate-related distress [56], yet even these responses coexisted with a greater
sense of urgency for action and moral responsibility, including intergenerational equity [63].
Some interventions directly reduced climate-related distress, with one study reporting large
effect size reductions in general climate anxiety [52]. These findings suggest sustainability
education can simultaneously enhance knowledge, shape attitudes, and support psycho-
logical resilience, helping students move from helplessness to empowered engagement.

3.2.3. Theme 3: Translating Awareness into Decarbonisation Practices

Knowledge and attitude improvements frequently translated into behavioural intent
and, in some cases, direct practice change. Professionally focused actions were most com-
monly reported, including optimising investigations, using PPE appropriately, switching
to low-carbon inhalers, and advocating for sustainable clinical practices [49–51,57,60,65,68].
Some students assumed leadership roles, promoting decarbonisation among peers, patients,
and colleagues [57,60,68].

Personal lifestyle behaviours, such as transport, diet, and energy use, were less con-
sistently influenced, often showing modest or short-lived improvements [48,55,69,73,75].
Spillover effects were noted, with students reporting that learning inspired family, friends,
or wider peer groups to adopt sustainable behaviours [57,61]. One study observed that
personal and household actions often progressed to professional, health-related behaviours,
illustrating movement from awareness to actionable competence [66].

Confidence and self-efficacy emerged as critical enablers. Multiple studies reported
substantial post-intervention increases in environmental self-efficacy (ESE) [52,72], with
students more prepared to question unsustainable practices in clinical placements [73,76].
Perceived capability to engage in sustainable clinical practice also increased [46], with
one study reporting a rise in students feeling responsible for informing patients about
climate-health impacts from 71.2% to 93.2% (p = 0.003) and for informing society from
62.7% to 83.1% (p = 0.003) post-intervention [56]. Behaviour change was more likely
when interventions provided practical, context-specific strategies and hands-on application,
such as simulations, waste management training, and advocacy workshops [50,61,65].
These findings underscore the importance of equipping students with actionable skills and
contextually relevant tools to sustain long-term decarbonisation behaviours.

3.2.4. Theme 4: Becoming Low-Carbon Change Agents

Interventions contributed to shaping students’ professional identity, positioning sus-
tainability and decarbonisation as integral to safe, high-quality care [55–58,61,67,69,70,73,75].
Collaborative and experiential methods, peer discussion, peer role modelling, and in-
terprofessional exchanges fostered belonging and collective responsibility [61,70,73,75].
Technology-enhanced learning, including scenario-based learning, augmented reality, se-
rious games, podcasts, and simulations, increased engagement and realism, allowing
students to apply sustainability concepts to authentic clinical contexts [55–57,69]. Reflective
activities, such as structured debriefs and facilitated discussions, enabled exploration of ten-
sions between competing professional priorities (e.g., infection control vs. decarbonisation),
supporting the development of refined decision making frameworks [59,65,76].
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Emotional and moral reflection reinforced identity formation. Discussions of grief,
worry, and moral responsibility prompted students to see sustainable practice as an ethical
duty, rather than solely technical compliance [56,64]. Interactive and applied methods
were preferred over didactic teaching, with >80% rating them as engaging, relevant, and
professionally applicable [62,67,73,75]. High satisfaction rates were reported, including 94%
endorsement for active participation [62] and 84% recommending collaborative training to
peers [61]. Delivery by passionate clinicians linking content to clinical roles was particularly
valued [58,70,71].

Students requested greater complexity and depth, clearer learning objectives, more
consistent facilitation quality, longitudinal integration within curricula, and stronger ad-
vocacy training [56,58,59,62,65,67,70]. These findings indicate that collaborative, reflective,
and technology-enhanced pedagogies do more than transfer knowledge—they actively
shape professional identity, cultivating graduates who view themselves as healthcare
decarbonisation change agents.

3.2.5. Theme 5: Barriers to Decarbonisation Action

Despite increases in knowledge, motivation, and intent, students consistently reported
barriers that hindered the translation of learning into practice. Hierarchical and cultural
constraints were prominent, with students hesitant to challenge senior staff or established
norms due to fear of damaging professional relationships or violating expectations of
deference [55,69,76]. Limited prior training in sustainability or decarbonisation com-
pounded this lack of confidence, leaving many feeling unqualified or powerless to influence
change during placements [60].

Structural and organisational challenges also constrained practice. Students high-
lighted the absence of recycling facilities, limited availability of sustainable clinical alterna-
tives, time pressures that deprioritised sustainability, and entrenched institutional habits
that reinforced carbon-intensive practices [51,60]. Practical dilemmas frequently arose
at the intersection of infection control, patient safety, and environmental responsibility,
a tension amplified during the COVID-19 pandemic by increased single-use waste and
persistent uncertainty regarding clinical waste segregation and disposal [51,68,76].

Emotional barriers were similarly influential. Climate helplessness, worry about
the scale of systemic challenges, and uncertainty regarding effective advocacy often left
students unsure how to operationalise decarbonisation principles without compromising
patient care [56,71]. Even motivated students reported limited guidance and few role
models to support sustainable practice. These findings underscore that educational in-
terventions alone are insufficient. Translating learning into actionable decarbonisation
behaviours requires multi-level support, including psychologically safe spaces, practi-
cal, context-specific training, clear pathways for advocacy, and alignment of institutional
policies with sustainability priorities. Addressing hierarchical, structural, and emotional
barriers is essential for empowering students to act as effective agents of change within
healthcare systems.

Overall, educational interventions across health professions improved knowledge,
attitudes, and awareness of decarbonisation while fostering professional identity and
agency. Behavioural and practice-level outcomes were enhanced when interventions were
context-specific, applied, and included hands-on, reflective, or collaborative elements.
Challenges remain in translating awareness into practice due to structural, cultural, and
emotional barriers, highlighting the need for multi-level strategies combining education
with supportive systems.
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4. Discussion
This scoping review aimed to assess the extent and nature of the current literature on

healthcare decarbonisation education, synthesise the pedagogical approaches employed
across health professions, and provide evidence to inform the development of future
resources that strengthen knowledge, attitudes, and behaviours for sustainable practice. As
a scoping review, the findings are descriptive and exploratory, intended to map the nature,
range, and characteristics of existing educational interventions rather than to determine the
comparative effectiveness of different pedagogical approaches. Thirty-two studies were
included, mostly published within the past five years, spanning nursing, medicine, and
allied health. Interventions typically addressed sustainability, climate change, or planetary
health more broadly, reflecting a growing recognition of environmental responsibility
in healthcare education. Pedagogical approaches were diverse and often multimodal,
combining scenario-based learning, workshops, didactic teaching, case studies, simulation,
and digital innovations, such as augmented reality or podcasts. Outcomes were primarily
measured in terms of knowledge and attitudes, often through pre/post questionnaires, with
limited attention to behaviour, skills, or long-term retention. These findings suggest that
while educational interventions effectively raise awareness and understanding, translation
into sustained behavioural change remains limited, highlighting the need for targeted
strategies that connect learning mechanisms to practice outcomes.

Consistent with prior literature, this review found that clinically relevant and scenario-
based approaches were particularly effective in contextualising environmental responsibil-
ity within practice. Structured interventions, such as reflection, simulation, and collabora-
tive learning, effectively develop the affective domain, fostering empathy, ethical reasoning,
and emotional competence alongside cognitive and technical skills [78]. Approaches such
as Sustainable Quality Improvement (SusQI) have been shown to effectively motivate learn-
ers and provide a practical framework for operationalising planetary health concepts [79].
These insights support a conceptual model in which pedagogical strategies (scenario-based,
collaborative, reflective) influence learning mechanisms (knowledge, attitudes, self-efficacy,
professional identity), which, in turn, drive decarbonisation outcomes (behavioural intent,
observed practice, advocacy), integrating theory and practice within a coherent framework.
However, the predominance of short-term evaluation designs, particularly pre- and post-
tests for knowledge, may limit understanding of whether these cognitive gains are retained
or enacted longitudinally in clinical practice.

The review also highlighted the emotional dimensions of climate–health education. Sev-
eral interventions triggered eco-anxiety, echoing findings from wider research [80,81]. In
contrast, solution-focused, reflective, and collaborative approaches appeared to mitigate
distress and instead foster constructive engagement. This aligns with theories of transfor-
mative and social learning, where role models, feedback, and applied learning convert
emotional responses into motivation and self-efficacy for sustainable action [82–85]. These
findings suggest that addressing affective responses is central to enabling sustainability
learning to result in agency and motivation towards decarbonisation action.

Despite improvements in knowledge, attitudes, and professional identity, this re-
view found limited evidence of sustained behaviour change. Awareness alone rarely
leads to enduring action [86]. Applying the Behaviour Change Wheel [87] illustrates how
interventions can target capability, opportunity, and motivation to facilitate measurable de-
carbonisation practices. Interventions incorporating simulations, skills training, or applied
practice were more likely to promote behavioural intent, consistent with wider evidence
supporting experiential learning [88,89]. However, sustainability considerations must also
guide educational delivery, as simulation and bedside teaching carry measurable carbon
footprints, emphasising the need to decarbonise the educational process itself [90,91].
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Some interventions went beyond knowledge and behaviour, shaping professional
identity by positioning students as change agents. Collaborative, reflective, and interprofes-
sional learning fostered responsibility and agency, reinforcing the potential for learners to
engage in both individual and systemic decarbonisation [92–94]. Embedding opportunities
for identity development, advocacy training, and peer-led initiatives can strengthen the
capacity for students to influence organisational and policy-level sustainability actions.

Across included studies, decarbonisation education was situated within a health con-
text, emphasising the clinical relevance of sustainability. Interventions highlighted links
to respiratory and cardiovascular disease, heat-related illness, infectious disease, maternal
and child health, mental health, and health system pressures [46,50–53,55–59,62–65,67–73].
Explicit framing of health co-benefits, such as improved air quality, active lifestyles, and
reduced waste, strengthened learners’ motivation and confidence to implement decar-
bonisation in clinical settings [56,59,62,71,95–98]. Practical examples, such as heat–health
scenarios [55,69], waste management [51,68,73], and carbon-related clinical decisions [52,65],
facilitated application to patient care. This demonstrates how curriculum design can integrate
context-specific, applied learning that links environmental literacy to professional practice.

However, structural and cultural barriers remain significant. Hierarchical constraints,
entrenched routines, and infection control requirements, especially post-COVID-19, limit
the translation of learning into practice [99,100]. Longitudinal reinforcement, supportive
networks, and institutional prioritisation are critical for converting educational gains into
sustained action [101].

Emerging reviews provide important context for positioning these findings. Recent
evidence has identified enablers, such as educator engagement and self-directed learning,
but also barriers, like curriculum overload and institutional inertia [31]. Other reviews have
emphasised growing awareness among healthcare workers but reiterated the difficulty
of implementation without organisational support [35]. Consistent gains in knowledge,
attitudes, and skills have also been observed, in line with this review’s findings on mul-
timodal approaches [32]. Further research has documented the rapid growth of climate
health education but noted a lack of scalable, practice-ready, and clinically embedded
curricula, reinforcing the limited behavioural translation observed in this review [33]. Addi-
tional studies have highlighted the need for interprofessional collaboration and consistent
assessment frameworks, aligning with our emphasis on identity and interprofessional
learning [34,36]. Finally, key environmental competencies, such as systems thinking and
resource stewardship, have been outlined, yet these competencies remain unevenly opera-
tionalised within educational interventions, despite their close alignment with healthcare
decarbonisation [37]. Compared with these reviews, the present study contributes by
focusing specifically on healthcare decarbonisation, a distinct, measurable, and mitigation-
oriented component of sustainability education, given the sector’s significant carbon foot-
print. While prior reviews have addressed climate change and sustainability education
more broadly, they have not explicitly examined decarbonisation or its translation into
low-carbon clinical practice. By filling this gap, this review highlights both the potential of
current pedagogical approaches and the need to evaluate their longer-term behavioural
and systems-level impact.

In summary, health profession students are increasingly exposed to sustainability-
focused education that enhances knowledge, attitudes, and professional identity. Transla-
tion into sustainable behaviours requires contextually embedded, applied, and longitudinal
education, reinforced by institutional support and opportunities for advocacy. Integrating
pedagogical strategies with mechanisms of learning and concrete decarbonisation outcomes
provides a coherent framework to guide curriculum development, foster professional iden-
tity, and support systems-level sustainability action in healthcare.
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4.1. Relevance to Health Profession Education and Recommendations

This review offers an important look into how sustainability and decarbonisation educa-
tion can be meaningfully integrated into health professions curricula. Across the included
studies, several recurring challenges emerged that represent key “pain points” for learn-
ers: gaps in foundational knowledge [46,62,67], limited confidence in applying principles to
practice [50,60,65], emotional responses, such as eco-anxiety [53,56], and systemic or cultural
barriers that constrain sustainable action in clinical practice [55,68,71,72]. At the same time,
several enabling factors were identified, including interactive and context-specific teaching
approaches [65,70,73,74], blended and technology-enhanced methods [46,57,71], reflective and
collaborative learning opportunities [60,63,65], visible role modelling [56,65], and alignment
with wider institutional and policy priorities [54].

These findings highlight priority touchpoints for education design. Effective interven-
tions should build cognitive knowledge while fostering agency, advocacy, and professional
identity [63,65,75] and addressing the emotional dimensions of learning [52,53]. Embedding
sustainability content longitudinally, rather than as isolated sessions, supports application
to practice [56,65,71]. Opportunities to rehearse practical skills, receive feedback, and
observe sustainability modelled in clinical contexts may help bridge the gap between inten-
tion and action [61,64,72]. Future research requires stronger evaluation designs, including
longitudinal and controlled studies, mixed-methods approaches, and objective indicators
of practice change to move beyond self-reported outcomes. This review distinguishes
decarbonisation-specific outcomes from broader sustainability or pro-environmental out-
comes. While many interventions influenced attitudes and general environmental be-
haviours, fewer assessed outcomes directly linked to emissions reduction in healthcare.
Although proxy outcomes may support long-term decarbonisation, their relationship to
measurable carbon reduction remains indirect, highlighting the need for future research
to align measures with decarbonisation-relevant clinical practices and systems-level ac-
tions. Most studies came from high-income countries, highlighting the need for research
and educational development in low- and middle-income settings, which face greater
climate-related health impacts and would benefit from strengthened capacity-building
for decarbonisation. This review maps the evidence base and generates practical recom-
mendations to guide the development of relevant, impactful, and contextually grounded
educational resources for health professions education.

4.2. Strengths and Limitations

This scoping review has several notable strengths. It draws on a body of predominantly
recent studies, most of which were published within the last four years, highlighting the
increasing momentum and relevance of decarbonisation and sustainability education in
healthcare curricula. The inclusion of diverse health professional student groups, alongside
a variety of multimodal and blended teaching methods, provides a broad picture of how
such education is currently being delivered. Importantly, the review captured rich thematic
understanding of pedagogical strategies, learner outcomes, and areas for improvement.
Methodologically, the review was conducted in accordance with internationally recognised
JBI guidance for scoping reviews, ensuring a transparent, rigorous, and reproducible
process of evidence synthesis.

Several limitations should be acknowledged. Most included studies primarily as-
sessed knowledge gains and attitudinal shifts using self-reported outcomes, with few
examining long-term behavioural changes or the application of skills in clinical practice
through longitudinal designs, leaving uncertainty about the sustainability of educational
impact. The evidence base was also uneven across professional groups, with medicine
and nursing students dominating, while pharmacy and allied health students were largely
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absent, limiting generalisability across the health professions. Geographically, the major-
ity of studies were conducted in high-income countries, which may reduce applicability
to low- and middle-income settings, where resource constraints, climate-related health
burdens, and healthcare structures differ. Intervention heterogeneity, in terms of content,
duration, and outcomes, further complicates synthesis and comparison. In relation to the
review methodology, a formal appraisal of study quality was not conducted, consistent
with scoping review guidance [40]. However, this limits the ability to comment on the
methodological robustness of included studies. Despite comprehensive database searches,
publication and indexing bias may be present, with educational interventions reported in
newer, niche, or less widely indexed journals potentially overlooked. Restricting inclusion
to English-language publications may also have excluded relevant evidence from non-
English-speaking contexts, narrowing the global perspective on decarbonisation education.
Finally, the review excluded grey literature and non-peer-reviewed educational materials,
which may underrepresent real-world decarbonisation education embedded within institu-
tional curricula and professional standards, potentially biasing findings toward small-scale
academic evaluations. Future research should prioritise longitudinal, multi-professional,
and geographically diverse studies, incorporating objective measures of practice change
and institutional-level curricula mapping to strengthen the evidence base.

5. Conclusions
Health profession students commonly experience challenges in understanding and

applying concepts of sustainability and decarbonisation. This includes gaps in knowledge,
limited confidence to act, emotional responses, such as eco-anxiety, and difficulty trans-
lating learning into clinical practice due to systemic and cultural barriers. Educational
interventions addressing these challenges, particularly those using blended, interactive,
and technology-enhanced approaches, have been shown to improve knowledge, awareness,
attitudes, and professional identity related to low-carbon healthcare. Importantly, focusing
explicitly on healthcare decarbonisation adds value beyond general sustainability educa-
tion by providing measurable, actionable targets for emissions reduction within clinical
and organisational contexts, linking learning directly to patient care and health system
impact. While many interventions successfully foster behavioural intent and, in some cases,
observable sustainable practices, structural and hierarchical constraints continue to limit
action. This review highlights that decarbonisation-focused education uniquely equips
students with the skills, systems thinking, and agency needed to implement low-carbon
practices, bridging the gap between broad environmental awareness and concrete clinical
or organisational change. This underscores the need for longitudinal, skills-based, and con-
textually embedded education that aligns with institutional policies to support meaningful
and lasting decarbonisation in healthcare practice.
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