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Abstract 

Background The escalating climate crisis poses a significant threat to global public health. The healthcare sector, 
designed to protect human health is a major contributor to greenhouse gas emissions, and thus, a key driver of cli-
mate degradation. This paradox endangers both planetary and human health, making the decarbonization of health-
care, including primary care, critical. However, research on primary care’s contribution to emissions and strategies 
for mitigation remains limited.

Aim This scoping review aimed to map how primary care contributes to healthcare’s environmental footprint 
and determine contributing factors. Additionally, it sought to identify existing and innovative strategies to reduce 
the carbon footprint of primary healthcare.

Methods A comprehensive strategy was developed to systematically search both published databases and grey lit-
erature. Key terms were identified and employed in the exploration of relevant databases and internet search engines.

Results An initial search yielded 246 published articles and 25 grey literature sources. 14 additional articles were 
included following forward and backward searching of prominent authors and key articles. After screening and full-
text review, 39 articles and 12 reports/toolkits were included. The majority of sources were opinion pieces, with lim-
ited quantitative, observational, or qualitative studies.

Primary care’s carbon footprint can be classified into clinical and non-clinical sources, with significant impacts 
from pharmaceuticals and inhaler propellant gases. Contributing factors include limited knowledge of emission 
sources, lack of awareness of sustainable practices, low prioritization of sustainability, barriers including ethical con-
cerns and over-medicalization.

Identified strategies to reduce emissions include decarbonization of patient care, increasing education and aware-
ness, implementing non-clinical decarbonization efforts, and conducting more research to support sustainable initia-
tives. Developing metrics to track progress and securing policy supports to improve adoption and implementation 
were also highlighted as critical.

Conclusion The identification of sources of carbon hotspots in primary care is an essential precursor to enable 
the development of targeted decarbonization strategies. Decarbonizing primary care requires a multifaceted 
approach that addresses the underlying factors driving unsustainable practices. This would allow healthcare 
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professionals to effectively balance the provision of high-quality patient care, while reducing their environmental 
impact, ultimately improving both human and planetary health.

Keywords Carbon Footprint, Environment, Greener Healthcare, Mitigation, Primary care, Sustainability

Introduction
The escalating climate crisis is recognized as the single 
greatest threat to global public health. This is attribut-
able to unsustainable anthropogenic activities, primar-
ily involving the emission of greenhouse gases (GHGs) 
[1–4]. Today, the consequences of inaction have pro-
pelled the previously distant concern of climate change 
into a pressing public health emergency [5]. A historic 
high in average global surface temperatures was reached 
in 2023, with clear evidence that this excessive warming 
is associated with detrimental impacts on human health 
[2, 6]. This underscores the urgency for proactive mitiga-
tion strategies to prevent the escalating health risks from 
exceeding the adaptive capacity of global health systems 
[5, 6].

The interconnected relationship between human health 
and planetary health presents a paradox for the delivery 
of healthcare While striving to safeguard human well-
being, healthcare emerges as a significant contributor 
to global warming, responsible for between 4 and 5% of 
GHG emissions worldwide [7]. This incongruity presents 
a significant challenge for policymakers and healthcare 
professionals alike. Ensuring access to quality healthcare 
services remains of paramount importance for main-
taining and improving population health as enshrined 
in the United Nations Sustainable Development Goals 
[8]. However, mitigating the environmental impact of 
healthcare provision is crucial to protecting planetary 
and human health, as well as ensuring the long-term 
sustainability of healthcare systems [9]. Addressing this 
apparent conflict necessitates a multi-faceted approach 
that balances environmental sustainability, the delivery 
of effective healthcare services and the promotion of 
positive healthy behaviors [9, 10]. By acknowledging and 
actively addressing this conundrum, the healthcare sec-
tor can strive to fulfil its mission of safeguarding human 
health while simultaneously contributing to a healthier 
planet for future generations. Each nation’s health sector 
directly or indirectly releases GHGs while delivering care 
with ~ 70% of emissions derived from the supply chain 
for goods and services [11]. Carbon hotspots within 
healthcare include the running of hospitals, surgical 
procedures, waste management and pharmaceuticals 
[12–14]. Secondary care has been identified as the most 
resource intensive model of healthcare delivery [15]. 
In that setting, initiatives to date have predominantly 
focused on greening carbon intensive activities such 

as surgical theatres, intensive care and gastrointestinal 
endoscopy [12, 16–18]. Primary care is capable of man-
aging up to 90% of health needs within a healthcare sys-
tem but is less carbon intensive [19]. A community-based 
model of healthcare is ideally situated to prioritize health 
promotion and disease prevention alongside the man-
agement treatment models of acute illness and chronic 
conditions [19, 20]. Research in the UK investigating the 
carbon footprint of primary healthcare delivery has esti-
mated it to account for 5770Mt  CO2eq or 20–25% of the 
entire NHS carbon footprint [13, 21].

As healthcare systems prioritize a transition from sec-
ondary care to less carbon intensive community care 
model, the development and implementation of evi-
dence-based policies to ensure environmental sustain-
ability in primary care must be prioritized. There are 
few studies examining potential carbon mitigation strat-
egies within this sector signifying the need for  research 
to identify decarbonization opportunities [22]. Robust 
research is needed to provide a comprehensive under-
standing of the environmental impact of primary care 
and to inform sustainable practice development in the 
sector [23]. This scoping review aims to review the exist-
ing literature on the carbon footprint of primary care, 
and to provide insights into existing and emerging miti-
gation strategies, addressing the key questions of how, 
where, and why does primary healthcare contribute to 
the carbon footprint of healthcare, and what sustain-
able strategies exist to mitigate these effects. The review 
findings will provide the basis for further research on the 
implementation of evidence-based sustainability initia-
tives within primary care.

Methods
The scoping review was conducted in accordance with 
the framework proposed by the Joanna Briggs Institute 
(JBI) methodology for scoping reviews and refined by 
Peter’s et  al. [24–26]. It was reported according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis extension for Scoping Reviews (PRISMA-
ScR) checklist (Supplementary Material 1) [24, 27]. The 
protocol was registered with the Open Science Frame-
work [28].

Inclusion criteria
The review encompassed studies and reports that pri-
marily addressed two areas: (1) assessments of the 
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carbon impact or analyses of the carbon footprint associ-
ated with primary healthcare services, and (2) the explo-
ration of sustainable strategies for mitigating the carbon 
footprint within the context of primary care. Studies 
solely focused on tertiary care or hospital settings were 
excluded. Outpatient services delivered within the com-
munity setting were considered for inclusion if they rep-
resented a deliberate transfer of services from hospital 
to community settings. Studies published prior to 2010 
were excluded. Eligible studies were required to be avail-
able in English and accessible in full text.

Types of information sources
All published existing evidence including primary 
research studies, scoping reviews, systematic reviews, 
quantitative and qualitative studies together with relevant 
editorials or other such articles from the peer-reviewed 
literature were sought. Additionally, grey literature, 
including government or organizational reports that met 
the established inclusion criteria were considered. Opin-
ion pieces, perspectives and letters were considered when 
they offered compelling perspectives or novel insights 
that addressed the research question and explored poten-
tial avenues for change. The latter sources were analyzed 
through the lens of identifying potential for change and 
novel perspectives.

Search strategy
A comprehensive search strategy was developed in col-
laboration with an experienced information special-
ist to identify published studies and reports and further 
refined through investigator discussion. MEDLINE, Sco-
pus, Embase, CINAHL, Global Health, and Health Busi-
ness Elite databases were included. The search strategy, 
including all identified keywords and index terms, was 
adapted for each individual database. The final search 
strategy for MEDLINE can be found in Supplementary 
Material 2. Forward and backward citation tracing of key 
articles and prominent authors was conducted to identify 
any additional relevant articles not previously identified 
in the search strategy.

The grey literature search plan was developed in 
accordance with Godin et  al.’s [29] application of sys-
tematic search methods to grey literature [29]. This 
plan incorporated four discrete searching strategies: (1) 
grey literature databases, (2) customized Google search 
engines, (3) targeted websites, and (4) consulting with 
relevant experts and prominent active organizations 
within the field of research. These complementary strate-
gies were employed to minimize the risk of omitting rel-
evant sources and to establish current international and 
national governmental and organizational policy con-
text, motivation, and appetite for change among those 

working in the area with the aim of establishing the car-
bon footprint in primary care and resultant mitigation 
strategies.

Selection of sources of evidence
All citations retrieved were collated and uploaded into 
 EndNote® (version 21.2) bibliography software and 
duplicates were removed. Titles and abstracts were 
screened by the lead investigator against the inclusion 
criteria. Due to the frequent absence of abstracts in grey 
literature documents, screening was conducted using 
available materials such as item executive summaries, or 
tables of contents. Full text articles were retrieved for all 
remaining articles and reports and further assessed inde-
pendently for relevance by two members of the research 
team. Any dissension regarding study eligibility was 
resolved through discussion, and consensus reached. 
Reasons for excluding studies at the full-text stage that 
did not meet the inclusion criteria were recorded and 
reported in the final scoping review. The PRISMA-ScR 
flow diagram was used to present the search results and 
the study selection process [30].

Data extraction
A standardized data extraction chart was developed 
to capture relevant information including author, year, 
country, clinical setting, study design, research aim and 
key findings. Three investigators independently charted 
the extracted data, identifying emergent themes relevant 
to the research topic of carbon assessment and mitigation 
strategies within primary care. Validation of extracted 
data involved comparing results and resolving differences 
through consensus.

Data items
Data were extracted that contained formal results related 
to the source, location, and contributing factors of the 
carbon footprint of primary care. Additionally, data 
regarding mitigation strategies encompassing current 
and potential strategies, along with commentary address-
ing barriers, facilitators, and implementation strategies 
was extracted.

Synthesis of results
Following individual data extraction, the investigators 
convened and collaboratively refined the themes iden-
tified through an iterative process and grouped them 
in accordance with answering the three key topics of 
the research question: (1) how and where primary care 
contributes to its carbon footprint, (2) why these activi-
ties within primary healthcare contribute to its carbon 
footprint, and (3) identifying mitigation strategies that 
can be implemented to reduce to primary care’s carbon 
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footprint. The data was collated using tables and descrip-
tive text and analyzed to comprehensively assess both 
the nature of primary care’s environmental impact and 
potential solutions for mitigating it.

Critical appraisal of sources of evidence
Peter’s et  al. states that critical appraisal is typically not 
required to be undertaken in a scoping review because 
the objective of a scoping review is to map the existing 
evidence rather than deliver a synthesized and clinically 
significant response to a specific question [24]. Therefore, 
formal critical appraisal was not undertaken.

Results
Selection of sources of evidence
An initial search of relevant electronic databases yielded 
246 articles. Following the removal of duplicate entries 
(n = 40), the remaining 206 articles underwent title and 
abstract screening. A complementary search of grey lit-
erature sources identified 12 reports, 10 toolkits, two 
guidelines and one framework. During the screening pro-
cess, a total of 159 articles did not meet the predefined 
inclusion criteria, primarily due to their sole applicabil-
ity to hospital care settings. Two articles were excluded 
because the full text was unavailable, and two toolkits 
were excluded due to restricted online accessibility. Four-
teen additional articles were identified for full-text review 
based on backward and forward citation analysis of key 
studies and prominent authors. Following a full-text 
review of the remaining 59 articles by three independent 
reviewers, 39 were considered to meet the inclusion cri-
teria, and of the reports, toolkits, guidelines and the one 
framework, 12 were deemed eligible for data extraction 
(Fig. 1). Details of the reasons for exclusion of studies fol-
lowing the full-text review are provided in Supplemen-
tary Material 3. The most frequent reasons for exclusion 
pertained to the limited applicability of studies to the pri-
mary care setting, with studies focusing primarily on out-
patient clinics or specialist secondary care interventions.

Characteristics of sources of evidence
The 39 publications encompassed a range of quantitative 
studies [21, 31–36], qualitative studies [37–42], observa-
tional studies [43–46], opinion pieces [47–64] and review 
articles [65–68]. The majority were published from 2021 
onwards while six were published prior to that year [32, 
37, 40, 43, 53, 57]. Six toolkits [69–74], four reports [11, 
13, 75, 76], one guidance document [77] and one frame-
work [78] were identified from the grey literature.

Carbon footprint of primary care
The primary care activities responsible for the sec-
tor’s emissions were identified in multiple studies [21, 

31–34, 36, 67]. These factors are broadly classified into 
non-clinical and clinical activities relating to the provi-
sion of care across general medical practice, dentistry 
and other primary care settings (Table  1). Non-clinical 
activities include purchased electricity or on-site fossil 
fuel use, patient and staff travel, supply chain, adminis-
trative equipment and consumables, the generation and 
management of waste and water use [21, 31–34, 36, 67]. 
Clinical care provision activities involving direct patient 
care included diagnostic and laboratory tests, the pro-
curement and use of medical consumables, and proce-
dures undertaken in primary care facilities [32, 33]. In 
one study, an average GP consultation was estimated to 
account for 4.4kgCO2eq increasing to  66kgCO2eq when 
pharmaceuticals were included [21, 33]. The average car-
bon footprint for a dental examination in primary care is 
estimated to produce 5.5kgCO2eq, which increases incre-
mentally for more complex procedures [32]. Medicines 
use, including propellant inhalers and anesthetic gases, 
is associated with a significant carbon footprint in pri-
mary care [21, 31, 32, 34, 36]. The average carbon foot-
print for a prescription medication item is estimated to 
be  5kgCO2eq [34], which increases to  28kgCO2eq for a 
large volume short-acting beta-agonist (SABA) pressur-
ized metered dose inhaler (pMDI) compared to around 
 1kgCO2eq for a dry powder inhaler (DPI) [34].

Factors preventing/impeding uptake of decarbonization 
strategies
A number of key factors indirectly responsible for the 
on-going generation of primary care’s carbon footprint, 
and therefore, adoption of sustainability practices, were 
identified in the review. These included lack of knowl-
edge regarding both sources of GHG emissions [37, 39, 
40, 42, 46, 47, 51–53, 63, 66] and sustainable healthcare 
initiatives [41, 44, 45, 66], perceived barriers to adoption 
of sustainable healthcare practices [37, 38, 40, 42, 44, 47, 
62, 66–68] and what has been broadly described as ‘over-
medicalization’ [31, 36, 47, 48, 55, 57, 58, 60, 64].

Lack of knowledge of sources of GHG emissions in primary 
care
The review findings identified limited knowledge among 
primary care practitioners on sources of GHG emis-
sions in general, and more specifically, primary care’s 
contribution to climate change, largely due to a lack of 
education [37, 39, 42, 66]. An understanding of the con-
nection between GHG emissions and their impact on 
climate change is also limited [40, 46, 47]. Practitioners 
felt they were uninformed or unfamiliar with the connec-
tion between resource use and environmental impact, 
and this made it challenging to prioritize sustainability 
in daily clinical decisions [40]. This was felt to be in part 
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Fig. 1 PRISMA Flow chart adapted from Page et al. [30]
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compounded by the lack of robust data on the environ-
mental or carbon footprint of various medications and 
therapies making it difficult to integrate any considera-
tion of these into treatment selection [42, 51]. Qualitative 
studies and opinion pieces consistently referred to the 
need for more data on climate intensive areas in primary 
healthcare to help inform decision-making [39, 42, 51, 
63]. While the development and integration of sustaina-
ble healthcare into the curricula of undergraduate health 
professional education is proceeding [52, 53, 66], educa-
tion aimed at enhancing knowledge and awareness at the 
postgraduate or practitioner level remains largely elective 
[46, 53].

Lack of awareness of sustainable healthcare initiatives
A lack of awareness around sustainable healthcare initia-
tives among primary care practitioners is also acknowl-
edged [41, 66]. It was opined that when aware of the 
importance of the climate emergency, practitioners were 
often faced with a disconnect between a willingness to 
commit to sustainable practice and the relative lack of 
tools available to support them in achieving this [41, 44]. 
There was also an apparent lack of appreciation of the 
health co-benefits that could be achieved should sustain-
able healthcare strategies be practiced [45]. It was felt 
that the non-medical workload, particularly administra-
tive work, combined with the burden of managing mul-
timorbid patients, may limit the potential sustainable 
healthcare initiatives primary healthcare professionals 
can adopt [41].

Barriers to adoption of sustainable healthcare practices
Practicing sustainably is not regarded as a routine daily 
task in primary care practice [37]. Practitioners fre-
quently expressed ethical concerns regarding the poten-
tial for sub-optimal patient care should alternate, more 

sustainable practices be adopted [37, 40]. Climate change 
and sustainability was for some not considered a prior-
ity, that it was more perceived as a global issue and not 
a ‘local issue’ per se [37, 67]. This also extended to a 
perceived potential for infection control protocols to 
be compromised when implementing sustainability 
guidelines [40, 42, 44]. Other barriers to the adoption 
of sustainable practices identified included financial 
constraints and consequent implications and resistance 
to change amongst practitioners [42]. Limited time to 
learn about and implement sustainable practices in exist-
ing under-resourced settings was ultimately regarded as 
challenging [67]. There was a strong perception of a lack 
of leadership from individuals in positions of influence 
within healthcare to implement, maintain and strive for 
sustainability within primary care [42, 44]. This was then 
mirrored by a corresponding lack of leadership and green 
incentives in individual primary care practices [38]. The 
absence of robust measurement tools to track progress in 
the adoption and implementation of sustainable practices 
together with a lack of evidence-based guidance are per-
ceived to be further barriers [38, 47, 62, 66, 67]. This was 
reflected in Wicklum et  al.’s research which found that 
the lack of an evidence base for the use of green toolkits 
to support more sustainable clinical decision-making, 
deterred their adoption in the practice setting [68].

Over‑medicalization
The theme of over-medicalization, characterized by the 
excessive use of medical interventions, including diag-
nostic testing, treatments and pharmaceuticals, which 
often do not provide any significant perceived benefit to 
the patient, was identified in the review as a factor con-
tributing to primary care’s carbon footprint [48]. In addi-
tion to the environmental costs of over-medicalization, 
there is the apparent additional financial costs associated 

Table 1 Sources of the clinical and non-clinical carbon footprint of primary care

Type Activity Description

Clinical Medical instruments & equipment Stethoscope, thermometer, scales, examination bed, x-ray, autoclave, dental instruments

Medical consumables Bandages, gloves, masks, swab tests, needles, syringes, dental materials

Pharmaceuticals Medicines and their supply chain carbon footprint contribution

Metered dose inhalers Propellant gases in pressurized metered dose inhalers

Anesthetic gases Nitrous oxide inhaled gases used in dental procedures

Non-Clinical Building energy Gas & electricity use and on-site fossil fuel consumption – heating, cooling, etc.

Water and waste General (non-recyclable waste), paper, plastic waste collection, disposal and recycling (if applicable)
Water treatment and supply services

Business services Couriers, deliveries, logistical support, business administration services

Non-medical equipment Computers, desks, tables, chairs, printers

Non-medical consumables Paper, ink, toners, batteries, stationary

Travel Patient travel and staff commute to work
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with various excessive healthcare interventions without 
any discernible justification or therapeutic benefit for 
the patient. Overuse of laboratory diagnostic tests and 
referrals for investigative procedures not adhering to 
clinical guidelines is common, with considerable emis-
sions resulting from single use instruments, transport 
and facility costs [48, 64]. Reasons for the emergence of 
over-medicalization include the increasing treatment of 
all health problems solely using a biomedical approach, 
and in part by a transition from a predominantly infec-
tious disease presentation to the dominance of chronic 
disease resulting in increased medicines use [54]. Over-
medicalization is further compounded by changes in 
models of care with a high degree of specialization of hos-
pital-orientated healthcare delivery, hindering the holis-
tic patient-centered approach available in primary care 
[54]. This may contribute to a lack of rational prescribing 
in general, which does not fully consider multiple factors 
including environmental cost, when providing clinical 
care decisions [47]. Over-prescribing of medicines, in 
addition to diagnostic and laboratory testing overuse, is 
common [48]. Pharmaceuticals are a carbon hotspot for 
waste within primary care and this waste is consequently 
classified as ‘low-value’ care [48, 57, 58, 60, 64]. Over-
prescribing, polypharmacy and other ‘low value’ inter-
ventions with potentially minimal derived benefits, can 
result in significant negative patient impacts, including 
the development of disproportionate adverse reactions, 
and associated environmental and financial risks [55]. 
Inhaler prescribing constitutes a significant carbon hot-
spot, and many pMDI reliever inhalers are inappropri-
ately prescribed to individuals with uncontrolled asthma, 
offering little to no value to patient care [31, 36]. SABA 
overuse, can lead to an 8.1-fold increase in per capita car-
bon footprint [36].

Mitigation strategies
Patient care decarbonization strategies
The adoption of low carbon strategies to reduce the use 
and carbon intensity of pharmaceuticals and laboratory 
and diagnostic tests was felt to offer a significant oppor-
tunity to address the prominent carbon footprint within 
primary care [13, 75]. Strategies for medicines optimi-
zation were prominent [43, 48, 49]. This included iden-
tifying and deprescribing low-value care interventions, 
prescribing low-carbon alternatives such as switching 
from pMDIs to low carbon alternatives where clinically 
appropriate, the use of social, green and blue prescrip-
tions and promoting strict adherence to evidence-based 
prescribing guidelines [43, 47, 58, 64, 69, 75, 77]. Another 
avenue for clinical decarbonization included a shift in 
the model of care for patients from a treatment-based 
model to a preventative one encompassing the broader 

social and economic determinants of health [54, 59, 78]. 
The utilization of digital technologies, such as telehealth, 
within a revised model of care could reduce the carbon 
hotspot associated with patient travel. This would offer 
advantages for both patients and providers by potentially 
increasing access to care, improving convenience and 
ultimately reducing unnecessary carbon emissions asso-
ciated with travel [35]. Increasing patient involvement in 
clinical decision-making would also provide opportuni-
ties for waste reduction [48].

Education and awareness
Healthcare professionals identified a lack of aware-
ness around the effect of climate change and the need 
for education on interventions and supports to practice 
more sustainably [37, 38, 40–42, 45, 66]. Improvements 
in environmental literacy is felt to be fundamental in 
providing clinicians with the ability to identify carbon 
intensive activities and interventions [39, 47, 52, 53, 56, 
61]. This would support primary healthcare providers to 
reduce unnecessary waste and reduce the carbon inten-
sity of services and interventions without compromising 
patient care and safety which is of particular significance 
given that no such measures could be enacted were they 
to undermine the care and welfare of the patient. Embed-
ding sustainability into the education of healthcare pro-
fessionals at undergraduate and postgraduate level was 
identified as a necessary requirement to integrate fun-
damental sustainability practices into clinical decision-
making [46, 52, 61, 66, 76]. Inclusion and education of 
patients in a shared decision-making model with health-
care providers was also identified as an important strat-
egy to consciously reduce unnecessary diagnostic testing 
and medicines prescribing and to increase patient adher-
ence to therapies, resulting in a reduction in the carbon 
footprint of primary care [44, 48]. Educational initia-
tives and interventions, such as toolkits, guidance docu-
ments, and frameworks, have been crafted to inform 
and support healthcare professionals in optimizing their 
clinical operations and patient care [69–71, 74, 77, 79]. 
These resources, once implemented can serve as a start-
ing point to identify and develop interventions to drive 
quality improvement changes aimed at maximizing sus-
tainable value [55, 78]. Implementation of the available 
resources and integration of sustainability and quality 
improvement in primary care practice is not feasible until 
practitioners are fully educated with the ultimate aim of 
promoting environmentally sustainable clinical behavior 
change [66, 68, 78].

Decarbonization of infrastructure
Reports and toolkits identified in the grey literature 
search highlighted the need for decarbonization of 
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primary care infrastructure and non-clinical activities. 
These included upgrading primary care practices’ energy 
usage, effective resource utilization, and efficient waste 
management strategies [13, 72–75]. Reducing energy 
usage through building insulation, sophisticated energy 
control systems, energy efficient appliances and switch-
ing from on-site fossil fuel combustion to lower carbon 
energy sources has the potential to reduce energy use 
of facilities by up to 40% [13, 21]. Avoiding unnecessary 
waste generation and prioritizing waste management, 
including segregated recycling of non-medical consuma-
bles, and safe disposal of medical consumables, combined 
with conservation of energy and water are fundamental 
strategies to decarbonize primary care [66, 71, 73, 74].

Need for research and audit
There is recognition that healthcare, including primary 
care, urgently needs a more robust research agenda 
focused on environmental sustainability, to facilitate the 
adoption of green practices and to reduce carbon emis-
sions through identifying new approaches to delivering 
healthcare [13, 63]. Research and development in novel 
green technologies has been proposed as a solution to 
achieving sustainability targets [13, 57]. Research should 
also prioritize evidence-based interventions to maximize 
the effectiveness of decarbonization efforts [50, 55, 66]. 
This would include establishing clear baselines through 
practice audits, allowing measurable targets to be set with 
defined outcomes [66, 72, 73, 75]. Furthermore, research 
into implementation barriers to adoption of sustainable 
strategies and the effectiveness of different strategies is 
key [38, 68]. By prioritizing research and audit, primary 
care can develop a data-driven approach to reducing its 
environmental impact and track progress towards a more 
sustainable future while continuing to deliver safe and 
effective care which provides optimal healthcare out-
comes [51, 62, 66].

Policy and supports
Findings from practitioner interviews in qualitative stud-
ies identified the need for policy interventions to estab-
lish the implementation of clear practical guidance and 
the setting of targets for sustainability initiatives [38]. A 
call for broader policy interventions to mandate sustain-
ability in undergraduate education, as well as requiring 
its accreditation in postgraduate registrations, will facili-
tate sustainable practice uptake. The need to mandate the 
integration of carbon impact analysis of medicines and 
interventions into formularies to assist in the decision-
making process undertaken by healthcare professionals 
also requires policy initiatives [47, 52, 53, 66]. Supports 
available to clinicians are limited to toolkits, and broad 

guidance which are not as yet not mandated for adoption 
[11, 69–77].

Additional findings from qualitative studies with pri-
mary care practice managers highlighted that consensus 
regarding adoption of sustainability initiatives would 
be facilitated if the financial benefit was explicit [42]. 
Mitigation strategies were often identified as unfeasible 
by clinical decision-makers in the absence of financial 
incentivization which was considered an important facili-
tator for accelerating change [38]. Creating financially 
competitive advantages for environmentally sustainable 
strategies or pharmaceutical manufacture would reward 
clinicians, practices and pharmaceutical companies who 
strive to achieve net zero [51].

Discussion
The findings from this review identify that primary care’s 
GHG emissions and its overall carbon footprint comes 
from both  its clinical and non-clinical activities. The 
review further reveals that the principal sources of pri-
mary care’s carbon footprint are linked to particular clin-
ical hotspots [21]. Identification of carbon hotspots is an 
essential precursor to enable the development of targeted 
decarbonization strategies, and global decarbonization is 
critical to address global warming and the climate crisis 
[80]. Effective decarbonization of primary care neces-
sitates a multifaceted approach that must address the 
underlying factors driving these carbon-intensive activi-
ties. The 2021 Healthcare without Harm roadmap report 
provided clear guidance on how healthcare can make sig-
nificant reductions in emissions by implementing seven 
high impact actions facilitating targeted interventions to 
reduce GHG emissions, many of which are incorporated 
into the toolkits and frameworks identified in this review 
[81].

However, to effectively decarbonize, key underlying 
factors preventing the uptake and adoption of sustainable 
strategies, highlighted in the review, must be addressed. 
These include insufficient understanding and knowledge 
of both GHG emissions from primary care practices and 
sustainable healthcare initiatives together with barriers 
to adopting greener practices. In addition, mitigating the 
carbon footprint in healthcare settings presents inher-
ent complexities for practitioners due to ethical concerns 
related to the perceived conflict between decarboniza-
tion initiatives and delivering optimal patient care [40, 
44]. There are also underlying concerns surrounding the 
perceived lack of robust evidence supporting sustainable 
initiatives and interventions [42]. This is of particular sig-
nificance as healthcare practitioners in primary care must 
be satisfied that any changes made to their practice to 
make it more sustainable must not come at the expense 
of patient safety and health outcomes. Nevertheless, for 
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primary care to practice more sustainably, there is a com-
pelling need to address these concerns and perceptions of 
any compromise on patient care and well-being, for the 
successful adoption and implementation of effective miti-
gation strategies.

Education
To drive transformative change within primary care, 
healthcare professionals  must have an in-depth under-
standing of the complex interplay between climate 
change and health outcomes, and the environmen-
tal impact of the healthcare they deliver. Interestingly, 
there is an acknowledged disconnect between recogniz-
ing the benefit of reducing their personal environmental 
footprint yet failing to acknowledge the environmental 
impact of their professional practice [37, 38]. Education 
of current and future healthcare professionals is therefore 
fundamental to addressing this deficit. Various curricula 
on planetary health being delivered in undergraduate 
healthcare programs provide a roadmap for the integra-
tion of these topics into health professions’ education 
[56, 82–89]. However, it is challenging to incorporate 
new material in an already overcrowded curricula and 
McKimm et  al. calls for a re-thinking of health profes-
sion’s education leadership in relation to the planetary 
health emergency, suggesting that an ‘eco-ethical leader-
ship approach’ is required, centered around sustainabil-
ity, values, collaboration, justice, advocacy and, if needed, 
activism [90].

Similarly, among existing practitioners, adoption of 
sustainable practices was perceived to be impeded by 
a lack of knowledge and awareness of how to deliver 
greener and more sustainable care [41]. It is apparent that 
they should be provided with training and resources to 
embed the principles of sustainable healthcare into their 
daily practice, as described by Mortimer in 2010 [10]. 
The four core principles fundamentally address key fac-
tors driving carbon footprints in healthcare practice, 
namely, reducing care in general to that which is required 
to provide optimal safe patient care while also mitigating 
the environmental impact of the care delivered.

If the continued professional development of those 
who practice in primary care address these principles 
and how to adopt them into daily practice, multiple ben-
efits can be gained for both human and planetary health. 
There are a plethora of resources available to support the 
pathway to sustainable practice for healthcare profes-
sionals, including those working in primary care identi-
fied in this review. At present, however, knowledge is 
often only broadened by those interested enough to elect 
to self-educate themselves, resulting in considerable vari-
ation in knowledge and awareness, often compounded 
by a lack of time and competing priorities. However, 

global communities of active advocates for more sustain-
able healthcare demonstrate how green initiatives can be 
implemented from concept to fruition with know-how, 
collegiality and a shared vision and purpose to address 
planetary health and climate change, predominantly on 
a voluntary basis [77, 91–95]. Increasingly, professional 
representative organizations are addressing planetary 
health practices paving the way for their sustainable 
incorporation into accreditation standards for profes-
sional practice [96–101]. In addition, post-graduate edu-
cational activities are  also incorporating sustainable 
healthcare in their curricula [102].

The mitigation strategies identified in this review to 
address the carbon footprint of primary care can be 
adroitly categorized as follows:

Prevention
A consistent theme of the review findings was a per-
ceived over-medicalization of healthcare and its inter-
ventions. The first principle of sustainable healthcare is 
‘prevention’, as described by Mortimer in 2010 [10]. The 
most effective way to reduce the negative environmen-
tal impacts of healthcare activities is to limit the need 
for them. Promotion of public health and preventative 
medicine reduces the demands on healthcare systems, 
including hospital admissions and healthcare appoint-
ments [103]. Preventative healthcare, although widely 
regarded as the most sustainable and economical model 
of care with improved outcomes for patients, remains 
under-utilized [104, 105]. Embracing a shift from cura-
tive to preventative care, characterized by early detection 
and management and treatment protocols that addresses 
the underlying social determinants of health, is required. 
This would contribute to reducing primary care’s envi-
ronmental burden arising from pharmaceutical prescrib-
ing and the care associated with the treatment of chronic 
disease. Through its network of healthcare professionals 
in the heart of communities, primary care is well-placed 
to further enhance and champion this paradigm shift.

Enhanced patient self‑care
To further address over-medicalization, patient self-
care must be addressed. Empowering patients to take a 
greater role in the management of their healthcare has 
the potential to reduce disease and pre-empt complica-
tions [10]. Self-care centers on empowering patients to 
be involved in decisions about managing their care with 
appropriate support from healthcare providers, lead-
ing to better outcomes and crucially, more sustainable 
healthcare interventions [106]. It centers on behavio-
ral change and lifestyle modification based on the seven 
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pillars of self-care, supporting the development of the 
health literate patient [107].

Patient travel
Patient and heath professional travel were identified as 
significant contributors to GHG emissions [33]. The ben-
efit of healthcare professionals advocating for reduced 
private car dependency and increasing active travel both 
reduce emissions and bring various health co-benefits 
associated with increased physical activity [108, 109] 
Embracing digital health technologies, such as telehealth, 
has emerged as a potential green solution to patients 
travelling for care [65, 110]. However, this must always be 
balanced both with patient safety and optimal healthcare 
outcomes. Telehealth provision requires careful clinical 
triaging of suitable patients to ensure its benefits out-
weigh any potential drawbacks such as the importance 
of physical examinations requiring in-person consulta-
tions in determining appropriate therapeutic interven-
tions, and ensuring the timely referral of acute cases to 
in-person consultations, if necessary [111]. Telehealth 
should primarily serve as a medium within the contin-
uum of longitudinal care rather than for acute care or 
new patient settings [112]. This ensures that patient-cen-
tered, value-driven care remains the focus, as established 
provider-patient relationships are crucial for the delivery 
of effective remote care and for maintaining continuity, 
safety, and quality of care over time [112, 113]. Telehealth 
may also contribute to reduced emissions associated with 
staff travel where they can work from home, although 
such opportunities may be limited due to the need for a 
frontline presence.

Lean service delivery
Lean service delivery, focusing on improved clinical 
decision-making in the selection and targeting of inter-
ventions, reduces lower-value interventions and their 
associated environmental impacts [10]. Streamlining care 
can reduce waste from low-value care, and primary care 
practitioners have the potential to significantly reduce 
their carbon footprint by reducing the need for ambu-
latory care, hospital admissions, and outpatient visits, 
when patient care is optimized within the community 
setting. While improving the value of a healthcare inter-
vention needs to first determine the potential health 
outcome for patients and populations, the environmen-
tal, social and financial impacts must also be taken into 
account [78].

Prescribing
Born et  al. identified that the overuse of medicines 
including antibiotics, diagnostic tests and lack of adher-
ence to evidence-based guidelines, pose a negative 

environmental impact that is disproportionate to their 
demonstrable patient benefit [48]. Overuse has been 
described as a pervasive problem, and a significant 
minority of clinical care is low-value, wasteful of financial 
resources or even harmful [114, 115]. This review identi-
fied prescribing of pharmaceuticals as a carbon hotspot 
in primary care. The environmental impact of the man-
ufacture and use of medicines is significant [116, 117]. 
Inappropriate prescribing of drugs is associated with 
unnecessary healthcare costs and risk of side effects for 
patients [118]. Over-prescribing of antibiotics can lead 
to antimicrobial resistance, which is already exacerbated 
by climate change [119]. Reducing unnecessary prescrib-
ing can result in significant carbon savings, although 
progress can be slow [120]. There is also ample oppor-
tunity to explore and implement non-pharmacological 
interventions including social prescribing and nature-
based (blue and green) prescribing, which could help in 
promoting pro-environmental behaviors with additional 
health co-benefits [121–124].

Adopting an ‘eco-directed and sustainable prescribing’ 
approach is recommended, consistent with a ‘choosing 
wisely approach’ [48, 125]. For patients on high-value 
medicines, ensuring that they are taken appropriately will 
ensure optimal patient outcomes and optimal value of 
care [126]. Medicines optimization strategies, including 
structured medicines reviews, are advocated to identify 
and address any therapy-related problems and to reduce 
potential waste [50, 99, 127]. Most work in decarboniza-
tion of therapeutic interventions has focused on anes-
thetic gases and propellant inhalers, and represents a 
strong inroad into eco-pharmacostewardship initiatives 
with significant carbon savings [128–130]. Even greater 
carbon savings can be obtained with optimizing reliever 
inhaler use and adherence to clinical care plan improve-
ments [131]. Switching initiatives can be impeded by lack 
of knowledge and assistance, and rigorous implementa-
tion strategies are required to support practitioners and 
patients [132].

The detailed carbon footprint of inhalers is based on 
the ability to calculate the  CO2 equivalences of propel-
lant gases. However, similar detail is lacking for most 
medicines which prevents making carbon-informed 
prescribing choices. Such choices would be aided by the 
availability of precise information on the environmental 
and carbon impact of medicines, but is currently lack-
ing [133]. However, progress is being made towards the 
development of an online Medicine Carbon Footprint 
Classifier. This will integrate clinical, cost and carbon 
information by adapting the Triple-C framework and will 
support sustainable choices when prescribing and dis-
pensing in primary care [134]. The Scottish Government 
has recently published a draft guidance for achieving 
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value and sustainability in prescribing [135]. Its aim 
is to reduce the use of low-value medicines and ensure 
the effective use of medicines with limited clinical value 
throughout NHS Scotland, but other jurisdictions may 
also benefit from the guidance, including primary care. 
Pharmaceutical packaging is associated with a signifi-
cant carbon footprint, and reducing packaging, or using 
more sustainable packaging solutions by the pharma-
ceutical industry will also contribute to more sustainable 
healthcare.

Low carbon alternatives – non‑clinical
In the clinical setting, primary care has ample opportu-
nity to substitute carbon-intensive interventions with 
low-carbon alternatives, with no detriment to patients. 
Introducing a circular economy approach to selected 
clinical consumables including reusable personal pro-
tective equipment (PPE) and instruments is feasible in 
clinical primary care practice. From a non-clinical per-
spective, decarbonization of primary care workplaces 
and operational resource use provide opportunities for 
carbon savings without impacting on patient care. Con-
scious efforts to transition to renewable energy sources 
and introduce practical energy saving initiatives are fea-
sible through the development and adoption of practice 
policies. Further policies could focus on water conserva-
tion and appropriate waste management. Effective waste 
management strategies offer opportunities to achieve 
both cost and carbon savings. Green toolkits that encour-
age sustainability in the practice setting foster conscious 
decision-making and energy-saving habits. Decarboni-
zation strategies, such as insulation and retrofitting of 
primary care practice premises, will require substan-
tial investment and may require financial incentives and 
government supports to encourage and accelerate their 
adoption and realize emission reduction benefits [136, 
137].

Practice audits & research
Whatever decarbonization strategies are introduced into 
primary care, this review identified a need for practice 
audits and detailed metrics to establish and track per-
formance improvements demonstrating the success of 
any such strategies [39, 51, 62, 71]. As the findings of this 
scoping review show, there is a notable lack of any assess-
ment of the impact of sustainability measures in the peer-
reviewed literature in the primary care sector. Such an 
assessment would optimally review the feasibility of their 
adoption, their contribution to reducing the carbon foot-
print of the provision of care and the financial impact of 
their implementation. While initiatives led by organiza-
tions such as the Centre for Sustainable Healthcare’s 
Sustainable Network Hub have shown promising results; 

further research to support and expand their impact 
is required [94]. A knowledge gap exists in metrics due 
to the inability to accurately measure the environmen-
tal impact of many primary care activities, and thus, to 
determine any resultant reductions obtained following 
the introduction of carbon saving initiatives. The ability 
to precisely determine  CO2 equivalences of anesthetic 
gases has led to their phasing out in favor of more envi-
ronmentally favorable alternatives and similar strategies 
have been successful with pMDIs [129, 138]. The accu-
rate quantification of all healthcare goods including phar-
maceuticals and services is needed in an easily assessable 
forum so that the most sustainable option can be chosen 
by practitioners as they make care decisions in the prac-
tice setting.

Mortimer attests that sustainability should be included 
as a key domain of quality in healthcare into the future 
[139]. Clinical audit is the component of clinical govern-
ance used to assess quality-of-care domains of an effec-
tive healthcare system, and an appropriate framework to 
incorporate sustainability initiatives is the Sustainability 
Quality Improvement (SusQI) framework [139–141]. In 
SusQI, the “sustainable value” of a service is determined 
by measuring health outcomes against the “triple bot-
tom line” which is its environmental, social and eco-
nomic costs and impacts. By considering outcomes for 
the whole population as well as for patients, sustainable 
value can be used to drive improvements to health equity. 
Sustainable value prioritizes patient safety through 
implementing mitigation strategies that address the 
root causes of climate change, thereby reducing patient 
exposure to climate-related health risks. These proac-
tive measures offer a level of protection that can extend 
beyond the adaptive limits of healthcare systems alone, 
creating a safer environment for patients amid climate 
challenges. Indeed, it is recognized that measuring the 
impact of sustainable quality improvement initiatives 
must be multidimensional to capture meaningful out-
comes heretofore not considered in conventional quality 
improvement studies [142]. Primary care practitioners 
should be educated on and adopt SusQI as an integral 
component of their quality improvement initiatives [78]. 
This can also be extended to the research of sustainable 
interventions in primary settings in due course.

Contribution of patients
The review highlighted that patients need to be part of 
the solution in reducing the carbon footprint of health-
care [50]. Initiating conversations about climate change 
and discussing environmental issues with patients 
should become more commonplace [50, 106]. Eco-lit-
erate patients if given the opportunity, can be empow-
ered to make choices that are better for their health and 
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for the planet. They will understand a healthcare pro-
vider’s commitment to sustainable or green prescrib-
ing, and the need for optimum compliance with any 
prescribed medications which in turn should provide 
improved outcomes for patients in addition to reducing 
the carbon footprint of their pharmaceutical therapy. 
Discussing non-pharmacologic interventions and/or 
eco-informed prescription of pharmaceuticals should 
be co-decided with the patient. Richie has coined the 
term ‘Green informed consent’ i.e. the sharing of cli-
mate information with patients, offering options for 
lower-carbon health care, and accepting the patient’s 
right to decline treatments which are deemed to be 
too carbon intensive for the patient’s own values [120, 
143]. The potential feasibility and adoption of such an 
approach with patients will become apparent in time.

Policies
To drive transformative change, the implementation 
of strategic goals within healthcare systems through 
climate action policies must be established at all lev-
els including primary care. Many countries and juris-
dictions have published such policies. Within the UK, 
the NHS has published its policy to achieve a net zero 
health service by 2050 and detailed its roadmap of initi-
atives, interventions and guidance to healthcare profes-
sionals [13]. Financial savings and incentives can serve 
as powerful motivators, rewarding positive behaviors 
such as reducing energy consumption or using eco-
friendly products. The findings of this review have 
highlighted that the economic impact on primary care 
of delivering more sustainable care requires further 
research. Being able to tangibly demonstrate to health-
care professionals from the findings of robust research, 
that sustainable initiatives can be delivered in a cost-
effective manner, would undoubtedly incentivize them 
to more broadly adopt and implement greener practices 
in their delivery of primary care. Additionally, legisla-
tive mandates promoting sustainable choices, over ones 
that are not, are essential. By combining clear policies 
with dedicated leadership, legislative enforcement, 
and strategic incentives, primary care can significantly 
reduce its carbon footprint and achieve long-lasting 
sustainability.

At the heart of primary care is its workforce, and it 
must be empowered to enable it to optimize the delivery 
of care that prioritizes patient well-being while ethically 
minimizing resource-intensive and wasteful practices. 
Moreover, this empowerment will prepare them to advo-
cate for environmentally responsible practices [144–146]. 
Leadership must come from both organizational man-
agement and government, supporting a clear vision that 

significantly alters care delivery, staff roles, and patient 
involvement, with sustainability becoming a core quality 
principle [139].

Strengths and limitations
This scoping review aimed to map the existing litera-
ture on primary care’s contribution to the carbon foot-
print, establishing a baseline for future research. The 
use of three reviewers to finalize the selection of items 
to include in the review and the individual extraction of 
data represent strengths with the review. However, there 
are potential limitations. Despite a robust search strat-
egy, the possibility of missing relevant literature remains. 
There is a rapid growth in publications relating to the 
topic in both the biomedical and grey literature, and 
newer publications may not have been captured in this 
review. This is evident from a systematic review pub-
lished after the completion of this review which examines 
the strategies and tactics to reduce the impact of health-
care on climate change across all the care sectors [147]. 
The review leaned heavily on commentaries and editori-
als, with limited primary research specifically focused on 
primary care, but this is also characteristic of a rapidly 
evolving topic such as climate change, where the research 
base is in its early stages.

Conclusion
The climate crisis presents a dual threat: it not only has 
an adverse impact on patient health, but also under-
mines healthcare systems’ ability to deliver care. The 
global healthcare sector has a significant carbon foot-
print and primary care’s carbon footprint is a significant 
direct source of this. Implementing mitigation strategies 
will benefit both human and planetary health. The rap-
idly developing climate crisis requires immediate action. 
This includes a more sustainable model of care delivery 
that requires changes of both a clinical and non-clinical 
nature. Such changes include leaner service delivery, 
“greener” prescribing, and targeted research and policy 
change. Crucially, it also requires focused education for 
those both delivering and receiving that care. Only then 
can an effective yet low carbon intensive model of pri-
mary care be achieved.

Abbreviations
CO2  Carbon Dioxide
DPI  Dry Powder Inhaler
Eq  Equivalents
GHG  Greenhouse Gases
GP  General Practitioner
JBI  Joanna Briggs Institute
Kg  Kilogram
Mt  Metric Ton
NHS  National Health Service
pMDI  pressurized Metered Dose Inhaler



Page 13 of 16Walsh et al. BMC Health Services Research         (2024) 24:1630  

PPE  Personal Protective Equipment
PRISMA-ScR  Preferred Reporting Items for Systematic Reviews and Meta-

Analysis extension for Scoping Reviews
SABA  Short-Acting Beta-Agonists
SusQI  Sustainability Quality Improvement

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12913- 024- 12068-8.

Supplementary Material 1.

Supplementary Material 2.

Supplementary Material 3.

Acknowledgements
The authors would like to express their gratitude to the Library Department at 
the Royal College of Surgeons in Ireland, with special thanks to Killian Walsh, 
Information Specialist, for their invaluable support in developing the search 
strategy and identifying relevant databases and sources of grey literature.

Authors’ contributions
SJW, AOL and ML conceptualized the study. SJW, AOL and ML collected and 
analyzed the data. SJW drafted the manuscript with assistance from AOL and 
ML. AOL, CB, SL, AV and ML edited and proofed the manuscript. All authors 
read and approved the final manuscript.

Funding
Stephen James Walsh was supported by a Clement Archer Scholarship from 
the School of Pharmacy and Biomolecular Sciences, Royal College of Surgeons 
in Ireland [Grant ID: 22627AO1].

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 School of Pharmacy & Biomolecular Sciences, University of Medicine 
and Health Sciences, Royal College of Surgeons in Ireland, Dublin 2, Ireland. 
2 National Centre for Pharmacoeconomics, James’s Hospital, James’s St., Dublin 
8, Ireland. 3 Department of Infectious Diseases, St James’s Hospital, Dublin 
8, Ireland. 4 Irish Doctors for the Environment, Nelson St., Dublin 7, Ireland. 
5 School of Population Health, Royal College of Surgeons in Ireland, Dublin 2, 
Ireland. 6 Department of Public Health HSE Dublin and North East, Dr Steeven’s 
Hospital, Dublin 8, Ireland. 

Received: 6 September 2024   Accepted: 5 December 2024

References
 1. Atwoli L, Baqui AH, Benfield T, Bosurgi R, Godlee F, Hancocks S, et al. 

Call for emergency action to limit global temperature increases, restore 
biodiversity, and protect health. BMJ. 2021;374:n1734.

 2. IPCC. Climate Change 2023: Synthesis Report. Contribution of 
Working Groups I, II and III to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change. Geneva, Switzerland: 

Intergovernmental Panel on Climate Change; 2023 pp. 35–115. https:// 
www. ipcc. ch/ report/ ar6/ syr/

 3. Lynas M, Houlton BZ, Perry S. Greater than 99% consensus on human 
caused climate change in the peer-reviewed scientific literature. 
Environ Res Lett. 2021;16:114005.

 4. Richardson et al. Earth beyond six of nine planetary boundaries. Sci 
Adv. 2023;9.

 5. Romanello, et al. The 2023 report of the Lancet countdown on health 
and climate change: the imperative for a health-centred response in 
a world facing irreversible harms. Lancet. 2023;402:2346–94.

 6. WHO. Fact Sheet: Climate change. World Health Organisation. 2023 
Oct. https:// www. who. int/ news- room/ fact- sheets/ detail/ clima 
te- change- and- health

 7. Pichler P-P, Jaccard IS, Weisz U, Weisz H. International comparison of 
health care carbon footprints. Environ Res Lett. 2019;14:064004.

 8. UN DESA. The Sustainable Development Goals Report 2023. New 
York, USA: United Nations. 2023. https:// unsta ts. un. org/ sdgs/ report/ 
2023/

 9. Naylor C, Appleby J. Environmentally sustainable health and social 
care: scoping review and implications for the English NHS. J Health 
Serv Res Policy. 2013;18:114–21.

 10. Mortimer F. The sustainable physician. Clin Med. 2010;10:110–1.
 11. Karliner J, Slotterback S, Boyd R, Ashby B, Steele K. Healthcare’s 

Climate footprint. Healthcare Without Harm and ARUP; 2019. https:// 
global. noharm. org/ sites/ defau lt/ files/ docum ents- files/ 5961/ Healt 
hCare sClim ateFo otpri nt_ 092319. pdf

 12. Alshqaqeeq F, Amin Esmaeili M, Overcash M, Twomey J. Quantifying 
hospital services by carbon footprint: a systematic literature review 
of patient care alternatives. RCR Adv. 2020;154:104560.

 13. NHS England and NHS Improvement. Delivering a. ‘Net Zero’ National 
Health Service. 2020. https:// www. engla nd. nhs. uk/ green ernhs/ wp- 
conte nt/ uploa ds/ sites/ 51/ 2020/ 10/ deliv ering-a- net- zero- natio nal- 
health- servi ce. pdf

 14. Rizan C, Steinbach I, Nicholson R, Lillywhite R, Reed M, Bhutta MF. The 
Carbon Footprint of Surgical operations: a systematic review. Ann 
Surg. 2020;272:986–95.

 15. Eckelman MJ, Sherman J. Environmental impacts of the U.S. health 
care system and effects on public health. Ahmad S, editor. PLOS ONE. 
2016;11:e0157014.

 16. Gayam S. Environmental impact of Endoscopy: scope of the Problem. 
ACG. 2020;115:1931–2.

 17. Cunha MF, Pellino G. Environmental effects of surgical procedures 
and strategies for sustainable surgery. Nat Rev Gastroenterol Hepatol. 
2023;20:399–410.

 18. Trent L, Law J, Grimaldi D. Create intensive care green teams, there is 
no time to waste. Intensive Care Med. 2023;49:440–3.

 19. Rao M, Pilot E. The missing link – the role of primary care in global 
health. Glob Health Action. 2014;7:23693.

 20. WHO. A vision for primary healthcare in the 21st century. World 
Health Organisation. 2018. https:// www. who. int/ docs/ defau lt- 
source/ prima ry- health/ vision. pdf

 21. Tennison I, Roschnik S, Ashby B, Boyd R, Hamilton I, Oreszczyn T, et al. 
Health care’s response to climate change: a carbon footprint assess-
ment of the NHS in England. Lancet Planet Health. 2021;5:e84–92.

 22. Marten R, Yangchen S, Campbell-Lendrum D, Prats EV, Neira MP, 
Ghaffar A. Climate change: an urgent priority for health policy and 
systems research. HPP. 2021;36:218–20.

 23. Watson JC, Sturgiss EA, Tait P. Climate crisis and primary health care. 
Fam Pract. 2023;40:433–4.

 24. Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, 
et al. Updated methodological guidance for the conduct of scoping 
reviews. JBI Evid. 2020;18:2119–26.

 25. Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, 
et al. Updated methodological guidance for the conduct of scoping 
reviews. JBI Evid Implement. 2021;19:3–10.

 26. Peters MDJ, Godfrey CM, McInerney P, Munn Z, Tricco AC, Khalil H. 
Chapter 10. Scoping reviews (2020). JBI Manual for Evidence Synthe-
sis. JBI; 2024.

 27. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. 
PRISMA Extension for scoping reviews (PRISMA-ScR): Checklist and 
Explanation. Ann Intern Med. 2018;169:467–73.

https://doi.org/10.1186/s12913-024-12068-8
https://doi.org/10.1186/s12913-024-12068-8
https://www.ipcc.ch/report/ar6/syr/
https://www.ipcc.ch/report/ar6/syr/
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://unstats.un.org/sdgs/report/2023/
https://unstats.un.org/sdgs/report/2023/
https://global.noharm.org/sites/default/files/documents-files/5961/HealthCaresClimateFootprint_092319.pdf
https://global.noharm.org/sites/default/files/documents-files/5961/HealthCaresClimateFootprint_092319.pdf
https://global.noharm.org/sites/default/files/documents-files/5961/HealthCaresClimateFootprint_092319.pdf
https://www.england.nhs.uk/greenernhs/wp-content/uploads/sites/51/2020/10/delivering-a-net-zero-national-health-service.pdf
https://www.england.nhs.uk/greenernhs/wp-content/uploads/sites/51/2020/10/delivering-a-net-zero-national-health-service.pdf
https://www.england.nhs.uk/greenernhs/wp-content/uploads/sites/51/2020/10/delivering-a-net-zero-national-health-service.pdf
https://www.who.int/docs/default-source/primary-health/vision.pdf
https://www.who.int/docs/default-source/primary-health/vision.pdf


Page 14 of 16Walsh et al. BMC Health Services Research         (2024) 24:1630 

 28. Walsh SJ, O’Leary A, Lynch M. Primary healthcare’s carbon footprint and 
sustainable strategies to mitigate its contribution: a scoping review. 
OSF. 2023. https:// doi. org/ 10. 17605/ OSF. IO/ W8KFP.

 29. Godin K, Stapleton J, Kirkpatrick SI, Hanning RM, Leatherdale ST. Apply-
ing systematic review search methods to the grey literature: a case 
study examining guidelines for school-based breakfast programs in 
Canada. Syst Rev. 2015;4:138.

 30. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ. 2021;372:n71.

 31. Alzaabi A, Bell JP, Montero-Arias F, Price DB, Jackson DJ, Wang H-C, et al. 
Greenhouse Gas emissions from respiratory treatments: results from 
the SABA CARBON International Study. Adv Ther. 2023;40:4836–56.

 32. Duane B, Lee MB, White S, Stancliffe R, Steinbach I. An estimated carbon 
footprint of NHS primary dental care within England. How can dentistry 
be more environmentally sustainable? Br Dent J. 2017;223:589–93.

 33. Nicolet J, Mueller Y, Paruta P, Boucher J, Senn N. What is the carbon 
footprint of primary care practices? A retrospective life-cycle analysis in 
Switzerland. Environ Health. 2022;21:3.

 34. Owens S, Morris K, Hurley E, O’Reilly K, O’Callaghan J, Allman J, et al. 
Estimating the national carbon footprint of inhalers in healthcare. Ir J 
Med Sci. 2023;192:2251–3.

 35. Schmitz-Grosz K, Sommer-Meyer C, Berninger P, Weiszflog E, 
Jungmichel N, Feierabend D, et al. A Telemedicine Center reduces 
the Comprehensive Carbon Footprint in Primary Care: a Mono-
center, Retrospective Study. J Prim Care Community Health. 
2023;14:21501319231215020.

 36. Wilkinson AJK, Maslova E, Janson C, Radhakrishnan V, Quint JK, Budgen 
N, et al. Greenhouse gas emissions associated with suboptimal asthma 
care in the UK: the SABINA healthCARe-Based envirONmental cost of 
treatment (CARBON) study. Thorax. 2024;79:412–21.

 37. Anåker A, Nilsson M, Holmner Å, Elf M. Nurses’ perceptions of 
climate and environmental issues: a qualitative study. J Adv Nurs. 
2015;71:1883–91.

 38. Fehrer V, Poß-Doering R, Weis A, Wensing M, Szecsenyi J, Litke N. 
Climate change mitigation: qualitative analysis of environmental 
impact-reducing strategies in German primary care. Eur J Gen Pract. 
2023;29:2232946.

 39. Fisher S, Mathers A, Austin Z. Development of a Self-Assessment Audit 
Instrument to Support Climate-Conscious Community Pharmacy 
Practice and Education. Pharmacy. 2023;11:158.

 40. Grose J, Richardson J, Mills I, Moles D, Nasser M. Exploring attitudes and 
knowledge of climate change and sustainability in a dental practice: a 
feasibility study into resource management. Br Dent J. 2016;220:187–91.

 41. Legrand J, Aubin-Auger I, De Bary L, Fossembas É, Baruch D, Malmar-
tel A. Sustainable development in general practice. Fam Pract. 
2023;40:511–8.

 42. Pavli A, Loblay V, Rychetnik L, Usherwood T. What can we learn from 
Australian general practices taking steps to be more environmentally 
sustainable? A qualitative study. Fam Pract. 2023;40:465–72.

 43. Maughan DL, Patel A, Parveen T, Braithwaite I, Cook J, Lillywhite R, et al. 
Primary-care-based social prescribing for mental health: an analysis of 
financial and environmental sustainability. Prim Health Care Res Dev. 
2016;17:114–21.

 44. Müller F, Skok JI, Arnetz JE, Bouthillier MJ, Holman HT. Primary Care Clini-
cians’ Attitude, Knowledge, and Willingness to Address Climate Change 
in Shared Decision-Making. J Am Board Fam Med. 2023;37(1).

 45. Speck CL, DiPietro Mager NA, Mager JN. Pharmacists’ perception of 
climate change and its impact on health. JAPhA. 2023;63:1162–7.

 46. Wild K, Tapley A, Fielding A, Holliday E, Ball J, Horton G, et al. Climate 
change and Australian general practice vocational education: a cross-
sectional study. Fam Pract. 2023;40:435–41.

 47. Blane DN, Basu N. Tackling climate change and health inequalities in 
primary care. Fam Pract. 2023;40:498–501.

 48. Born KB, Levinson W, Vaux E. Choosing wisely and the climate crisis: a 
role for clinicians. BMJ Qual Saf. 2024;33:200–4.

 49. Chen C, Jeong MS, Aboujaoude E, Bridgeman MB. Challenges to decar-
bonizing medication prescribing and use practices: a call to action. 
JAPhA. 2024;64:364–9.

 50. Cussans A, Harvey G, Kemple T, Tomson M. Interventions to reduce 
the Environmental Impact of Medicines: a UK perspective. JCCH. 
2021;4:100079.

 51. Cussans A, Harvey G, Kemple T, Lyons T, Tomson M, Wilson A. Envi-
ronmental impact ratings that could drive positive environmental 
changes in the manufacture and use of pharmaceuticals. BJGP Open. 
2022;6:BJGPO.2021.0214.

 52. Gahbauer A, Gruenberg K, Forrester C, Saba A, Schauer S, Fravel M, et al. 
Climate care is health care: a call for collaborative pharmacy action. J 
Am Coll Clin Pharm. 2021;4:631–8.

 53. Gillam S, Barna S. Sustainable general practice: another challenge for 
trainers. Educ Prim Care. 2011;22:7–10.

 54. Gonzalez-Holguera J, Gaille M, Del Rio Carral M, Steinberger J, Marti J, 
Bühler N, et al. Translating Planetary Health principles into sustainable 
primary care services. Front Public Health. 2022;10:931212.

 55. Klemenc Ketiš Z, Rochfort A. Sustainability for planetary health: a 
seventh domain of quality in primary care. Slovenian J Public Health. 
2022;61:198–200.

 56. Mathers A, Fan S, Austin Z. Climate change at a crossroads: embedding 
environmental sustainability into the core of pharmacy education. Can 
Pharm J. 2023;156:55–9.

 57. Mulimani P. Green dentistry: the art and science of sustainable practice. 
Br Dent J. 2017;222:954–61.

 58. Powell J. The rise of the green general practice. BMJ. 2021;372:m4827.
 59. Renganathan E, Davies P. Sustainable development goals and the role 

of and implications for primary care physicians. Malays Fam Physician. 
2023;18:54.

 60. Richie C. Environmental sustainability and the paradox of prevention. J 
Med Ethics. 2023;50(8):534–8.

 61. Shah S. Planetary health and sustainable primary care: what does this 
mean for a GP curriculum? Br J Gen Pract. 2022;72:532–3.

 62. Smith CL, Zurynski Y, Braithwaite J. We can’t mitigate what we don’t 
monitor: using informatics to measure and improve healthcare systems’ 
climate impact and environmental footprint. JAMIA. 2022;29:2168–73.

 63. Temte JL, Barrett B, Erickson R, Bell C. Developing a research agenda on 
climate change and health in primary care. Fam Pract. 2023;40:519–21.

 64. Yin R, Huang J, Crisp G, Ivers R. Sustainable general practice. Aust J Gen 
Pract. 2023;52:257–61.

 65. Lokmic-Tomkins Z, Davies S, Block LJ, Cochrane L, Dorin A, Von Gerich 
H, et al. Assessing the carbon footprint of digital health interventions: a 
scoping review. JAMIA. 2022;29:2128–39.

 66. Martin N, Sheppard M, Gorasia G, Arora P, Cooper M, Mulligan S. Aware-
ness and barriers to sustainability in dentistry: a scoping review. J Dent. 
2021;112:103735.

 67. Seppänen A-V, Or Z. The Environmental Sustainability of Health Care 
Systems: a Literature Review on the Environmental Footprint of Health 
Care Systems and interventions Aiming to reduce it - towards a Frame-
work for Action for France. Paris: IRDES; 2023.

 68. Wicklum SC, Nuique K, Kelly MA, Nesbitt CC, Zhang JJ, Svrcek CP. Green-
ing Family Medicine clinic operations and clinical care, where do we 
start? A scoping review of toolkits and aids. Fam Pract. 2023;40:473–85.

 69. ICGP Sustainability Working Group. Glas Toolkit. Irish College of General 
Practitioners. 2023. https:// www. irish colle geofg ps. ie/ Porta ls/0/ Explo 
re% 20the% 20Col lege/ Susta inabi lity% 20&% 20Pla netary% 20Hea lth/ 
ETC_ Susta inabi lity_ Glas_ Toolk it_ v7. pdf

 70. Royal Pharmaceutical Society. RPS Greener Pharmacy Guide - To be 
used in conjunction with the RPS Greener Pharmacy Toolkit. 2023 Sep. 
https:// www. rphar ms. com/ recog nition/ setti ng- profe ssion al- stand ards/ 
consu ltati on- for- green er- pharm acy- guide

 71. Canadian Coalition for Green Health Care. Green Office Toolkit: For Clini-
cians and Office Managers. 2023. https:// peach. healt hsci. mcmas ter. ca/ 
wp- conte nt/ uploa ds/ 2024/ 04/ Green- Office- Toolk it_ ref. pdf

 72. The Royal Australian College of General Practice. Greening up: Environ-
mental sustainability in general practice. 2022. https:// www. racgp. org. 
au/ getat tachm ent/ 3c4c6 433- b40b- 4684- b5e5- 50eba fd67d 03/ Green 
ing- up- Envir onmen tal- susta inabi lity- in- gener al- pract ice. aspx

 73. The Royal New Zealand College of General Practitioners. Greening 
General Practice. A toolkit for sustainable practice. 2016. https:// www. 
rnzcgp. org. nz/ docum ents/ 95/ Green ing_ gener al_ pract ice_ 2016. pdf

 74. West Yorkshire Health and Care Partnership’s Primary Care Sustainability 
Network. All hands in for a better future - Primary Care: climate change 

https://doi.org/10.17605/OSF.IO/W8KFP
https://www.irishcollegeofgps.ie/Portals/0/Explore%20the%20College/Sustainability%20&%20Planetary%20Health/ETC_Sustainability_Glas_Toolkit_v7.pdf
https://www.irishcollegeofgps.ie/Portals/0/Explore%20the%20College/Sustainability%20&%20Planetary%20Health/ETC_Sustainability_Glas_Toolkit_v7.pdf
https://www.irishcollegeofgps.ie/Portals/0/Explore%20the%20College/Sustainability%20&%20Planetary%20Health/ETC_Sustainability_Glas_Toolkit_v7.pdf
https://www.rpharms.com/recognition/setting-professional-standards/consultation-for-greener-pharmacy-guide
https://www.rpharms.com/recognition/setting-professional-standards/consultation-for-greener-pharmacy-guide
https://peach.healthsci.mcmaster.ca/wp-content/uploads/2024/04/Green-Office-Toolkit_ref.pdf
https://peach.healthsci.mcmaster.ca/wp-content/uploads/2024/04/Green-Office-Toolkit_ref.pdf
https://www.racgp.org.au/getattachment/3c4c6433-b40b-4684-b5e5-50ebafd67d03/Greening-up-Environmental-sustainability-in-general-practice.aspx
https://www.racgp.org.au/getattachment/3c4c6433-b40b-4684-b5e5-50ebafd67d03/Greening-up-Environmental-sustainability-in-general-practice.aspx
https://www.racgp.org.au/getattachment/3c4c6433-b40b-4684-b5e5-50ebafd67d03/Greening-up-Environmental-sustainability-in-general-practice.aspx
https://www.rnzcgp.org.nz/documents/95/Greening_general_practice_2016.pdf
https://www.rnzcgp.org.nz/documents/95/Greening_general_practice_2016.pdf


Page 15 of 16Walsh et al. BMC Health Services Research         (2024) 24:1630  

toolkit. West Yorkshire Health and Care Partnership. 2022. https:// www. 
wypar tners hip. co. uk/ appli cation/ files/ 5216/ 5823/ 4609/ WY_ HCP_ Prima 
ry_ Care_ Clima te_ Change_ Toolk it. pdf

 75. BMA. Sustainable and environmentally friendly general practice GPC 
England Policy Document. UK: British Medical Association. 2020. 
https:// www. bma. org. uk/ media/ 2570/ bma- susta inable- and- envir 
onmen tally- frien dly- gener al- pract ice- report- june- 2020. pdf

 76. FIP. Statement of Policy. Environmental sustainability within pharmacy. 
International Pharmaceutical Federation. 2023. https:// www. fip. org/ file/ 
5618

 77. Greener Practice. How to reduce the carbon footprint of inhaler pre-
scribing: A guide for Healthcare professionals in the UK. 2021. https:// 
s40639. pcdn. co/ wp- conte nt/ uploa ds/ Reduc ing- Carbon- Footp rint- of- 
Inhal er- Presc ribing- v3.3. 2. pdf

 78. Centre for Sustainable Healthcare. Sustainability in Quality Improve-
ment (SusQI). UK: Centre for Sustainable Healthcare. 2023. https:// susta 
inabl eheal thcare. org. uk/ susqi

 79. Royal Pharmaceutical Society. Medicines optimisation: helping patients 
to make the most of medicines. 2013 May. https:// www. rphar ms. com/ 
Porta ls/0/ RPS% 20doc ument% 20lib rary/ Open% 20acc ess/ Policy/ helpi 
ng- patie nts- make- the- most- of- their- medic ines. pdf

 80. Van Daalen KR, et al. The 2024 Europe report of the Lancet countdown 
on health and climate change: unprecedented warming demands 
unprecedented action. Lancet Public Health. 2024;9:e495–522.

 81. HCWH. Global Road Map for Health Care Decarbonization. Healthcare 
Without Harm. 2021. https:// healt hcare clima teact ion. org/ sites/ defau lt/ 
files/ 2021- 09/ Road% 20Map% 20for% 20Hea lth% 20Care% 20Dec arbon 
izati on% 20Exe cutive% 20Sum mary. pdf

 82. Sustainability in Pharmacy Education Group. Environmental Sustain-
ability in Pharmacy Education. UK: Pharmacy Schools Council. 2023. 
https:// drive. google. com/ file/d/ 1VsGb 6vnaF OFLgC O41Yr 4miMP RoQxh 
WhF/ view? usp= drive_ link

 83. May Huss N, Huynen M, Á.varez-Nieto C, Richardson J, López-Medina 
IM. Embedding Sustainability in the Nursing Curriculum. In: Darmann-
Finck I, Reiber K, editors. Development, Implementation and Evaluation 
of Curricula in Nursing and Midwifery Education. Cham: Springer 
International Publishing; 2021:193–210.

 84. Dixon J, Field J, Gibson E, Martin N. Curriculum content for environmen-
tal sustainability in Dentistry. J Dent. 2024;147:105021.

 85. Duane B, Dixon J, Ambibola G, Aldana C, Couglan J, Henao D, et al. 
Embedding environmental sustainability within the modern dental 
curriculum— exploring current practice and developing a shared 
understanding. Eur J Dent Educ. 2021;25:541–9.

 86. Holmgren J, Eriksson H. Towards a global nursing curriculum for 
the 21st century: rethinking health through the lens of a sus-
tainability paradigm – a contemporary issue. Nord J Nurs Res. 
2023;43:20571585231209973.

 87. Nordrum OL, Kirk A, Lee SA, Haley K, Killilea D, Khalid I, et al. Planetary 
health education in medical curricula in the Republic of Ireland. Med 
Teach. 2022;44:1237–43.

 88. Self E. Universities must teach future pharmacists about protecting the 
environment. PJ. 2021; https:// pharm aceut ical- journ al. com/ artic le/ opini 
on/ unive rsiti es- must- teach- future- pharm acists- about- prote cting- the- 
envir onment

 89. Tun Sym MT, Education for Sustainable Healthcare - A curriculum for 
the UK. 2022. https:// www. medsc hools. ac. uk/ media/ 2949/ educa tion- 
for- susta inable- healt hcare_a- curri culum- for- the- uk_ 20220 506. pdf

 90. McKimm J, McLean M. Rethinking health professions’ education leader-
ship: developing ‘eco-ethical’ leaders for a more sustainable world and 
future. Med Teach. 2020;42:855–60.

 91. Canadian Association of Physicians for the Environment. https:// cape. 
ca/. Cited 2024 Aug 16. 

 92. Doctors for the Environment Australia. https:// www. dea. org. au/. Cited 
2024 Aug 16.

 93. Irish Doctors for the Environment. Available from: https:// ide. ie/. Cited 
2024 Aug 16.

 94. Centre for Sustainable Healthcare. Centre for Sustainable Healthcare. 
2023. https:// susta inabl eheal thcare. org. uk/

 95. Healthcare Without Harm. Leading the global movement for sustain-
able healthcare. 2023. https:// noharm. org/. Cited 2024 May 29. 

 96. EU Federation of Nurses Associations. Nursing Planetary Health. 2022. 
https:// efn. eu/?p= 15281#: ~: text= Nurses% 20can% 20play% 20a% 20lea 
ding,level% 20(polic ies% 20and% 20gov ernan ce). Cited 2024 Jun 20.

 97. Irish College of General Practitioners. Sustainability & Planetary Health. 
2023. https:// www. irish colle geofg ps. ie/ Home/ Explo re- the- Colle ge/ 
Gener al- Pract ice- Manag ement/ Susta inabi lity- Plane tary- Health. Cited 
2024 Jun 13. 

 98. Pharmaceutical Group of European Union. Best Practice Paper on Green 
and Sustainable Pharmacy in Europe. 2021. https:// www. pgeu. eu/ wp- 
conte nt/ uploa ds/ 2019/ 11/ PGEU- Best- Pract ice- Paper- on- Green- and- 
Susta inable- Pharm acy- in- Europe. pdf. Cited 2024 Jun 28. 

 99. Royal Pharmaceutical Society. Pharmacy’s Role in Climate Action and 
Sustainable Healthcare - Declaration of climate and ecological emer-
gency. 2021. https:// www. rphar ms. com/ recog nition/ all- our- campa 
igns/ policy- a-z/ pharm acys- role- in- clima te- action- and- susta inable- 
healt hcare. Cited 2024 Jun 17. 

 100. WONCA. Planetary Health for Primary Care. 2023. https:// www. globa 
lfami lydoc tor. com/ News/ WONCA Envir onmen tlaun chesp lanet aryhe 
althc ourse. aspx

 101. World Dental Federation. Dental associations pledge to deliver sustain-
able healthcare. 2023.

 102. Gandhi V, Al-Hadithy N, Göpfert A, Knight K, Van Hove M, Hockey P. 
Integrating sustainability into postgraduate medical education. Future 
Hosp J. 2020;7:102–4.

 103. UK Department of Health & Social Care. Prevention is better than cure 
- our vision to help you live well for longer. 2018. https:// assets. publi 
shing. servi ce. gov. uk/ media/ 5be00 437e5 274a6 e174b dac1/ Preve ntion_ 
is_ better_ than_ cure_5- 11. pdf

 104. Levine S, Malone E, Lekiachvili A, Briss P. Health Care Industry insights: 
why the Use of Preventive services is still low. Prev Chronic Dis. 
2019;16:180625.

 105. Yach D, Hawkes C, Gould CL, Hofman KJ. The Global Burden of Chronic 
diseases: overcoming impediments to Prevention and Control. JAMA. 
2004;291:2616.

 106. Wedmore F. How to save £20 000 and 780 staff hours a year on a single 
ward - by making one climate friendly change. BMJ. 2023;381:833.

 107. El-Osta A, Webber D, Gnani S, Banarsee R, Mummery D, Majeed A et al. 
The self-care matrix: a unifying framework for self-Care.-Selfcare Journal. 
SelfCare J. 2019;10(3):38–56.

 108. McNally S. Enabling active travel can improve the UK’s health. BMJ. 
2024;384:q522.

 109. Mizdrak A, Blakely T, Cleghorn CL, Cobiac LJ. Potential of active 
transport to improve health, reduce healthcare costs, and reduce 
greenhouse gas emissions: a modelling study. Ferket B. Editor PLOS 
ONE. 2019;14:e0219316.

 110. Bartlett S, Keir S. Calculating the carbon footprint of a Geriatric Medi-
cine clinic before and after COVID-19. Age Ageing. 2022;51:afab275.

 111. Brown MRD, Knight M, Peters CJ, Maleki S, Motavalli A, Nedjat-Shokouhi 
B. Digital outpatient health solutions as a vehicle to improve healthcare 
sustainability—a United Kingdom focused policy and practice perspec-
tive. Front Digit Health. 2023;5:1242896.

 112. Chen A, Ayub MH, Mishuris RG, Rodriguez JA, Gwynn K, Lo MC, 
et al. Telehealth Policy, Practice, and education: a position State-
ment of the Society of General Internal Medicine. J Gen Intern Med. 
2023;38:2613–20.

 113. Haleem A, Javaid M, Singh RP, Suman R. Telemedicine for healthcare: 
capabilities, features, barriers, and applications. Sens Int. 2021;2:100117.

 114. Barratt A, McGain F. Overdiagnosis is increasing the carbon footprint of 
healthcare. BMJ. 2021;375:n2407.

 115. Brownlee S, Chalkidou K, Doust J, Elshaug AG, Glasziou P, Heath I, et al. 
Evidence for overuse of medical services around the world. Lancet. 
2017;390:156–68.

 116. Firth I, Hitch J, Henderson N, Cookson G. Supporting the Era of Green 
Pharmaceuticals in the UK. London: Office of Health Economics; 2022. 
https:// www. ohe. org/ publi catio ns/ suppo rting- era- green- pharm aceut 
icals- uk-0

 117. Walpole SC, Eii MN, Lyons T, Aldridge C. Improving Antimicrobial Use 
to protect the environment: what is the role of infection specialists? 
Antibiotics. 2023;12:640.

 118. Jano E, Aparasu RR. Healthcare Outcomes Associated with Beers’ Crite-
ria: a systematic review. Ann Pharmacother. 2007;41:438–48.

https://www.wypartnership.co.uk/application/files/5216/5823/4609/WY_HCP_Primary_Care_Climate_Change_Toolkit.pdf
https://www.wypartnership.co.uk/application/files/5216/5823/4609/WY_HCP_Primary_Care_Climate_Change_Toolkit.pdf
https://www.wypartnership.co.uk/application/files/5216/5823/4609/WY_HCP_Primary_Care_Climate_Change_Toolkit.pdf
https://www.bma.org.uk/media/2570/bma-sustainable-and-environmentally-friendly-general-practice-report-june-2020.pdf
https://www.bma.org.uk/media/2570/bma-sustainable-and-environmentally-friendly-general-practice-report-june-2020.pdf
https://www.fip.org/file/5618
https://www.fip.org/file/5618
https://s40639.pcdn.co/wp-content/uploads/Reducing-Carbon-Footprint-of-Inhaler-Prescribing-v3.3.2.pdf
https://s40639.pcdn.co/wp-content/uploads/Reducing-Carbon-Footprint-of-Inhaler-Prescribing-v3.3.2.pdf
https://s40639.pcdn.co/wp-content/uploads/Reducing-Carbon-Footprint-of-Inhaler-Prescribing-v3.3.2.pdf
https://sustainablehealthcare.org.uk/susqi
https://sustainablehealthcare.org.uk/susqi
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/helping-patients-make-the-most-of-their-medicines.pdf
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/helping-patients-make-the-most-of-their-medicines.pdf
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/helping-patients-make-the-most-of-their-medicines.pdf
https://healthcareclimateaction.org/sites/default/files/2021-09/Road%20Map%20for%20Health%20Care%20Decarbonization%20Executive%20Summary.pdf
https://healthcareclimateaction.org/sites/default/files/2021-09/Road%20Map%20for%20Health%20Care%20Decarbonization%20Executive%20Summary.pdf
https://healthcareclimateaction.org/sites/default/files/2021-09/Road%20Map%20for%20Health%20Care%20Decarbonization%20Executive%20Summary.pdf
https://drive.google.com/file/d/1VsGb6vnaFOFLgCO41Yr4miMPRoQxhWhF/view?usp=drive_link
https://drive.google.com/file/d/1VsGb6vnaFOFLgCO41Yr4miMPRoQxhWhF/view?usp=drive_link
https://pharmaceutical-journal.com/article/opinion/universities-must-teach-future-pharmacists-about-protecting-the-environment
https://pharmaceutical-journal.com/article/opinion/universities-must-teach-future-pharmacists-about-protecting-the-environment
https://pharmaceutical-journal.com/article/opinion/universities-must-teach-future-pharmacists-about-protecting-the-environment
https://www.medschools.ac.uk/media/2949/education-for-sustainable-healthcare_a-curriculum-for-the-uk_20220506.pdf
https://www.medschools.ac.uk/media/2949/education-for-sustainable-healthcare_a-curriculum-for-the-uk_20220506.pdf
https://cape.ca/
https://cape.ca/
https://www.dea.org.au/
https://ide.ie/
https://sustainablehealthcare.org.uk/
https://noharm.org/
https://efn.eu/?p=15281#:~:text=Nurses%20can%20play%20a%20leading,level%20(policies%20and%20governance
https://efn.eu/?p=15281#:~:text=Nurses%20can%20play%20a%20leading,level%20(policies%20and%20governance
https://www.irishcollegeofgps.ie/Home/Explore-the-College/General-Practice-Management/Sustainability-Planetary-Health
https://www.irishcollegeofgps.ie/Home/Explore-the-College/General-Practice-Management/Sustainability-Planetary-Health
https://www.pgeu.eu/wp-content/uploads/2019/11/PGEU-Best-Practice-Paper-on-Green-and-Sustainable-Pharmacy-in-Europe.pdf
https://www.pgeu.eu/wp-content/uploads/2019/11/PGEU-Best-Practice-Paper-on-Green-and-Sustainable-Pharmacy-in-Europe.pdf
https://www.pgeu.eu/wp-content/uploads/2019/11/PGEU-Best-Practice-Paper-on-Green-and-Sustainable-Pharmacy-in-Europe.pdf
https://www.rpharms.com/recognition/all-our-campaigns/policy-a-z/pharmacys-role-in-climate-action-and-sustainable-healthcar
https://www.rpharms.com/recognition/all-our-campaigns/policy-a-z/pharmacys-role-in-climate-action-and-sustainable-healthcar
https://www.rpharms.com/recognition/all-our-campaigns/policy-a-z/pharmacys-role-in-climate-action-and-sustainable-healthcar
https://www.globalfamilydoctor.com/News/WONCAEnvironmentlaunchesplanetaryhealthcourse.aspx
https://www.globalfamilydoctor.com/News/WONCAEnvironmentlaunchesplanetaryhealthcourse.aspx
https://www.globalfamilydoctor.com/News/WONCAEnvironmentlaunchesplanetaryhealthcourse.aspx
https://assets.publishing.service.gov.uk/media/5be00437e5274a6e174bdac1/Prevention_is_better_than_cure_5-11.pdf
https://assets.publishing.service.gov.uk/media/5be00437e5274a6e174bdac1/Prevention_is_better_than_cure_5-11.pdf
https://assets.publishing.service.gov.uk/media/5be00437e5274a6e174bdac1/Prevention_is_better_than_cure_5-11.pdf
https://www.ohe.org/publications/supporting-era-green-pharmaceuticals-uk-0
https://www.ohe.org/publications/supporting-era-green-pharmaceuticals-uk-0


Page 16 of 16Walsh et al. BMC Health Services Research         (2024) 24:1630 

 119. Magnano San Lio R, Favara G, Maugeri A, Barchitta M, Agodi A. How 
Antimicrobial Resistance is linked to Climate Change: an overview of 
two intertwined Global challenges. IJERPH. 2023;20:1681.

 120. Richie C, Kesselheim AS, Jones DS. Climate change and the prescription 
pad. Lancet. 2023;401:178–9.

 121. Husk K, Blockley K, Lovell R, Bethel A, Lang I, Byng R, et al. What 
approaches to social prescribing work, for whom, and in what circum-
stances? A realist review. Health Soc Care Community. 2020;28:309–24.

 122. Ivers R, Astell-Burt T. Nature Rx: Nature prescribing in general practice. 
AJGP. 2023;52:183–7.

 123. Morse DF, Sandhu S, Mulligan K, Tierney S, Polley M, Chiva Giurca B, 
et al. Global developments in social prescribing. BMJ Glob Health. 
2022;7:e008524.

 124. Pescheny JV, Randhawa G, Pappas Y. The impact of social prescribing 
services on service users: a systematic review of the evidence. Eur J 
Public Health. 2020;30:664–73.

 125. Alejandre J, Stevenson EM, Fady P-E. Eco-directed and Sustainable Pre-
scribing of Pharmaceuticals in the United Kingdom - Policy Brief. House 
of Lords, Parliament of the UK; 2023. https:// bsac. org. uk/ wp- conte nt/ 
uploa ds/ 2023/ 07/ Fina- Digit al_ Policy- Brief- on- EDSP_ 18Jul 23. pdf

 126. Hazell B, Robson R. Pharmaceutical waste reduction in the NHS. 2015 
Jun. https:// www. engla nd. nhs. uk/ wp- conte nt/ uploa ds/ 2015/ 06/ pharm 
aceut ical- waste- reduc tion. pdf

 127. NICE. Medicines optimisation: the safe and effective use of medicines 
to enable the best possible outcomes. National Institute for Health and 
Care Excellence. 2015 May. https:// www. nice. org. uk/ guida nce/ ng5/ 
resou rces/ medic ines- optim isati on- the- safe- and- effec tive- use- of- medic 
ines- to- enable- the- best- possi ble- outco mes- pdf- 51041 805253

 128. Gupta S, Couillard S, Digby G, Tse SM, Green S, Penz E. Climate change 
and inhaler selection in patients with respiratory disease. Chest. 
2024;165:503–6.

 129. Sulbaek Andersen MP, Nielsen OJ, Sherman JD. Assessing the 
potential climate impact of anaesthetic gases. Lancet Planet Health. 
2023;7:e622–9.

 130. Woodcock A, Janson C, Rees J, Frith L, Löfdahl M, Moore A, et al. Effects 
of switching from a metered dose inhaler to a dry powder inhaler 
on climate emissions and asthma control: post-hoc analysis. Thorax. 
2022;77:1187–92.

 131. Usmani OS, Bosnic-Anticevich S, Dekhuijzen R, Lavorini F, Bell 
J, Stjepanovic N, et al. Real-world impact of nonclinical inhaler 
Regimen switches on Asthma or COPD: a systematic review. JACI. 
2022;10:2624–37.

 132. Attar-Zadeh D, Lewis H, Orlovic M. Health-care Resource Requirements 
and Potential Financial Consequences of an Environmentally Driven 
Switch in Respiratory Inhaler Use in England. JHEOR. 2021;8. Available 
from: https:// jheor. org/ artic le/ 26113- health- care- resou rce- requi remen 
ts- and- poten tial- finan cial- conse quenc es- of- an- envir onmen tally- driven- 
switch- in- respi ratory- inhal er- use- in- engla nd. Cited 2024 Jul 17.

 133. Janusinfo Stockholm. Pharmaceuticals and Environment - interactive 
tool. 2024. https:// janus info. se/ beslu tsstod/ lakem edelo chmil jo/ pharm 
aceut icals anden viron ment.4. 7b57e cc216 251fa e4748 7d9a. html. Cited 
2024 Jun 18. 

 134. Rahman N. Sustainable medicines - Good for people, good for planet, 
good for business. Yewmaker; 2023. https:// stati c1. squar espace. com/ 
static/ 60c78 33fe1 788d0 3fa8a 72d2/t/ 64e8c 94375 08060 00ac4 3c2f/ 
16929 77481 620/ YewMa ker+ Susta inable+ Medic ines+ eBook_ final. pdf

 135. Government of Scotland. Achieving Value and Sustainability in Pre-
scribing: Consultation on Draft Guidance. 2024 Jul. https:// www. gov. 
scot/ binar ies/ conte nt/ docum ents/ govsc ot/ publi catio ns/ consu ltati 
on- paper/ 2024/ 07/ achie ving- value- susta inabi lity- presc ribing- consu 
ltati on- draft- guida nce/ docum ents/ achie ving- value- susta inabi lity- presc 
ribing- consu ltati on- draft- guida nce/ achie ving- value- susta inabi lity- 
presc ribing- consu ltati on- draft- guida nce/ govsc ot% 3Adoc ument/ achie 
ving- value- susta inabi lity- presc ribing- consu ltati on- draft- guida nce. pdf

 136. Bertone E, Sahin O, Stewart RA, Zou PXW, Alam M, Hampson K, et al. 
Role of financial mechanisms for accelerating the rate of water and 
energy efficiency retrofits in Australian public buildings: hybrid bayes-
ian network and System dynamics modelling approach. Appl Energy. 
2018;210:409–19.

 137. Silva BVF, Holm-Nielsen JB, Sadrizadeh S, Teles MPR, Kiani-Moghaddam 
M, Arabkoohsar A. Sustainable, green, or smart? Pathways for energy-
efficient healthcare buildings. SCS. 2024;100:105013.

 138. Charlesworth M, Swinton F. Anaesthetic gases, climate change, and 
sustainable practice. Lancet Planet Health. 2017;1:e216–7.

 139. Mortimer F, Isherwood J, Wilkinson A, Vaux E. Sustainability in quality 
improvement: redefining value. Future Hosp J. 2018;5:88–93.

 140. Centre for Sustainable Healthcare UK. Sustainability in Quality Impove-
ment (SusQI). Centre for Sustainable Healthcare. 2023. https:// susta 
inabl eheal thcare. org. uk/ susqi

 141. Committee on the Quality of Health Care in America, Institute of 
Medicine. Crossing the quality chasm: A new health system for the 
21st century. Washington: National Academy Press. 2001. Washington: 
National Academy Press; 2001.

 142. Mortimer F, Isherwood J, Pearce M, Kenward C, Vaux E. Sustainability in 
quality improvement: measuring impact. Future Hosp J. 2018;5:94–7.

 143. Richie C. Green informed consent in the classroom, clinic, and consulta-
tion room. Med Health Care Philos. 2023;26:507–15.

 144. Braithwaite J, Pichumani A, Crowley P. Tackling climate change: the 
pivotal role of clinicians. BMJ. 2023;382:e076963.

 145. Campbell-Lendrum D, Neville T, Schweizer C, Neira M. Climate change 
and health: three grand challenges. Nat Med. 2023;29:1631–8.

 146. Sherman JD, McGain F, Lem M, Mortimer F, Jonas WB, MacNeill AJ. Net 
zero healthcare: a call for clinician action. BMJ. 2021;374:n1323.

 147. Braithwaite J, Smith CL, Leask E, Wijekulasuriya S, Brooke-Cowden K, 
Fisher G et al. Strategies and tactics to reduce the impact of healthcare 
on climate change: systematic review. BMJ. 2024;387. https:// www. bmj. 
com/ conte nt/ 387/ bmj- 2024- 081284

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://bsac.org.uk/wp-content/uploads/2023/07/Fina-Digital_Policy-Brief-on-EDSP_18Jul23.pdf
https://bsac.org.uk/wp-content/uploads/2023/07/Fina-Digital_Policy-Brief-on-EDSP_18Jul23.pdf
https://www.england.nhs.uk/wp-content/uploads/2015/06/pharmaceutical-waste-reduction.pdf
https://www.england.nhs.uk/wp-content/uploads/2015/06/pharmaceutical-waste-reduction.pdf
https://www.nice.org.uk/guidance/ng5/resources/medicines-optimisation-the-safe-and-effective-use-of-medicines-to-enable-the-best-possible-outcomes-pdf-51041805253
https://www.nice.org.uk/guidance/ng5/resources/medicines-optimisation-the-safe-and-effective-use-of-medicines-to-enable-the-best-possible-outcomes-pdf-51041805253
https://www.nice.org.uk/guidance/ng5/resources/medicines-optimisation-the-safe-and-effective-use-of-medicines-to-enable-the-best-possible-outcomes-pdf-51041805253
https://jheor.org/article/26113-health-care-resource-requirements-and-potential-financial-consequences-of-an-environmentally-driven-switch-in-respiratory-inhaler-use-in-england
https://jheor.org/article/26113-health-care-resource-requirements-and-potential-financial-consequences-of-an-environmentally-driven-switch-in-respiratory-inhaler-use-in-england
https://jheor.org/article/26113-health-care-resource-requirements-and-potential-financial-consequences-of-an-environmentally-driven-switch-in-respiratory-inhaler-use-in-england
https://janusinfo.se/beslutsstod/lakemedelochmiljo/pharmaceuticalsandenvironment.4.7b57ecc216251fae47487d9a.html
https://janusinfo.se/beslutsstod/lakemedelochmiljo/pharmaceuticalsandenvironment.4.7b57ecc216251fae47487d9a.html
https://static1.squarespace.com/static/60c7833fe1788d03fa8a72d2/t/64e8c943750806000ac43c2f/1692977481620/YewMaker+Sustainable+Medicines+eBook_final.pdf
https://static1.squarespace.com/static/60c7833fe1788d03fa8a72d2/t/64e8c943750806000ac43c2f/1692977481620/YewMaker+Sustainable+Medicines+eBook_final.pdf
https://static1.squarespace.com/static/60c7833fe1788d03fa8a72d2/t/64e8c943750806000ac43c2f/1692977481620/YewMaker+Sustainable+Medicines+eBook_final.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/consultation-paper/2024/07/achieving-value-sustainability-prescribing-consultation-draft-guidance/documents/achieving-value-sustainability-prescribing-consultation-draft-guidance/achieving-value-sustainability-prescribing-consultation-draft-guidance/govscot%3Adocument/achieving-value-sustainability-prescribing-consultation-draft-guidance.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/consultation-paper/2024/07/achieving-value-sustainability-prescribing-consultation-draft-guidance/documents/achieving-value-sustainability-prescribing-consultation-draft-guidance/achieving-value-sustainability-prescribing-consultation-draft-guidance/govscot%3Adocument/achieving-value-sustainability-prescribing-consultation-draft-guidance.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/consultation-paper/2024/07/achieving-value-sustainability-prescribing-consultation-draft-guidance/documents/achieving-value-sustainability-prescribing-consultation-draft-guidance/achieving-value-sustainability-prescribing-consultation-draft-guidance/govscot%3Adocument/achieving-value-sustainability-prescribing-consultation-draft-guidance.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/consultation-paper/2024/07/achieving-value-sustainability-prescribing-consultation-draft-guidance/documents/achieving-value-sustainability-prescribing-consultation-draft-guidance/achieving-value-sustainability-prescribing-consultation-draft-guidance/govscot%3Adocument/achieving-value-sustainability-prescribing-consultation-draft-guidance.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/consultation-paper/2024/07/achieving-value-sustainability-prescribing-consultation-draft-guidance/documents/achieving-value-sustainability-prescribing-consultation-draft-guidance/achieving-value-sustainability-prescribing-consultation-draft-guidance/govscot%3Adocument/achieving-value-sustainability-prescribing-consultation-draft-guidance.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/consultation-paper/2024/07/achieving-value-sustainability-prescribing-consultation-draft-guidance/documents/achieving-value-sustainability-prescribing-consultation-draft-guidance/achieving-value-sustainability-prescribing-consultation-draft-guidance/govscot%3Adocument/achieving-value-sustainability-prescribing-consultation-draft-guidance.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/consultation-paper/2024/07/achieving-value-sustainability-prescribing-consultation-draft-guidance/documents/achieving-value-sustainability-prescribing-consultation-draft-guidance/achieving-value-sustainability-prescribing-consultation-draft-guidance/govscot%3Adocument/achieving-value-sustainability-prescribing-consultation-draft-guidance.pdf
https://sustainablehealthcare.org.uk/susqi
https://sustainablehealthcare.org.uk/susqi
https://www.bmj.com/content/387/bmj-2024-081284
https://www.bmj.com/content/387/bmj-2024-081284

	Primary healthcare’s carbon footprint and sustainable strategies to mitigate its contribution: a scoping review
	Abstract 
	Background 
	Aim 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Inclusion criteria
	Types of information sources
	Search strategy
	Selection of sources of evidence
	Data extraction
	Data items
	Synthesis of results
	Critical appraisal of sources of evidence

	Results
	Selection of sources of evidence
	Characteristics of sources of evidence
	Carbon footprint of primary care
	Factors preventingimpeding uptake of decarbonization strategies
	Lack of knowledge of sources of GHG emissions in primary care
	Lack of awareness of sustainable healthcare initiatives
	Barriers to adoption of sustainable healthcare practices
	Over-medicalization

	Mitigation strategies
	Patient care decarbonization strategies
	Education and awareness
	Decarbonization of infrastructure
	Need for research and audit
	Policy and supports


	Discussion
	Education
	Prevention
	Enhanced patient self-care
	Patient travel
	Lean service delivery
	Prescribing
	Low carbon alternatives – non-clinical
	Practice audits & research
	Contribution of patients
	Policies

	Strengths and limitations

	Conclusion
	Acknowledgements
	References


