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Abstract 

Healthcare systems (HSs) provide essential services to populations yet require a large amount of energy to per-
form duties and tasks. Specifically, 4.4% of global net carbon emissions can be attributed precisely to the activities 
of HSs. Therefore, it seems unlikely that the targets of zero carbon dioxide (CO2) emissions by 2050, set by the Paris 
Agreement, will be met without rethinking the role and impact of HSs towards climate change. Here we summarize 
the available literature on CO2 emissions depending on direct and indirect Hss activities. We show that the number 
of studies addressing this topic is still very limited and that most of the emissions derive from the supply chain HSs 
rely on to perform their tasks. Furthermore, we highlight how this topic is addressed unevenly among countries. 
Indeed, we found that less economically developed countries are less represented in the literature on this topic 
and that, even in economically developed countries, most of the studies come from English-speaking countries. 
In the discussion, we stress that health workers and policymakers should pay more attention to this issue in order 
to tackle climate change and related health issues, following the example of few virtuous countries. Finally, some 
potential impact mitigation strategies are discussed.
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Background
Climate change stands as one of the most pressing health 
threats to humanity, as acknowledged by the World 
Health Organization (Fact Sheet WHO [1]). The release 
of greenhouse gases (GHG) into the atmosphere as a 
result of human activities is one of the main drivers of 
the ongoing global temperature increase on a large scale 

[2]. Currently, the average global temperature exceeds 
the preindustrial era by more than 1.2  °C [3], and this 
trend is unlikely to halt in the near future [4]. This esca-
lation has led to a rise in the frequency and intensity of 
extreme atmospheric events, including heatwaves, floods, 
droughts, and forest fires, posing grave threats to human 
and environmental health [5].

Climate change can impact human health by func-
tioning as a syndemic, exacerbating pre-existing chronic 
conditions and interacting with social determinants of 
health, thereby intensifying existing health disparities [6].

In 2016, 55 countries ratified the Paris Agreement, 
urging Member States to decrease GHG emissions and 
cap the global temperature increase below 2 degrees 
in comparison to preindustrial levels. This document 
emerged as the primary output of the 21st Conference 
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of the Parties (COP) of the United Nations Framework 
Convention on Climate Change in 2015 [7].

Furthermore, in 2018 the Intergovernmental Panel 
on Climate Change emphasized and then reaffirmed 
in 2023 the imperative to limit the global temperature 
increase within 1.5  °C in the coming decades. Achiev-
ing this goal needs reducing carbon dioxide (CO2) 
emissions to zero by 2050 [8]. It has been estimated 
that to meet this target, there should be an annual 
increase of 9.7% in energy production from renewable 
sources, aiming to satisfy the world’s energy demand 
while adhering to the zero-emissions requirement [9]. 
The healthcare sector, with its mission of safeguarding 
and promoting health, should play a key role in mitigat-
ing the climate crisis. Despite this, its climate footprint 
is equivalent to 4.4% of global net carbon emissions 
[10], making it a major contributor to the climate crisis. 
This represents a paradox, considering that the health-
care sector is designated to address health issues glob-
ally. Healthcare contributes to GHG emissions through 
various sources, which can be categorized into Scopes 
1, 2, and 3 (The Greenhouse Gas Protocol [11]) as out-
lined in Table 1.

Certain countries are actively working towards 
achieving the zero-emission target, exemplified by the 
United Kingdom (UK), which has committed to reach-
ing it by 2040 [12]. However, it is important to note that 
the per capita emissions associated with the healthcare 
sector showed an increase between 2007 and 2016 in 
several countries globally, including the United States 
of America (USA), Japan, and China [9].

The aim of this work is to provide a concise summary 
of the peer-reviewed findings and evidence regarding 
the contribution of healthcare systems (HSs) to the 
global carbon footprint. This parameter is commonly 
employed to gauge the impact of an individual, a prod-
uct, a service, or an organization on GHG emissions, 
expressed in terms of CO2 equivalent tonnes (tCO2e). 
We also aim to provide insights to potentially develop 
a framework for implementing practical solutions and 
best practices aimed at reducing carbon emissions in 
the healthcare sector.

Main text
Materials and methods
We developed the research protocol adhering to the 
guidelines for writing a rapid review suggested both 
by the WHO [13] and the recommendations of the 
Cochrane Collaboration [14]. We chose to conduct 
a rapid scoping review [13, 15] as we believe that the 
urgency of the climate crisis needs a rapid knowledge 
synthesis that this kind of review can offer.

Research question
Our research question aligned with the objective of our 
work and it was formulated as follows: “What are the 
peer-reviewed findings regarding the contribution of HSs 
to the global carbon footprint?”

Eligibility criteria
We incorporated studies that presented data on the 
carbon footprint of HSs at both national and regional 
levels. To ensure the reliability of carbon emissions 
measures and expedite our search, we exclusively con-
sidered studies supported by quantitative data published 
in peer-reviewed journals. Therefore, grey literature was 
excluded from our search. Additionally, only papers writ-
ten in English were included. We further expanded our 
scope to include data on the carbon footprint estimation 
resulting from the activity of individual hospitals. In this 
context, clinics were identified as the smallest units for 
examination in our review. We encompassed publica-
tions quantifying specific scopes in the emission chain, 
such as water consumption, space heating and cooling, 
transport, or overall emissions. Notably, studies focus-
ing on the impacts of individual medical procedures or 
hospital departments were omitted due to the challenge 
of generalizing their results. Eligibility criteria are sum-
marized in Table 2.

Searching
We gathered the studies included in our search by 
screening the PubMed database (all fields). The search 
string was formulated as follows: ((healthcare systems) 
OR (hospitals)) AND ((CO2 emissions) OR (carbon 

Table 1  Emission categories according to the GHG Protocol

Emission category Description

Scope 1 Emissions coming directly from healthcare facilities and health care owned vehicles

Scope 2 Indirect emissions from purchased energy sources such as electricity, steam, cooling, and heating

Scope 3 All other indirect emissions from the healthcare supply chain (production, transport, and disposal 
of goods and services, such as pharmaceuticals, food, medical devices, etc.)
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footprint)). All studies available until 9th November 2023 
were collected, without setting an initial time limit.

Study selection
Following the selection criteria outlined above, two 
researchers (CDM and WC) independently screened 
all publications retrieved by reviewing both titles and 
abstracts. Any disagreements were resolved through dis-
cussion between the two authors at the conclusion of the 
screening process. The next phase included a third author 
(KDD), who equally collaborated to screen all included 
full-text studies. The studies were distributed among 
the three authors, ensuring that each publication was 

independently reviewed by two authors. After screening 
all the full-text studies, the authors compared their find-
ings pairwise, and in the event of any discrepancies, the 
third author intervened to resolve conflicts.

Data extraction
One author (CDM) extracted the data, encompassing 
the following information: authors, year of publication, 
country of publication, study goals, results, and potential 
limitations. In instances of uncertainty, the opinions of 
the other authors were sought. Ultimately, the evidence 
obtained from the search was synthesized narratively, 
and the data were summarized through a table.

Results
Literature search and selection
From the rapid review of the literature, 867 records 
were retrieved. After screening titles and abstracts, 21 
were selected. Of the eligible studies, only 9 met all the 
inclusion criteria, leading to the exclusion of the remain-
ing 12. The study selection flowchart is summarized 
in Fig.  1. Among the identified studies, 5 reported data 
derived from HSs, 2 from health regions, and 4 focused 
on individual hospitals or clinics, i.e., healthcare facili-
ties. The information extracted from the included studies 
is reported in narrative format and categorized based on 

Table 2  Eligibility criteria

Eligibility criteria

Subject Carbon emissions from Healthcare Systems

Data source Quantitative data published on peer-reviewed 
journals

Timeframe Not Specified

Language English

Geographical region Not Specified

Emission source From single healthcare facilities up to national 
level

Fig. 1  Screening process flowchart
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the setting: “healthcare systems and health region” and 
“healthcare facilities”. Data are summarized in Table  3, 
while Fig. 2 shows the different contributions of HSs to 
GHG emissions reported in the studies that we retrieved 
aligned to the corresponding emission category.

Healthcare system and health region
The work of Salas and colleagues [16] concerned the 
healthcare carbon footprint across various national 
health systems in 2016. The authors incorporated data 
from multiple studies in their work to craft an analyti-
cal paper informing about the GHG emissions impacts 
of HSs in numerous countries. Globally, the carbon foot-
print of HSs in 2016 was estimated to represent 4–6% 
of all emissions. The authors underlined that, although 
Scope 1 emissions are within the most direct control of 
healthcare facilities, they contribute only for 17% to the 
total emissions. Over 70% of healthcare emissions origi-
nate from diverse categories in Scope 3, which are sel-
dom calculated or reported by health systems. The study 
reveals variations in carbon footprints across medical 
specialties and treatments, indicating considerable room 
for improvement among high emitters.

The other studies [17–20] examining HSs focused on 
GHG emissions in England, the United States, Australia, 

and China. The first study used a hybrid model to quan-
tify emissions within Scopes 1, 2, and 3 of the GHG 
Protocol, as well as patient and visitor travel emissions, 
covering the period from 1990 to 2019. In contrast, the 
others employed the input–output life-cycle assessment 
method to estimate GHG emissions in 2007, 2014/2015, 
and 2012, respectively.

The carbon footprint for the National Health System 
(NHS) in England in 2019 was estimated at 25 mega-
tonnes (Mt) of CO2 equivalent (CO2e), reflecting a nota-
ble decrease of approximately 26% from 1990 [20]. A 
significant factor in this reduction was the decarboniza-
tion of the energy system, contributing to a 64% reduc-
tion in building energy from 1990 to 2019 and serving as 
the main driver for a 43–45% decrease in total national 
GHG emissions over the same period. The largest pro-
portion of emissions, accounting for 62% (15.6 Mt CO2e), 
was attributed to the supply chain, followed by the deliv-
ery of care at 24% (6.1 Mt CO2e), and travel to and from 
NHS sites by patients, visitors and staff commuting at 
10% (2.4 Mt CO2e). Private health and care services com-
missioned by the NHS contributed the final 4% (1 Mt 
CO2e).

In the USA, the cumulative impact of healthcare 
activities accounted for 8% of the total GHG emissions, 

Table 3  List of the main findings of the reviewed studies

Reference 
(> Authors)

Country Level of study Period of study Emission category 
considered

Study category

[16] / Global / Healthcare systems 
and health region

[20] United Kingdom National (NHS England) 1999–2019 Scopes 1, 2, and 3 
and patient and visitor travel 
emissions

Healthcare systems 
and health region

[17] United States National (NHS United States) 2007 Direct effects of health 
care activities and indirect 
effects that include upstream 
supply-chain effects

Healthcare systems 
and health region

[18] Australia National (NHS Australia) 2014–2015 Input–output life-cycle 
assessment

Healthcare systems 
and health region

[19] China National (NHS China) 2012 Input–output life-cycle 
assessment

Healthcare systems 
and health region

[21] Scotland Regional (carbon footprint 
of NHS Scotland)

/ Travel emissions Healthcare systems 
and health region

[22] Greece Local (GHG emissions 
of a Military Hospital in Ath-
ens)

January and December 2018 Electricity, Fossil fuels, Trans-
port activities, Refrigerators, 
Air-conditioning systems, 
Waste disposal

Healthcare facilities

[23] United Kingdom Local (carbon footprint 
of a geriatric clinic)

Before and after the COVID 
19 pandemic

Patient travel, staff travel, PPE, 
water, waste, telecommuni-
cations and heating/lighting 
the clinic facilities

Healthcare facilities

[24] United Kingdom Local (carbon footprint 
of a specialist palliative care 
unit)

2021 Medical and non-medical 
which included energy, 
waste and transport

Healthcare facilities
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equivalent to an estimated total of 546 million metric 
tons of CO2e [17]. The major contributors were the hos-
pital and prescription drug sectors (39 and 14%, respec-
tively). CO2 emissions represented about 80% of total 
global warming potential.

In Australia, the total CO2e emissions attributed to 
healthcare were 35,772 kilotonnes, constituting 7% of the 
country’s entire CO2e emissions [18]. Hospitals, includ-
ing their capital expenditure, accounted for approxi-
mately half of the total healthcare emissions, while 
pharmaceuticals contributed to an additional 20% of total 
CO2e emissions. Direct CO2e emissions from the use of 
fuel (specifically gas for hot water) in healthcare contrib-
uted to 10% of the total, whereas indirect CO2e emissions 
due to purchasing from other economic sectors contrib-
uted to nearly 90% of the total.

The last study investigating the emissions of a health-
care system was the one by Wu [19]. In China, the 

carbon footprint of the healthcare system in 2012 
amounted to 315 Mt CO2e emissions, representing 
2.7% of the national total GHG emissions. Public hos-
pitals, non-hospital-purchased pharmaceuticals, and 
construction emerged as the top three categories with 
the highest footprint, contributing to 47%, 18%, and 
15%, respectively.

In assessing the carbon footprint of travel, NHS Scot-
land, and specifically the Grampian health region, were 
examined [21]. The estimates were derived by combining 
data from NHS England and a published report estimat-
ing the carbon footprint of NHS Scotland. The mean of 
the two estimates served as the best approximation for 
the annual travel emissions from NHS Scotland, totaling 
489.000 tonnes of CO2. With the Grampian region com-
prising approximately 10% of the Scottish population, 
a proportional breakdown for the region’s travel emis-
sions would be 48.885 tonnes of CO2. The authors then 

Fig. 2  Different types of contributions of the HSs to GHG emissions. Different colors indicate a specific emission category, as underlined by the GHG 
Protocol (grey = Scope 1; yellow = Scope 2; red = Scope 3)
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explored the potential role of telehealth in reducing the 
overall carbon footprint of the NHS.

Healthcare facilities
Among the studies identified, some focused on spe-
cific settings, such as hospitals or clinics. One study 
calculated the GHG emissions of a Military Hospital in 
Athens, Greece, with a capacity of 550 beds and up to 
1000 staff members [22]. According to the authors, the 
hospital’s total emissions for the year 2018 amounted 
to 8389.2 CO2e. The majority of these emissions stem 
from energy consumption, with electricity contribut-
ing 62.9% of the total emissions (5275.3 CO2e), and fos-
sil fuels consumption accounting for an additional 32.2% 
(2706.2 CO2e). Moreover, emissions from refrigerators 
were 0.1% (5.2 CO2e), and air-conditioning systems con-
tributed 4.0% (338.5 CO2e) in terms of fluorinated gas 
emissions. Lastly, waste disposal represented 0.8% (64.0 
CO2e). Additionally, as per a previous paper by the same 
authors, the footprint of transportation activities in 2018 
was 1402 tonnes of CO2e (tCO2e), bringing the total car-
bon footprint of the hospital to 9791.2 tCO2e.

Two papers examined the carbon footprint of smaller 
healthcare settings. The first one [23] delved into the car-
bon footprint of an outpatient clinic within a UK Geri-
atric Medicine department, investigating the effect of 
virtual consultations before and after the onset of the 
COVID-19 pandemic. The authors factored in patient 
travel, staff travel, personal protective equipment, water, 
waste, telecommunications, and the heating/lighting of 
clinic facilities in their calculations. They did not include 
embedded carbon in preexisting vehicles or computer 
hardware, as well as emissions associated with requested 
investigations or secretarial work, as these factors remain 
constant despite COVID-19 adaptations. The main find-
ing was a reduction in the overall carbon footprint of 
the mixed consultation clinic, decreasing from 72.1 
to 55.34  kg of CO2e per month, mainly attributed to 
decreased emissions from patient travel.

The last study aimed to calculate the carbon footprint 
of a specialist palliative care unit in the southwest of Eng-
land [24]. The methodology involved categorizing various 
activities into two main resource areas: medical and non-
medical. These areas encompassed energy, waste, and 
transport, with the latter utilizing a survey to approxi-
mate the total mileage. The estimated emissions stood 
at 420 tCO2e, with the major contributors identified as 
travel (35%), gas (33%), and non-medical supplies (17%).

Discussion
We presented the outcomes of a rapid scoping review 
conducted to gather insights into carbon emissions asso-
ciated with HSs activities, a potential health threat that 

is likely to be globally underestimated. According to 
our inclusion criteria, the results indicate a scarcity of 
evidence regarding the impact of HSs on carbon emis-
sions and, consequently, on climate change. However, 
our search revealed recent efforts to address these cru-
cial issues, with 7 out of 9 retrieved papers being pub-
lished from 2018 onwards. This trend likely mirrors the 
increased awareness spurred by the Paris Agreement in 
recent years.

The literature search highlights a notable geographical 
concentration of retrieved papers, primarily originating 
from English-speaking nations, e.g., UK, Australia, and 
the USA, with limited exceptions in countries like China 
and Greece (only 2 papers out of 9). Consequently, there 
is a valid inference that our findings may lack represen-
tation of the global scenario. It becomes imperative to 
broaden the scope with studies from diverse regions to 
comprehensively map the current carbon footprint situ-
ation. While our results may not offer a globally repre-
sentative perspective, the homogeneity observed in more 
industrialized countries still holds significance. However, 
it is crucial to acknowledge that less economically devel-
oped countries might present a different landscape.

It is fundamental to understand that, despite some 
efforts, indirect emissions are increasing on a global scale 
[25]. Both Scope 2 and Scope 3 emissions can be classi-
fied as indirect. Notably, in studies conducted in the UK 
and Australia, the majority of the carbon footprint is 
attributed to indirect emissions. In line with the recent 
work of Rodríguez-Jiménez et al. [26], our findings echo 
a similar pattern, indicating that most emissions arise 
from sources included in Scope 3, such as the supply 
chain. Reducing Scope 3 emissions poses a greater chal-
lenge compared to Scope 1 and 2. The complexity arises 
from the imperative to involve external suppliers in 
implementing strategies to mitigate their emissions. In 
European Union (EU) Member States, road transporta-
tion alone is estimated to account up to 26% of the total 
CO2 emissions [27]. Case studies in Greece [28] and 
Austria [29] have affirmed the pivotal role of transporta-
tion activities in GHG emissions within HSs. Consider-
ing that a significant portion of transportation emissions 
in the healthcare sector stems from patient travel to and 
from hospitals [28], mitigation measures may include 
enhancing telemedicine [30] and optimizing public trans-
port management [28, 31]. In this context, discouraging 
private transport usage could yield substantial positive 
impacts on public health [32].

However, as mentioned earlier, indirect emissions also 
result from various forms of energy consumption cat-
egorized under Scope 2, including electricity, steam, and 
air-conditioning. To illustrate, the study by Bozoudis 
and colleagues revealed that the carbon footprint of the 
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Greek military hospital they examined was predomi-
nantly attributed to electricity consumption. Fossil fuel 
consumption for heating purposes ranked as the second 
most significant source of emissions, while the third most 
impactful category was linked to transportation activi-
ties. Projections for 2030 indicate a similar pattern, with 
an expected decrease of around 35% in GHG emissions 
[22]. At first glance, energy consumption is intertwined 
with all-scope emissions from a broader perspective. On 
one hand, energy is required whenever any hospital facil-
ity is turned on, and on the other hand, energy is needed 
to meet the demand for fossil fuels, ultimately linking 
to upstream energy emissions in the supply chain [20]. 
Energy production’s role in increasing the healthcare 
sector’s carbon footprint underscores the importance 
of addressing energy supply arrangements to mitigate 
emissions and promote a transition to renewable energy 
sources. This green deal ultimately requires sector cou-
pling in the future development of energy planning [33]. 
Some evidence suggests that this process has already 
begun [20, 34]. In recent years, it has been shown that a 
substantial contributor to the reduction of carbon emis-
sions in the English NHS is due to the decarbonization 
of the energy system. This process, occurring over the 
last thirty years, results in a tiny fraction of Scope 2 GHG 
directly related to building energy for delivering care 
[20]. However, despite the transition to renewable ener-
gies boosting decarbonization in all sectors, including 
healthcare, some issues need to be considered. Firstly, 
the possibility of making this transition varies between 
countries. Higher levels of economic globalization seem 
related to higher chances of promoting a transition to 
renewable resources [35]. Moreover, economic stabil-
ity and good income levels appear to be prerequisites for 
achieving such a transition from fossil fuels to renewable 
energy sources, with countries having higher average 
income levels positively impacting electricity consump-
tion. In this framework, higher technological develop-
ment would allow lower costs from renewable sources 
to generate electricity in higher-income countries, while 
middle and lower-income countries would struggle to 
import expensive technologies to sustain a shift towards 
sustainability [36].

According to the 17 United Nations (UN) Sustainable 
Development Goals (SDGs), strategies to achieve cli-
mate, environmental, economic, and social sustainability 
should become top priorities in the political agenda of the 
member states. Healthcare GHG emissions are strictly 
related to at least three goals: SDG 3, which focuses on 
health and aims to ensure healthy lives and promote 
well-being for all; SDG 7, which aims to ensure access to 
everyone to affordable, reliable, sustainable, and modern 
energy; SDG 13, which ambitiously aims to tackle climate 

change and its impacts by taking a set of urgent actions 
[37]. If most of the emissions in the healthcare sector 
come from indirect sources, focusing our efforts on them 
becomes crucial to effectively reduce overall GHG emis-
sions at a system level. In this framework, different miti-
gation strategies have been proposed to be implemented. 
For instance, the promotion of energy communities 
among EU Member States is in that direction. EU Direc-
tives 2018/2001 [38] and 2019/944 [39] introduce the idea 
of energy communities and mandate that Member States 
work together to ensure that energy production increas-
ingly relies on renewable resources. Energy communi-
ties can be meant as partnerships between companies, 
customers, and local authorities looking for innovative 
actions that help the energy transition towards renewable 
resources, favoring private investments in this sector, and 
providing benefits to the citizens through the increase of 
energy efficiency and the lower of bills while potentially 
creating local job opportunities [40]. In this sense, HSs 
should cover the idea of forming energy communities 
that may represent a useful tool both to improve electric-
ity consumption and ultimately save costs. Supporting 
the idea that an energy transition towards sustainability 
can yield economic benefits, there have been suggestions 
that companies’ adoption of best practices is associated 
with higher financial performances [41]. Even simple 
steps, such as replacing traditional luminaries with LED 
lighting, could have a strong impact on reducing GHG 
emissions [42]. Other mitigation measures to face Scope 
2 emissions may include the most frequent use of low-
carbon technologies for providing energy, such as passive 
ventilation and cooling or solar photovoltaic [43].

The significance of environmentally suitable alterna-
tives to conventional patient care procedures is empha-
sized by Alshqaqeeq and colleagues, who highlight the 
challenge of limited data on the environmental impact of 
health services. There is a call to encourage health work-
ers to explore alternatives that enhance environmental 
health while upholding the quality of care [44]. In align-
ment with Sapuan and colleagues, our work underscores 
the urgent need for the health sector to disrupt the cycle 
in which efforts by HSs to address health issues, often 
chronic and resource-intensive, inadvertently contrib-
ute to greater damage at a public health level, escalating 
energy demand and, therefore, overall carbon emissions 
[45].

Conclusions
The WHO has just released the “Operational frame-
work for building climate resilient and low-carbon 
health systems” [46]. This document seeks to guide 
UN Member States in reducing the contribution of 
HSs to climate change. In pursuit of this ambitious 
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objective, the framework offers essential guidelines on 
how each country can address climate-related health 
risks through the adoption of low-carbon health prac-
tices. Additionally, the operational framework pro-
vides recommendations on monitoring progress in this 
endeavor.

Keeping this in mind, our aim is to ensure that our 
efforts are followed by a reflective analysis focused on 
identifying the key hubs where tangible actions can be 
implemented. Given that Italy is the country where we 
live and work, our intent as healthcare sector profession-
als is to advocate for accelerating the transition to more 
sustainable ways of working in our national healthcare 
system. To achieve this goal, we will strive to develop a 
coherent framework for Italian healthcare system and 
hospitals in the near future in agreement with the WHO 
Operational framework abovementioned, offering prac-
tical solutions to combat climate change and promote 
sustainability, finally hoping to provide a model for other 
countries.

In the last UNFCCC Climate Change Conference in 
Glasgow (COP26), fifty countries have committed to 
developing low-carbon health systems and only six EU 
countries have submitted formal commitments to the 
COP26 Presidency to strengthen and develop sustainable 
HSs.healthcare systems. Notably, Italy is not on the list of 
signatory countries [47], suggesting that data are missing 
and political awareness on this topic is lacking.

Our study could finally provide important informa-
tion for policymakers. As agreed upon by the UN SDGs, 
political actions should be oriented towards sustainabil-
ity in all sectors. The WHO has recognized this challenge 
and addressed it by introducing a path for increasing 
the climate resilience of HSs. Being informed about the 
primary role that HSs could play in emphasizing the 
effects of climate change would allow policymakers to 
implement mitigation strategies more effectively in their 
agendas. Our work contributes to actively improving sus-
tainability through a holistic approach that could serve 
as a benchmark for the healthcare sector. In particular, 
it would be useful to address innovative political meas-
ures aimed at improving living conditions in the context 
of the smart city concept [48], thus ideally allowing for 
effective long-term health prevention and mitigation risk 
strategies.

It is projected that the healthcare sector’s impact on the 
climate crisis will continue to rise in the coming years, 
as stated in the Health Care Without Harm and Arup’s 
Health Care’s Climate Footprint Report [49]. It is impera-
tive for healthcare systems and professionals to assume a 
leadership role in acknowledging and curbing their influ-
ence on climate change. The scientific community as a 
whole is urged to recognize this issue as a top priority.

Limitations
Our study, by its very nature, rewards speed in the revi-
sion work. However, this virtue also comes with limita-
tions, despite our thoroughness. The main limitation is 
represented by the fact that we only looked at one data-
base. Though pertinent to the focus of our study, utiliz-
ing a single database has inherent limitations. However, 
this approach aligns with the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses (PRISMA) 
guidelines [50] and can expedite the review process, 
especially in emergency conditions such as those 
imposed by the current climate crisis, demanding swift 
responses in support of stakeholders and authori-
ties. Further research may include searching in differ-
ent databases, such as Scopus or Web of Science. The 
second limitation lies in the scarcity of keywords used, 
although very accurate. Alternative keywords to use in 
the future might include “clinics” and “climate change”.
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