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Abstract

Background: Climate change, driven by greenhouse gas emissions, threatens human health and biodiversity. While the
digitalization of health care, including telemedicineand artificial intelligence, offers sustainability benefits, it al so raises concerns
about energy use and electronic waste. Balancing these factorsis key to a sustainable health care future.

Objective: The objective of this review was to examine the extent to which digitalization in the health care sector influences
environmental sustainability. Specifically, it aimed to assess how digitalization can contribute to reducing the health care sector’s
impact on global climate change. From these findings, conclusions were drawn regarding the extent to which digitalization aligns
with the objectives of the Planetary Health movement and how these 2 movements may mutually reinforce each other.

Methods: A scoping review guided by the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
2020 guidelines using databases such as PubMed and Scopus was conducted, and 58 quantitative studies from 2009 to 2024 were
analyzed for environmental, social, and economic outcomes aligned with Planetary Health goals.

Results: This review analyzed 58 studies on the environmental impact of digitalization in health care primarily focusing on
telemedicine, which was examined in 91% (53/58) of the studies. M ost studies (56/58, 97%) quantified transport-related emissions
avoided through digitalization, with some also assessing emissions from health care facilities, medical equipment, and energy
consumption. Findings indicated that telemedicine significantly reduces carbon dioxide emissions, with total avoided emissions
amounting to approximately 830 million kg. A substantial proportion of the studies (36/58, 62%) focused on social aspects,
highlighting factors such as patient satisfaction, time efficiency, and overall convenience. In addition, economic considerations
were analyzed in 48% (28/58) of the studies, emphasizing cost reductions and resource optimization. However, only 12% (7/58)
of the studies evaluated the full life cycle impact of digital technologies, highlighting the need for further research on their
long-term environmental sustainability.

Conclusions: This review calls for further research beyond telemedicine, advocating for life cycle analyses and actionable
strategies for a sustainable digitalization in health care systems. The Planetary Health framework is highlighted as a guide for
ensuring sustainable digital transformation in health care.

(J Med Internet Res 2025;27:€71795) doi: 10.2196/71795
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Introduction

Health Care and Global Climate Change: Part of the
Problem?

Human-made climate change poses a global existentia threat,
bringing with it several challenges and problems. Extreme
weather events, loss of biodiversity, and rising sea levels are
just some of the many consequences of climate change[1]. The
primary causefor these catastrophic effects on the environment
isthe steadily rising mean near-surface temperature of the Earth.
According to the Copernicus Climate Change Service, in
September 2024, this was 1.54 °C above preindustrial levels
[2]. The major drivers of these developments are greenhouse
gas emissions, particularly carbon dioxide (CO,) [3]. The
environmental changes associated with climate change affect
human physical and mental health in various ways [4]. Air
pollution and increased exposure to extreme heat affect the
respiratory and cardiovascular systems [5]. Environmental
changes manifest in forms such as malnutrition, increasing rates
of infectious diseases [6,7], and alergies, to name a few other
health consequences [8].

However, the health sector is not only confronted with
conseguencesfor human health; it also contributes significantly
to climate change itself, accounting for 4.4% of global annual
CO, emissions [9]. These emissions are primarily caused by
the direct energy requirements of health care facilities [10].
Furthermore, indirect emissions from the health care sector,
including supply chainsaswell asthe transportation of patients
and staff to and from hedlth care facilities, are particularly
significant [11]. Considering optionsto face this problem within
the health care sector, digitalization is a promising approach to
not only meet the challenges of climate change but also make
the health care sector as a whole more sustainable [12].

Digitalization in Health Care: Opportunity and
Additional Risk

Taking a closer look at digitalization in the health care sector,
the use of telemedicine, artificial intelligence (Al), digital
hospital information systems, and various other digital
applications in the health care sector can be divided into 3
categories in relation to climate change according to
Rahimi-Ardabili et al [13].

The first category is digitalization to mitigate the impact of the
health care sector on climate change. The targeted use of Al to
optimize energy consumption, for example, significantly reduces
the electricity consumption of health carefacilities[14]. Savings
with digital technology use in the energy supply sector are
estimated to be between 8% and 8.6% by 2030 [15].
Furthermore, digitalization can facilitate faster and more
accurate diagnoses of various diseases such as diabetes,
cardiovascular diseases, and cancer, as well as preventive
approaches and patient independence in managing diseases
through technological assistance, thereby reducing resource
consumption in the health care sector [16]. Digital optimization
of supply chainsin the health care sector also promotes greater
sustainability [17]. Telemedicine and web-based consultations
are associated with a significant reduction of CO, emissions
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caused by patient transportation, with savings ranging from 0.9
to 900 kg of CO, per consultation [18]. They also contribute to
better accessibility of health care facilitiesin remote areas and
reductions in long-distance patient travel [19].

The second category is digitalization of the management of
infectious diseases triggered by climate change. Emerging
infectious diseases are a phenomenon exacerbated by climate
change, environmental pollution, and population growth [20].
Establishing new technologiesis a decisive measure to counter
the risk of infectious diseases triggered by climate change.
Epidemiological analyses, tracking and simulation models,
biosensors and geoinformation systems, and apps for
smartphones [21] help diagnose outbreaks of infection at an
early stage; identify risk areas; and, thus, take preventive action
[13].

Thethird category isdigitalization of the management of health
risks caused by climate change. The use of digital technologies
such as sensor technology and Al systems constitutes
environmental monitoring systems that make it possible to
monitor environmental quality and make predictions about
potential health risks [22]. For instance, air or water pollution
[13] can be detected early, and warnings can be issued viaearly
warning systems [23,24]. Wearable sensors enable the
assessment of individual health risks related to environmental
factors. Digital technologies facilitate risk mapping to identify
environmental factors impacting on health and allow for early
detection of environmentally associated health incidents [13].

Although digitalization is a promising strategy to make health
care more environmentally sustainable [13] and address the
challenges posed by climate change impacts, the ecological
impact of digitalization itself should not be overlooked [25].

The first impact is increasing energy consumption due to
digitalization. CO, emissions from global information and
communications technologies were estimated to be
approximately 3.5% in 2020 [26]. Digital technologiesare also
associated with increased energy consumption [27,28]. The
annual share of German energy demand from information and
communications technology for 2030 is projected to be 7.4%,
and according to some estimates, it could reach up to 9%. The
energy required for the production of these technologiesismore
than twice the energy consumption caused by their use [15].

The second impact is increased resource requirements due to
digitalization. In addition, the production of digital technologies
requires large amounts of raw materials, which is problematic
[14]. The extraction of necessary natural resources (eg, iron,
aluminum, gold, or mercury) leads to the destruction of the
environment, loss of biodiversity, and serious health effects
among workersin mining areas [29].

The third impact is the effects of digitalization with regard to
problematic disposal structures. The disposal of digital
technologies has a negative environmental impact, with
electronic waste being the fastest-growing waste stream
worldwide, reaching 62 billion kg in 2022. Digital devicessuch
as smartphones, printers, and laptops account for 47% of this
total [30]. The challenge lies not only in the sheer amount of
waste but also in the difficulty of recycling materials [31] and
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improper disposal, leading to resource loss [30] and severe
environmental pollution, particularly in regions of the Global
South [25]. This mishandling has highly harmful effects on the
health of workers and the local population [30,32].

When examining the digitalization of health care through the
lens of ecological sustainability, it iscrucial to evaluate existing
frameworks designed to promote environmental sustainability
inthe health care sector. The central question ishow effectively
these frameworks can be adopted for digitalization and whether
they synergize to enhance sustainability or create obstacles to
each other’s implementation.

Digital Health and Planetary Health: Complement or
Conflict?

One of these effortsto make health care more sustainableisthat
of Planetary Health, which addresses the interdependencies
between human health and the health of the planet. More
precisely, it describes an integrative, interdisciplinary concept
that considers Planetary Hedlth at various levels—social,
ecological, and economic [33]. Planetary Health addresses not
only the numerous environmental changes such as climate
change, deforestation, loss of biodiversity, and environmental
pollution but also the health effects of these changes [34].
However, it is not just a concept; it serves as a guide for
institutions to create policies that make the health care sector
more environmentally sustainable [35]. Planetary Health
provides an excellent basis for addressing the interactions
between the environmental impacts of the health care sector
and human health [36].

If we consider the ecological dilemmaof digitalization described
previously against the backdrop of the Planetary Health concept,
it must be questioned to what extent digitalization efforts
themselves have a negative impact on the environment and
human health and how these effects can be mitigated. Initial
steps such as implementations of life cycle analyses (LCAS)
[37], approaches to the digital circular economy [25,31], green
IT, and the development of policies and frameworks [12,38]
for digitalization in terms of ecological sustainability already
exist in the literature and are being discussed.

To more precisely examine how digitalization in health care
relates to the sustainability goals of Planetary Health and to
what extent it supports or challenges these objectives, ascoping
review was conducted. In addition, thisreview aimed to identify
knowledge gaps in the literature regarding the measurement
and assessment of ecological sustainability inthisfield. Through
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a comprehensive analysis of the existing body of research, this
review sought to provide insights into areas in which further
investigation isnecessary to better understand the environmental
impacts of health care digitalization and how it aligns with the
sustainability objectives outlined by the Planetary Health
concept. It should be examined whether the goals of the
Planetary Health concept can be applied to the digitalization of
health care and whether their implementation within a
framework isfeasible or whether they conflict with one another.

Methods

Search Strategy and Selection Criteria

Thisscoping review followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) 2020
checklist [39,40] (Multimedia Appendix 1) without being
registered under aprotocol. Thisreview investigated theimpact
of digitalization in health care on achieving environmental
sustai nability goalswithin the Planetary Health framework. The
key research questions (RQs) were as follows:

« RQL: What are the environmental benefits of health care
digitalization?

«  RQ2: What potential negative environmental impacts are
associated with digitalization in health care?

« RQ3: How doesdigitalization align with Planetary Health's
sustainability goals?

The PubMed, Scopus, and MEDLINE databases were used to
identify relevant articles. Additional studies wereincorporated
through citation searches of pertinent literature. The search was
conducted on August 14, 2024, and included all quantitative
studies published up to that date. The search string comprised
3 main categories: “digitalization,” * sustainability/environmental
effects” and “healthcare,” tailored for each database using
Boolean operators (Multimedia Appendix 2). The search was
further restricted to titles and abstracts. An analysis of study
quality was not conducted because it was prioritized to identify
gaps and trends in the literature.

The search aimed to identify quantitative primary data on the
environmental impact of digitalization in the health care sector.
Theinclusion criteriawere based on the population, intervention,
comparison, and outcome framework [41], requiring that studies
meet al the categories shown in Textbox 1. To minimize bias
from a single reviewer, the inclusion criteria were predefined
in tandem.

Textbox 1. Inclusion criteria showing the population, intervention, comparison, and outcome categories; further descriptions; and examples.

before and after digitalization)

waste, waste reduction, and reduction of environmental resources)

« Population: al relevant groups in the health care sector affected by digitalization (eg, patients, employees, and health insurers)
« Intervention: any digital technology or digital process (eg, telemedicine, electronic health records, artificia intelligence, and digital applications)

«  Comparison: comparisonsinvolving older technology or traditional versus digital approaches (eg, digital vsnondigital and environmental impact

«  Outcome: environmental impact attributed to digitalization in health care (eg, carbon dioxide emissions, greenhouse gas emissions, electronic

Search results were excluded if they were books, conference
proceedings, editorials, or commentaries. Reviews and overview
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relevant to the topic or lacking quantitative data were also
excluded. Furthermore, papersin languages other than German
or English were excluded.

Data Analysis

The studies retrieved from the literature search were uploaded
to Rayyan (Qatar Computing Research Ingtitute [42]), and
duplicates were automatically removed. The studies were
initially screened by a single reviewer based on titles and
abstracts according to the inclusion criteria. Studies in which
uncertaintiesregarding the fulfillment of inclusion criteriaarose
were discussed with a second reviewer to mitigate the risk of
single-reviewer bias. Uncertainty regarding theinclusion criteria
was defined as a lack of clarity in at least one population,
intervention, comparison, and outcome criterion.

In cases of disagreement regarding study eligibility, the studies
were initially included in the full-text screening to allow for a
more thorough assessment. If consensus was reached on
inclusion or exclusion, the studies were either included or
excluded accordingly. Studies deemed suitable for full-text
screening were uploaded to Rayyan again. The full-text
screening was conducted following the same procedure as for
the abstract screening. Studies for which there were
disagreements regarding the fulfillment of inclusion criteria
were discussed until consensus was reached. All included and
excluded studies were reviewed and validated by a second
reviewer to minimize therisk of single-reviewer bias.

Data were analyzed according to predefined categories
developed by the 2 reviewers. The following information was
compiled in a Microsoft Excel spreadsheet (Microsoft Corp):
author, year, country, study design, aims, and objectives. In
addition, secondary outcomes such as social and economic
impacts were recorded. Social outcomes included effects on
patients and staff, such as satisfaction, experience, and health
outcomes. The economic impact was defined as the financial
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effect on the health care system or patients. These aspectswere
considered to analyze, in line with the holistic approach of the
Planetary Health concept, how many studies already adopt a
more comprehensive, integrated perspective on the topic of
sustainability. Other categoriesincluded the digital technology
examined, application of LCA, and the method of calculating
the ecological impact of the digital technology assessed.
Calculations for nondigital or traditional alternatives were also
recorded. Finally, data on the environmental impacts were
examined, and their results were compiled. The extraction was
conducted by 1 reviewer and discussed collaboratively to
validate the extracted data.

Results

Study Char acteristicsand M ethodological Approaches

The search yielded a total of 772 hits. After excluding
duplicates, of the 772 hits, 444 (57.5%) abstractswere screened,
and 151 (19.6%) abstracts were double screened with the second
reviewer because of uncertainties. In this step, of the 444
abstracts screened, atotal of 137 (30.9%) studieswere excluded
jointly, and 5 (1.1%) studies were included. Due to
disagreements, 2% (9/444) of the studies were included in the
full-text screening, resulting in atotal of 71 studiesincludedin
the full-text screening. Of these 71 studies, 10 (14%) were
inaccessible and, therefore, excluded. From the database search,
59% (36/61) of the studieswere included in the data extraction,
and 41% (25/61) were excluded with specified reasons according
to the exclusion criteria. After a collaborative discussion on 25
studies, 17 (68%) were excluded based on predefined criteria,
and 8 (32%) were selected for inclusion. An additional 22
studies were identified through citation tracking. In total, 58
studies were analyzed and included in the review (Figure 1).
The results, sorted by the defined categories, are provided in
Table 1.

Figurel. PRISMA 2020 flow diagram for new systematic reviews that includes searches of databases, registers, and other sources.

f
Identification of studies via databases and registers

J Identification of studies via other methods ]

Records identified from databases ‘
(N=T772):
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Records identified from:
* Citation searching (n=27)

* MEDLINE (n=234)
= Scopus (n=277)

]{ Identification ]

h 4

Records excluded (n=372)
+ Single screened (n=235)
+ Double sereened (n=137)

Records screened (n=443)
« Single screened (n=293)
* Double screened (n=150)
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Reports not retrieved
= Could not be accessed (n=10)

Reports sought for retrieval (n=71)
= Single screened (n=60)

| —

Reports not retrieved
* Could not be accessed (n=3)

Reports sought for retrieval (n=27)

* Agreement (n=9)
* Disagreement (n=2)

Screening

¥

Reports assessed for eligibility
(n=61)

* Single screened (n=36)

» Double screened (n=25)

h 4

Studies included in review (n=58)
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Reports excluded (n=25)
* Single screened (n=8)
* Double screened (n=17)

* Wrong outcome (n=12)
* Wrong publication type (n=13)
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Table 1. Included studies analyzed by the defined categories.
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Study, country,  Setting Aims and Digitd Tech-
year (dept) objectives nology Data® Tool Factors® Tod—LCA® Outcome® Key findings
Curtisetal [43], Hospita Evaluating  Telemedicine Travel-relat- Travel-related None NA Carbon Avoided emis-
United King- (orthope-  theimpact of (9 edemissions emissions: UK emissions  sions per NF2F
dom, 2021 dics) NF2F® ver- and building  pgprAN: (CO) consultati gn: 56
sus FoF' emissions building em_i s kg (_)f COy; .
emergency sions: NHS avoided emis-
orthopedic Sustainable sionsin total for
clinic refer- Development 10_4 NF2F consul-
rals Unit tations: 5846 kg
of CO, equiva
lent
Heffernanetal  Hospital Evaduating  Telemedicine Travel-relat- CanadasNa- gpgcP EEC:NA;  Carbon Avoided emis-
[44], Canada, (pediatrics) potential car- (vch edemissions tiona GHG®  and OEC: Gov- emissions  sions per NF2F
2023 bon savings Inventory Re-  ogca  &mment of (COy) consultation:
of NF2F ver- port ; British 63.86 kg of CO,
susF2F in (D) Columbia
0sA! and
OM™withef-
fusion
surgery care
Holmneretal  University Evaluating  Telemedicine Travel-relat- Lenzen [45] EEC EEC: LCA Carbon Avoided emis-
[19], Sweden,  hospital thecarbon  (VC) ed emissions and (Ongetal emissions sionsintota for
2014 (surgery)  footprint of OEC [46]); (COy) 238 NF2F consul-
NF2F hand (D, OEC: NA tations: 602 kg of
and plastic DTS, COy; 1.86-8.43
surgery rehar and kg of CO, per
bllltatlon ap- SRt) hour of web-
pointments based consulta-
tion
Smitheta [47], Nationwide Evaluating Teemedicine Travel-relat- NjHRY Travel-  Travel-re-  Carbon Emissions per
United King- health care the carbon (NSY) ed emissions related lated emiss emissions 1000 patients for
dom, 2013 sector emissonsas- and building emis- sions: Mo-  (COyp) SMS text mes-
sociated with emissions sions: bile's sages. 8143 kg of
different EEC; Green COy; emissions
smoking ces- building Manifesto; per 1000 patients
sation Sup- emis- buildi ng for tdephone
port meth- sions: emissions: counseling: 8619
ods, includ- OEC UK DE- kg of COZ; emis
ing SMStext FRA sions per 1000
messagesUp- patientsfor group
portandtele- counsaling:
phone, 16,114 kg of
group, and CO,; emissions
Icrg(ljjxlsglﬁl per 1000 patients
9 for individual
counseling:
16,372 kg of CO,
Connor et a University Evaluating  Telemedicine Travel-relat- Google Maps None NA Carbon Avoided emis-
[48], United hospital travel-relat-  (T) edemissions and UK DE- emissions sionsin total for
Kingdom, 2011 (nephrolo- ed reduction FRA (COy) 350 NF2F consul-
ay) in GHG tations: 2818 kg
emissions of of COy; avoided
telephone emissionsin total
consultations for 350 NF2F
for routine consulta
follow-up tionst+staff travel:
care for par 3049 kg of CO,
tients under-
going renal
transplanta-
tion
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Study, country,  Setting Aims and Digitd Tech-
year (dept) objectives nology Data® Tool Factors® Tod—LCA® Outcome® Key findings
Kassaetal [49], Hospita Evaluating  Telemedicine Travel-relat- Google Maps None NA Carbon Avoided emis-
Sweden, 2024  (pediatrics)y NF2Fversus (VC) edemissions and online emissions  sions per family:
F2F consulta- COy, calcula (COy) 126.3 kg of COy;
tionsaccord- tor median 267 km
ing to poten- traveled
tial travel-re-
lated carbon
savings
Savoldellieta University Evaluating  Teemedicine Travel-relat- Travel-related Travel- Travel-ree  Carbon NF2F emissions
[50], Italy, 2024  hospital theenviron- (VC) ed emis- emissions: related lated emis- emissions per patient: 0.41
(cardiolo-  mental im- sions, waste, |goW emis- sions: (COy) kg of COy; F2F
ay) pact of and digital 14040/14044 Sions. ecoinvent emissions per pa-
NF2F versus device and Ecologi- EEC (D version 3.8 tient: 9.77 kg of
F2F follow- cal Footprint and and Ecolog- CO,
up care Calculator; SR); ical Foot-
waste: 1SO waste print Calcu-
14040/14044; anddigi- lator; waste
digital device: tal de- and digital
ecoinvent ver- Vice: device:
son38and OEC(D 50
Ecological and SR) 1404014004
Footprint Cal- and Sillcox
culator et a [51]
Tselapedi- Hospital Evaluating  Telemedicine Travel-relat- |jggpaX None  NA Carbon Emissions per
Sekeitto et al (otolaryn-  theenviron- (VC) ed emissions emissions  F2F consultation:
[52], Canada, gology) mental im- (COy) mean 32 (SD 39)
2024 pact of kg of CO, equivar
NF2F versus lent; avoided
F2F consultar emissionsin total
tions for 33 NF2F con-
sultations: mean
1056 (SD 224) kg
of C02
Welk et a [53], Regional Evaluating  Telemedicine Travel-relat- |gpY None NA Carbon Avoided emis-
Canada, 2022  hedthcare theenviron- (VC) ed emissions emissions sionsintotal for
sector mental and (COy) 63,556,271 NF2F
patient-level consultationsin
financial 22 mo (on
benefits of 3,197,099,600
widespread km traveled): 658
NF2F care million kg of
COy; avoided
emissions for
10% use of pub-
lic transit: 589
million kg of
COy; avoided
emissions for
20% use of pub-
lic transit: 545
million kg of
COy; avoided
emissions per

NF2F visit for
10% use of pub-
lictransit: 9.3 kg
of CO,; avoided
emissions per
NF2F visit for
20% use of pub-
lictransit: 8.4 kg
of C02
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Study, country,  Setting Aims and Digitd Tech-
year (dept) objectives nology Data® Tool Factors® Tod—LCA® Outcome® Key findings
Dorrian et & Primary Evaluating  Telemedicine Travel-relat- UK DEFRA  None NA Carbon Avoided emis-
[54], Scotland, hedlth care thefeasibili- (NS) edemissions and AA Route emissions  sions per NF2F
2009 ty and im- Planner (COy) patient: 123 kg of
pact of CO, equivalent
NF2F versus (round trip)
F2F en-
doscopy
Thiel eta [55], University Evaluating Teemedicine Travel-relat- USEPA Travel- Travel-ree  Carbon Emissions per
United States,  hospital theenviron- (VC) ed emis- related lated emiss emissions NF2F consulta-
2023 @l mental im- sions, build- emis- sions: ISO  (COyp) tion: 0.02-0.04 kg
pact of ing emis- sions: 14040114044, of CO, equiva-
NF2F versus sions, and EEC; LCA lent; emissions
F2F consulta: medical building SimaPro per F2F consulta
tions equipment emis- 9.3.0.240 tion: 20 kg of
sons | g2 CO, equivalent;
and  gatabase, avoided emis-
medica  and ecoin- sionsin total per
equIp- vent ver- y: 17,000 metric
ment:  gon 3.82; tons of CO,
OEC building equivalent
emissions
and medi-
cal equip-
ment: US
EPA
Morcillo Serra  Insurance  Evaluating  Telemedicine Travel-relat- Carbon Truss OEC (D Carbon GHGemis- Avoided emis-
et a [56], company  theenviron- (VC)and ed emissions andDT) Trust sions sions per NF2F
Spain, 2022 mental im-  pyRa and paper consultation:
pact of use (energy 3.057 kg of CO,
NF2F versus for printing) equivalent;
F2F consultar avoided emis-
tions sionsin total for
NF2F and down-
load of medical
reports:
6,655,000 kg of
CO,
Jang et a [57], Nationwide Evaluating Tedemedicine Travel-relat- Google Maps None NA Carbon Avoided emis-
United States,  health care  NF2F ser- (TandVC) edemissions and USEPA emissions sionsintotal for
2021 sector (on-  vicesand es- (COy) 560 NF2F consul-
cology) timating the tations: 35,500 kg
financial and of CO, per 3mo
environmen- (on 139,160 km
tal impacts traveled)
of these ser-
vices com-
pared to F2F
visits
Cumminseta  Nationwide Evaluating  Telemedicine Travel-relat- USEPAand OEC(D USEPA Carbon Avoided emis-
[58], United hedlth care theenviron- (VC) edemissions ArcGIS andDT) emissions  sions per NF2F
States, 2024 sector mental im- (COy) consultation:
pact of 19.821 kg of CO,
NF2F versus equivalent;
F2F consultar avoided emis-
tions sionsin total for
6,231,614 NF2F
consultations:
123,461,000 kg
of COZ
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Study, country,  Setting Aims and Digitd Tech-
year (dept) objectives nology Data® Tool Factors® Tod—LCA® Outcome® Key findings
Grabski et a Hospital Evaluating  Telemedicine Travel-relat- USEPA None NA GHGemis- Avoided emis-
[59], United (pediatrics) theenviron- (VC) ed emissions sions sionsintotal for
States, 2024 mental im- 20,845 NF2F
pact of consultations:
NF2F versus 618,000 kg of
F2F consulta CO, (1,562,716
tions miles traveled),
5400 kg of car-
bon monoxide,
670 kg of nitric
oxide, and 6100
kg of volétile or-
ganic compounds
Lewiseta [60], Hospital Evaluating  Telemedicine Travel-relat- UK DEFRA  None NA Carbon Avoided emis-
Wales, 2009 theenviron- (VC) ed emissions emissions sionsintotal for
mental im- (COy) 21 NF2F consulta:
pact of tions per y: 1696
NF2F versus kg of COy;
F2F consulta- avoided emis-
tions sionsin total for
30NF2F consulta:
tions per y: 2590
kg of CO,
Eversetal [61], Hospital Evaluating  Telemedicine Travel-relat- Google Maps None NA Carbon Avoided emis-
United States,  (infectiolo- NF2Fversus (VC) edemissions and US EPA emissions  sions per NF2F
2021 ay) F2F impact (COy) patient: average
on various of 91.79 kg of
costs and CO, equivaent
benefitsrelat-
ed to health
carevisits
Arndtetal [62], University Evauating Telemedicine Travel-relat- tremop®  OEC UBAX Carbon Emissions per
Germany, 2023  hospital the environ-  (VC) ed emissions (SR) emissions  NF2F consulta
(orthope-  menta im- (COy) tion: 0.004 kg of
dics) pact of CO, equivalent;
NF2F versus emissions per
F2F consulta- F2F consultation:
tions 500 kg of CO,
equivalent (aver-
age of 33km
traveled); avoid-
ed emissionsin
total pery:
17,000 tons of
CO,, equivalent
Cockrell et a Hospital Evaluating  Telemedicine Travel-relat- R CoreTeam None NA Carbon Avoided emis-
[63], United (pediatrics) theenviron- (VC) edemissions and US EPA emissions sionsintotal for
States, 2022 mental im- (COy) 10,626 NF2F
pact of consultations per
NF2F versus y: 344,000 kg of
F2F consulta CO, (1,427,497
tions km traveled)
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Sellarset a Hospital Evaluating  Teemedicine Travel-relat- AA Route None NA Carbon Avoided emis-
[64], Scotland,  (gastroen-  theenviron- (VC) edemissons p anner, U Nnad emissions  sions per NF2F
2020 terology)  mentd im- - (COy) consultation:
pact of o and 42.27kg of CO,
NF2F versus En?i)ssi gI’IS equivalent;
F2F conaulta- avoided emis-
tions sionsin total for
6685 NF2F con-
sultations:
2113.29 kg of
CO, equivalent
Al Fannaheta Nationwide Evaluating  Telemedicine Travel-relat- Ravindrane None NA Carbon Avoided emis-
[65], Oman, health care theenviron- (VC) edemissions and Patel [66] emissions  sions per NF2F
2022 sector mental im- (COy) consultation:
pact of 0.69-190 kg of
NF2F versus CO, equivalent;
F2F consulta- avoided emis-
tionsand in- sionsin total for
halation 18,332 NF2F
anesthetic consultations:
gases 12.65-3483.1
tons of COy;
avoided emis-
sionsin total for
34,792 NF2F
consultations: 24-
6610.5 tons of
CO,
Robinsoneta  Specialized Evaluating  Telemedicine Travel-relat- ArcGlSand  None NA GHGemis- Avoided emis-
[67], United hedlth cen- theenviron- (T) edemissions USEPA sions sionsintotal for
States, 2017 ter (pedi-  mentd im- 161 NF2F pa-
atrics) pact of tients: 43,595 kg
NF2F versus of CO, equivar
F2F preoper- lent (170,703 km
ative screen- traveled); avoid-
ings for ed emissionsin
spm L total for 161
surgery NF2F consulta-
tions pery:
14,532 kg of CO,
equivalent
Chang et al Hospital The study Tdemedicine Travel-relat- USEPA None NA Carbon Avoided emis-
[68], United (surgery) amedtoas (VC) ed emissions emissions  sionsfor 307
States, 2023 sess the pa- (COy) NF2F visits be-
tient cost forethe COVID-
burden and 19 pandemic:
environmen- 81,590 kg of
tal impact of CO,; avoided
travel versus emissions for
telehedlth for 3256 NF2F visits
general during the
surgery out- COVID-19 pan-
patient visits demic: 481,341
before and kg of COy;
during the avoided emis-
covi D719 sions for 2949
pandemic NF2F visits (dif-
ference between
the 2 periods):
399,751 kg of
CO,
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Muschol et &l University Evaluating  Telemedicine Travel-relat- UBA None NA GHGemis- Avoided emis-
[69], Germany, hospital theenviron- (VC) ed emissions sions sions per NF2F
2022 (orthope-  mental im- consultation:
dics) pact of GHGs—11.25kg
NF2F versus of CO, equivar
F2F follow- lent, 0.07 kg of
ups carbon monox-

ide, 0.011 kg of
volatile hydrocar-
bons, 0.028 kg of
nitrogen oxides,
and 0.0004 kg of
particul ates;
avoided emis-
sionsin total for
26 NF2F consultar
tions:
GHGs—292.45
kg of CO, equiva-
lent, 1.82 kg of
carbon monox-
ide, 0.29 kg of
volatile hydrocar-
bons, 0.73 kg of
nitrogen oxides,

and 0.01 kg of
particulates
Vida-Alaball e¢ Nationwide Evaluating  Telemedicine Travel-relat- Google Maps None NA GHGemis- Avoided emis-
a [70], Spain, hedthcare theenviron- (VC) edemissions and Ministry sions sionsintotal for
2019 sector mental im- of Territory, 9034 NF2F con-
pact of Housing, and sultations: 29,384
NF2F versus Ecological kg of CO5 (on
F2F consulta: Transition 192,682 km trav-
tions eled)
Kingeta [71], Hospital Evauating  Telemedicine Travel-relat- GoogleMaps OEC NA Carbon Emissions per
United King- (gastroen-  theenviron-  (T) edemissions and UK emissions  F2F consultation:
dom, 2022 terology)  menta im- BEISY (COy) 1.54 kg of CO,
pact of equivalent; emis-
NF2F versus sions per NF2F
F2F consultar consultation:
tions 0.005 kg of CO,
equivalent
Leeetal [72], University Evaluating Teemedicine Travel-relat- Google Maps, None NA GHGemis- Avoided e emis-
United States,  hospital theenviron- (VC) edemissions USEPA, and sions sionsfor 710
2021 (dermatolo-  mental im- FHWAS NF2F consulta-
ay) pact of tions pery:
NF2F versus 47,900 kg of
F2F CO,, 50.0 kg of
isotretinoin methane, 41,395
management kg of nitrous ox-
visits ide, and 1040 kg
of hydrofluorocar-
bons; total:
49,400 kg
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Patel et al [73], Specidized Evauating  Telemedicine Travel-relat- USEPA None NA Carbon Avoided emis-
United States,  health cen- theenviron- (VC) ed emissions emissions  sions per NF2F
2023 ter (oncolo- mentd im- (COy) consultation with
ay) pact of adriving time of
NF2F versus <60 min: 19.8 kg
F2F conaulta- of CO, equiva
tions lent (on amedian
of 77.41 kmtrav-
eled); avoided
emissions per
NF2F consulta-
tion with adriv-
ing time of >60
min: 98.6 kg of
CO, equivalent
(on amedian of
385.92 km trav-
eled)
Dieperink etal  University Evaluating  Telemedicine Travel-relat- USEPA None NA Carbon Avoided emis-
[74], Denmark, hospital theenviron- (VC) ed emissions emissions  sions per NF2F
2023 (oncology) menta im- (COy) consultation: 37.9
pact of kg of CO, equiva-
NF2F versus lent (on amedian
F2F consultar of 120 km trav-
tions eled); avoided
emissionsintotal
for 84 NF2F con-
sultations:
3183.31 kg of
CO, equivaent
(on 12,877 km
traveled)
Schmitz-Grosz  Insurance  Evaluating  Telemedicine Travel-relat- Mobitool and OEC UBA Carbon Avoided emis-
etd [75], Ger- company  theenviron- (VC) edemissions Federa Office (D,dura emissions  sions per NF2F
many and mental im- for Spatial De-  tion, (COy) consultation: 0.57
Switzerland, pact of velopment and SR) kg of CO, equivar
2023 NF2F versus and lent (On an aver-
care model emis- traveled); avoid-
in Switzer- sions ed emissionsin
land total for 433,890
consultations:
248.48 tons of
CO, equivalent
(on 1,800,391 km
traveled)
laccarinoetal  University Evauating  Telemedicine Travel-relat- USEPA None NA GHGemis- Avoided emis-
[76], United hospital theenviron- (VC) ed emissions sions sionsin total for
States, 2022 (rehabilita=  mental im- 212 NF2F consul-
tion) pact and ben- tations: 16.67 kg
efits of of volatile organ-
NF2F versus icgases, 12.94 kg
F2F rehabili- of nitrogen ox-
tation visits ides, 161.24 kg of

carbon monox-
ide, 6993.048 kg

of CO,; PM10?:
0.067 kg;
PM2.5%: 0.061
kg
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Barakat-John-  Specialized Assessing Digitd appli- Travel-relat- Googlemaps None NA Carbon Avoided emis-
sonetd [77], hedthcen- theviability cation edemissions and Green Ve- emissions sionsfor 51
Australia, 2022  ter (derma-  and accept- hicle Guide (COy) NF2F visits: 250
tology) ability of an kg of CO5 (on an
ewcc average of 638
supported by km traveled)
adigital
wound man-
agement ap-
plication
Connor et a Hospital Evaluating  Telemedicine Travel-relat- Google Maps None NA Carbon Avoided emis-
[78], United (urology)  theenviron- (NS) edemissions and Carbon emissions sionsin total for
Kingdom, 2019 mental im- Footprint (COy) 1008 NF2F con-
pact of sultations: 700-
NF2F versus 2930 kg of CO,
F2F consultar equivalent (on
tions 15,085 km trav-
eled)
Milne-lvesetal Hospital Evaluating  Web plat- Travel-relat- Carbon Foot- None NA Carbon Avoided emis-
[79], United theclinical  form edemissions print emissions  sionsin total for
Kingdom, 2022 and environ- (COy) 813 NF2F consul-
mental im- tations per 4 mo:
pact of 9050 kg of CO,
MyPreOp, a equivalent
cloud-based
preoperative
assessment
platform, in
comparison
to traditional
preoperative
procedures
Moncho-Santon-  Hospital Evaluating  Telemedicine Travel-relat- Google Maps None NA GHGemis- Avoided emis-
jaetal [80], theenviron- (VC) ed emissions sions sions per NF2F
Spain, 2023 mental im- consultations (on
pact of an average of
NF2F versus 20.7 km trav-
F2F follow- eled): 3.678 kg of
up consulta- CO, equivaent,
tions 3.652 kg of CO,,
0.0034 kg of
methane, and
0.0226 kg of ni-
trous oxide;
avoided emis-
sionsin total for
21,548 NF2F
consultations:
79,260.27 kg of
CO,, equivalent,
78,699.41 kg of
CO,, 74.52 kg of
methane, and
487.27 kg of ni-
trous oxide
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Key findings

Turley et a Nationwide
[81], United health care
States, 2011 sector

Andrew et a University

[82], Australia, hospital

2020 (nephrolo-
ay)

Evaluatethe EHR Travel-relat-

environmen- ed emissions

tal impact of
Kaiser Per-
manente’'s
EHR system

Evaluating  Telemedicine Travel-relat-
theenviron- (NS) ed emissions
mental im-

pact of

NF2F versus

F2F consulta-

tions

ArcGIS

USEPA and
GNAFA

EEC
and
OEC
(D)

None

EcoHedth GHGs,
Footprint  waste, tox-
framework ic chemi-

NA

cals, water
use, air pol-
lutants, and
use of land
for build-
ings

Carbon
emissions
(COY

Avoided emis-
sionsthrough pa-
per elimination:
21,800 tons of
CO,, pery; avoid-
ed emissions
through NF2F
consultations
(26% reduction
inin-person vis-
its): 26,000-
92,000 tons of
CO, per y; emis-
sions produced
by hardware and
data center:
37,229,505 kg of
CO, equivalent;
avoided plastic
wasteby digitaiz-
ing x-ray images:
68 tons of plastic
waste per y;
emissions pro-
duced by e-
waste: 6313-7892
tons of CO,
equivalent (135
tons of plastic
waste); avoided
silver and silver
nitrate by digital-
izing x-ray im-
ages. 4.3 tons of
silver per y and
6.8 tons of silver
nitrate per y;
avoided hydro-
quinone by digi-
talizing x-ray im-
ages: 26.5 tons
per y; avoided
water useby digi-
talizing x-ray im-
ages:
270,656,943 L
per y; impact on
emissions pro-
duced by EHRSs:
positive net ef-
fect—1,840,000-
2,300,000 tons of
CO, equivaent
and negative net
effect—720,000-
900,000 tons of
CO,, equivalent

Avoided emis-
sionsin total for
263 NF2F consul-
tations: 51,000 kg
of CO, equiva-
lent (on 203,202
km traveled)
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Dullet et al University Evaluating  Telemedicine Travel-relat- USEPA and  None NA GHGemis- Avoided emis-
[83], United hospital theenviron- (NS) edemissions MP Mileage sions sionsintotal for
States, 2017 mental im- 25 38,051 NF2F
pact of consultations (on
NF2F versus 8,602,912.51 km
hypothetical traveled):
F2F consulta- 1,969,000 kg of
tions CO,, 50 tons of
carbon monox-
ide, 3.7 tons of
nitrogen oxides,
and 5.5 tons of
volatile organic
compounds
Carr and Kevitt  Hospital Evaluating  Telemedicine Travel-relat- Google Maps None NA Carbon Avoided emis-
[84], Ireland, (occupa- theenviron-  (T) edemissions gnq spa @ emissions sionsintotal for
2023 tional mental im- (COy) 66 NF2F consulta:
health) pact of tions: 305.6 kg of
NF2F versus CO, equivalent
F2F consultar (on 2029.2 km
tions traveled)
Boveetal [85], University Evauating Telemedicine No NA OEC Utility Bid- Carbon Emissions per
United States,  hospital thecost-ef-  (VC) (DT) der (1080p emissions F2F visit: mean
2023 (neurolo-  fectiveness video at (COy) 89 kg of COy;
ay) and data 0.015kg emissions per
quality of per h) NF2F visit: mean
NF2F versus 0.018 kg of CO,
F2F disabili-
ty assess-
mentsfor pa-
tientswith
multiple
sclerosis
Lathan et al Specidized Evaluating  Telemedicine Building Buildingemis- None NA Carbon Avoided emis-
[86], United health cen- theenviron- (VC) emissions,  sions: UK DE- emissions  sions per NF2F
Kingdom, 2024 ter mental im- staff service, FRA and UK (COy) consultation: 41.2
(surgery)  pact of medical NIHR; staff kg of CO, equivar
NF2F versus equipment,  service: UK lent (on amedian
F2F postoper- and pharma-  pggrya™: of 42.5 km trav-
ative follow- ceuticals medical equip- eled); avoided
up consulta- ment: NA; emissionsin total
tions pharmaceuti- for 31 NF2F con-
cals: NA sultations: 1594
kg of CO, equivar
lent
Wolf et a [10], NS(oph-  Tocompare Al Diabeticeye USEPA OEC USEPA Carbon Emissions per Al
United States,  thamolo-  the margina examination emissions  diagnostic exami-
2022 ay) GHG emis- by an oph- (COy) nation: 0.02-0.2g
sionsof con- thalmologist of CO, equiva
ductingadia- lent; total emis-
betic eye ex- sionsincluding
amination additional in-per-
using au- son examination:
tonomous 0.16 kg of CO,
Al® versus equivalent
atraditional
eyecare
provider
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Mojdehbakhsh  Hospital Evaluating  Telemedicine Travel-relat- USEPA None NA Carbon Avoided emis-
eta [87], Unit- (gynecolo- theenviron- (NS) ed emissions emissions sionsintotal for
ed States, 2021  gy) mental im- (COy) 193 NF2F consul-
pact of tations per week:
NF2F versus 6250 kg of CO,
F2F outpa- equivalent (on
tient gyneco- 24,964 km trav-
logic oncolo- eled)
gy consulta-
tions
Sillcox et a Hospital Evaluating  Telemedicine Travel-relat- Travel-related OEC ecoinvent  Carbon Emissions per
[51], United (gastroen-  theenviron- (VC) ed emis- emissions: (DT and emissions  F2F consultation:
States, 2023 terology)  mental im- sions, medi- Holmneretal SR) (COy) 38.22-39.61 kg of
pact of cal equip- [19] and CO, equivalent;
NF2F versus ment, and ecoinvent; emissions per
F2F conaulta- paper use medica equip- NF2F consulta-
tions ment: LCA tion: 2.22-2.9 kg
and ecoinvent; of CO, equiva
paper use: NA lent
Sillcox et al Hospital Evaluating  Telemedicine Travel-relat-- USEPA None NA Carbon Emissions per
[88], United (surgery)  theenviron- (VC) ed emissions emissions  F2F consultation:
States, 2023 mental im- (COy) 201 kg of CO,
pact of equivalent; emis-
NF2F versus sions per NF2F
F2F consulta- consultation: 36.6
tions kg of CO, equiva-
lent; emissionsin
total for 51 F2F
consultations per
y: 10,225 kg of
CO, equivaent
(on 40,733 km
traveled); avoid-
ed emissionsin
total for 55 NF2F
consultations per
y: 2011.4 kg of
CO, equivalent
(on 8013 km
traveled)
Thotaetal [89], Hospital Evaluating  Telemedicine Travel-relat- Google Maps None NA Carbon Avoided emis-
United States,  (oncology) theenviron- (NS) edemissions and US EPA emissions  sions per NF2F
2020 mental im- (COy) patient: 1334 kg
pact of of CO, equiva-
NF2F versus lent (in4y on
F2F consulltar 4596 km trav-
tions eled); avoided
emissionsin total
for 1025 NF2F
consultations:
158,673 kg of
CO, equivalent
(indyon
547,125 km trav-
eled)
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Wootton et al Regional Evaluating  Telemedicine Travel-relat- UK DEFRA  None NA Carbon Avoided emis-
[90], Scotland, healthcare theenviron- (NS) ed emissions emissions sionsintotal for
2010 sector mental im- (CO2) 2061 NF2F vis-
pact of its: 59,000 kg of
NF2F visits CO, pery (on
on reducing 260,000 km trav-
travel-relat- eled)
ed carbon
emissions
within the
NHS
Blenkinsopetal University Evauating  Telemedicine Travel-relat- ArcGIS, OEC(D UKBEIS Carbon Avoided emis-
[91], United hospital theenviron- (VC) edemissions Google Maps, andDT) and Aslan emissions sionsin total for
Kingdom, 2021 (neurolo-  mental im- and UK BEIS etd [92] (COy) 1277 NF2F con-
ay) pact of sultations:
NF2F versus 35,000-41,088 kg
F2F consulta- of CO, equivar
tionsin pa- lent; emissionsin
tientswith total for 1277
epilepsy NF2F consulta-
tions: 2 (tele-
phone)-167 (VC)
kg of CO, equiva-
lent
Miaheta [93], Hospital Evaluating ~ Telemedicine Travel-relat- g pfTaP, None  NA Carbon Avoided emis-
United King- (urology)  theenviron- (NS) ed emissions Google Maps, emissions sionsintotal for
dom, 2019 mental im- and Carbon (COy) 409 NF2F consul-
pact of Footprint tations: 350-1450
NF2F versus kg of CO, equivar
F2F consultar lent (median 3.8
tions miles travel ed);
projected avoided
emissionsin total
for 409 NF2F
consultations per
y: 1050-4350 kg
of CO, equiva
lent
Paquette and Hospital Evaluating  Telemedicine Travel-relat- Google Maps None NA GHGemis- Avoided emis-
Lin[94], United (surgery) theenviron- (VC) edemissions and US EPA sions sionsin total for
States, 2019 mental and 146 NF2F consul-
financial im- tations: 1632 kg
pacts of of CO,, 0.043 kg
NF2F versus of carbon monox-
F2F consultar ide, 3.160 kg of
tions nitric oxides, and
4.715 kg of
volatile organic
compounds
Peterseta [95], University Evaluating Remote Travel-relat- ClimateCare  None NA Carbon Emissions pro-
United King- hospital theenviron-  work ed emissions emissions  duced by work-
dom, 2020 (radiology) mental im- (COy) ing in person per
pact of travel trainee: 1850 kg
by radiology of CO, pery (av-
trainees and erage of 6600
assessing the miles per y);
potential of avoided emis-
remote work sionswith remote
andtele-radi- (PROC™) setup
ology in total: 4300 kg
of CO, equiva
lent
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Bartlett and Hospital Evaluating  Teemedicine Travel-relat- Travel-related Travel- Travel-ree  Carbon Emissions per
Keir [96], Unit- theenviron- (TandVC) edemis emissions: related lated emiss emissions  F2F consultation:
ed Kingdom, mental im- sions, build- Google Maps  emis- sions: NA; (COy) 4.824 kg of CO,
2022 pact of ing emis- and UK DE- sions: building equivalent; emis-
NF2F versus sions, and FRA; building OEC; emissions sions per NF2F
F2F conaulta- medical emissions. UK  building and medi- consultation:
tions during equipment DEFRA; med- emis cal equip- 0.994 kg of CO,
the COVI D ica equip- sions ment: LCA equivalent
19 pandemic ment: Rizanet and (Ong et a
a [97] medical [46])
equip-
ment:
EEC
Croghan et a Hospital Evaluating  Teemedicine Travel-relat- AA Route None NA Carbon Avoided emis-
[98], Ireland, (urology)  theenviron- (VC) edemissions Planner, emissions sionsintotal for
2021 mental im- Google Maps, (COy) 736 NF2F consul-
pact of and Carbon tations: 6070 kg
NF2F versus Footprint of CO, equiva
F2F consulta: lent (49,951 km
tionsina traveled in 3 mo)
urological
outpatient
setting
Oliveiraet a Specidized Evauating  Telemedicine Travel-relat- Google Maps, None NA Carbon Avoided emis-
[99], Portugal, hedthcen- theenviron- (VC) edemissions UK DEFRA, emissions  sions per NF2F
2013 ter mental im- and UK (COy) consultation: 22
pact of DECC¥ kg of CO, equivar
NF2F versus lent; avoided
F2F appoint- emissionsintotal
ments for 20,824 NF2F
consultations:
455,000 kg of
CO, equivalent
(2,313,819 km
traveled in 8y)
Guptaet al Hospital Assessing Telemedicine Travel-relat- Google Maps  None NA Carbon Avoided emis-
[200], United (otolaryn-  theeffective- (T) edemissions and UK BEIS emissions  sionsfor 33
Kingdom, 2023 gology) ness of and (COy) NF2F visits:
satisfaction mean 5.17 kg of
with remote CO, equivalent;
telephone avoided emis-
consultations sionsfor 16
for patients NF2F visits: 8.77
referred for kg of CO, equiva-
p_otentid ton- lent (on amean
sillectomy of 39.48 km trav-
eled by car);
avoided emis-
sionsfor 11
NF2F visits: 1.31
kg of CO, equivar
lent (on amean
of 8.86 km trav-
eled by bus);
avoided emis-
sionsfor 3 NF2F
visits: 5.35 kg of
CO, equivalent
(on amean of
121.2 km trav-
eled by train)
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Study, country,  Setting Aims and Digitd Tech-
year (dept) objectives nology Data® Tool Factors® Tod—LCA® Outcome® Key findings
Schulz et a Hospital Evaluating  Telemedicine Travel-relat- g|TRE® None  NA Carbon Avoided emis-
[101], Aus- (infectiolo- theeffective- (NS) ed emissions emissions sionsintotal for
tralia, 2020 ay) ness and en- (COy) 58 NF2F consulta
vironmental tions: 22,370 kg
impact of of CO, equivar
NF2F versus lent per y
F2F hepatitis
C outreach
services
Udayargj eta  Hospital Implement- Telemedicine Travel-relat- National Ener- None NA Carbon Avoided emis-
[102], United  (nephrolo- ingandeva- (NS) edemissions gy Foundation emissions sionsin total for
Kingdom, 2019 gy) uating an (COy) 97 NF2F conaulta-
NF2F clinic tions: 1035 kg of
service for CO, equivalent
patients un- (on 5676.16 km
dergoing traveled)
kidney trans-
plant; envi-
ronmental
impact ver-
sus F2F was
evaluated
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Study, country,  Setting Aims and Digitd Tech-

year (dept) objectives nology Data® Tool Factors® Tod—LCA® Outcome® Key findings
Roy et al [103], University Evauating  Telemedicine Travel-relat- Google Maps None NA Carbon Avoided emis-
United States,  hospital theenviron- (TandVC) edemissions emissions  sions per NF2F
2023 (gastroen-  mental im- (COy) consultation: 31.5
terology) pact of kg of CO, equivar
NF2F versus lent (average of
F2F visits 126.61 km trav-
eled); avoided
emissionsintotal
for 111 NF2F
consultations:
3175.15 kg of
CO, equivaent
(14,038.31 km
traveled)

8Data: Assumptions and data used for nondigital calculations.
BFactors; Methodol ogical assumptions and factors per technology.
°LCA: lifecycle analysis.

doutcome: Measured environmental income

ENF2F: non—face-to-face.

"F2F: face-to-face.

9T telephone.

PDEFRA: Department for Environment, Food, and Rura Affairs.
INHS: National Health Service.

INA: not assessed.

kCOZ: carbon dioxide.

l0SA: obstructive st eep apnea

MOM: otitis media.

MV C: videoconference.

OGHG: greenhouse gas.

PEEC: embodied energy consumption.

9OEC: operational energy consumption.

'D: device.

DT: datatransmission.

'SR: System resources.

UN'S: not specified.

YNIHR: National Institute for Health and Care Research.
Y1S0: International Organization for Standardization.

XEPA: Environmental Protection Agency.

YIEA: International Energy Agency.

ZLCl: life cycleinventory.

#BEHR: electronic health record.

DTREMOD: Transport Emission Model.

&UBA: German Federal Environment Agency.

ayN: United Nations.

%*|CAO: International Civil Aviation Organization.

FSpML: selective percutaneous myofascial lengthening.
BEIS: Department for Business, Energy, and Industrial Strategy.
AEHWA: Federal Highway Administration.

apM10: particul ate matter<10pm.

3pM2.5: particul ate matter<2.5um.

aWCC: Virtual Wound Care Command Centre.

dGNAF: Geocoded National Address File.

8MSEA|: Sustainable Energy Authority of Ireland.

8NPSSRU: Personal Social Services Research Unit.
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A|: artificial intelligence.

%DfT: UK Department for Transport.

#IPROC: Peninsula Radiology On-Call.

FDECC: Department of Energy and Climate Change.

&BITRE: Bureau of Infrastructure and Transport Research Economics.

The publication date of the studies included ranged between
2009 and 2024, with a notable increase in the number of
publications per year, particularly from 2020 to 2023 (Figure
2). When considering the entire period, thistrend is evident as
nearly three-quarters (43/58, 74%) of the studies were published
during these years[10,43,44,49-53,55-59,61-63,65,68,69,71- 77,
79,80,84-88,91,96,98,100,103].

Most of the studies (34/58, 59%) were conducted either in the
United States (21/24, 88%; Table 1) or in the United Kingdom
(13/24, 54%; Table 1). Other studieswere conducted in Australia
(3/58, 5%) [77,82,101], Canada (3/58, 5%) [44,52,53], Scotland
(3/58, 5%) [54,64,90], Spain (3/58, 5%) [56,70,80], Germany
(2/58, 3%) [62,69], Sweden (2/58, 3%) [19,49], and Ireland
(2/58, 3%) [84,98]. Studies were also conducted in Wales (1/58,

Figure 2. Number of studies by year of publication.

Number of studies
o0

Berger et a

2%) [60], Portugal (1/58, 2%) [99], Oman (1/58, 2%), Italy
(1/58, 2%) [50], Denmark (1/58, 2%) [74], and Switzerland
(1/58, 2%) [75].

Examining the settings of the studies, it is evident that more
than two-thirds (41/58, 71%) were conducted in hospital
environments, including general hospitals (26/58, 45%; Table
1) and university hospitals (15/58, 26%; Table 1). A smaller
number of studies focused on the broader health care system
either at the regional (2/58, 3%) [53,90] or national (6/58, 10%)
level [47,57,58,65,70,81], encompassing arange of health care
settings. Only 2% (1/58) of the studies were conducted in the
context of primary health care [54]. Figure 3 shows the number
of studies by country and setting for further information.
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Figure 3. Number of studies by country and study setting. UK: United Kingdom; USA: United States.
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Environmental Assessment of Digital Health
Technologies

The digital technology most frequently analyzed (Table 2) in
terms of environmental sustainability wastelemedicine (53/58,
91%). Of these studies, most (33/58, 57%; Table 1) focused on
the videoconferencing format, whereas only 10% (6/58) of the
studies examined tel ephony [43,48,57,84,96,100,103] and 5%
(3/58) of the studies included both formats. A total of 19%
(11/58) of the studiesinvestigating telemedicine did not specify
the form of telemedicine analyzed (Table 1). Other digital
technol ogies examined, each in asingle study, included Al [10],
a digital application [77], a web platform [79], and remote
working in radiology [95].

An analysis of the methods used to assess the environmental
impact of digital technologies reveals that, regardless of the
specific technology examined, nearly all studies (56/58, 97%;
Table 1) quantified the transport-related emissions that were
avoided through digitalization. A subset of studies (5/58, 9%)
[43,47,55,86,96] additionally calculated the emissions avoided
from reduced building operations in health care facilities
considering factors such as heating, ventilation, air conditioning,
lighting, and waste. Furthermore, 5% (3/58) of the studies
[51,55,86] included emissions generated by medical equipment
such as persona protective equipment, hand sanitizer, and

Table 2. Number of studies by digital technology assessed.

durable medical examination devices. Lathan et a [86]
additionally included emissions produced by pharmaceuticals.
Wolf et a [10] investigated the greenhouse gas emissions caused
by an ophthalmologic examination conducted by an
ophthalmologist compared to an examination conducted using
Al.

Only 28% (16/58) of the studies [19,44,47,50,55,81,96]
compared the energy consumption and associated emissions of
the examined digital technologies. All these studies (16/16,
100%) included the energy consumption generated by the use
of digital technologies, meaning the operational energy. A wide
range of factorswere considered in these cal culations. The most
frequently included factor was end-user devices (8/16, 50%)
[19,44,50,56,58,75,81,91], followed by datatransmission (6/16,
38%) [19,51,56,58,85,91] and system resource use (5/16, 31%)
[19,50,51,58,62], such as network or server use.

Energy consumption data were sourced from government
ingtitutions in 8 studies, including the US Environmental
Protection Agency (n=3, 38%) [10,55,58]; the German Federal
Environment Agency (n=2, 25%) [62,75]; the UK Department
for Environment, Food, and Rural Affairs and Department for
Business, Energy, and Industrial Strategy (n=2, 25%) [47,91];
and the Government of British Columbia(n=1, 12%) [44]. Only
Schmitz-Grosz et a [75] included emissions from building
premises alongside energy consumption in their analysis.

Digital technology assessed

Studies (n=58), n (%)

Remote working

Digital application
Web platform

Artificial intelligence
Electronic health record

Telemedicine

12
12
1(2)
1(2)
2(3)
53 (91)
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Nearly half (7/16, 44%) of the studiesthat compared the energy
consumption and associated emissions of the examined digital
technologies (Table 1) used LCA to quantify emissions
generated throughout the life cycle of digital technologiesfrom
production to disposal. This represents 12% (7/58) of the total
number of studies. The LCA methodology proposed by Ong et
al [46] was the most frequently used (3/7, 43%) [19,44,96].
Other frameworks used included the International Organization
for Standardization 14040/14044 standard (1/7, 14%) [55], the
ecoinvent version 3.8 database (1/7, 14%) [50], and the
EcoHealth Footprint framework (1/7, 14%) [81], each applied
in adifferent individual study.

Reported Outcomes: Environmental, Social, and
Economic Impacts

Most studies (47/58, 81%) expressed the environmental impact
of digital technologies in terms of avoided CO, emissions.
Additional studies (10/58, 17%; Table 1) reported on various
greenhouse gas emissions, such as carbon monoxide, nitrogen
oxides, and methane. Only Turley et a [81] provided insights
beyond avoiding greenhouse gas emissions and discussed the
reductionsin waste, toxic chemicals, water use, and air pollution
resulting from digitalization. However, these calcul ations were
conducted solely for the traditional form of x-ray imaging, not
for the digital variant [81].

The CO, emissions avoided using telemedicine ranged from
0.57 kg [75] t0 499.84 kg [62] per consultation. For studiesthat
did not report specific data on the avoided emissions per
consultation, these were cal culated based on the total emissions
and the number of consultations. The arithmetic mean of these
values was calculated as medians with SDs were not possible
to calculate dueto the lack of individual values. The calculations
were conducted using Microsoft Excel (version 16.95.1). A
positive correlation was identified between the amount of
emissions avoided and the distance saved by avoiding travel to

https://www.jmir.org/2025/1/€71795
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health care facilities. In total, 830,118,137 kg of CO, were
avoided across dl telemedicine studies. However, it was not
possibleto determine the total emissionsavoided in 12% (7/58)
of the studies [44,47,50-52,85,96]. Barakat-Johnson et a [77]
reported a CO, reduction of 250 kg for 51 users of the Virtua
Wound Care Command Centre app. Similarly, Peterset al [95]
demonstrated that remote work can reduce CO, emissions by
up to 4300 kg. The use of the MyPreOp web platform by 813
patients, as analyzed by Milne-Ives et a [79], resulted in CO,
savings of 9050 kg over a 4-month period. Wolf et a [10]
estimated CO, emissions of 0.02 to 0.2 g for eye examinations
conducted using Al technology in contrast to the approximately
8 kg emitted during atraditional ophthalmological examination.

In nearly two-thirds of the studiesreviewed (36/58, 62%), socia
outcomeswere al so considered in addition to ecological effects
(Table 3). Key socia end points included patient satisfaction
(16/58, 28%; Table 3) and overall patient experience (6/58,
10%) [43,49,61,74,82,102], with additional attention paid to
patient safety (2/58, 3%) [54,91] and health outcomes (9/58,
16%; Table 3). In total, 3% (2/58) of the studies [62,64]
evaluated the general feasibility of telemedicine across various
fields. Another frequently examined end point was the time
savings associated with the use of digital technologies (9/58,
16%; Table 3). Only 3% (2/58) of the studies [74,100]
incorporated the perspective of health care staff. Additional
factorsexamined included quality-adjusted life years (1/58, 2%0)
[47], the associations between tel ehealth use and demographic
variables (1/58, 2%) [63], and the impact of telehealth use on
low-income families (1/58, 2%) [67].

Economic factors were explored in 48% (28/58) of the studies
(Table 3). These investigations encompassed the reduction in
travel costs for patients (24/58, 41%; Table 3), loss of income
due to attending in-person appointments (6/58, 10%)
[52,54,67,69,89,100], and financial savings for heath care
providers (10/58, 17%; Table 3).
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Table 3. Studiesthat assessed social and economic impacts.

Berger et a

Study, country, year

Economic impact

Social impact

Curtis et al [43], United Kingdom, 2021
Heffernan et al [44], Canada, 2023
Holmner et a [19], Sweden, 2014
Smith et a [47], United Kingdom, 2013

Connor et a [48], United Kingdom, 2011
Kassaet al [49], Sweden, 2024

Savoldelli et a [50], Italy, 2024
Tselapedi-Sekeitto et al [52], Canada, 2024
Welk et al [53], Canada, 2022

Dorrian et a [54], Scotland, 2009

Thiel et al [55], United States, 2023
Morcillo Serraet a [56], Spain, 2022
Jiang et a [57], United States, 2021
Cummins et al [58], United States, 2024
Grabski et al [59], United States, 2024
Lewiset al [60], Wales, 2009

Everset a [61], United States, 2021
Arndt et al [62], Germany, 2023

Cockrell et a [63], United States, 2022

Sellars et al [64], Scotland, 2020

Al Fannah et a [65], Oman, 2022
Robinson et al [67], United States, 2017

Chang et a [68], United States, 2023
Muschol et a [69], Germany, 2022
Vidal-Alaball [70], Spain, 2019

King et a [71], United Kingdom, 2022
Leeet a [72], United States, 2021
Patel et al [73], United States, 2023
Dieperink et a [74], Denmark, 2023

Schmitz-Grosz et a [75], Germany and
Switzerland, 2023

laccarino et al [76], United States, 2022
Barakat-Johnson et a [77], Australia, 2022
Connor et a [78], United Kingdom, 2019
Milne-lveset a [79], United Kingdom, 2022
Moncho-Santonja et a [80], Spain, 2023
Turley et a [81], United States, 2011
Andrew et a [82], Australia, 2020

Dullet et al [83], United States, 2017

Yes—travel costs (patient)

No

No

Yes—financia costs (health care system)

Yes—financia costs (health care system)
No

No

Yes—travel costs (patient) and lost wages
Yes—travel costs (patient)

Yes—travel costs (patient) and lost wages
No

No

Yes—travel costs (patient)

No

No

Yes—travel costs (patient)

Yes—travel costs (patient)

No

No

Yes—travel costs (patient) and financia costs

(health care system)
No

Yes—travel costs (patient) and lost wages

Yes—travel costs (patient)

Yes—travel costs (patient) and lost wages
Yes—travel costs (patient)

No

No

No

No

No

Yes—travel costs (patient)

Yes—travel costs (patient)
Yes—financial costs (health care system)
No

Yes—travel costs (patient)

No

No

Yes—travel costs (patient)

Yes—patient preference and patient experience
Yes—patient safety
No

Yes—QALYS?

Yes—patient safety

Yes—patient satisfaction and patient experience
No

Yes—patient satisfaction

No

Yes—patient satisfaction and patient safety

No

No

Yes—patient satisfaction

No

No

Yes—time savings

Yes—patient experience and patient preference
Yes—patient satisfaction, time savings, and feasibility

Yes—association between demographi csand telehealth
use

Yes—feasibility

No

Yes—time savings, caregiver burden, and impact on
low-income families

No

No

Yes—time savings
Yes—health outcomes
No

No

Yes—time savings, patient experience, and nurse ex-
perience

No

Yes—patient satisfaction

Yes—patient satisfaction and health outcomes
Yes—health outcomes

Yes—patient satisfaction and time savings

No

No

Yes—patient experience

Yes—patient satisfaction
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Study, country, year Economic impact

Social impact

Carr and Kevitt [84], Ireland, 2023
Bove et al [85], United States, 2023

No

(health care system)
Lathan et a [86], United Kingdom, 2024 No
Wolf et a [10], United States, 2022 No
Mojdehbakhsh et al [87], United States, 2021 No
Sillcox et al [51], United States, 2023 No
Sillcox et al [88], United States, 2023 No

Thotaet al [89], United States, 2020
Wootton et a [90], Scotland, 2010
Blenkinsop et al [91], United Kingdom, 2021

No

(health care system)
Miah et a [93], United Kingdom, 2019
Paquette and Lin [94], United States, 2019
Peters et a [95], United Kingdom, 2020
Bartlett and Keir [96], United Kingdom, 2022
Croghan et a [98], Ireland, 2021
Oliveiraet a [99], Portugal, 2013
Guptaet al [100], United Kingdom, 2023

Yes—travel costs (patient)
No
No
Yes—travel costs (patient)

No

Schulz et al [101], Australia, 2020
(health care system)

Udayargj et al [102], United Kingdom, 2019

Roy et al [103], United States, 2023 No

Yes—travel costs (patient) and financia costs

Yes—travel costs (patient) and lost wages

Yes—travel costs (patient) and financial costs

Yes—financial costs (health care system)

Yes—travel costs (patient) and lost wages

Yes—travel costs (patient) and financial costs

Yes—financial costs (health care system)

Yes—patient satisfaction

Yes—health outcomes

No

No

Yes—patient satisfaction
No

Yes—health outcomes
Yes—time savings

No

Yes—patient safety

Yes—patient satisfaction

Yes—time savings

No

No

Yes—health outcomes and time savings
No

Yes—health outcomes, patient satisfaction, and nurse
experience

Yes—patient satisfaction and health outcomes

Yes—health outcomes, patient satisfaction, and patient
experience

Yes—patient satisfaction

3QALY: quality-adjusted life year.

Discussion

The Digitalization of Health Care: More Than Just
Telemedicine?

An analysis of the results related to the RQs reveals that the
ecological benefits of digitalization in health care are
predominantly studied in the context of telemedicine. Rodler
et a [18] recently demonstrated, across 48 systematically
analyzed studies, that telemedicine is associated with reduced
CO, emissions and contributes to lowering the heath care
sector’s carbon footprint. Similarly, in their review, Purohit et
al [104] identified a wide variance in CO, emissions, ranging
from 0.70 to 372 kg per consultation. They found that the
reduction in CO, emissions resulting from the avoidance of
in-person visits was primarily linked to a decrease in travel
distance to health care facilities. To explain the considerable
variancein these study results, acomparison between the studies
by Purohit et al [104] and Rodler et al [18] also revealsthat this
variance was partly attributable to the underlying modeling
approaches used for calculating CO, emissions, as well asthe
technologies used and the degree of specialization of the
facilities [18,104]. According to Rodler et al [18], factors that
may play a role in the modeling include not only the

https://www.jmir.org/2025/1/€71795

consideration of emissions from the technol ogies used but also
the underlying data used for the calculations as these are often
based on assumptions and estimates rather than precise
measurements. Furthermore, it is clear that data collection and
evaluations of Al, electronic health records, and other digital
applicationsin health care have only been conducted to alimited
extent.

If we examine the publications in the field of Al, it becomes
evident that it can contribute in many different ways to
overcoming problems in the health care sector. In addition to
assisting with environmental medical challenges such as
predicting outbreaks of infectious diseases or real-timeanalysis
of environmental data on air quality [16], Al can also help
optimize energy consumption [14]. However, it quickly becomes
apparent that research into the environmental impacts associated
with the use of Al in health careis scarce. In this review, only
2% (1/58) of the studies examined the carbon footprint of Al
[10]. Other studies examining the sustainability of Al generally
rely on data concerning its use in broader contexts, such as
industry or general applications [105]. Although these studies
provide an important initial step in highlighting the potential
for Al to promote greater sustainability in health care, they fail
to fully address the specific environmental impacts of Al within
the health care sector [14,16]. A similar gap exists in the
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literature regarding the use of digital patient records. Beyond a
few studies documenting reductions in energy consumption
[106], detailed investigations are lacking, with only 2
comprehensive studies included in this review [56,81]. In
addition, only 1 digital health application has been analyzed
with respect to its ecological impact [77], further underscoring
the significant research deficit in evaluating the environmental
consequences of digital health care technologies other than
telemedicine.

The question arises of how such a significant research gap
regarding the sustainability of other digital health technologies
has emerged. When examining the studies by their publication
date, it becomes apparent that, during the COV1D-19 pandemic
(2020-2023), there was an increase in publications in the
telemedicine field as there was a heightened demand for
web-based services [59,71,74]. Furthermore, telemedicine is
one of the longest-established digital technologies, making it
likely that it has been studied more frequently. In addition to
these aspects, it must also be considered that telemedicine
provides very concrete metrics, such astravel distance and mode
of transport, which can be used to calculate avoided CO,
emissions [74]. Caculating CO, emissions and other
environmental impacts of other digital technologies is more
challenging due to the complexity of the digital infrastructure.
Factors such asthe withholding of data by individual companies
in the supply chains of digital devices, which complicates
comprehensive calculationsfor hardware and software; the lack
of standardization in CO, emission calculation and modeling
methodsfor digital technol ogies; and the use of different energy
sources al play arolein this complexity [81,107].

To comprehensively assess how digitalization in health care
impactsthe ecological goals of the Planetary Health movement,
further studiesthat extend beyond the eval uation of telemedicine
are needed. Data collection for digital technologies such as Al
and electronic health records should be conducted specifically
within the context of health care. Thisisessential for aholistic
assessment of the environmental effects of these technologies.

Clean Digital Health?

While the environmental impact of digitalization is most often
evauated through the perspective of CO, emissions, such
assessments often overlook other significant factors, including
the generation of electronic waste and its associated
consequences, as well as the extraction and consumption of
natural resources [108,109]. Only 2% (1/58) of the studies in
thisreview, using the EcoHeal th Footprint framework, provided
a more comprehensive understanding of the environmental
impacts of digitalization [81]. Relying solely on CO, emissions
as an indicator of environmental sustainability provides an
incomplete picture of thetrue ecological impact of digitalization.
Therefore, it is imperative that future research adopts more
comprehensive assessment approachesthat incorporate abroader
range of environmental factors to ensure meaningful and
informed evaluations [50,81]. Moyano-Fernandez et a [108],
along with Thompson [25] and Vandemeulebroucke [110],
emphasize the importance of considering the long-term
ecological effects of Al and other digital technologies to
determine what congtitutes sustainable digitalization. Therefore,
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it is essential to explore how additional environmental effects
can be identified and incorporated into ecological assessments
[37,38]. One proposed approach for achieving a more holistic
and long-term perspective on digitalization is through LCA
[38]. However, given that only 12% (7/58) of the studies
[19,44,47,50,55,81,96] used LCAsin their assessments, aclear
discrepancy emerges between the recognized need for long-term
evaluation of digitalization and the LCAs that have actually
been conducted. In their review, Lokmic-Tomkins et al [38]
examined assessment toolsfor digital technologiesand similarly
concluded that no standardized procedure exists for assessing
the ecological impact of digital technologies in the health care
sector. This highlights the necessity for more consistent and
comprehensive approaches to environmental evaluation in this
field.

Planetary Health as a Framework

Previous research has emphasized the need for uniform and
stringent framework conditions and guidelines. Bevere and
Faccilongo [111] conducted a comprehensive analysis of the
application of digital technologies in the health care sector to
enhance energy efficiency across various domains. They
concluded that thereisapressing need for government initiatives
to prioritize energy efficiency and environmental sustainability.
In addition to providing tax incentives for environmentally
friendly technologies, these initiatives should also incorporate
employee training [111].

The establishment of such structures and frameworks at both
national and international levels using diverse strategic
approachesisdeemed essential [12]. Rahimi-Ardabili et a [13]
raised concerns regarding the evaluation and assessment of
existing tools, particularly in terms of their validity for
decision-making at multiple levels concerning sustainability in
health care. Furthermore, there is a notable lack of awareness
among decision makers regarding established green IT
frameworks, leading to the underuse of existing systems|[12].

Samuel and Lucassen [109], building on the work by
Lannelongue et a [112], developed initial approaches and
formulated 10 principlesfor ecologicaly sustainable I T practices
in the health care sector. These principles not only emphasize
the need for documenting CO, emissions associated with IT
systems but also advocate for the prolonged use of devices and
the judicious selection of equipment with regard to ecological
sustainability [109]. Uedaet al [14] proposed action principles
for the sustainable use and ecol ogical consideration of Al. Their
findings suggest that, in addition to the application of LCA,
efforts toward green computing, the development of
energy-efficient Al models, and factors such as education and
integration into broader sustainability initiatives are equally
important [14]. Sittig et a [113] introduced the IT-Enabled
Clinical Climate Informatics Actions for the Environment
framework, which presents further approaches to creating
sustainable conditions, including promoting acircular economy,
reducing energy consumption, supporting administrators in
decision-making, mobilizing the workforce, and informing
employees about policies and regulations to drive change.
Sijm-Eeken et a [114] aso developed a framework that
combined medical informatics solutions with their
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environmental impacts. The Green Mission framework
incorporates | T solution architecture (enhanced by governance),
climate resilience, and environmental impacts [114].

On the basis of afirst cursory comparison of these different
frameworksfor sustainable digitalization, the following factors
should be considered when implementing such a guideline
[14,109,113,114]: (1) long-term perspective regarding the
sustainability of deployed technologies, (2) interoperability of
digital systems, (3) stakeholder engagement and cooperation
among various actors in health care, (4) sociotechnical
dimensionsfor integrating digital technologiesinto daily work
routines, (5) sustainability as a multidimensional concept, (6)
data protection and security, and (7) improving health care
delivery through the use of digital technologies.

Despite the consideration of numerous factors, it remains
apparent that there are still several gaps regarding technical
feasibility, social inclusion, and eval uative measures.

A comprehensive analysis of these frameworks with regard to
their practical applicability, existing gaps, and long-term
effectiveness could contribute to the development of a more
integrated and holistic concept for sustainable digitalization
within the health care sector [38,115].

The findings related to social and economic aspects reflect the
core principles of the Planetary Health concept, aiming to
integrate sustainability, social benefits, and economic
considerationswithin aholistic framework [115]. For example,
digital health solutionsthat reduce travel -related emissions may
also improve patient convenience and access—especially for
marginalized popul ations—while alleviating pressure on health
care infrastructure. However, the limited inclusion of health
care staff perspectives (only 2/58, 3% of the studies) and sparse
attention to economic metrics such as quality-adjusted life years
(1/58, 2% of the studies) suggest an underexplored opportunity
to further integrate all 3 dimensions of sustainability in future
research [116,117].

It isevident that theimplementation of ecologically sustainable
digitalization is highly complex and requires consideration of
a wide range of factors aligned with the goals of sustainable
health, as advocated by the Planetary Health movement
[109,114]. However, a standardized assessment framework or
set of guidelines for achieving sustainable digitalization in the
health care sector has yet to be identified [38].

Recently, Ip [118] outlined the social ambivalence of
digitalization in relation to the goals of the Planetary Health
movement in acommentary published in The Lancet. The ethical
guidelines derived from this discussion emphasize, first, the
need for equitable access to digitalization, the preservation of
natural ecosystems, and the significant responsibility placed on
professionals to engage in sustainable practices [118].

Building on this, the ecological ambivalence of digitalization,
asoutlined previously, underscores the necessity for guidelines
that promote ecologically sustainable digitalization in the health
care sector [25]. Given that the Planetary Health movement not
only addresses ecological sustainability but also integrates
human health and socia issues, thereby offering a broader
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conception of sustainahility, it serves asanideal foundation for
developing a comprehensive set of guidelines.

Thus, Planetary Health can provide the guiding framework for
the creation of appropriate directives for sustainable digital
transformation in health care.

Limitations

Potential limitations of this study include the risk of bias due
to the involvement of a single reviewer (single-reviewer hias).
As the primary selection and evaluation of studies were
conducted by a single reviewer, there is a possibility that
personal biases, individual experiences, or methodological
preferences impacted the objectivity of the results [119]. To
mitigate this, eligible and critical studies were discussed in
collaboration with a second reviewer. However, to further
address this limitation, future research should involve multiple
independent reviewers to ensure a more balanced and robust
interpretation of the data. Another limitation arises from the
absence of asystematic assessment of study quality. In addition,
some full-text articles were inaccessible or excluded due to
language barriers, potentially leading to the exclusion of relevant
publications from this review.

Conclusions

There have aready been efforts to make the increasing
digitalization of the health care sector ecologically sustainable,
and certain digital technologies have demonstrated ecologically
sustainabl e effects. However, aclear discrepancy exists between
the available studies assessing the ecological impact of
digitalization in health care and the growing demand for
ecological guidelines. This is evident in the lack of
comprehensive assessments, such asLCA, or the consideration
of factors beyond CO, emissions in evaluating ecological
impacts. Furthermore, thereisanoticeable scarcity of actionable
strategies and their evaluations in terms of ecological
sustainability in the existing literature. In conclusion, the
following key points can be highlighted:

1. Theneed for research into the environmental sustainability
of digital technologiesin health care is underscored by the
health care sector’s significant annual contribution to
greenhouse gas emissions.

2. Research is required to investigate the ecological impact
of digital technologies in health care beyond the scope of
telemedicine. While digital technologies such as Al,
electronic health records, and digital applicationsare highly
relevant for the health care sector both at present and in the
future, it isessential to intensify and deepen research in this
area with regard to their sustainability. Environmental
assessments that adopt a holistic approach, incorporating
LCA; supply chain considerations; and, more broadly,
social, ecological, and economic factors, should be
prioritized.

3. Thereisapressing need for actionable strategies to ensure
the sustainable implementation of digitalization in health
care with a comprehensive evaluation of its ecological
impact.

4. Planetary Health should serve as the guiding framework
for developing action-oriented guidelines for ecological
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sustainability in digitalization to address and mitigate the inherent ambivalence of digital transformation.
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