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Abstract

Background: Globally, the carbon footprint of the health care sector is significant and growing, and digital health care
technologies (DHTSs) offer unique opportunities to reduce the carbon footprint of health and care systems. However, their
environmental impact has not been adequately investigated.

Objective: This scoping review aims to explore the environmental impact of DHTs, focusing on reducing their carbon
footprint and evaluating methods for assessing that impact.

Methods: This scoping review followed the method outlined by Arksey and O’Malley, adhering to the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) guidelines. The
databases of MEDLINE, Scopus, and Web of Science were searched for studies published in English with no time limitation.
Search terms were categorized under three broader concepts: “Digital Health Technologies,” “Health and Care,” and “Carbon
Footprint.” Studies were included based on screening titles and abstracts, followed by review of full-text papers by at least 2
reviewers. Narrative synthesis was used to report the findings.

Results: The database search yielded 4274 studies. Following screening and reference list checks, 70 studies were selected for
inclusion. The earliest included study was published in 2007, with the majority originating from the United States (n=26) and
the United Kingdom (n=12). Most studies assessed telemedicine or telehealth interventions. Retrospective analyses predomi-
nated, although prospective, cross-sectional, mixed method, and life cycle assessment (LCA) designs were also reported.
Environmental impact was most often evaluated through travel-related carbon savings, with some studies incorporating energy
use, medical equipment or resources, infrastructure, or waste. LCA studies applied process-based approaches that included
detailed activity- and product-specific data, as well as Environmentally Extended Input-Output (EEIO) models. In most
cases, carbon footprint measurements were based on assumptions, with calculations relying on published emission factors or
calculators. Some studies have expressed CO, emissions using emission equivalencies, such as equivalent carbon sequestration
and equivalent CO, emissions. Overall, DHTs demonstrated positive environmental impacts by reducing carbon footprint.
However, negative impacts, especially electricity consumption and the lifecycle impacts of digital devices, were also noted.

Conclusions: DHTs are associated with reductions in carbon emissions and related environmental benefits, with telemedicine
showing potential to lower the carbon footprint of the health care sector. However, evidence highlights the negative impacts
associated with energy demand and the full lifecycle of digital devices. Given the substantial heterogeneity in assessment
methods and outcome measures across studies, these findings should be interpreted with caution. To capture the true envi-
ronmental implications of digital health, more rigorous, standardized, and comprehensive assessment methods are required.
Bridging these methodological gaps is essential to ensure that DHTs not only support sustainable health care delivery but also
make a meaningful contribution to mitigating global climate change.

https://www.jmir.org/2026/1/e88341 J Med Internet Res 2026 | vol. 28 1 e88341 I p. 1
(page number not for citation purposes)


https://www.jmir.org/2026/1/e88341

JOURNAL OF MEDICAL INTERNET RESEARCH

Rathnayake et al

Trial Registration: OSF Registries osf.io/gdnve; https://osf.io/gdnve/overview

J Med Internet Res 2026,28:e88341; doi: 10.2196/88341

Keywords: carbon footprinting; digital technologies; environmental impact; health care; scoping review

Introduction

Climate change poses a serious threat to human health,
exacerbating disease burdens, food insecurity, and mortality
related to extreme weather [1]. The rise in greenhouse gases
(GHGs), such as carbon dioxide (CO;), methane (CH4), and
nitrous oxide (N,O), is a major contributor to global warming
and climate change [2]. Increased CO, emissions and their
consequences, such as global warming and extreme weather
events, have highlighted the need to reduce carbon footprints.
Carbon footprint refers to the total GHG emissions, expressed
as CO; equivalents (COze) [3]. Wiedmann and Minx [4]
define carbon footprint as “a measure of the exclusive total
amount of carbon dioxide emissions that is directly and
indirectly caused by an activity or is accumulated over
the life stages of a product.”. The term “product” includes
both goods and services [4]. In broader terms, the carbon
footprint encompasses emissions arising from the activi-
ties of individuals, populations, organizations, governments,
companies, processes, and industry sectors [4]. Reducing
these emissions has become a global concern [5]. The health
care sector is a major contributor to global GHG emissions,
accounting for approximately 4.6% [6], driven by energy use,
transportation, and the life cycle of products, including their
manufacture, use, and disposal [7]. The emissions include
direct emissions from health care facilities and health care—
owned vehicles (17%), indirect emissions from purchased
energy sources such as electricity, steam, cooling, and heating
(12%), and the largest proportion of emissions derived from
the health care supply chain (71%) [7]. The United States,
China, and the European Union account for more than half
of the health-related global carbon footprint [7]. Despite the
significant size of the health care sector, it has only recently
begun to recognize and address this issue [6].

Health care is constantly evolving with the integration of
new digital interventions into everyday practice [8]. Digital
health care technologies (DHTs) have become an integral
part of health care, with the potential to offer benefits that
are ethical, safe, secure, reliable, equitable, and sustainable
[9]. DHTs include the digitalization of various facets of the
health and care system [10], including telehealth, electronic
health records (EHRs), wearable devices, mobile health
(mHealth) applications, Internet of Things (IoT), and Al.
Recent systematic review evidence suggests that digital health
interventions can enhance health care accessibility, support
chronic disease management, improve patient adherence,
and increase clinical efficiency, while also contributing to
reductions in carbon emissions, health care-related energy
use, and medical waste [11]. Among these technologies,
telemedicine is the most widely used approach, involving
the use of electronic communication technologies such as
video conferencing, email, text messaging, patient portals,
and remote monitoring to facilitate communication between
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patients and health care providers, thereby supporting and
enhancing patient care [12]. DHTs offer a range of potential
advantages for health care, including improving access to
care, empowering patients, enhancing efficiency, improving
the quality of health care and outcomes, enabling data-driven
decision-making, enhancing collaboration, and reducing costs
[8,13]. Moreover, these technologies have promising effects
on environmental impact, particularly the reduction of GHGs
[5,14] by minimizing the need for physical infrastructure,
reducing travel for in-person consultations, and optimizing
resource use [6]. For example, recent systematic reviews
demonstrated that telemedicine interventions help reduce
travel-related CO, emissions by reducing the need for
in-person consultations and care [15-18].

Today, researchers assess the environmental impact of
DHTs to understand and reduce their carbon footprint and
resource use, and to improve the environmental sustainabil-
ity of clinical care while supporting sustainable health care
innovation [19,20]. A recent review has highlighted that
the environmental impacts of health care digitalization are
complex, showing both potential reductions and unintended
increases in carbon emissions depending on system design,
infrastructure demand, and patterns of use [21]. Life cycle
assessment (LCA) is widely accepted as a comprehensive
assessment that evaluates environmental burdens and impacts
across the sequential and interconnected stages of a product’s
life cycle, from the extraction or generation of raw materi-
als through manufacturing and use to final disposal [22].
Recent evidence reported that carbon footprint analyses often
lacked transparency, employed differing system boundaries,
and used nonstandardized environmental metrics, limiting the
comparability of findings and the ability to determine the
overall climate impact of health care digitalization [11,22].
These findings highlight the need not only to understand
the environmental impacts of DHTs but also to examine
the methods used to assess and report those impacts across
studies.

This scoping review aimed to explore the environmental
impact of DHTs, focusing on reducing their carbon foot-
print and evaluating methods for assessing that impact. It
provides a comprehensive understanding of the environmental
benefits and challenges associated with DHTs by synthesiz-
ing evidence on both their carbon footprints and the meth-
ods used to assess them, thereby highlighting the strengths,
limitations, and consistency of current evaluation approaches
and informing future research, practice, and policy develop-
ment.

Methods

This review followed the scoping review method proposed by
Arksey and O’Malley [23], consisting of 5 steps: identifying

J Med Internet Res 2026 | vol. 28 | 88341 | p. 2
(page number not for citation purposes)


https://doi.org/10.2196/88341
https://www.jmir.org/2026/1/e88341

JOURNAL OF MEDICAL INTERNET RESEARCH

the research question, identifying relevant studies, selecting
the studies, charting the information and data, and collating,
summarizing, and reporting the results, providing a struc-
tured approach. Scoping reviews are increasingly popular
for reviewing health research evidence and often involve
mapping, which summarizes a range of evidence to convey
the breadth and depth of a field [17-19]. We adhered to
the PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews)
guidelines [24] when developing the search strategy and
reporting the findings.

Review Questions

This scoping review addressed the following research
questions:

1. What types of DHTs are currently implemented to
reduce carbon footprints in health care settings?

2. What data collection methods are employed to assess
the environmental impact of DHTs within health care
settings?

3. What strengths and limitations and/or gaps exist in the
data collection methods for measuring the environmen-
tal impact of DHTs?

4. What is the environmental impact of DHTSs currently
available in different health care settings?

Search Strategy

The search strategy was developed with the help of an
information specialist (VP), who tested the initial search
and reviewed literature to identify relevant terminology. The
relevant studies were identified by searching MEDLINE
via EBSCOhost, SCOPUS, and Web of Science. Search
terms were categorized under 3 broader concepts Digital
Health Technologies, Health and Care, and Carbon Footprint .
Both keywords and MeSH terms were applied (Multimedia
Appendix 1). Searches were run up to February 2025, and
no date restrictions were applied to ensure that no relevant
evidence was missed. Finally, the reference lists of all
studies included following full-text review were examined to
identify additional potentially relevant studies. The MED-
LINE via EBSCOhost search strategy is detailed in Multime-
dia Appendix 2.

Inclusion and Exclusion Criteria

We included primary studies, including qualitative, quantita-
tive, and mixed method studies, that examined the envi-
ronmental impact of DHTs, regardless of the care setting
or geographical location, and were published in English.
Studies that addressed only nonenvironmental outcomes,
such as clinical efficacy or economic evaluation, or that
were conducted in non-health care settings were excluded.
Additionally, review papers, opinion pieces, editorials, and
conference abstracts were excluded. We excluded review
papers because this review aimed to map evidence from
primary studies on the environmental impacts of DHTs and to
examine the methods used to assess these impacts. Including
review papers could have resulted in duplication of evidence.
As our database search was not restricted by publication date
and covered the period from inception to the search date,
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we anticipated that most relevant primary studies would be
identified and included in our review.

Screening and Study Selection

Sources identified through database searches were imported
into Covidence, and duplicates were automatically removed.
Six reviewers (SR, CO, NA, HI, JP, and RA) selected
the studies through a 2-phase screening process: (1) titles
and abstracts screening and (2) full-text screening. Titles
and abstracts, and then full-text studies, were independently
screened by at least 2 reviewers based on predefined inclusion
and exclusion criteria. Conflicts were resolved through
periodic consensus meetings.

Quality Appraisal

This scoping review aimed to map the existing literature on
the environmental impact of DHTs in health and social care.
Most included studies were retrospective studies or record or
secondary analyses. Consistent with established guidelines for
scoping reviews, a formal quality appraisal was not under-
taken [25]. Because the primary objective of this scoping
review was to identify, describe, and synthesize the available
evidence rather than to evaluate the effectiveness of interven-
tions, and study selection was based solely on the relevance
of information. However, we extracted the study design,
along with reported strengths and limitations of environmen-
tal assessment methods and techniques, to provide context for
interpreting the findings.

Data Extraction

The data extraction template was developed in Covidence
based on input from the review team. Three reviewers
(SR, NA, and CO) piloted this data extraction template by
extracting data from 3 full-text papers and necessary changes
were made. It comprises general study information (author
names, year published, location or country, care setting, type
of study design, type of DHT, and participants), environmen-
tal impact assessment approaches, GHG emission assess-
ment (method used, findings, strengths and limitations of
assessment methods, and recommendations), carbon footprint
assessment (methods used, findings, reliability, validity, and
strengths and limitations of assessment methods) and overall
conclusion related to environmental impact. The first author
(SR) completed the data extraction. To enhance accuracy and
consistency, a subset of the extracted data (14/70, 20%) was
verified by a second reviewer (JP).

Data Analysis, Synthesis, and
Presentation

A narrative synthesis was used to analyze and report the
findings by categorizing key concepts and summarizing them
thematically. The findings were then organized into 5 main
sections. The first section includes a summary of the selected
studies, covering the author, year of publication, and country;
the type of digital technology and any comparator; the
study setting, design, and participants; and the environmental
impact assessment methods. Section 2 includes the types of
DHTs assessed for environmental impact. Section 3 includes
environmental impact assessment methods and techniques.
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Section 4 includes the strengths and limitations of environ-
mental impact assessment methods and techniques. Section 5
includes the environmental impact of DHTs.

Results

Search Outcomes

A total of 4274 papers (1761 from Scopus, 1313 from
MEDLINE, and 1200 from Web of Science) were identified

Rathnayake et al

through database searches. After removing duplicates
(n=1978), 2296 titles and abstracts were screened based on
inclusion and exclusion criteria. We excluded 2159 records
and selected 137 sources for full-text review. Three full-
text papers could not be retrieved. Therefore, 134 full-text
papers were screened, and 64 papers were included for data
extraction. Multimedia Appendix 3 lists the excluded studies.
An additional 6 papers were identified through reference list
screening of the included studies. Finally, we included 70
studies [12,26-94] in the final data extraction (Figure 1).

Figure 1. PRISMA flowchart: identification of studies from databases and reference list search. DHT: digital health care technology.
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Descriptive Summary of the Included
Studies

A detailed summary of the included studies is presented in
Multimedia Appendix 4. The earliest study was published
in 2007. Most studies (n=57) were published after 2020,
following the COVID-19 pandemic. The majority of studies
were conducted in the United States (n=26) [26-51] and the

https://www jmir.org/2026/1/e88341

United Kingdom (n=12) [52-63]. Other studies were from
Canada (n=5) [64-68] and Australia (n=4) [69-72]; 3 studies
were from Italy [73-75]; 2 studies were from Brazil [76,77],
India [78,79], Spain [80,81], and Germany [82,83]; and one
study from France [84], Netherlands [85], China [86], Turkey
[87], Austria [88], Croatia [89], Serbia [12], Ireland [90],
Switzerland [91], Denmark [92], Portugal [93], and Sweden
[94] (Figure 2).
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Figure 2. Geographic distribution of included studies.
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The majority of studies were conducted in hospitals or
hospital-based care units [12,27,35,38,40,45,47,50,52,53,57,
59,62,65,67,69-75,79-81,86,92-94] and academic settings,
including hospitals, health centers, departments, or clinics
[29-34,37,41-43.48.,64,66,76,77,82-84,87,88]. Some studies
were conducted in primary and community care settings,
for example, primary care centers [80,89,91], elderly living
schemes [60], and community wound care centers [70]. Some
studies were based on out-patient care settings, including care
centers or mixed care facilities such as out-patient [36,54,55],
cystic fibrosis centers [85], out-patient clinics [70], tertiary
care centers or clinics [28,58]; tele-endoscopy remote clinics
[56]; urology clinics [90], primary and tertiary eye care units
[78], geriatric medicine clinic [61]; general surgery subspe-
cialty clinic [39]; tertiary vascular center [63]; pediatric
surgical care facility [44]; and cancer care unit [68]. Some
studies were based on national and platform-based telehealth

Figure 3. Type of study design.

Rathnayake et al

Country

systems, such as the National Telehealth Platform [43], the
Veterans Affairs (VA) health care system [46], Cancer Care
Institute [44], and Kaiser Permanente Health System [26].

The most frequently used study design was retro-
spective analysis, including retrospective observational
studies, retrospective cohort studies, and record analy-
sis [12,26-31,33-39,42-45,47-50,52,54,55,61,62,64,68,69,74,
77,79,80,84-87,90,91]. Several studies employed prospec-
tive designs, including prospective surveys and prospec-
tive quality studies [50,53,58,59,71,78] and cross-sectional
studies, including surveys [46,57,66,76,83,93]. Other designs
used were mixed method studies [40,70,72,92], secondary
data analysis [65,89,94], cohort studies not identified as
either retrospective or prospective [63,67,88], LCA [41,60,
73], quality improvement studies [32,75], feasibility studies
[56], and a randomized controlled trial [82] (Figure 3).
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Type of DHTs Assessed for
Environmental Impact

When assessing environmental impact, most studies (n=65)
focused on virtual interventions or systems. Other digital
health interventions included EHRs [26,79], eHealth
applications [89], digital health and well-being services
[60], and a digital health app combined with video
consultations [82]. In virtual interventions, the focus
was on telehealth and telemedicine, but different terms
or aspects were often used to describe these tele-
health interventions. Such interventions included virtual
appointments, teleconsultations, telemedicine, or telehealth
visits [12,28-33,36,37,43-54,56,57,59,61-69,71-76,80,81,83-
88,90-93]; virtual clinics or remote teleclinic [38,41,55,58,
62]; tele dentistry [27]; remote monitoring [85]; digi-
tal wound management platforms [64]; teleophthalmology
[78], telehealth screening [34,35]; telerchabilitation [40,94];
and electronic consultation [42].

In telehealth and telemedicine, the leading technol-
ogy used was video technology (online or audiovisual

Table 1. Environmental impact assessment methods used.
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platforms) [12,29,31,38,40,47,49,50,57,59,64,68,69,72,73,76,
78,83,84,86-88,92-94]. Some studies used telephone calls [34,
35,53,55,58,71,74,90]. Some other studies used both video
technology and telephone calls [28,33,36,41,44,46.48,52,54,
61,62,65,66,85]. One study used audio-only and audio-video
telehealth services [37]. Other technologies used included
tele-endoscopy images with video conferencing [56], remote
review through EHRs and telephone calls [80], Zoom (Zoom
Communications, Inc) technology [27], eConsult services
[42], and photography [63]. In studies on virtual technologies,
many researchers used in-person visits or patients receiving
usual care as a comparator [27,28,31,35,39-41,43,4447 48,
51-55,61,63,65-67,69,71,73,81-84,87,88,91-94]. In one study
[79], paper documentation was used as a comparator to
electronic documentation (Multimedia Appendix 4).

Environmental Impact Assessment
Methods Used

A variety of methods are used to assess the environmental
impact of DHTs across different contexts, as presented in
Table 1.

Environmental impact assessment method

References

Assessment of travel distance saved

Assessment of CO,? emissions based on travel

¢ Smith et al [69]

e Materazzo et al [74]
¢ Danesh et al [27]

¢ Kellerman et al [28]

* Wong et al [30]

¢ Mojdehbakhsh et al [32]
¢ Robinson et al [34]

¢ Thota et al [38]

e Jaccarino et al [40]

e Cockrell et al [44]

¢ Jiang et al [46]

e Sillcox et al [47]

¢ Penaskovic et al [48]

e Cummins et al [49]

¢ Patel et al [50]

e Grabski et al [51]

¢ Dorrian et al [56]

e Lewisetal [57]

e Galts et al [66]

e Lambert et al [68]

¢ Barakat-Johnson et al [70]
e Schulz et al [71]

* Papavero et al [75]

¢ Desenzi Ciaralo et al [76]
¢ Prosperi Desenzi Ciaralo et al [77]
¢ Rani et al [78]

e Arndt et al [83]

¢ Meryk et al [88]

* Croghan et al [90]
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Environmental impact assessment method

References

Assessment of GHGP emissions

Assessment of other environmental pollutants

Carbon footprint assessment

LCACS as a comprehensive method

LCA based on the
Input-output model
ISO 14040 standards
Comprehensive footprint approach

Hybrid life-cycle assessment approach addressing environmental impact from both bottom-up
(prospective item process analysis) and top-down (using a national economic approach to input—output
analysis) directions

Echo-health footprint model

Carbon footprint assessment considering only one or a few aspects

Travel

Dieperink et al [92]
Dullet et al [31]

Roy et al [33]

Moore et al [42]
Sharma et al [43]
Gunn et al [45]
Masino et al [64]
Vidal-Alaball et al [80]
Muschol et al [82]

Dullet et al [31]

Gunn et al [45]
Masino et al [64]
Vidal-Alaball et al [80]
Muschol et al [82]

Martinez et al [29]

Sillcox et al [39]

Tarpani and Gallego-Schmid [60]
Savoldelli et al [73]

Kwon et al [79]

Giacomo P and Hékansson [89]
Holmner et al [94]

Wang et al [35]

Thiel et al [41]
Schmitz-Grosz et al [91]
Lathan et al [63]

Heffernan et al [67]

Markovic et al [12]
Roy et al [33]

Wang et al [35]
Dacones et al [36]
Whetten et al [37]
Moore et al [42]
Jiang et al [46]
Moore et al [52]
Miah et al [53]

King et al [54]
Bhavanasi and Kulkarni [55]
Connor et al [58]
Sellars et al [59]
Bartlett and Keir [61]
Blenkinsop et al [62]

Masino et al [64]
Mainer-Pearson et al [65]

Maria et al [81]
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Environmental impact assessment method

References

Energy consumption

Use of infrastructure

Telephone communication

Personal protective equipment

Water usage

Preoperative testing
Waste
Heating and lighting
Use of CO, emission equivalencies (communicating the environmental impact in a more relatable way)

Equivalent carbon sequestration

Carbon offsetting via trees

Carbon sequestration equivalent-land in acres

Equivalent CO, emission

Passenger vehicle emissions

Home electricity usage

Home energy use

Amount of gasoline consumed

Charging smartphones

Air pollution from cigarettes

Filfilan et al [84]

Oppelaar et al [85]

Ozen et al [87]

Oliveira et al [93]

Bhavanasi and Kulkarni [55]
Blenkinsop et al [62]
Masino et al [64]

Filfilan et al [84]

King et al [54]

Bhavanasi and Kulkarni [55]
Bartlett and Keir [61]

Bhavanasi and Kulkarni [55]
Bartlett and Keir [61]

Bhavanasi and Kulkarni [55]
Bartlett and Keir [61]

Wang et al [35]

Bartlett and Keir [61]
Bartlett and Keir [61]

Taccarino et al [40]

Gunn et al [45]

Patel et al [50]

Lewis et al [57]

Connor et al [58]

Lathan et al [63]

Galts et al [66]
Barakat-Johnson et al [70]
Oppelaar et al [85]
Croghan et al [90]

Turley et al [26]
Thiel et al [41]
Patel et al [50]

Penaskovic et al [48]
Patel et al [50]
Taccarino et al [40]
Thiel et al [41]
Patel et al [50]
Patel et al [50]
Cockrell et al [44]
Patel et al [50]
Galts et al [66]
Dieperink et al [92]
Gunn et al [45]

4CO,: carbon dioxide.
YGHG: greenhouse gases.
CLCA: life cycle assessment.
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Measuring the Environmental Impact of
DHTs

Assessment of travel-related carbon emissions was widely
used, and software tools or applications were often used for
distance calculations, particularly for determining round-trip
travel distances [12,27,28,31,33,35-38,40,42,44-46,48 49 ,53-
56.,58,59,62,64-66,68-70,72,75,76,80,84-88,90]. The detailed
list of software programs used is presented in Multimedia
Appendix 5. In travel distance assessment, Google Maps was
the most widely used application.

In the assessment of CO,; and GHG emissions, differ-
ent published conversion factors or emissions calculators
were used [12,27,28,30,32-34,36-38,40,42,43,45.47-59,61,62,
64-68,71,72,75-77,81-85,87,88,90-93]. Similarly, in different
studies that assess carbon emissions related to energy
consumption [61,62,64,67,84], personal protective equipment
[61], water usage and domestic waste [61], telecommuni-
cation [61], smartphone emission [48], desktop computer
[48], electricity usage [39], published emission conversion,
or calculators have been used. The detailed list of conver-
sion factors or emissions calculators used is presented in
Multimedia Appendix 5. For carbon footprint and GHG
emission calculations, the widely used conversion factors
and emission databases include the UK government (Depart-
ment for Environment, Food and Rural Affairs and Depart-
ment for Business, Energy and Industrial Strategy), the US
Environmental Protection Agency (EPA), Transport Canada,
the Greenhouse Gas Protocol, and country-specific emission
factors from Australia, India, Brazil, Switzerland, Germany,
and Canada and some online carbon calculators.

Measurement Techniques Used in LCA

Several studies have used LCA to assess the carbon foot-
print of DHTs. Across studies, methodologies vary in scope,
input data, and analytical frameworks, but all follow the
principle of quantifying GHG emissions or carbon foot-
print across a product or service’s life cycle. Few studies
have adopted the ISO 14040/14044 standards for LCA [73,
79] and ISO 14060:2006 standards for quantification and
reporting of GHGs [63]. This process includes 4 phases: goal
and scope definition, life cycle inventory (LCI), life cycle
impact assessment (LCIA), and interpretation [79]. The GHG
Protocol, which includes Scopes 1-3 emissions, has also been
incorporated [63]. For example, in a study by Lathan et
al [63], Scope 1 emissions include direct outputs such as
anesthetic gases; Scope 2 includes purchased electricity; and
Scope 3 includes indirect emissions such as water use, waste
disposal, and patient travel.

In LCA, one of the common data sources used was the
Ecoinvent database [29,39,41,79,86]. In life cycle impact
assessment, several LCA software and databases were used,
for example, SimaPro software [41,79], OpenLCA software
[35], and FootprintCalc database [73]. To translate inventory
data into environmental impact categories, environmental
impact assessment methodologies, for example, ReCiPe 2016
[60] and Tool for Reduction and Assessment of Chemicals
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and Other Environmental Impacts (TRACI) 2.1 v1.06/ US
2008 [41] were used.

When analyzing carbon footprint, 2 approaches were used,
such as process-based LCA [29,35,60,86,89] that include
detailed activity and product-specific data, and Environmen-
tally Extended Input-Output (EEIO) models [35,39,86]. When
a specific product’s LCA is not available, this approach can
be used. Some examples were Chinese EEIO (CEEIO) [86]
and United States EEIO (USEEIO) [35]. In LCA, these 2
approaches were combined and assessed [35,39,86].

In LCA, different emission sources were used, for
example, patient travel [29,35,63,86], infrastructure for
telemedicine [29,89], medical equipment and consumables
[29], laboratory and radiographic testing [35], medical
sources, such as anesthetic gases [63], energy consumption
[63,86], pharmaceutical data, such as antibiotics [63], and
tariff data (staff cost and time) [63]. Additionally, different
conversion factors were used to convert carbon-emission-rela-
ted process and economic input data (Multimedia Appendix
5).

Measurement Properties of the Carbon
Footprint Assessment Tools and
Techniques

The most reported measurement property was the sensitiv-
ity analysis [31,40,41,43,60,65,66,79,82,93,94] that focused
on assessing the impact of assumptions on the results. The
other approach, Monte Carlo Analysis (MCA), accounts for
variability in the data by generating low and high estimates of
possible GHG emissions for various input parameters [29,39,
79].

Strengths of Environmental Impact
Assessment Methods and Techniques

Few researchers reported the strengths of environmental
impact assessment methods. Comprehensive assessment of
carbon footprint [69], including the broad span models
[26] and LCA [39,41,63,73,86,89] was recognized. Within
LCA, the application of input-output modeling [35] and
the use of known economic information to estimate emis-
sions for products without an LCA [29] were identified as
strengths. In travel-related analyses, some studies included
all travel modes, including new and follow-up visits [78,
83], providing a more complete estimate of transport-related
emissions. Additionally, some studies identified the inclusion
of sensitivity analysis [31,79] as a strength of the carbon
footprint assessment techniques.

Limitations and Gaps of Environmental
Impact Assessment Methods and
Techniques

Many researchers have reported methodological limitations,
such as single-center studies [28,33,35,38,71,88], small
sample sizes [46,71], limited datasets [40,63], limited to
one geographical area [34], and short study periods [84].
Another major limitation was reliance on retrospective data
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[35,38,40,43,44,52,62,76,80] or secondary data analysis [65]
or reports from clinicians [48]. Data extraction from patients’
records posed additional challenges, including incomplete
information and data errors [31], issues in data extraction,
management, and cleaning [43], and inconsistencies in patient
address records [93]. Design limitations included a modeling
cohort design, which may have resulted in emission esti-
mates that are not entirely representative [67]. Additionally,
a lack of data quality assessment [73] and sensitivity analysis
[73] was identified. Another reported limitation was the use
of estimates. Some studies relied on validated calculators
that may not reflect real-world variations in vehicle type,
maintenance, fuel quality, or terrain [11,17,53], and carbon
footprint and tree-planting calculations were approximations
[58].

Another major limitation was making assumptions,
particularly in calculating travel-related environmental
impact. Such assumptions included that all journeys were
made under normal conditions [64], in personal automobiles
or private passenger vehicles (particularly cars) [27,28,34 .43,
454749,50,52,53,59,64,68,81,85,90], with patients returning
directly home after visits [27,33,54], all patients used either
public transport or drove [58], and that all virtual visits
replaced office visits [36] while excluding the aspects of
public transport, large vehicles, or the use of diesel vehicles
[47.,54,62,80,81,90]. Other assumptions included that carbon
emissions from the use of cars and taxis are equal [54] and
are based on average emission values [62,78]. In some cases,
travel distances were estimated based on midpoints rather
than exact distances [43], on patient-reported data [82], or on
the most recently recorded addresses in the EHR [44].

Some limitations related to the study scope were reported.
Many studies assessed only one aspect of DHTs, particu-
larly travel-related emissions, and it has been identified as a
significant limitation [28,66,75,83]. Contributions from other
sources include staff commuting [48,64,73], staff working
remotely [60], and clinic maintenance, such as heating and
supplies [66], paper use [76], or telemedicine infrastructure
[51]. Some omitted electricity consumption during virtual
consultations [45,50] or carbon emissions associated with
devices such as cameras and cell phones [33], or equipment
used at home, such as spirometers [85]. Other excluded
aspects included follow-up in-person visits after teleconsulta-
tions [40,41], and broader factors such as road construction,
maintenance, and parking [84], or emissions from other health
care activities [36]. Other study scope-related limitations
included only estimating CO, emissions without accounting
for other environmental pollutants [78], not investigating
emissions produced by the hypothetical in-person office visits
[27], and the carbon emissions savings reported were likely to
be on the upper end of estimates [50].

Some limitations were reported related to LCA. Some
calculations were limited to transport and electricity [86],
telephone conferencing [34], or were based on simplified
travel assumptions (eg, fixed distances and mode splits)
[89]. These studies also excluded certain aspects, such as
disposable items (eg, paper handouts, exam table sheets, and
sanitizers) [28], the maintenance of hospital facilities [28],
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and fixed assets (eg, furniture, air conditioning, and network
infrastructure) [86]. When using USEEIO models, inherent
limitations remained, such as estimating GHG emissions
based on the dollar spent in specific economic sectors, which
may not fully reflect embodied emissions [35]. Furthermore,
LCA data for videoconferencing peripherals were sometimes
outdated or based on rough estimates [94], and the overall
research base remains limited for the LCA studies [94].

A few additional limitations concerning different DHTSs
were reported. In remote monitoring, the relationship between
monitoring frequency and GHG emissions or health care
consumption was examined, focusing instead on pre-post
comparisons [29]. In the assessment of energy consumption,
the emission calculation was based on assumptions [70], and
the equipment used for telecommunication (a computer, a
webcam, and a loudspeaker) was similar for both patients and
staff [84]. In relation to EHRs, related environmental impact
assessment, impacts on built land, common air pollutants, and
indirect or minor contributions were excluded, and only a
narrow set of equivalences (eg, carbon sequestration acres)
was reported [26].

Environmental Impact of DHTs

Most studies reported a positive environmental impact
of DHTs. These technologies contribute to environmental
sustainability and reducing climate change by supporting
greener models of health care delivery and advancing
net-zero goals [12,32,37,42,53,54,57,80,84,87]. Telehealth
and telemedicine interventions, including virtual clinics and
telerehabilitation, have demonstrated substantial potential
in reducing health and social care’s carbon footprint.
These interventions significantly reduced patient and/or staff
travel [12,27-29,31-34,36,39,41-44,46-59.,61,62,64,66,68,69,
71-74,76-78,80,81,83,84,86-88,90-92,94] and fuel reduction
[27,33,42,80,81], resulting in positive environmental impacts
through a reduction in carbon footprint [12,14,36,37,39.41,
52-55,58,59,61,62,64,65,67,73,83,84,86,87,91,93,94], CO,
emissions [27,28,30,32,34,38,40,44,47-51,56,57,66,68,71,72,
75-78,81,88,90,92], GHG emissions [31,33,42,43,45,80,82]
or other air pollutant emissions [31,45,64,80,82]. Energy
consumption [49] for video conferencing [64], phone call
[41,54], software design and programming [86], electronic
products, including video equipment [86] and computers
[41], data use [61], and staff travel [61] were the identified
contributors to the environmental impact of the above DHTs.

Other virtual platforms, such as remote monitoring
systems, have shown potential in reducing carbon foot-
print [63,84]. An eHealth system, including e-referral and
e-prescription services, was reported to potentially reduce
carbon footprint by up to 50% through decreased travel [89].
In this study, approximately 90% of the remaining environ-
mental impact was attributed to the use of computers and
network infrastructure [89]. In another study, a digital wound
management platform demonstrated positive environmental
impacts by reducing travel and CO, emissions [70].

Turley et al [26] revealed that, despite higher energy
consumption, EHRs have a positive net effect on the
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environment. According to this study, EHRs reduced paper
consumption, transportation, plastic waste from X-rays, toxic
chemicals, and water usage, but energy-intensive data centers
and hardware increased the carbon footprint considerably
[26]. A digital health and well-being service that included
6 electronic devices was reported to have a considerable
environmental carbon footprint (718-1509 kg COjpe per
resident), with electricity consumption identified as the main
contributing factor [60]. A digital health app that included
video consultations was found to contribute to reduced patient
travel and GHG, and other pollutants [82].

While digital health technologies are often associated with
reductions in carbon emissions, several studies have also
reported potential negative environmental impacts. Electricity
consumption was identified as the principal contributor to the
overall environmental footprint [60], with the energy required
to power computers and mobile devices remaining substantial
[41]. Kwon et al [79] reported that EHR systems emitted
significantly more GHGs than paper-based systems, with 90%
of emissions arising from electricity use to run the system.

Tarpani and Gallego-Schmid [60] reported a considera-
ble negative environmental impact from a digital health
and well-being service that included six electronic devices,
resulting in a CO, equivalent of 718-1509 kg per person,
and identified electricity as the main contributor. Tarpani
and Gallego-Schmid [60] highlighted that if not properly
managed, the rapid expansion of digitalization could intensify
these impacts, resulting in higher energy demands that lead
to climate change and increased ecotoxicity from the mining
and processing of metals, often sourced from developing
countries.

Discussion

Principal Findings

This scoping review provides a comprehensive overview of
the current evidence on the environmental impact of DHTs
across different health care settings, including assessment
methods and their strengths and limitations. We synthesized
the findings from studies conducted from 2007 to 2025.
Overall, the evidence suggests that DHTs have the poten-
tial to reduce environmental impacts, particularly through
decreasing patient and clinician travel, reducing paper
consumption, and improving the efficiency of health care
delivery. However, the environmental benefits were not
consistently reported across studies, and negative impacts
were identified regarding the energy consumption, digital
infrastructure requirements, and electronic waste associated
with the implementation of the DHTs. Most published studies
were conducted in high-income countries, which limits the
direct generalizability of these findings to low- and mid-
dle-income countries (LMICs) with different health system
infrastructures and energy grid emission factors, indicating
a need to expand assessments of the environmental impact
of DHTs in LMICs. Most studies have been conducted
in primary or tertiary care settings, highlighting the need
to expand research into other settings, such as older age
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care and social services. Additionally, considerable variation
was observed in the methods used to assess environmental
impacts, limiting the comparability of findings and highlight-
ing the need for more standardized assessment approaches.

Methodological quality of the included studies appeared
to vary considerably. Most studies were retrospective or
secondary analyses based on routinely collected data, and
only a few were prospective. Many studies reported sev-
eral limitations, including small sample sizes, single-site
evaluations or small-scale studies, reliance on assumptions
regarding travel avoidance, reliance on estimates in carbon
footprint assessments, and incomplete LCAs of technolo-
gies. Moreover, substantial methodological heterogeneity was
observed, preventing direct comparisons of findings across
studies and suggesting that quantitative meta-analysis would
not be feasible in future systematic reviews on the topic.
The included studies [12,26-94] vary considerably in the
environmental outcomes assessed, measurement approaches,
assumptions, and reporting methods. Additionally, these
methodological constraints in assessing the environmental
impact of DHTs may influence the interpretation of find-
ings, thereby limiting the accuracy of reported environmental
impacts. Therefore, the findings should be interpreted with
caution. Although available evidence supports reducing the
carbon footprint, the magnitude of these benefits remains
uncertain. Therefore, the findings of this review should be
interpreted as an overview of the current evidence landscape
rather than definitive estimates of the environmental benefits
of DHTs.

This review reveals that most included studies evaluate
the environmental impact of virtual interventions, specifi-
cally telehealth and telemedicine services, delivered via
video, telephone, or hybrid models, compared to other
DHTs, for example, AI, mHealth applications, and IoT
technologies, indicating an important finding of this scoping
review. Following the COVID-19 pandemic, the adoption
of telehealth and telemedicine increased substantially [95].
Most studies have examined the environmental impact of
virtual interventions during or after the COVID-19 pandemic.
Additionally, assessing the environmental impact of virtual
interventions is relatively straightforward because they are
associated with direct, measurable environmental benefits,
particularly through reductions in patient and clinician travel.
In contrast, the assessment of environmental impacts of other
DHTs may be more complex as it involves indirect effects,
energy consumption, data processing, digital infrastructure,
and lifecycle considerations. The lack of standardized and
validated methods and tools for assessing the environmental
impact of digital health care is also a significant drawback
[96]. As our review covered the literature from incep-
tion, it may overrepresent virtual interventions compared
with other emerging or relatively newer DHTs, such as
mHealth applications, 10T technologies, and Al, for which
the evidence base is less mature. Additionally, following
the COVID-19 pandemic, many virtual interventions have
been introduced. Consequently, current evidence supporting
environmental benefits is largely derived from telemedicine
and telehealth, and caution is warranted when generalizing
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these findings to DHTs more broadly. However, recent
reviews indicate that telemedicine has emerged as a promis-
ing solution to reduce the carbon footprint of health care [16]
and highlight its ongoing importance in advancing sustain-
able health care delivery [17,94]. Other DHTs, including
EHRs, eHealth and mHealth applications, Al interventions,
and robotics, have been rarely or not studied, highlighting the
need to extend environmental assessments to these technolo-
gies.

Most studies employed travel-related carbon-emission
assessments, reflecting the link between reduced patient
and staff travel and lower GHG emissions, consistent with
the previous findings [16,97]. These analyses were often
based on software that calculates distance and published
conversion factors. More comprehensive approaches, such
as LCA, including process-based and EEIO models, were
less commonly used. These approaches provide a more
holistic picture of emissions from infrastructure, travel,
energy use, medical consumables, and information technol-
ogy systems used in DHTs. LCA offers the most comprehen-
sive approach for quantifying carbon emissions and enables
detailed analysis [98]. The use of established standards,
for example, ISO 14040/14044, and recognized databases,
such as Ecoinvent and SimaPro in some studies, strength-
ens the validity and reproducibility of the findings. Some
studies have expressed CO, emissions using CO; emis-
sion equivalencies, such as equivalent carbon sequestration
and equivalent CO, emissions, providing a more relata-
ble way to communicate environmental impact. Reporting
carbon footprint information in more familiar terms, such
as everyday metrics or equivalencies, can improve commu-
nication and public understanding, which, in turn, may
support interventions aimed at promoting more sustaina-
ble behaviors [99], adding a strength to carbon footprint
assessment approaches. Moreover, some researchers have
employed sensitivity analysis to address uncertainties, thereby
enhancing the reliability of their findings. However, there
was considerable heterogeneity in methodologies, with
many studies focusing solely on travel-related environmental
impacts while overlooking broader factors such as energy
consumption, manufacturing, waste generation, and disposal,
thereby presenting a major limitation in environmental
assessment approaches.

This review identified several methodological limitations
in environmental impact assessment methods. LCA stud-
ies faced additional challenges due to inconsistencies in
methodological approaches, including differences in the
system boundaries adopted, with some studies assessing only
selected stages of an intervention or technology while others
evaluated impacts across the entire life cycle. Furthermore,
studies used different emission factors and data sources
to estimate environmental impacts. These methodological
differences limited the comparability of findings across
studies and contributed to the substantial heterogeneity that
prevented quantitative synthesis. Many studies relied on
retrospective or secondary data, small sample sizes, or
single-center designs, which limited the generalizability of
their findings. Travel-related analyses often involved broad
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assumptions, such as uniform vehicle types, direct jour-
neys, or complete substitution of in-person visits, that may
have resulted in over- or underestimation of environmental
benefits. Most travel-based environmental impact assessments
assumed that virtual consultations would be replaced by
face-to-face visits. However, this assumption may not always
reflect real-world practice. This approach may overlook
induced demand, whereby telemedicine may increase the
total number of consultations, and rebound effects, whereby
time saved may be spent on other carbon-intensive activi-
ties. Therefore, the environmental benefits reported in some
studies may have been overestimated.

Moreover, studies frequently considered only one or a
few aspects, while significant contributors, such as staff
commuting, clinic infrastructure, and follow-up visits, were
often overlooked. LCAs face additional challenges, including
reliance on secondary or retrospective data, limited considera-
tion of indirect emissions, and the use of monetary proxies in
EEIO models. Consistent with recent literature [96,100], these
gaps underscore the need for more rigorous and standardized
frameworks to assess the environmental impact of DHTs
accurately.

Researchers have paid limited attention to reporting
the measurement properties of carbon footprint assess-
ment methods. The most frequently reported measurement
properties were sensitivity analysis and MCA. In environ-
mental impact assessment, model-based approaches are
commonly used rather than direct measurement; therefore,
traditional psychometric concepts such as validity and
reliability are less applicable. Current assessment approaches
have focused on evaluating the robustness and uncertainty of
carbon footprint estimates. As few studies report these types
of analyses, greater attention should be given to systemati-
cally assessing uncertainty and robustness in future research
to improve the reliability and transparency of carbon footprint
assessments.

This scoping review suggests that DHTs have a posi-
tive environmental impact. Previous literature reviews [15,
16,96] also reported positive environmental impact on
DHTs. However, estimates varied substantially according
to DHT type, health care setting, geographic location,
carbon footprint assessment methods, system boundaries,
and underlying assumptions. Additionally, environmental
impacts were reported using diverse metrics, including
travel distance avoided, travel-related emissions savings, CO2
emissions, GHG emissions, carbon footprint estimates, and
CO, emission equivalencies. This variability limited direct
comparisons between studies and highlighted a lack of
consistency in environmental impact assessment approaches.
Telemedicine interventions bring positive environmental
impacts primarily through reductions in patient travel and
associated GHG emissions. These reported benefits align with
broader sustainability objectives, particularly supporting the
net-zero goals of national health systems in many countries.

However, very few studies reported negative impacts,
including high electricity consumption for powering devices
and ICT infrastructure, as well as environmental burdens
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from the production and disposal of digital equipment.
For example, Kwon et al [79] reported 90% of the GHG
emissions associated with EHR systems arose from elec-
tricity consumption, while Tarpani et al [60] reported a
carbon footprint of 718-1509 kg COje per person for a
digital health and well-being service incorporating multi-
ple electronic devices. These findings indicate that nega-
tive environmental impacts may be considerable for some
DHTs, particularly those that depend on continuous electric-
ity consumption, extensive digital infrastructure, or multiple
interconnected devices. Without careful management, these
factors could undermine the positive environmental impact
of DHTs and limit the net environmental benefits of digital
health care interventions, particularly those stemming from
reduced travel and more efficient resource use. Therefore,
the environmental benefits of DHTs should be interpreted
with caution, as the available evidence is characterized by
considerable negative impacts, possible underreporting of
these impacts, methodological heterogeneity, and the use
of diverse assessment approaches. Therefore, more robust
conclusions about the environmental sustainability of DHTSs
require comprehensive LCAs that use standardized, validated
assessment approaches.

Strengths and Limitations of the Study

This scoping review has several strengths that enhance
the reliability and comprehensiveness of its findings on
the environmental impact of DHTs across different health
care settings. We followed a transparent and robust review
process, adhering to established guidelines and best practices,
including the scoping review framework proposed by Arksey
and O’Malley [23] and the PRISMA-ScR guidelines [24]. We
included studies from inception to the present, ensuring that
no study examining the environmental impact of DHTs was
overlooked. Additionally, reviewing reference lists helped
identify further relevant studies.

However, this review also has some limitations. The
search was limited to 3 databases and to English-language
papers, which may have resulted in the exclusion of relevant
studies. We did not include gray literature, which may have
led to the omission of evaluations conducted by governments
or private-sector organizations. Governments and private-sec-
tor organizations often report environmental impact assess-
ments; therefore, the current review may not have captured
the full breadth of relevant evidence. However, we searched
3 broad databases without time limitations, which allowed
us to capture a range of peer-reviewed studies. Moreover,
we observed substantial heterogeneity across the included
studies; therefore, although additional evidence may provide
further insights, it is unlikely to substantially change the
overall findings of this review. Additionally, we did not
conduct a quality appraisal in this scoping review, which
may be considered a limitation. However, given the broad
objectives of this study, we included studies based on
the value of the information they provided. Moreover, the
literature suggests that quality appraisal is not mandatory in
scoping reviews due to the nature and purpose of the review

type [25].
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Implications for Practice, Research, and
Policy

This scoping review suggests several recommendations to
strengthen practice, research, and policy related to the
environmental impact of DHTs. For practice, health care
providers adopting DHTs should consider both clinical
and environmental outcomes when designing and scaling
interventions. Virtual care programs may be expanded to help
reduce the carbon footprint in health and social care [53,67,
80]. However, overall environmental impact is complex, as
potential reductions from avoided travel may be offset by
increased energy consumption, use of digital infrastructure,
and the lifecycle impacts of devices used to deliver virtual
care. Therefore, the implementation of such interventions
requires careful consideration of both positive and negative
environmental impacts, along with a cost-benefit analysis.
Exploring the potential of telehealth to promote health equity
by improving access and reducing environmental impact is
crucial [45]. More comprehensive LCAs are needed to assess
the true environmental impact of DHTs that inform long-term
sustainability planning.

For research, expanding evaluation frameworks [62]
and developing and validating standardized methodolo-
gies, incorporating novel approaches [64,65,86] for carbon
footprint assessment of DHTs, are essential. Conducting
large-scale studies to validate findings [63,94] and collecting
prospective data to capture detailed and accurate data [63]
are recommended. The use of larger, more diverse, multicen-
ter samples improves the generalizability of findings. As the
majority of studies focus on assessing travel-related carbon
footprint, expanding environmental impact assessments to
include other aspects, for example, energy use, supply chain
emissions, and waste disposal, is recommended [73]. Carbon
footprint assessments in the community and social care
sector should be strengthened. Given that digitalization often
depends on resource-intensive supply chains in developing
countries, the social implications of deploying digital health
services [60], particularly with a focus on equity and global
justice, are emphasized.

From policy perspectives, this review highlights the
potential of DHTs as a critical component of sustainable
health care strategies. Securing political support for digi-
tal health implementation [85], adopting energy-efficient
technologies [77], and ensuring the integration of envi-
ronmental considerations into technology assessments and
economic evaluations [91] are some key strategies for
promoting sustainable digital health. Policymakers and health
care organizations need to acknowledge the trade-offs of
digitalization and prioritize investments in green digital
infrastructure.

Conclusion

Most research is conducted in high-income countries and
focuses on telehealth and telemedicine, primarily assessing
travel-related environmental impacts and GHG emissions.
Different approaches are employed to measure environ-
mental impact. Direct environmental assessment includes
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the assessment of travel, CO, and GHG emissions, and
LCA. In LCA, both process-based and EEIO models are
incorporated. Another approach is expressing CO, emis-
sions using CO, emission equivalencies, such as equiva-
lent carbon sequestration and equivalent CO, emissions,
providing a more relatable way to communicate environ-
mental impact. There is limited evidence regarding the
measurement properties of environmental impact assessment
techniques. The available evidence, predominantly derived
from telemedicine studies, suggests that DHTs may contrib-
ute to environmental benefits, including reductions in travel
and carbon emissions, under certain conditions. However,
these findings should be interpreted cautiously given the
substantial methodological heterogeneity identified across

Rathnayake et al

studies, reliance on different assumptions, limited evidence
relating to other types of DHTs, and potential negative
environmental impacts associated with electricity consump-
tion, digital infrastructure, and device life cycles. Addition-
ally, the methodological quality of the evidence appeared
to vary considerably. Consequently, the magnitude of these
environmental benefits should be further interpreted with
caution. To better understand the environmental implica-
tions of DHTs, more rigorous, standardized, validated, and
comprehensive assessment methods are required. Bridging
these methodological gaps is essential to ensure that DHTSs
not only support sustainable health care delivery but also
make a meaningful contribution to mitigating global climate
change.
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Software programs and conversion factors or emissions calculators used in environmental impact assessment.
[DOCX File (Microsoft Word File), 28 KB-Multimedia Appendix 5]

Checklist 1

PRISMA-ScR checklist.
[DOCX File (Microsoft Word File), 87 KB-Checklist 1]
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