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ABSTRACT

Objective: Integration of environmentally sustainable digital health interventions requires robust evaluation of

their carbon emission life-cycle before implementation in healthcare. This scoping review surveys the evidence

on available environmental assessment frameworks, methods, and tools to evaluate the carbon footprint of dig-

ital health interventions for environmentally sustainable healthcare.

Materials and Methods: Medline (Ovid), Embase (Ovid). PsycINFO (Ovid), CINAHL, Web of Science, Scopus

(which indexes IEEE Xplore, Springer Lecture Notes in Computer Science and ACM databases), Compendex, and

Inspec databases were searched with no time or language constraints. The Systematic Reviews and Meta-analyses

Extension for Scoping Reviews (PRISMA_SCR), Joanna Briggs Scoping Review Framework, and template for inter-

vention description and replication (TiDiER) checklist were used to structure and report the findings.

Results: From 3299 studies screened, data was extracted from 13 full-text studies. No standardised methods or

validated tools were identified to systematically determine the environmental sustainability of a digital health

intervention over its full life-cycle from conception to realisation. Most studies (n¼8) adapted publicly available

carbon calculators to estimate telehealth travel-related emissions. Others adapted these tools to examine the

environmental impact of electronic health records (n¼2), e-prescriptions and e-referrals (n¼1), and robotic sur-

gery (n¼1). One study explored optimising the information system electricity consumption of telemedicine. No

validated systems-based approach to evaluation and validation of digital health interventions could be identified.

Conclusion: There is a need to develop standardised, validated methods and tools for healthcare environments

to assist stakeholders to make informed decisions about reduction of carbon emissions from digital health inter-

ventions.
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INTRODUCTION

The highest authority on climate science, the Intergovernmental

Panel on Climate Change’s most recent report, emphasises the wor-

sening impacts on human and planetary health which are over-

whelmingly impacting marginalized and disadvantaged

communities globally, thus intensifying climate justice issues.1 The

healthcare industry, as the 5th largest contributor to planetary pol-

lution,2,3 is increasingly addressing its contribution to climate

change.4 Health information technologies, often referred to as digi-

tal health technologies (DHT) and encompassing telehealth, artifi-

cial intelligence (AI), the Internet of Things (IoT), and electronic

medical/health records (EMR/EHR), may hold solutions to reducing

healthcare’s carbon footprint.5 For example, telehealth reduces

transport-associated carbon emissions, fuel consumption, the con-

sumption of paper, and personal protective equipment.6 However,

DHT’s benefits must be balanced against significant carbon impacts

generated by infrastructure such as computer networks and com-

puter systems powering DHTs, the emissions generated by data stor-

age and transfer, rare minerals mining and materials synthesized for

technology production, and technology’s end-of-life waste manage-

ment and disposal problems.7,8

To assess if DHT can be a means of reducing healthcare’s car-

bon emissions, there needs to be a transparent, standardised, and

accessible way to evaluate environmental impacts over the full

“life-cycle” before DHT are implemented in healthcare settings.

Decision-makers need the knowledge, standardised methods, and

validated tools to assist this evaluation process. However, it is

not clear what frameworks and methods exist for this context

that could prompt busy decision-makers to consider DHTs carbon

emissions mitigation. Identifying standardised environmental

assessment methods and tools for healthcare would permit cycli-

cal standardised reassessment and identification of efficiencies in

the system that may further support carbon emission reduction.

Therefore, the availability, dissemination, and implementation of

DHT carbon impact methods and validated tools is an important

issue considering the worsening impacts of global climate

change.1

Several different frameworks exist to help stakeholders consider

environmental sustainability when evaluating technology in general.

For example, Health Technology Assessment (HTA) involves multi-

disciplinary, systematic evaluation of properties, effects and/or

impacts of healthcare technology that spans medical, socio-

economic, and ethical issues related to direct and indirect conse-

quences of health technology.9 HTA is inclusive of drugs, biologi-

cals, devices, medical and surgical procedures, public health

programs, settings of care, screening programs, support systems (eg,

blood bank, clinical laboratory, EMR, telemedicine systems), and

organisational and managerial systems (eg, medication adherence

program and healthcare payments).10 To assess the above products

in the context of environmental sustainability, the HTA adapts

existing environmental frameworks, the Life Cycle Assessment

(LCA) of the technology, Environmentally Extended Input-Output

Analysis (EEIOA) and Comprehensive Environmental Assessment

(CEA).11 Strengths, weaknesses, and examples of the application of

these frameworks are described in Table 1.

The LCA framework facilitates methodological estimation of

the environmental impacts attributable to the life cycle of a prod-

uct spanning the design/development, resource extraction, produc-

tion of the product, production of materials and manufacturing

provision, use/consumption, and end-of-life activities (collection,

sorting, reuse, recycling, waste disposal).12 The EEIOA frame-

work facilitates calculations between economic consumption

activities and their environmental impact. For example, all direct

and indirect greenhouse gas emission activities and associated

costs caused by a nation can be calculated using this frame-

work.15,18 The CEA consists of a framework and procedures that

provide a systematic sequence of processes to organise informa-

tion about environmental issues arising in the context of a prod-

uct’s life-cycle. These include: the risk of release of the product’s

primary material into the environment (air, water, sediment, and

soil), the product’s alteration of environmental conditions (physi-

cal, chemical, biological, and social) impacting the release of sub-

stances from the product or changes arising from the product’s

exposure (cumulative or aggregate) to specific environmental con-

ditions.17

These frameworks have been linked to qualitative and quantita-

tive evaluation methodologies, including Cost-Utility Analysis

(CUA), Cost-Benefit Analysis (CBA), Multi-Criteria Decision Analy-

sis (MCDA), and Weight of Evidence (WoE), that assess systems for

environmental risk using many sources of data.11 However, it

remains to be seen how these frameworks and methods can be

applied in the context of DHT interventions. This scoping review

examined the evidence on relevant environmental assessment frame-

works, methods, instruments and tools, their validity, reliability,

feasibility, and usefulness, to calculate a carbon footprint of DHT

interventions. The scoping review was guided by two questions:

1. What methods and assessment tools exist to help health infor-

maticians assess the carbon footprint of DHT in healthcare?

2. How valid, reliable, feasible, and useful are tools developed to

assess carbon footprint of DHT in healthcare?

MATERIALS AND METHODS

Prior to undertaking the scoping review, a detailed scoping review

protocol including definition of terms, such as population, concept,

and context, was developed and registered with the Open Science

Framework.19

Review frameworks
The scoping review employed the Joanna Briggs Scoping Review

Methodological Framework using the 5-stage “Population, Con-

cept, Context” (PCC) scoping review framework.20–23 The

PRISMA-ScR (Preferred Reporting Items for Systematic Review and

Meta-analyses Extension for Scoping Reviews)24 was used to build a

search strategy and provide a framework for reporting findings.19

Ethics permission
Ethics permission to conduct the scoping review was not required as

the information collected is publicly available through databases.

Patients and/or the public were not involved in the design, conduct,

reporting, or dissemination of this research. Due to the nature of the

study, patient consent for publication was not required.
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Inclusion and exclusion criteria
Studies were eligible if they:

1. reported results of primary research;

2. described DHT (including data management and storage) sup-

porting digital health interventions as defined by the

“Classification of Digital Health Interventions” published by

the World Health Organization. This classification scheme

organizes digital health interventions into 4 overarching groups

based on the targeted primary user as: interventions for clients,

interventions for healthcare providers, interventions for health

systems and resource managers, and interventions for data serv-

ices25;

3. defined, outlined, or mentioned a method and/or assessment

instrument or tool that helps assess digital health intervention’s

and DHT’s environmental impact;

4. were based on original data;

5. applied quantitative, qualitative, or mixed methods;

6. reported study design that was one or more of: randomized con-

trolled trial; experimental (including quasi-experimental); case

control; cohort; case series; or case report;

7. were systematic or scoping reviews that related to the research

question (to ensure thorough acknowledgment of the literature).

To maximise the number of articles identified, no language or

time limitations were imposed on the search. Reference lists of

selected articles relevant to the research questions were also

reviewed and relevant references were identified and added to the

articles to screen. Articles were excluded from the scoping review if

they did not meet the inclusion criteria or if the publication type was

a commentary article; dissertation; conference abstract; or review

other than a systematic or scoping review.

Search strategy
The search strategy was developed in consultation with an informa-

tion specialist who tested the initial search and scanned literature to

identify terminology related to carbon footprint calculators, frame-

works, assessment methods, instruments, and tools. Subsequent

searches were conducted to combine these concepts with informatics,

digital health, e-health, medical or health technologies, and related

terms. These databases were searched: Medline (Ovid), Embase

(Ovid). PsycINFO (Ovid), CINAHL, Web of Science and Scopus,

Table 1. Description, strengths, and weaknesses of LCA, EEIOA, and CEA frameworks

Framework Description Methods Strengths Weaknesses Examples of applica-

tion

Life-Cycle Assessment

(LCA)

Methodological

framework for

assessment and

comparison of

products’ potential

environmental

impacts considering

the entire product

life-cycle.12

Life-Cycle Inventory

(LCI): estimation of

the consumption of

resources (using

applicable func-

tional units) and

quantities of gener-

ated waste-flows

and emissions.12

Life-Cycle impact

assessment (LCIA):

Analysis of the prod-

ucts’ potential con-

tributions to

potential environ-

mental impacts.

Detailed consideration

of the environmen-

tal impacts (includ-

ing climate change,

acidification, toxi-

cological stress on

human health and

ecosystems, noise

etc.) during the

products’ entire

life-cycle.12

The LCA method is

intensive, creating

costs that do not

necessarily corre-

spond with the pos-

sible benefits.

Challenges in data col-

lection include

demand for consis-

tency and uniform-

ity of functional

units; for example,

all data being

expressed in same SI

Units.12

Comparative assess-

ment of pharma-

ceutical drugs.13

Carbon footprint of

1 year diabetes

treatment.14

Environmentally

Extended Input-

Output Analysis

(EEIOA)

Analytical framework

to calculate hidden

or indirect environ-

mental impacts of

products.15

Mathematical input-

output matrix using

measurements of

direct environmen-

tal impacts for each

studied sector.15

Simple and rapid

method13 to effi-

ciently estimate the

carbon emissions

generated by each

individual unit of

output such as

upstream and

downstream carbon

emission of a single

product.15

The method rests on

the assumption of

homogeneity13 and

a narrow focus on

environmental

impact, if exploring

only single environ-

mental impactor

(eg, carbon emis-

sions).16

Method has been

applied to analyse

water, ecological,

biodiversity and

nitrogen foot-

prints.15

Comprehensive Envi-

ronmental Assess-

ment (CEA/CEASS)

Framework and a

process, integrating

various risk-assess-

ment methods, used

for research plan-

ning and risk man-

agement.17

Meta-assessment

includes: Variations

of LCA, Health risk

assessment, Ecologi-

cal risk assessment,

cost-benefit analysis,

decision science

methods, and statis-

tical meta-analy-

sis.17

Provides a holistic,

systems-based and

transparent analysis

incorporating both

qualitative and

quantitative infor-

mation.17

Includes labor-inten-

sive analytic meth-

ods. Limited data

or newly emerging

issues might result

in premature struc-

turing of the judg-

ment process.17

EPA case studies for

selected nanomate-

rials, sustainability

of biofuels.17
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Compendex, and Inspec covering content from ACM, IEEE, and

Springer Lecture Notes in Computer Science. The reference list of

papers reporting studies selected for inclusion in the scoping review

was also searched to identify additional relevant studies. Medline

Ovid search strategy is shown in Supplementary Appendix S1.19

Screening, article selection, and data extraction
References identified through database searches were imported to

EndNote 20 software, then to Covidence for automatic duplicate

removal and screening. Further duplicate articles identified in Covi-

dence were manually removed. The screening process of article and

data extraction were performed as per the scoping review protocol

with the template for intervention description and replication (TiD-

ieR) Checklist and guideline used to describe an intervention in the

context of environmental sustainability.19,26

Data analysis, synthesis, and presentation
Narrative synthesis was used to provide an overview of the findings

focusing on specific frameworks, methods, and assessment tools.

With respect to evaluations of interventions, the focus was on ease

of implementation, strengths, weaknesses, validity, reliability, and

the outcomes of interventions. Table 2 and Supplementary Appen-

dix S2 include a rationale for each of the intervention studies listed

and how these related to the objectives of the scoping review. The

presented data focused on the framework, method, and the assess-

ment tool used.

RESULTS

Search and selection of relevant studies
The scoping review was undertaken between March 2022 and April

2022. The search retrieved 7160 studies of which 3861 were dupli-

cates. The remaining 3299 studies were screened for title and

abstract with 3258 deemed irrelevant. Full text was requested for 41

articles with 40 full text studies assessed for eligibility. For one

article, full text could not be obtained. Thereafter, 13 articles were

included for full text data extraction (Figure 1). The level of agree-

ment between 2 reviewers at full text screening was reflected by a

Cohen’s kappa of 0.66. Data extracted from all studies are presented

in Supplementary Appendix S2. A summary table of different frame-

works, and DHTs to which they have been applied, referencing spe-

cific studies identified in this review, is presented in Table 2.

Study settings, design, and measured outcomes
Most studies (n¼8, 62%) focused on using tools to estimate travel-

related carbon emissions in the context of telehealth in health-

care.27–29,31,33–35,37 The remaining studies adapted the tools to

examine the impact of EHRs (n¼2, 15%),32,36 e-prescriptions and

e-referrals (n¼1, 8%),30 and robotic surgery (n¼1, 8%).38 One

study was a scoping review focused on health technology, inclusive

of EMR.11 The studies examined came from the United Kingdom

(n¼3, 23%),27–29 United States (n¼3, 23%),35,36,38 Spain (n¼2,

15%),32,37 Canada (n¼1, 8%),11 Croatia (n¼1, 8%),30 France

(n¼1, 8%),31 Kuwait (n¼1, 8%),33 and Sweden (n¼1, 8%).34

Most of the studies examined an outpatient context (n¼5, 38%),27–

29,31,35 followed by hospital settings (n¼3, 23%),30,38 a rehabilita-

tion unit (n¼1, 8%),34 a single healthcare system (n¼1, 8%),36

and primary care (n¼1, 8%).37 Two studies (15%) did not specify

their health care setting or context.11,32

The study designs included retrospective audits (n¼6,

46%),27,28,34,35,37,38 prospective studies (n¼2, 15%),29,31 a case

report (n¼1, 8%),32 a case study (n¼1, 8%),36 a methods study

(n¼1, 8%),30 a scoping review (n¼1, 8%),11 and a simulation

study (n¼1, 8%).33 The sampling methods implemented were

mostly purposive (n¼10, 77%),27–29,31,32,34–38 followed by simula-

tion modeling (n¼1, 8%),33 theoretical sampling (n¼1, 8%),30

and one, a scoping review used database mining (n¼1, 8%).11 The

outcomes measured for DHT environmental impact included carbon

dioxide equivalent (n¼10, 77%),27–31,33–37 energy consumption

(n¼6, 46%),27,28,31,32,34,36 other greenhouse gas emissions (n¼4,

31%),33,35–37 waste and toxic chemicals (n¼2, 15%),35,36 materials

(eg, paper, X-ray-related consumables, fuel) (n¼2, 15%),35,36 water

consumption (n¼2, 15%),27,36 and other environmental considera-

tions (eg, trees to be planted to offset emissions) (n¼2, 15%).29,36

Note that some studies measured more than one outcome.

Identified frameworks, methods, and tools
There was no consistent application of any specific framework to

estimate DHT carbon emissions. One study used LCA to retrospec-

tively demonstrate the impact of telehealth that, in addition to travel

emissions, encompassed equipment and infrastructure emissions

(computers, monitors, local area network components, and video

codecs), emissions generated during design, manufacturing and dis-

posal and equipment recycling, and meeting time.34 This demon-

strated that selecting telehealth equipment with greater screen

resolution and more user-friendly interfaces generated greater car-

bon emissions.34 This study was the most thorough assessment of

telehealth’s contribution to carbon emissions identified in this scop-

ing review. A second study that used the LCA framework did so

within the context of e-referrals and e-prescribing.30

The additional frameworks identified through the scoping review

included the Eco-Health Footprint and the Framework for Energy

Efficiency Testing to Improve eNvironmental Goals of the Software

(FEETINGS). The Eco-Health Footprint, developed by the Global

Safety and Health Initiatives and used by Turley and colleagues,36

could not be accessed publicly. The FEETINGS and associated

guidelines, that target software engineers to prospectively consider

energy efficiency of their software in the context of environmental

sustainability, was publicly accessible.39 Habib and Marimuthu33

also focused on telehealth, took an approach called “the green syn-

thesis” framework to develop a capacity planning tool to prospec-

tively optimise energy consumption of an IT system through

algorithmics. This provides an avenue for the prospective design of

energy-efficient telehealth services inclusive of EMR use.33

Overall, the methodologies and approaches to the analysis of

DHT’s contribution to carbon emissions varied widely amongst the

literature surveyed. No consistency was found in how methods and

tools, such as carbon footprint calculators, were employed. Studies

did not describe sufficient details of their DHT intervention to facili-

tate transparent interpretation of the carbon emission data provided.

With respect to tools, regardless of the DHT used, all studies

referred to some form of their national carbon footprint calculator

as summarised in Table 2.

DHT assessments
EMR/EHR were the subject of 2 (15%) studies.32,36 Garcia-Berna

et al.32 focused on the energy consumption of 5 web-based EMR

software applications using the Energy Efficient Tester and Frame-

work for Energy Efficiency Testing to Improve eNvironmental
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Table 2. A summary of the studies that report on frameworks, methods, and tools to estimate carbon emissions of DHTs

Study details/

country

Study design/study

settings

Aims/objectives Framework Assessment tools Measured outcomes Key findings

Bartlett et al.

(2022)27/UK

Retrospective audit/

Geriatric Medicine

Outpatients Clinic.

To estimate the carbon footprint,

including. the effect of virtual con-

sultations and the use of personal

protective equipment, to inform

design of a service that meets the

needs of both patients and the envi-

ronment.

Greenhouse Gas pro-

tocol (https://

ghgprotocol.org/).

Google Maps to calculate

the travel distance.

Department for Environ-

ment, Food and Rural

Affairs values for petrol

emission/mile.

UK Household Electricity

Survey.

Emissions calculated

as kg CO2e/m2.

Patient travel time.

Landline telephone consultation.

The overall carbon footprint for the

mixed consultation clinic was reduced

from 72.1 to 55.34 kg CO2e due to

reduced travel.

An hour-long virtual consultation cre-

ated 0.994 kgCO2e per consultation

compared to 4.824 kgCO2e for face to

face consultations.

Reduced use of personal protective

equipment translated to reduced car-

bon emissions.

Blenkinsop et al.

(2021)28/UK

Retrospective audit/

Outpatient epilepsy

clinics.

To determine potential savings and

risks over the short term from tele-

medicine through virtual clinics.

None reported. ArcGIS Online and Google

Maps to calculate travel

distance.

UK Department for Busi-

ness, Energy and Indus-

trial Strategy (BEIS)

Greenhouse Gas Emis-

sions conversion factors to

estimate CO2 emissions.

Emissions were calcu-

lated as

kg CO2e/m2.

Patient travel time.

Telemedicine clinic

energy consump-

tion.

Mixture of videoconferencing and land-

line phone teleconferencing.

This study provides evidence that tele-

medicine helps reduce CO2 emissions

associated with travel time and energy

consumption without adverse clinical

outcomes over the short term for epi-

lepsy clients (1 adverse outcome

reported).

Telemedicine delivery for over 1200

patients saved �224 000 km of travel

equivalent of 35 000–40 000 kg CO2e

over a 6- and half-month period.

Emissions arising directly from remote

delivery estimated at <200 kg CO2e

(�0.5% of those for travel), represent-

ing a net reduction of GHG emissions.

Anecdotal benefits included wider fam-

ily/carer participation, increased

patient attendance.

Connor et al.

(2019)29/UK

Prospective study/

Urology outpatient

clinic.

To evaluate the clinical, fiscal and

environmental impact of a special-

ist-led acute ureteric colic virtual

clinic pathway.

None reported. Google Maps to calculate

travel distance.

Carbon Footprint calcula-

tor.

Patient travel distance

in miles.

Emissions calculated

metric tonnes of

CO2 emissions.

Trees needed to be

planted to offset the

carbon footprint.

Phone consultations telehealth.

A total of 15 085 patient travel kilo-

meters were saved, equaling to 0.70–

2.93 metric tonnes of CO2e, which is

equivalent to needing to plant 14.7

trees to offset CO2 emissions.

Di Giacomo &

Hakansson

(2011)30/Cro-

atia

Methods study/case

study.

To propose a method for assessing

potential reduction of future CO2

emissions.

Life-Cycle Assess-

ment.

None provided. Patient travel distance

in miles.

Emissions calculated

metric tonnes of

Integration of e-referral services and e-

prescribing in 2 services in the Cro-

atian primary healthcare e-health sys-

tem account for about 330 metric tons

of CO2e emissions per year. Of this

(continued)
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Table 2. continued

Study details/

country

Study design/study

settings

Aims/objectives Framework Assessment tools Measured outcomes Key findings

CO2e/patient and

per year.

Paper consumption

proposed but not

calculated.

amount, PCs and networks account for

over 90% and the data center accounts

for 10%.

Savings observed in reduced patient

travel time, on average 3 visits per

year, leading to potential reduction in

travel of 7 kg CO2e/patient and year

with total reduction of up to 15 000

metric tons of CO2e if 50% of all

travel can be avoided.

Reduced paper consumption.

Filfilan et al.

(2021)31/France

Prospective study/

Urology outpatient

clinics.

To assess the reduction in carbon

footprint of teleconsultation com-

pared to in-person consultations.

Not reported. French national environ-

mental calculator conver-

sion factor (www.bilans-

ges.ademe.fr/).

UK Department for Busi-

ness, Energy and Indus-

trial Strategy (BEIS)

Greenhouse Gas Emis-

sions CO2 conversion.

Emissions calculated

as kg CO2e.

Patient travel time.

Patient travel distance

in kilometers.

Web-based videoconferencing telecon-

sultations (DoctolibVC ).

Reduced travel times estimated to save

1.1 CO2e tonnes. Teleconsultation was

responsible for 1.1 kg CO2e while

face-to-face consultation (inclusive of

one computer) emitted 0.5 kg of CO2e.

Overall, the total reduction in CO2e

with moving to teleconsultations was

1141 kg CO2e, representing a 99%

decrease in emissions compared to in-

person consultations.

Garcia-Berna et al.

(2021)32/Spain

Case report/settings

not defined.

To evaluate the energy efficiency of 5

personal health records and present

recommendations to developers;

including precise guidelines regard-

ing sustainability and to create

more energy-efficient systems.

The Framework for

Energy Efficiency

Testing to Improve

eNvironmental

Goals of the Soft-

ware (FEETINGS).

Energy Efficient Tester

(EET).

Power consumption

by PC components.

Power consumptions

of electronic per-

sonal records.

Use of EET and FEETINGS demon-

strated that the power consumption of

the PC components depends on their

technical specifications.

Significant differences were found in the

measurements of energy efficiency

depending on the hardware used for

storing and accessing the personal

health record: hard disk, processor,

graphics card, monitor, PC.

Personal health record NoMoreClip-

Board had the lowest CPU energy con-

sumption, whilst PatientsLikeMe had

the highest power needs when carrying

out the proposed tasks.

Patient portals’ designs impact on energy

consumption—the more complex the

design, the more energy is consumed.

(continued)
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Table 2. continued

Study details/

country

Study design/study

settings

Aims/objectives Framework Assessment tools Measured outcomes Key findings

Habib & Marimu-

thu (2014)33/

Kuwait

Simulation study/Hos-

pital network

To develop a capacity planning tool

to reduce greenhouse emissions

within a hospital offering telemedi-

cine services by optimizing the task

flow and reducing the backbone

communications.

Not reported. Greening capacity planning

tool to deliver telemedi-

cine applications

Carbon footprint conversion

factor (www.carbontrust.

com/conversionfactors)

Algorithmic calculation.

Direct proportionality

relation between

consumed energy

and produced car-

bon associated with

data flow and data

generated.

Method to measure data flow and data

generated (eg, megabytes) in the con-

text of GHG emissions

Estimation by utilizing the direct propor-

tionality relation between energy and

carbon.

For higher backbone communication of

around 1.2 GB, the reductions in

annual GHG emissions were estimated

as 10%, 15.7%, and 22% from the 3

different models of operations (GA,

MA, and MA with optimization),

whereas the reductions are observed as

5%, 11%, and 14%, respectively, with

lower backbone communications.

Holmner et al.

(2014)34/

Sweden

Retrospective audit/2

rehabilitation units.

To evaluate the potential of telemedi-

cine services (videoconferencing

technology) to reduce traveling and

thus carbon emissions in the

healthcare sector.

Life-Cycle Assess-

ment.

None reported. Emissions calculated

as kg CO2e.

Patient travel time in

kilometers.

Car CO2 emissions

Videoconferencing telehealth.

LCA had to be modified and assump-

tions made to be able to use the

method. The method is still complex

but facilitates a more holistic assess-

ment of telemedicine, ie, whole of the

system view.

Meeting duration, bandwidth, use rates

of videoconferencing equipment, and

type of videoconferencing equipment

have an impact on CO2 emissions.

A sensitivity analysis indicates that

choice of hardware impacts the net

CO2e.

Paquette & Lin

(2019)35/USA

Retrospective audit/

virtual outpatient

vascular clinic.

To analyse the impact of outpatient

telemedicine services on the travel

burden of vascular surgery patients

regarding distance, time, and cost,

and the associated emission of

environmental pollutants.

None reported. Environmental Protection

agency average passenger

vehicle emissions.

Google Maps.

Emission of CO2,

CO, N2O, volatile

organic compounds

per mile driven

(grams).

Telemedicine consultation provided via

the video-based software Skype for

Business 2015 (Microsoft, Seattle,

WA).

The total reduction in passenger vehicle

emission of environmental pollutants,

including CO2, CO, N2O, and volatile

organic compounds was 1632 kg,

42 867 g, 3160 g, and 4715 g, respec-

tively.

Polisena et al.

(2018)11/

Canada

Scoping review. To identify articles on frameworks,

methods, or case studies on the

environmental impact assessment

of health technologies.

Not applicable. Not applicable. Not applicable. Scoping review identified following

frameworks:

(1) Incorporation of Environmental

Impact in a Health Technology

Assessment (HTA)

(2) Life-Cycle assessment (LCA)

(continued)
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Table 2. continued

Study details/

country

Study design/study

settings

Aims/objectives Framework Assessment tools Measured outcomes Key findings

(3) Environmentally extended input-out-

put analysis (EEIOA)

(4) Comprehensive Environmental

Assessment (CEASS) Framework.

Also identified methods:

(1) Cost-utility analysis (CUA)

(2) Cost-Benefit analysis (CBA)

(3) Multicriteria decision analysis

(MCDA).

Turley et al.

(2011)36/USA

Case study To develop a model to measure the

environmental impact of a single

healthcare system-wide use of elec-

tronic health records.

EcoHealth Footprint. Environmental Protection

Agency Greenhouse gas

equivalencies calculator.

Geographical Information

Systems to estimate the

travel distance.

Internal pharmaceutical dis-

tribution center prescrip-

tion order rates.

Paper-purchasing records.

Emissions were calcu-

lated as kg

CO2e/m2.

Patient travel time.

Patient travel distance

in miles.

Energy consumption.

Car emissions.

Paper consumption.

Use of toxic chemicals

and consumables

associated with X-

ray film develop-

ment.

Water consumption.

CO2 emission reductions associated with

decreased paper consumption, discon-

tinuation of the use of paper jackets

for X-rays, X-ray film and imaging

procedures toxic chemicals.

Decreased water consumption for X-ray

processing, including dilution of devel-

oper and fixer for X-rays.

Decreased CO2 emissions through

decreased travel time and petrol con-

sumption, personal computer energy

consumption, data center energy con-

sumption and personal computer plas-

tics/electronic waste.

Vidal-Alaball et al.

(2019)37/Spain

Retrospective audit. To evaluate the effect of a telemedi-

cine program in lowering a proce-

dure’s environmental footprint by

reducing the emission of atmos-

pheric pollutants due to a reduc-

tion in the number of hospital

visits involving journeys by road.

None reported. Google maps. Saved travel time.

Fuel consumption.

Emission of GHG

(CO2, CO, N2O,

SO2).

Total travel distance saved was

192 682 km.

Total travel time savings of 3779 h.

Total fuel reduction of 11 754 L costing

euro15 664.

GHG Emissions: an average reduction of

3248.3 g of CO2,4.05 g of CO, 4.86 g

of N2O, and 3.2 g of SO2.

Woods et al.

(2015)38/USA

Retrospective audit/

Obstetrics and

Gynecology.

To quantify the carbon footprint of 3

surgical modalities: robotically

assisted laparoscopy, laparoscopy

and laparotomy based on their

energy consumed and waste pro-

duced.

Greenhouse Gas Pro-

tocol published by

the World Business

Council for Sus-

tainable Develop-

ment and the

World Resources

Institute.

British Standards Institute

Publicly Available Specifi-

cation 2050 (BSI PAS

2050)

National Energy Founda-

tion, the US Energy Infor-

mation Administration

National Energy Founda-

tion (NEF) calculator con-

version factor.

Emissions calculated

as kg CO2e per

patient.

Quantification and comparison of the

total GHG emissions generated by

solid waste and energy consumed dur-

ing each case attributable to 3 surgical

modalities including laparotomy

(LAP), conventional laparoscopy

(LSC) or robotically assisted laparo-

scopy (RA-LSC).

Total CO2 emissions of a RA-LSC is

40.3 kg CO2e per patient, which repre-

sents 38% increase over LSC (29.2 kg

CO2e per patient) and 77% increase

compared to LAP (22.7 CO2e per

patient).

GHG: greenhouse gases; CO2e: carbon dioxide equivalent.
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Goals of the Software (FEETINGS). They demonstrated that the

more complex the user interface, the more energy the software con-

sumed. Specifically, progress bars, animations, icons, images, and

scroll bars seemed to be environmentally damaging. Turley et al.36

focused on EHR-related downstream carbon savings made on

travel-related emissions, paper consumption, plastic, and electronic

waste. They also reported where EHR may emit carbon that then

needed to be mitigated: an important factor to acknowledge.36

It was reported that up to 15 000 metric tonnes of carbon pro-

duction per year could be eliminated by implementing e-prescribing

and e-referral services.30 Robotically assisted laparoscopy’s carbon

emissions were 38% higher than conventional laparoscopic surgery

and 77% greater than laparotomy.38 No reports were identified on

the environmental sustainability of mobile apps.

DISCUSSION

While global healthcare is the 5th largest polluter on the planet,

accounting for approximately 4.4% of global greenhouse gas net

emissions, it is less well known that information and communication

technology emissions account for 3.7% of global carbon emis-

sions.40 By choosing to implement DHTs with low carbon emission

footprints, decision-makers will mitigate healthcare’s carbon emis-

sions and the impact of DHT on climate injustice that dispropor-

tionately affect vulnerable populations. Often obsolete information

technology components (e-waste) are transported, treated, recycled,

and destroyed in developing and impoverished nations.7 E-waste

recycling processes may locally increase pollutants and toxins,

impacting the health of those who are already vulnerable.41 Child

labor is common in impoverished countries, potentially exposing

children to toxic e-waste chemicals, linked to negative health out-

comes, including cancer.7 Hence, there is an incentive to identify the

best frameworks, methods, and tools to correctly identify DHTs

with low carbon and other pollutant emissions.

Implications for future advancement of DHT
The purpose of this research was: (1) to discover which methods and

assessment tools exist to assess the carbon footprint of DHTs, and

(2) to examine the validity, reliability, feasibility, and usefulness of

these tools to assess the carbon footprint of DHTs in healthcare.

Our findings have several implications for experts, researchers,

healthcare leaders and the public. In summary:

• Multiple carbon frameworks and methods have been applied to

a variety of healthcare settings and contexts. This variability is

likely required, given healthcare’s complexity through the contin-

uum of care and areas of practice.
• While researchers have applied frameworks and methods to their

studies, the scoping review did not identify validated tools that

would improve the transparency of the identified processes.
• There is a need for researchers to rigorously evaluate these

frameworks and methods for use in healthcare’s diverse contexts.

More effort is needed to support appropriate implementation of

Figure 1. PRISMA flow chart representing the study outcome following database mining and importing of all articles on March 17, 2022.
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validated and reliable tools as stakeholder’s knowledge, exper-

tise, skills, and attitudes will vary across settings.
• More transparent, standardised approaches to assessing DHT

carbon emissions are needed. To address this gap, multiple disci-

plines are required to advance and apply these methods strategi-

cally, uniformly, and purposefully.
• User friendliness and robust implementation guidelines may be

the key for stakeholders to ensure organisation-wide ownership

and commitment to sustainable, successful change.42

• A publicly available, multilanguage repository should be devel-

oped permitting stakeholders to retrieve pertinent information

on specific products that capture the entire life-cycle of a digital

health intervention. For example, a repository could help health-

care organisations adopt and implement carbon evaluation

frameworks by providing a useful, easy to use platform to gather

information to operationalize carbon assessments and decisions.
• The basic principles that these frameworks provide (ie, LCA

questions on how materials are sourced, manufactured, and

recycled) can catalyse process changes and be integrated into

existing supply chain practices for healthcare. For example,

organisations may integrate the Life-Cycle Assessment frame-

work on vendor contract requirements (eg, Request for Purchase

on a contract for electronic blood glucose monitors) which

include disclosure on where raw materials were sourced, emis-

sions produced during development, and the percentage of a

product that is recyclable.
• As demand from healthcare organisations for DHT increases,

their collective market power to demand manufacturers publish

transparent carbon emissions on DHT production must be used

to support purchasing decisions.4

• The shift by hospitals and private healthcare systems towards using

DHTs to focus on disease prevention (rather than treatment) will

reduce the need for carbon intensive treatment and facilities.

Due to the complexity of the healthcare systems, across which

emissions ought to be assessed and reduced, simple analysis techniques

may well be inadequate. Consequently, although it was not specifically

identified in the literature we surveyed, we note that advances in

machine learning models might hold a key to developing future, sus-

tainable digital healthcare systems and interventions.43 Such tools may

enable collection of data to support carbon emission calculations, and

facilitate building models needed for responsible design, implementa-

tion, and decision-making about future DHT interventions. Overall,

these implications drive at the need for stakeholders to advance

acceptable carbon emission evaluation frameworks to evaluate DHTs,

that can be integrated into the global health care environment.

Variation in environmental sustainability frameworks,

methods, and tools
This scoping review has established that there was no single frame-

work or method consistently used to assess the carbon footprint of

DHT. Furthermore, no descriptions of the methods for adapting

frameworks to the context of digital healthcare were identified.

While this makes it challenging to reproduce the results of past stud-

ies, this review’s findings may reflect complexity of the healthcare.

The life-cycle of DHT in healthcare has a multitude of contexts (eg,

software, hardware, imaging, written text, printing reports, virtual

health services). Consequently, different tools may be required to

measure different aspects of environmental impact.

The integration of any DHT in the healthcare context is multifac-

eted. For example, an EMR in one organisation alone needs to be

interoperable to allow electronic ordering of the laboratory tests, e-

prescribing, barcode scanning, medication administration, integration

with bedside monitoring devices, anaesthetic machines, workflow,

productivity, and many mobile applications. Considering this com-

plexity, which parameter should therefore be selected as a measured

outcome for environmental sustainability? If, by way of example, inte-

gration of EMR leads to fewer request for laboratory tests, should this

be taken as an environmentally sustainable outcome, given that we

know that requesting fewer blood tests reduces carbon emissions?44

These issues are compounded by the need to conduct system updates,

staff training, maintain sustainable clinical practice and manage inter-

operability with external organisations’ EMRs/EHRs. Similarly, not

all DHT interventions are created equal. For example, during this

scoping review it was noted that in many cases “telehealth” delivery

consisted of a phone call to patient’s home. This cannot be considered

in the same category as videoconferencing because its use of internet

bandwidth is associated with greater carbon consumption.5,8,34 Specif-

ically, Holmner et al.34 estimate that for a one hour telehealth meet-

ing, the net carbon emissions would increase by more than 200%

when increasing the bandwidth from 4 to 10 MB. In contrast, a

decrease to 1 MB would result in 4-fold reduction in energy consump-

tion for data transfer and a 3-fold reduction in total carbon emissions.

Assessment of the environmental impact of DHT interventions is

multifaceted as it needs to consider (1) the DHT used, (2) how the

DHT transforms clinical practice and patient outcomes, and (3) the

DHTs impact on organisational function. Therefore, assessment needs

a “Systems Thinking” approach to fully support achievement of sus-

tainability goals.45,46 A Systems Thinking approach acknowledges

that all systems are composed of interconnected parts and that changes

to one part may affect another.47 Systems Thinking has been applied

widely to analyse the behavior of complex interactions between com-

ponents of a system, and has specifically been presented for advancing

product life-cycle sustainability assessments.46 Hence, a holistic assess-

ment of the environmental impact of DHTs needs to consider what

impacts the adoption of the technology has on different elements of

the systems to which it is connected (eg, societal, organisational, staff-

ing, and patient). This is counter to a reductive approach, that breaks

the system down into potentially independent components to explore

them individually, eliminating any possibility of understanding how

effects on components might be interconnected. For a systems-level

understanding of DHT’s environmental impact to be reached, multiple

variables must be simultaneously considered in the assessment.

Development and validation of frameworks, methods,

and tools
Based on the findings of this scoping review, the development and

validation of frameworks, methods, and tools for assessing the envi-

ronmental impact of digital health interventions are in their infancy.

For example, none of the studies reviewed reported on tool validity,

reliability, feasibility, or how useful they were when assessing car-

bon emissions of DHT. That said, it is possible that these tools were

validated and evaluated elsewhere and not reported in the format of

publications that could be retrieved through databases our review

explored.

Development of tools for assessment of different types of phe-

nomena is a systematic and long process requiring specific methodo-

logical expertise, time and effort, and the involvement of all

stakeholders.48 Health science research typically emphasises rigor in

Journal of the American Medical Informatics Association, 2022, Vol. 29, No. 12 2137
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the development and implementation process, as well as the psycho-

metric soundness of the aspects of the developed tool capturing its

validity and reliability (for examples, see Refs 49,50). For example,

the methods employed to evaluate the psychometric rigor of a tool,

the reliability and validity of clinical impact, or the verification of an

implemented prototype design, are approached differently when

grounding the research in health informatics than in mathematics,

engineering, computer software development, or environmental sci-

ences. This is because each requires different knowledge transfer,

translation of meaning, and transformation of thought.45,47 Future

focus needs to be on developing and validating tools that accurately

and appropriately measure the right outcomes to inform decision-

making at different levels regarding healthcare sustainability.

Limitations of the review
The search strategy for this scoping review intended to capture all

related search terms. However, it is recognised that unconsidered

terms and definitions may exist. As the research team is interna-

tional and multilingual, no language barriers were imposed in this

search. Nevertheless, it is acknowledged that the databases searched

may not capture reports in some languages. Grey literature was also

not included in this review, meaning that some relevant, novel ideas

may have been overlooked. As a scoping review does not require

assessment of study quality, we did not make recommendations

about the extent to which each framework could contribute to

DHT’s reduction of carbon emissions. However, there is a clear

paucity of original primary research in this area to answer the

research questions in greater depth. Therefore, we highlighted sub-

stantial gaps in the existing research, directing us towards important

new avenues of research for the environmental sustainability and

carbon emission reduction of digital healthcare.

CONCLUSION

During this scoping review, no specific, easy to implement methods

or tools to facilitate assessment of DHTs carbon emission in health-

care context could be identified. There is a genuine need to develop

an interdisciplinary, standardised, sustainable approach to assessing

DHT carbon emissions prospectively as part of addressing health-

care’s contribution to climate change. The formation of close inter-

disciplinary collaborations between clinicians in real-life clinical

settings, consumers/patients, environmental scientists, engineers,

and computer scientists is crucial to developing such resources, and

to help healthcare implement environmentally conscious and envi-

ronmentally sustainable digital health solutions. The latest IPCC

(The Intergovernmental Panel on Climate Change) report issues a

dire warning for the health of people and our planet. Interdiscipli-

nary work has never been more important than right now, since

every day we do something to minimise carbon emissions has the

potential to divert us further from a dire future towards something

better. By creating digital health interventions that are environmen-

tally sustainable through responsible design, development, and

implementation, we have a real opportunity to make a difference.
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