JOURNAL OF MEDICAL INTERNET RESEARCH van Bree et a

Original Paper

Environmental Impact of Physical Visits and Telemedicine in
Nursing Care at Home: Comparative Life Cycle Assessment

Egid M van Bree*?, MD; Lynn E Snijder®, MSc; Hans C Ossebaard*®, PhD; Evelyn A Brakema“®, MD, PhD

1Department of Public Health and Primary Care, Leiden University Medical Center, Leiden, The Netherlands
2Department of Surgery, Maastricht University, Maastricht, The Netherlands

SCenter for Sustainable Healthcare, Amsterdam Universi ty Medical Centers, Amsterdam, The Netherlands
4Zorgi nstituut Nederland, Diemen, The Netherlands

Sathenal nstitute, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

6National eHealth Living Lab, Leiden University Medical Center, Leiden, The Netherlands

Corresponding Author:

Egid M van Bree, MD

Department of Public Health and Primary Care
Leiden University Medical Center
Albinusdreef 2

PO Box 9600

Leiden, 2300 RC

The Netherlands

Phone: 31 0715268444

Email: egid_van bree@live.nl

Abstract

Background: The health care sector contributes notably to environmental harms, impacting human and ecosystem health.
Hence, countries increasingly set ambitions to transition to environmentally sustainable health care, focusing on resource use,
energy consumption, and patient travel. Telemedicine is often considered a promising solution to reduce travel-related carbon
emissions. However, underlying environmental impact assessments lack important components such as staff travel and fail to
adhere to standardized conduct and reporting. Moreover, assessments of telemedicine use in primary care are scarce.

Objective: This study aims to quantify and compare the environmental impact of physical visits and telemedicine visitsin the
context of domiciliary care and home nursing.

Methods: We conducted a life cycle assessment following international 1SO-14040/44 standards of all resources required per
individual patient visit, either in person at the patient’s home or viavideo calling with adedicated user-friendly tablet. We collected
anonymous user datain collaboration with a telemedicine service company, complemented by consulting staff members of four
nursing organizations. Telemedicine visits were elementary in nature, such as supporting patients in taking their medication or
structuring their daily agenda. We quantified average environmental impacts from cradle to grave, using the Environmental
Footprint method, and verified the robustness of the comparison viauncertainty analysis. The variability of environmental impacts
in different settings was explored using scenario anayses for the available minimum to maximum ranges.

Results: Compared to a single physical visit in the studied setting, a telemedicine visit contributed less to global warming (0.1
vs 0.3 kg of carbon dioxide equivalents [kgCO,eq]; -60%), particulate matter formation (6.2* 10°vs 1.8 * 107 diseaseincidence;
—60%), and fossil resource use (1.8 vs 4.4 megajoules; -60%). Mineral/metal resource use was higher for telemedicine than for

physical visits (1.1 * 10° vs 4.0 * 107 kg antimony equivalent; +180%). Only water use was not consistently different in the
uncertainty analysis. Scenario analyses indicated that telemedicine’s environmental impact could become similar to physical
visits only in urban settings (1-3 km of travel distance) with 50%-100% car commuting (0.1-0.4 vs 0.2-0.7 kgCO,eq). In rura
settings (5-15 km of travel distance, 80%-100% car commute), physical visits' environmental impact was higher (1.0-3.5 kgCO,€0),
mostly even for mineral/metal resource use.

Conclusions: Using telemedicine for domiciliary care and home nursing mostly reduces its environmental impact compared to
physical visits. Benefits are larger in rural settings, where travel distances between patients are larger, and apply to multiple
environmental impacts but not always to mineral/metal resource use. In urban settings, factors that influence the degree to which
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telemedicine is environmentally beneficial are whether staff are working from home versus at the office, commuting to the office
by bicycle versus by car, and reusing video-calling devices. Accordingly, considerate application of telemedicine isimportant to

support care for both human and planetary health.

(J Med Internet Res 2025;27:€67538) doi: 10.2196/67538
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Introduction

The health care sector contributes notably to negative
environmental impacts, accounting for up to 5% of global
greenhouse gasemissionsand air pollution [1]. National impacts
can be higher, such asin the Netherlands, where the health care
sector contributes 7% of greenhouse gas emissions and 13% of
resource use[2]. Inthe face of adverse consequencesfor human
and ecosystem health [3,4], there is an urgent need for health
care to play its part by operating within planetary boundaries
[5,6]. Therefore, countries increasingly set ambitions to
transition to environmentally sustainable health care, focusing
on, for example, resource use, energy consumption, and patient
travel [7,8].

Telemedicineis often considered to be a promising solution for
sustainable health care delivery as multiple reviews reported a
reduction in travel-related emissions [9,10]. Savings were
typically setting dependent and ranged anywhere between 0.7
and 372 kg of carbon dioxide equivalents (kgCO,eq) per
consultation [10]. However, the underlying environmental
impact assessments mostly did not follow international and
transparent reporting standards, did not include outcomes other
than greenhouse gas emissions, and failed to analyze impacts
associated with telemedicine equipment or staff travel [11-13].
Moreover, earlier assessments took place in clinical contexts,
leaving a knowledge gap for care deivery outside of
resource-intensive hospital buildings [14], such as domiciliary
care and home nursing (or nursing care at home [NCH]),
wherein patient travel is minor or absent.

Thisknowledge gap is particularly relevant, astelemedicinein
primary care and nursing has taken flight over recent years,
especialy during the COVID-19 crisis [15,16]. Telemedicine
issuggested to benefit care access, patient outcomes, and nursing
staff shortages—although evidence remains equivocal [17,18].
In the Netherlands, video calling for NCH and informal
caretaker support have especially gained popularity. Therefore,
the aim of this study was to quantify and compare the
environmental impact of physical visits and telemedicine visits
in the context of NCH.

Methods

Study Design

We conducted a comparative life cycle assessment (LCA) of
NCH, following international standards regarding the conduct
and interpretation of LCAs (1SO-14040/44) and atransparency
checklist for quantifying greenhouse gas emissions of
telemedicine (Supplement S1 in Multimedia Appendix 1)

https://www.jmir.org/2025/1/e67538

[12,19]. Between March 2023 and January 2024, we collected
data for NCH visits, either as in-person visits or using video
calling via a tablet. We collaborated with a service company
(Compaan, the Netherlands) contracted by multiple NCH
organizationsin the Netherlandsto providetabl ets, telemedicine
software, and adedicated server. The company provided uswith
anonymous user data and connected uswith NCH organi zations
using their service.

Ethical Consider ations

Ethical approval was waived by the authorized hospital review
committee (file number 24-033). Contact persons of NCH
organi zationswere informed regarding the purpose of the study
and gave verbal consent upon first contact via phone or email.
Their data was registered anonymously. Considering that
telemedicine user dataasregistered by thetelemedicine service
company is per definition anonymous, no informed consent was
obtained. There was no compensation for participation in the
study.

Careat Home

We contacted four NCH organizations in various urban areas
in the Netherlands (Sensire, Zonnehuisgroep Amstelland,
Careyn, and Pro Cura), providing domiciliary care and home
nursing. Each organization predominantly served an older
popul ation with diverse health problems. Most patients received
two “visits’ per day, of which one required a physical presence
(eg, wound dressing) and the other could be delivered via
telemedicine, such as supporting patients in taking their
medication or in structuring their daily agenda. Every patient
using the telemedicine service had adedicated tablet, including
auser-friendly case and software design, for video calling with
the NCH organization and for other applications such as an
agenda and games. Once patients no longer used the service,
tablets were returned for reuse. Based on the 1-3 years of
experience of the NCH organizations, we considered physical
visits and telemedicine visits to offer the same quality of care
for patient support that did not require a physical visit. Patients
and staff were generally positive about theintroduction and use
of telemedicine. Patients' ability to use the service was verified
in regular preceding physical visits.

Data Collection

We collected data for all resources required per individual
patient visit (the “functional unit), from resource extraction to
use or disposal (“cradleto grave’). Where relevant for the type
of visits, weincluded the following elementsin the comparison:
telemedicinetablets, staff commute, office building energy and
computer use, materials used during physical visits, and the
digital infrastructure required for the telemedicine service
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(Figure 1). Data were modeled in SimaPro LCA software
v9.5.0.1 (PRé Sustainability). We combined self-collected data
with generic background information on other life cycle stages
such as the production of plastics, derived from the Ecoinvent
v3.9 database [20]. For vehicle use and electricity generation,
we used tailored data to accurately represent current standards
inthe Netherlands[21,22]. Since no relevant datawere available
from NCH organizations, we consulted two staff members per
organization to shape assumptions regarding averages and
minimum to maximum rangesfor data, such asstaff travel, staff
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commute, and duration of visits. A detailed overview of thelife
cycle inventory, the data collection, and the underlying
assumptions is available in Supplement S2 in Multimedia
Appendix 1.

Figure 1 provides an overview of the elements included in the
scope of the analysis (green). Theleft side of the figure depicts
an in-person visit, the right side a telemedicine visit, wherein
the nursing staff can either be working from home or at the
office (assumed 50% of the time).

Figure 1. System boundaries of the life cycle assessment for nursing care at home.
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Study Outcomes

We used the Environmental Footprint method (v3.1), a
methodology developed by the European Commission to
quantify the environmental impact of products or services,
intended to harmonize impact assessments in Europe [23].
Accordingly, we reported the categories of global warming in
kgCO,eq, particulate matter formation in cumulative changein
disease incidence per kg of PM,s or precursors (disease
incidence), fossil resource usein meggjoules (M J), mineral/metal
resource use in kg antimony equivalent (kgSbheq), and water

usein m’.
Data Analysis

We calculated the environmental impacts of physical visits for
mean values (“reference scenario”) and reported the differences
with telemedicine visits as a percentage of these environmental
impacts. The impact of tablet production was allocated based
on the total number of visits per patient that they were used for.
To verify the robustness of the findings, we performed
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sensitivity analyses to test the effects of underlying database
choices in the LCA model. Monte Carlo simulations of 1000
runs served as an uncertainty analysis for the investigated
reference scenarios, using reported ranges of collected dataand
pedigree matrix-computed ranges of background data [24]. To
explore how environmental impacts could vary in different
settings, we used scenario analyses (“impact scenarios’) for
available minimum to maximum ranges of telemedicine visits
per nurse, staff commute, and staff travel between physical
vigits.

Results

Description of the Visits

NCH staff traveled an average of 1.5 (range 1.0-3.0) km between
patients, of which an estimated 80% was by car and 20% by
bicycle. Staff conducted telemedicine visits partially from home
(assumed 50%) and had an average work-home commute of 12
(range 4-20) km. They conducted an average of 30 (range 20-40)
telemedicine visits per day, lasting 3-10 minutes each and
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serving approximately 150 patients in total. On average, each
tablet had been used by two patients consecutively for 278
(range 193-414) days each. Details are reported in Supplement
S2 in Multimedia Appendix 1.

Environmental | mpact

Compared to asingle physical visit in the reference scenario, a
telemedicine visit contributed less to global warming (0.1 vs
0.3 kgCO.eq; —60%). Telemedicine aso had a lower

environmental impact regarding particulate matter formation
(6.2 * 10° vs 1.8 * 10 disease incidence; -60%), fossil
resource use (1.8 vs 4.4 MJ;, -60%), and water use (6.2 * 107
vs 9.6 * 102 m> —40%). For mineral/metal resource use,
telemedicine contributed more than physical visits (1.1 * 107
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vs 4.0 * 107 kgSbeq; +180%). The main contributors to the
environmental impact of telemedicine visitswerethe production
and use of the tablets (64% of total impact), followed by staff
commute to the office (17%) and office building energy use
(14%; Figure 2). The main contributor in physical visits was
staff travel between patients (78%). Details are reported in
Supplement S3 in Multimedia Appendix 1.

Figure 2 provides a comparative overview of the individual
contributions of different elementsto the total global warming
caused by physical visits (orange, left) and telemedicine (blue,
right). Values <2% are not indicated. The relative differencein
surface area of both treemaps represents the difference in
environmental impact for the reference scenarios (average
values).

Figure2. Contribution analysisof physical visits' and telemedicinevisits' contribution to global warming. kg CO2 eq: kg of carbon dioxide equivalents.

Staff travel
between patients

Material use | RV

Physical visit 0.3 kg COz eq

Sensitivity and Uncertainty Analysis

Database choices for vehicle use (0.2 kgCO,eq), electricity
generation (<0.1 kgCO,eq), and power use effectiveness for
data transfer (<0.1 kgCO,eq) did not ater the results of the
comparison. In the uncertainty analysis of the reference
scenarios, telemedicine had a significantly lower contribution
(>95% of runs) to global warming, particulate matter formation,
and fossil resource use, and ahigher contribution (95% of runs)
to mineral/metal resource (Supplement S3 in Multimedia
Appendix 1). Water use was not consistently different for both
types of visits.

Impact Scenarios

Based on minimum-maximum ranges, telemedicine’'s
contribution to global warming could range between 0.1-0.4
kgCO,eq (Figure 3; Supplement S3 in Multimedia Appendix

https://www.jmir.org/2025/1/e67538
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1), including a worst-case scenario wherein 100% of staff
commuted to the office by car for =10 km and each conducted
the lowest number of visits (n=20) per day. Physical visits
contribution to global warming could range between 0.2-0.7
kgCO,eq in a best-case scenario of short (1 km) staff travel
between patients, partially by bicycle (50%). In more rural
settings (5-15 km between patients), physical visits' contribution
to global warming could range between 1.0-3.5 kgCO.eq.
Environmental impact categories other than global warming
showed similar results (Figures 4; Supplement S3in Multimedia
Appendix 1), including the possibility of higher mineral/metal
resource use for physical visitsin rural settings.

Figures 3 and 4 provide a comparison of possible scenarios for
telemedicine visits (blue), physical visits in an urban setting
(orange), and physical visits in a rural setting (dark orange).
The colored bars denote the reference scenarios reported for
telemedicine visits and physical visits in an urban setting; for
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the rural setting, the average value was computed. The error  scenarios for telemedicine and physical visits (ie, not the
bars indicate the range between the possible minimum and likelihood of values nor Cls). Details regarding the underlying
maximum values, based on the variables listed underneath the  scenarios are reported in Supplement S3 in Multimedia
column. Note that these represent an exploration of possible Appendix 1.

Figure 3. Telemedicine visits and physical visits' contribution to global warming for different impact scenarios.
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Figure 4. Telemedicine visits and physical visits' contribution to particulate matter formation, fossil resource use, mineral/metal resource use, and
water use for different impact scenarios.
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Discussion

Main Findings

In the studied NCH setting, telemedicine visits had a smaller
contribution to global warming, particulate matter formation,
and fossil resource use than physical visits. Mineral/metal
resource use was larger for telemedicine than for physical visits.
Only water use was not consistently different in the uncertainty
analysis. Scenario anayses indicated that telemedicine's
environmental benefits were amplified if telemedicine was
appliedin settingswith larger travel distances between patients,
also resulting in equal or higher mineral/metal resource use
associated with staff travel. In settings with short travel
distances, staff commutes to the office influenced whether
telemedicine was more or less favorable than physical visits.

Contextualization

In recent years, multiple reviews reported lower greenhouse gas
emissions for telemedicine [9,13,14]. Emission reductions
paralleled the avoided travel distances, with an IQR of 52-386
km round trip per consultation in the most recent review [11].
Despite the much shorter travel distancesin our study (1-15km
between patients), we also found travel to be the dominant
source of carbon emissionsin the studied setting. While absolute
differences between telemedicine and physical visitswere small
per individual patient, environmental benefits should be
considered cumulatively for the annual total of daily visits.
Moreover, when applied in more rural settings or less densely
populated countries with similar  NCH  services,
telemedicine-associated environmental benefits will be larger.
To date, no other study has investigated the environmental
impact of telemedicine for nursing or NCH.

By including more elements of care in the scope of this LCA,
we additionally demonstrated the impact of staff commuting to
the office and telemedicine device use. Whereas the size of
these impacts will vary based on the setting and way that
telemedicine is applied, our findings do corroborate previous
calls to consider device use and staff commute when studying
the environmental impact of telemedicine [9,11]. Furthermore,
preceding telemedicine studies rarely reported impacts other
than global warming, leaving other negative consequences of
health care's environmental impact unaddressed [9,11]. Our
study targets these research gaps and demonstrates the
importance of a transparent and comprehensive assessment
following international standards—including impacts other than
CO, emissions—to consider the potentia shifting of
environmental burdens and mineral/metal resource use
associated with telemedicine devices.

Limitations

Dueto the unavailability of staff- and patient-related data from
NCH organizations, we needed to make assumptions regarding
means of travel, distances between patients, and frequency and
duration of device use based on consultation with NCH staff

https://www.jmir.org/2025/1/e67538
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members. Asthese assumptions may influence the LCA results,
we accordingly conducted an uncertainty analysis and explored
minimum-maximum ranges in different impact scenarios to
account for variability in different settings. Moreover, to
facilitate potential adjustments, we transparently shared our
LCA model and calculations, and used a sensitivity analysisto
quantify the effect of our database choices.

Implications

First, we argue that the reported environmental benefit of
telemedicinefavorsitsrapid implementationin NCH, especially
in settings or countries where travel distances are larger. Reuse
of devices among consecutive patients and only distributing
devicesto patients who do not have their own can be additional
strategies to limit the associated mineral/metal resource use
[25]. Once more, it merits emphasis that replaced visits were
elementary in nature, and the NCH organizations verified
patients ability to safely use the service. Considering that
implications for patient-related outcomes remain largely
unstudied [26], the use of telemedicine for more complex
nursing care should be practiced with due caution. Furthermore,
while some patients may enjoy more privacy using a tablet,
others may miss the physical contact. We therefore encourage
future implementation studies to consider multiple domains of
health care quality and ethics (including the environmental
impact), as suggested by previous researchers[9].

Second, we specul ate that telemedicine has additional benefits:
it could enable some staff with physical health problems to
conduct visits virtually, which they would otherwise be unable
to conduct. Considering a growing demand for NCH in aging
populations [27], aleviating nursing staff shortages and
increasing efficiency would be another strong argument for the
implementation of telemedicine. However, our study was not
equipped to scientificaly verify these experiences in
participating NCH organizations, nor has such an effect been
studied extensively for other digital technologies in nursing
[26]. While future research may yield more evidence-based
conclusions, continued education regarding digital competencies
is important to equip nursing professionals to work with
technologies such as telemedicine and can strengthen the
potential benefits of itsimplementation [28].

Conclusions

Using telemedicine for NCH mostly reduces its environmental
impact compared to physical visits. Benefits are larger in rural
settings, wheretravel distances between patients arelarger, and
apply to multiple environmental impacts, global warming,
particulate matter formation, and fossil resource use, but not
alwaysto mineral/metal resource use. |n urban settings, factors
that influence the degree to which telemedicine is
environmentally beneficial are whether staff are working from
home versus at the office, commuting to the office by bicycle
versus by car, and reusing video-calling devices. Accordingly,
considerate application of telemedicine isimportant to support
care for both human and planetary health.

JMed Internet Res 2025 | vol. 27 | e67538 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH van Bree et a

Acknowledgments

We thank Joost Hermanns and Lars Padding (Compaan) for their collaboration in data collection regarding the telemedicine
service investigated in this study. Furthermore, we thank Jiska Aardoom and Anke Versluis (Leiden University Medical Center
and National eHealth Living Lab) for their support in facilitating the conduct of the study. Lastly, we thank Margot Rakers and
Niels Chavannes (Leiden University Medical Center and National eHealth Living Lab) for their support in securing the funding
for and the conceptualization of the study.

This study was funded by the Dutch National Health Care Ingtitute, an independent government body. The funder was involved
in the reviewing and writing of the manuscript but had no role in data collection, analysis, and interpretation of the results. The
telemedicine company that provided data regarding their service had no role in the analysis and the writing of the manuscript nor
in the final decision to submit it for publication.

Data Availability

Asmuch data as possible related to the life cycle inventory and modeling choices has been made avail able in the manuscript and
Multimedia Appendix 1 to allow for a more detailed appreciation of the environmental impact assessment, quality control, and
further use of the study findings. Considering the substantial amount of time required to export processes from SimaPro in the
Excel format and convert them to reader-friendly Word files, the additional files can be obtained from the authors upon reasonable
reguest within areasonabl e time frame. Moreover, all processeswill be uploaded to the freely accessible Healthcarel CA database
in duetime.

Authors Contributions

EMVB collected the data, conducted the analysis, and wrote the first and subsequent versions of the manuscript. LES accessed
and verified the data and supported the analysis. HCO supported the conceptualization of the study. EAB co-conceptualized the
study, co-acquired funding, and supervised the project. All authors reviewed and edited the manuscript and had final responsibility
for the decision to submit it.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Transparency checklist for quantifying greenhouse gas emissions of telemedicine, detailed overview of life cycle inventory and
modeling, and life cycle impact assessment and sensitivity/uncertainty analysis.
[PDFE File (Adobe PDF File), 494 KB-Multimedia Appendix 1]

References

1. LenzenM, Madlik A, Li M, Fry J, Weisz H, Pichler P, et a. The environmental footprint of health care: aglobal assessment.
Lancet Planet Health. Jul 2020;4(7):€271-€279. [FREE Full text] [doi: 10.1016/S2542-5196(20)30121-2] [Medline:
32681898]

2. Steenmeijer MA, Rodrigues JFD, Zijp MC, Waaijers-van der Loop SL. The environmental impact of the Dutch health-care
sector beyond climate change: an input-output analysis. Lancet Planet Health. Dec 2022;6(12):€949-e957. [ FREE Full text]
[doi: 10.1016/S2542-5196(22)00244-3] [Medline: 36495889]

3. Eckelman MJ, Huang K, Lagasse R, Senay E, Dubrow R, Sherman JD. Health care pollution and public health damage in
the United States: an update. Health Aff (Millwood). Dec 2020;39(12):2071-2079. [doi: 10.1377/hlthaff.2020.01247]
[Medline: 33284703]

4.  Romanello M, Napoli CD, Green C, Kennard H, Lampard P, Scamman D, et al. The 2023 report of the Lancet Countdown
on health and climate change: the imperative for a health-centred response in aworld facing irreversible harms. Lancet.
Dec 16, 2023;402(10419):2346-2394. [doi: 10.1016/S0140-6736(23)01859-7] [Medline: 37977174]

5. GuptaJ,Bai X, Liverman DM, Rockstrém J, Qin D, Stewart-Koster B, et a. A just world on asafe planet: alL ancet Planetary
Health-Earth Commission report on Earth-system boundaries, trand ations, and transformations. Lancet Planet Health. Oct
2024;8(10):e813-e873. [FREE Full text] [doi: 10.1016/S2542-5196(24)00042-1] [Medline: 39276783]

6. MacNeill AJ, McGain F, Sherman JD. Planetary health care: aframework for sustainable health systems. Lancet Planet
Health. Feb 2021;5(2):e66-e68. [FREE Full text] [doi: 10.1016/S2542-5196(21)00005-X] [Medline: 33581064]

7.  Green deal: samen werken aan duurzame zorg [Article in Dutch]. Rijksdienst voor Ondernemend Nederland. 2022. URL:
https://www.rvo.nl/sites/defaul t/files/2024-12/

C-238%20Green%20D eal %20Samen%20werken%20aan%20duurzame%20zorg.pdf [accessed 2025-03-25]

https://www.jmir.org/2025/1/e67538 JMed Internet Res 2025 | vol. 27 | e67538 | p. 7
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v27i1e67538_app1.pdf&filename=4d84218da2f688273984cff53c2a6ba8.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e67538_app1.pdf&filename=4d84218da2f688273984cff53c2a6ba8.pdf
https://linkinghub.elsevier.com/retrieve/pii/S2542-5196(20)30121-2
http://dx.doi.org/10.1016/S2542-5196(20)30121-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32681898&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2542-5196(22)00244-3
http://dx.doi.org/10.1016/S2542-5196(22)00244-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36495889&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2020.01247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33284703&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(23)01859-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37977174&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2542-5196(24)00042-1
http://dx.doi.org/10.1016/S2542-5196(24)00042-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39276783&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2542-5196(21)00005-X
http://dx.doi.org/10.1016/S2542-5196(21)00005-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33581064&dopt=Abstract
https://www.rvo.nl/sites/default/files/2024-12/C-238%20Green%20Deal%20Samen%20werken%20aan%20duurzame%20zorg.pdf
https://www.rvo.nl/sites/default/files/2024-12/C-238%20Green%20Deal%20Samen%20werken%20aan%20duurzame%20zorg.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH van Bree et a

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Tennison I, Roschnik S, Ashby B, Boyd R, Hamilton I, Oreszczyn T, et a. Health care's response to climate change: a
carbon footprint assessment of the NHS in England. Lancet Planet Health. Feb 2021;5(2):e84-e92. [FREE Full text] [doi:
10.1016/S2542-5196(20)30271-0] [Medline: 33581070]

Pickard Strange M, Booth A, Akiki M, Wieringa S, Shaw SE. Therole of virtual consulting in devel oping environmentally
sustainable health care: systematic literature review. J Med Internet Res. May 03, 2023;25:e44823. [FREE Full text] [doi:
10.2196/44823] [Medline: 37133914]

Purohit A, Smith J, Hibble A. Does telemedicine reduce the carbon footprint of healthcare? A systematic review. Future
Healthc J. Mar 2021;8(1):e85-€91. [FREE Full text] [doi: 10.7861/fhj.2020-0080] [Medline: 33791483]

van der Zee C, Chang-Wolf J, Koopmanschap MA, van L eeuwen R, Wisse RP. Assessing the carbon footprint of telemedicine:
asystematic review. Health Serv Insights. 2024;17:11786329241271562. [EREE Full text] [doi:
10.1177/11786329241271562] [Medline: 39139395]

Lange O, Plath J, Dziggel TF, KarpaDF, Keil M, Becker T, et al. A transparency checklist for carbon footprint cal culations
applied within asystematic review of virtual careinterventions. Int JEnviron Res Public Health. Jun 18, 2022;19(12):7474.
[EREE Full text] [doi: 10.3390/ijerph19127474] [Medline: 35742724]

Savoldelli A, Landi D, Rizzi C. Exploring quantitative methodol ogiesfor assessing the environmental, social, and economic
impacts of telemedicine: aliterature review. Sustainability. Mar 15, 2024;16(6):2438. [doi: 10.3390/su16062438]

deSain R, Irwin A. Analyzing telehealth emissions and variations in primary care settings - a scoping review. J Climate
Change Health. Nov 2024;20:100340. [doi: 10.1016/j.joclim.2024.100340]

Hamadi HY, Zhao M, Haley DR, Dunn A, Paryani S, Spaulding A. Medicare and telehealth: the impact of COVID-19
pandemic. JEval Clin Pract. Feb 2022;28(1):43-48. [FREE Full text] [doi: 10.1111/jep.13634] [Medline: 34786796]

Joo J. Nurse-led tel ehealth interventions during COVID-19: a scoping review. Comput Inform Nurs. Dec 01,
2022;40(12):804-813. [FREE Full text] [doi: 10.1097/CIN.0000000000000962] [Medline: 36067472]

Beheshti L, Kalankesh LR, Doshmangir L, Farahbakhsh M. Telehealth in primary health care: a scoping review of the
literature. Perspect Health Inf Manag. 2022;19(1):1n. [FREE Full text] [Medline: 35440933]

Bulto LN. Therole of nurse-led telehealth interventions in bridging healthcare gaps and expanding access. Nurs Open. Jan
2024;11(1):e2092. [FREE Full text] [doi: 10.1002/nop2.2092] [Medline: 38268279]

Finkbeiner M, Inaba A, Tan R, Christiansen K, Kluppel H. The New International Standards for Life Cycle Assessment:
ISO 14040 and 1SO 14044. Int J Life Cycle Assessment. Jan 25, 2006;11(2):80-85. [doi: 10.1065/1ca2006.02.002]
Wernet G, Bauer C, Steubing B, Reinhard J, Moreno-Ruiz E, Weidema B. The ecoinvent database version 3 (part 1):
overview and methodology. Int J Life Cycle Assess. Apr 21, 2016;21(9):1218-1230. [doi: 10.1007/s11367-016-1087-8]
Bruinsma M, Nauta M. Ketenemissies elektriciteit. Actualisatie elektriciteitsmix 2021. CE Delft. Dec 2023. URL: https:/
[ce.nl/publicaties/ketenemissies-el ektriciteit-actual i satie-el ektriciteitsmix-2021/ [accessed 2024-08-01]

van den Berg R, van Seters D. STREAM personenvervoer 2023. CE Delft. Mar 2024. URL: https://ce.nl/publicaties/
stream-personenvervoer-2023/ [accessed 2024-08-01]

Fazio S, Zampori L, De Schryver A, Kusche O, Diaconu E, Thellier L. Guide for EF compliant data sets. Publications
Office of the European Union. 2020. URL : https://op.europa.eu/en/publication-detail/-/publication/
971f57df-c70c-11ea-adf 7-01laar5ed71al/language-en [accessed 2025-03-25]

Ciroth A, Muller S, Weidema B, Lesage P. Empirically based uncertainty factors for the pedigree matrix in ecoinvent. Int
JLife Cycle Assess. Dec 20, 2013;21(9):1338-1348. [doi: 10.1007/s11367-013-0670-5]

Hoveling T, Svindland Nijdam A, Monincx M, Faludi J, Bakker C. Circular economy for medical devices: barriers,
opportunities and best practices from adesign perspective. Resources Conservation Recycling. Sep 2024;208:107719. [doi:
10.1016/j.resconrec.2024.107719]

Huter K, Krick T, Domhoff D, Seibert K, Wolf-Ostermann K, Rothgang H. Effectiveness of digital technologiesto support
nursing care: results of a scoping review. J Multidiscip Healthc. 2020;13:1905-1926. [FREE Full text] [doi:
10.2147/IMDH.S286193] [Medline: 33328736]

Belmonte M, Grubanov-Boskovic S, Natale F, Conte A, Belanger A, Sabourin P. Demographic microsimulation of long-term
care needs in the European Union: prototype for a microsimulation model projecting the demand for long-term care up to
2070. Publications Office of the European Union. 2023. URL : https://op.europa.eu/en/publication-detail/-/publication/
6b9cbeba-ald7b-11ee-b164-01aa75ed71al/language-en [accessed 2025-03-25]

Tischendorf T, Hasseler M, Schaal T, Ruppert S, MarchwackaM, Heitmann-Moéller A, et al. Developing digital competencies
of nursing professionalsin continuing education and training - ascoping review. Front Med (Lausanne). 2024;11:1358398.
[FREE Full text] [doi: 10.3389/fmed.2024.1358398] [Medline: 38947234]

Abbreviations

kgCO2eq: kg of carbon dioxide equivalents
kgSbeq: kg antimony equivalent

LCA: lifecycle assessment

MJ: megajoule

https://www.jmir.org/2025/1/e67538 JMed Internet Res 2025 | vol. 27 | 67538 | p. 8

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S2542-5196(20)30271-0
http://dx.doi.org/10.1016/S2542-5196(20)30271-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33581070&dopt=Abstract
https://www.jmir.org/2023//e44823/
http://dx.doi.org/10.2196/44823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37133914&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2514-6645(24)00591-5
http://dx.doi.org/10.7861/fhj.2020-0080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33791483&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/11786329241271562?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/11786329241271562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39139395&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph19127474
http://dx.doi.org/10.3390/ijerph19127474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35742724&dopt=Abstract
http://dx.doi.org/10.3390/su16062438
http://dx.doi.org/10.1016/j.joclim.2024.100340
https://europepmc.org/abstract/MED/34786796
http://dx.doi.org/10.1111/jep.13634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34786796&dopt=Abstract
https://europepmc.org/abstract/MED/36067472
http://dx.doi.org/10.1097/CIN.0000000000000962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36067472&dopt=Abstract
https://europepmc.org/abstract/MED/35440933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35440933&dopt=Abstract
https://europepmc.org/abstract/MED/38268279
http://dx.doi.org/10.1002/nop2.2092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38268279&dopt=Abstract
http://dx.doi.org/10.1065/lca2006.02.002
http://dx.doi.org/10.1007/s11367-016-1087-8
https://ce.nl/publicaties/ketenemissies-elektriciteit-actualisatie-elektriciteitsmix-2021/
https://ce.nl/publicaties/ketenemissies-elektriciteit-actualisatie-elektriciteitsmix-2021/
https://ce.nl/publicaties/stream-personenvervoer-2023/
https://ce.nl/publicaties/stream-personenvervoer-2023/
https://op.europa.eu/en/publication-detail/-/publication/971f57df-c70c-11ea-adf7-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/971f57df-c70c-11ea-adf7-01aa75ed71a1/language-en
http://dx.doi.org/10.1007/s11367-013-0670-5
http://dx.doi.org/10.1016/j.resconrec.2024.107719
https://europepmc.org/abstract/MED/33328736
http://dx.doi.org/10.2147/JMDH.S286193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33328736&dopt=Abstract
https://op.europa.eu/en/publication-detail/-/publication/6b9cbeba-a07b-11ee-b164-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/6b9cbeba-a07b-11ee-b164-01aa75ed71a1/language-en
https://europepmc.org/abstract/MED/38947234
http://dx.doi.org/10.3389/fmed.2024.1358398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38947234&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH van Bree et a

NCH: nursing care at home

Edited by T de Azevedo Cardoso; submitted 14.10.24; peer-reviewed by C van der Zee, A Savoldelli, E Borgonovi; commentsto author
29.11.24; revised version received 20.12.24; accepted 26.02.25; published 04.04.25

Please cite as.

van Bree EM, Shijder LE, Ossebaard HC, Brakema EA

Environmental Impact of Physical Visits and Telemedicine in Nursing Care at Home: Comparative Life Cycle Assessment
J Med Internet Res 2025;27:€67538

URL: https://www.jmir.org/2025/1/e67538

doi: 10.2196/67538

PMID: 40184167

©Egid M van Bree, Lynn E Snijder, Hans C Ossebaard, Evelyn A Brakema. Originaly published in the Journal of Medical
Internet Research (https://www.jmir.org), 04.04.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Journal of Medica Internet Research (1SSN
1438-8871), isproperly cited. The complete bibliographic information, alink to the original publication on https://www.jmir.org/,
aswell asthis copyright and license information must be included.

https://www.jmir.org/2025/1/e67538 JMed Internet Res 2025 | vol. 27 | 67538 | p. 9
(page number not for citation purposes)

RenderX


https://www.jmir.org/2025/1/e67538
http://dx.doi.org/10.2196/67538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40184167&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

