B UCLouvain

Faculté de santé publique

A literature review of the
environmental footprint 1n

economics evaluation

Mémoire réalisé par
Clément BEGHUIN

Promoteur(s)

Sandy TUBEUF

Charlotte DESTERBECQ
Année académique 2021-2022

Master en sciences de la santé publique, finalité spécialisée







'l UCLouvain

Faculté de santé publique

A literature review of the
environmental footprint 1n

economics evaluation

Mémoire réalisé par
Clément BEGHUIN

Promoteur(s)

Sandy TUBEUF

Charlotte DESTERBECQ
Année académique 2021-2022

Master en sciences de la santé publique, finalité spécialisée




Remerciement

Je tiens a remercier chaleureusement ma copromotrice Charlotte Desterbecq qui, par sa
présence sans faille, a su me m’aiguiller tout au long de la création et de la réalisation de ce
mémoire. Ses nombreux conseils et multiples relectures ont fait grandir ma confiance qu’en a
I’accomplissement de ce travail.

Je remercie aussi ma promotrice, Professeur Sandy Tubeuf, pour ses nombreux conseils
durant I’accompagnement tout au long de ce mémoire.

Je remercie toutes les personnes qui m’ont aidée, de pres ou de loin, a la réalisation de mon
mémoire.

Je tiens aussi a remercier les lecteurs de ce travail, pour I’attention qu’ils y porteront.



Le plagiat
Je déclare sur I’honneur que ce mémoire a été écrit de ma plume, sans avoir sollicité d’aide
extérieure illicite, qu’il n’est pas la reprise d’un travail présenté dans une autre institution pour
évaluation, et qu’il n’a jamais été publié, en tout ou en partie.

Toutes les informations (idées, phrases, graphes, cartes, tableaux, ...) empruntées ou faisant
référence a des sources primaires ou secondaires sont référencées adéquatement selon la
méthode universitaire en vigueur. Je déclare avoir pris connaissance et adhérer au Code de
déontologie pour les étudiants en matiére d’emprunts, de citations et d’exploitation de sources
diverses et savoir que le plagiat constitue une faute grave sanctionnée par 1’Université

catholique de Louvain.



Contents

1.

2.

INTRODUCGTION ...ttt nne e 1
METHODS ...ttt e e e e it e e nnn e neennne s 1
LT ol TR 1 LT | ST 1
ENGIDIIITY CIITEIIA ..ottt 2
10 (1] 0T oo TSSO UR TP PRPPPPP 2
Data EXEFACTION ...ttt bbb bbbt 3
RESULT S ..ttt ettt b et e ekt st e e bt e s ab e e sbeeenteesbeeanbeeabee s 3
Selection Of SOUICES OF BVIUBNCE .......c.eeiiiiieiese s 3
Characteristics 0f SOUICES OF EVIHBNCE .......cc.oiuiiiiiiiiiiieeee e 4
Environmental-related dimensions link to health technologies ...........cccccviiiiiinicicee, 5
Overview of the different environmental-related dimensions............c.ccocoveneiniicicenne. 5
Description of the different environmental-related dimensions.............ccccoccevieieeiecinenen, 6
Different way to compare costs and environmental impact.............cccccevevieeieiieveeciee, 13
DISCUSSION ..ottt sttt nne e e 14
SUMMArY OF BVIAENCE ......c.viiiiee et e sre e ae e 14
CONCIUSTONS ...t b bbbtttk bbbt e 15
BIDIIOGrapNY ... .ot 16
Y 0] o 1=] 116 | G TSSOSO P TP PR PP 19

APPENTIX L ..o b bbbkttt bbbt 19



ABSTRACT:

Objective: This review seeks to document, through the available literature, whether and how
the impact on the environment (Greenhouse gases emissions, water and energy consumption,
waste production) is included in the applied economic evaluation of healthcare services and
goods in the "Europe of 12".

Methods: Three literature databases (PubMed, Scopus, and EMBASE) were searched.
Keywords related to economic evaluation and healthcare system have been combined with
terms related to the environment. Subject titles and abstract were then analysed to select
relevant articles. Eligible articles were those that provided a framework or drafted
recommendations on how to include the impact on the environment of a healthcare treatment,
service, or device when conducting an economic evaluation of a healthcare product where the
relationship of this product with the environment is considered.

Results: From the 1226 articles identified through database, 25 were included in the results.
Different environmental-related dimensions (greenhouse gases, waste, water, energy) were
discovered. Common way to calculate the environment impact were also discovered, although
no uniform methods were expressed.

Conclusion: Through the results, no uniform methods were found. Guidelines should be created
to encourage and standardize the economic evaluation the inclusion of the environment impact.

Keywords: Literature review, Health technology assessment, Environmental footprint



1. INTRODUCTION

By now, the link between environment and health is widely known. Emissions of greenhouse
gases (GHGs), fine particles, inadequate waste management or extreme events associated with
climate change, in addition to causing environmental degradation, lead to an alteration in the
health and well-being of the individual. However, the growth of the health sector and the
environmental impact that this generates (energy consumption and waste production in
particular) will directly and indirectly influence the health of individuals, which may seem
contradictory given the role of the health system in improving or maintaining the health of
populations. As an example, the National Health Service (NHS) in the United Kingdom emit
around 25% of all carbon dioxide public sector emissions [1] with pharmaceuticals accounted
for around 20% of these emissions [2].

It is therefore necessary to be able to identify the possibilities of reducing emissions and
costs of the sector and thus limit their impact on health. Unfortunately, the environmental
dimension is not systematically taken into account in the health technology assessment (HTA)
criteria. The study by Marsh K. & al. [2] shows the interest of taking this dimension into
consideration by concluding that health (individual or collective) is strongly linked to the
environment. It is therefore necessary to realise the extent to which this environmental
dimension is used in economic evaluations.

Therefore, this study contributes to identify the methods used in the literature to include
environmental-related dimensions in regard of the economic evaluation. The main purpose of

this paper is exploratory.

2. METHODS

This section presents the methods used for the search strategy, including the eligibility criteria,

the screening and the data extraction and analysis.

Search strategy
Three databases (PubMed, Scopus, and EMBASE) were initially searched. Keywords related

to economic evaluation (cost-benefit analysis, cost-utility analysis, cost-effectiveness analysis,
cost control, heath technology assessment, benefit evaluation, medical assessment, return on
investment and multiple criteria decision analysis), healthcare system (healthcare sector, health
system, equipment, drug, clinical device, medical device, biomedical technology, treatment)
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were combined with terms related to the environment (waste management, greenhouse gas
emissions, energy, environmental protection, pollution, ecosystem). Countries were already
included at this point. The research equation is available in the appendix (Number 1).
Documents, captured in the database search and identified as relevant to the review objective
were used to cross-check the included studies and identify additional eligible references. The
reference lists of included studies were also reviewed to identify additional eligible references
(snowball approach).

Eligibility criteria
Eligible articles were those that included any document from databases (publications, grey

literature or official health agencies reports). Documents were included if they were written in
English or French and if they reported or provided a framework or a method, or drafted
recommendations while they conducted an economic evaluation of a healthcare product where
the relationship of this product with the environment is considered. Articles published before
2000 were excluded publication as well published outside of the Europe of 12 (Belgium, France,
the Netherlands, Germany, Luxemburg, Spain, Portugal, Denmark, the United-Kingdom, Italy,
Ireland and Greece). Abstracts for conferences were also included as they presented useful

information.

Screening
EndNote (EndNoteX9) and Rayyan (https://www.rayyan.ai/) were used to manage the results

of all searches and to facilitate the screening process. On concluding the search of the listed
databases, duplicates were removed, and a preliminary sample of 5 % was drawn out of the
publications and screened independently by the two reviewers (Charlotte Desterbecq and
Clément Beghuin) using titles and abstracts only. This step was done to assess the convergence
within the selection process for inclusion or exclusion for the review. Any disagreements were
resolved through discussion to identify a consensus. The second reviewer then retrieved and
screened the full texts of the included publications. Full text reading enabled us to finalise the
inclusion of relevant documents.

Seven articles were not available through database or were limited to an abstract of a
conference presentation. The authors of these seven articles were therefore contacted either via

LinkedIn (https://fr.linkedin.com/) or directly emailed to request a copy of their paper. Three

authors responded with one author responding that the paper was still in progress and the other
two did not finished the paper. The rest of the four authors stayed without answer. The abstracts
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of the conferences were still used and included in our data extraction as some were interesting
for the study.

The study selection process is presented in a Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow chart.

Data extraction
A purposely designed Microsoft Excel spreadsheet was used to extract and record data from

the full-text analysis. Two reviewers (CD and CB) independently completed the data extraction
form for a preliminary sample of 10 publications and compared the extracted information Any
discrepancy in extracted data were discussed by the two reviewers and resolved by consensus.
The second reviewer then proceeded to complete the data extraction forms for the publications
that were included in the review.

Extracted data included year of publication, authors’ name, publication title, journal,
research question or study aim, study design, dataset, country(ies) of study, type of economic
evaluation, type of healthcare services or good or treatments being evaluated, identified
elements which have a negative impact on the environment (CO2, waste, water, energy, other),
how these elements were measured, what their impacts on the economic evaluation and their

costs were. CO2 was later renamed greenhouse gases (GHG) to be more inclusive.

3. RESULTS

The articles presented in this section were all considered as health technology assessment
publications. In addition to that, they passed the screening to include environmental-related

dimensions as already discuss.



Selection of sources of evidence
A total of 1017 articles were identified in all databases (Embase, PubMed and Scopus) while

doing the literature search. After screening titles and abstracts, 964 articles were excluded (

‘ Identification of studies via databases ‘
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Figure 1).

Of the remaining articles, 30 were excluded for various reasons (25 were not HTA, four
were not the scope of the research, four did not included environmental dimension and one was
not available in the languages included). While extracting data from the retained studies, two
articles from cited sources were included as they were useful and interesting for the review and

not identified through the screening process.
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Figure 1. Selection of included studies.

Characteristics of sources of evidence
Countries of origin. The majority of sources of evidence (n=17) were located in the United

Kingdom. Other were published in Germany (n=2), Ireland (n=2), Italy (n=1), Luxembourg
(n=1), Spain (n=1) and one multi country study focused on Denmark, Iceland, Finland, Norway,

Sweden, Belgium, Netherlands and Luxembourg.

Study design. The majority (n=18, xx%) of sources of evidence were case studies design

followed by retrospective studies (n=3), observational studies (n=3) and one literature review.



Year of publication. Most of the articles (n=15) were published between 2016 and 2021 period
follow by the 2011 to 2015 (n=6), 2006 to 2010 (n=3) and one for 2000 to 2005. (Figure 2).
The number of publications as substantially increase every year since 2005.

16
14
12

10

Number of article

2000-2005 2006-2010 2011-2015 2016-2021

Date of publication

Figure 2. Number of publications per year

Environmental-related dimensions link to health technologies

Overview of the different environmental-related dimensions
While the data was analysed, recurrent themes and dimensions used by the authors were
exposed thus creating link between the different articles (Table 1).

As showed in the chart (Figure 3), 20 (74%) articles included the greenhouse gases in
their analyses (Table 1). Waste, water, energy and other dimensions comes after and with a
significantly lower representation. Four studies included multiples dimensions in their paper.
The 21 other studies included one dimension.

The type of health technologies explored in the articles varied a lot, as there is not a
recurring technology that stands out. However, recurrent themes were visible. The
implementation of an out of clinic/closer to patient process was present seven time ( [3]; [4];
[51; [6]; [71; [8]; [9]) in all the 25 articles. The desire to change the type of inhaler (due to
wastage and the use of greenhouse gases, GHG) came four times ( [10]; [11]; [12]; [13]). The
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way haemodialysis is used and its production of waste was present two times ( [14]; [15]). The

rest of the studies presented more distinct health technologies.
25

20
20

Recurrence
=
(V2]

=
o

GHG Waste Water Energy Other

Figure 3. Environment-related dimensions included in the articles

Description of the different environmental-related dimensions

Greenhouse gases. The majority (74%) of source evaluated GHG emissions of the healthcare
to show the impact on the environment of the health technology with the most important gases
used being carbon dioxide (CO2). But it is used in two different ways, CO2 and CO2 equivalent
(CO2e). The difference is that the COZ2e is a metric measure used to compare the greenhouse
of diverse gases to the warming impact of an amount of CO2. Six studies ( [16]; [4]; [17]; [5];
[18]; [8]) used the CO2 to express the impact on the environment of their health technology.
The rest of the 14 studies used the CO2e.

The study of de Preux and Rizmie [3] compared in-center (ICHD) versus home
haemodialysis (HHD). The environmental impact of haemodialysis treatments was captured by
their carbon footprint. Due to the fact that the CO2 is the most commonly used reference gas,
they also expressed other gaseous emissions in units of CO2 equivalents. The CO2e were
derived from the carbon footprint assessment conducted by Connor et al [14]. The carbon
footprint estimated represented the direct and indirect greenhouse gases emissions derived from
energy use, patient and staff travel and the maintenance of the haemodialysis. They then
calculated the carbon footprint for their three haemodialysis modalities and expressed the
results in mass. This made possible to calculate the cost per ton of CO2, also call the societal
cost. This method of presenting the GHG emissions (cost per COZ2e) is also used by
Miltenburger et al. [19]. They believe that budget impact analyses (BIM) may include the

monetary value of a more favorable PCF using a social cost of carbon. Ortséter et al. ( [10]
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[11]) also used the societal cost in their studies. They performed an economic evaluation that
incorporates the ecological impact of adopting RESPIMAT re-usable (a re-usable inhaler) into
the healthcare system. The lifecycle product carbon footprint (PCF) measured as kilos of CO2e
was calculated for the inhaler for different posology. The number of inhaler devices saved was
calculated for different scenarios and then transformed in mass (tons) of CO2e. After that, they
calculated the societal cost, the cost per COZ2e. Only these studies showed the cost per CO2e of
their health technology. Although they did not used the societal cost, Starup-Hansen et al. [12]
also worked on the problematic of inhaler with their review. They took the impact of metered-
dose inhalers (MDIs), using higher global warming potential gases compared to dry powder
inhalers (DPIs) which do not require propellant. They review the estimated the potential CO2e
saving with the entire life cycle of the inhalers.

The other studies that calculated the CO2e didn’t go further once they had the results in
mass. In both of their study, Maughan et al ( [6]; [7]) made retrospective research on the
implementation of an out of clinic process for patient with mental health. The purpose of the
implantation of theses out of clinic process is to reduces cost and carbon footprint by reducing
travel time/distance and reducing clinical activities. The data collection was made respectfully
on four and three years. The carbon footprint (mainly the footprint of the travel distance and
clinical activities) was estimated using a bottom-up approach. This approach measured direct
resource use in the health technology and used carbon conversion factors to obtain results in
mass of CO2e. The staff and patient travel were measured using surveys. The footprint of each
resource type was then summed to obtain total of carbon footprint in CO2e. Connor et al [3]
also expressed the GHG saving by reducing travel distance in COZ2e. They calculated the range
of carbon footprint (tons) due to travel avoidance depending on mode of transport implanting a
virtual clinic for the ureteric colic. The carbon footprint was generated on the patient mode of
transport. A third study also calculated the CO2e of the avoiding. Murphie et al. [9] estimated
the reduction in travel with the HomeFill ambulatory oxygen system compared to the
ambulatory oxygen cylinder delivery model. The HomeFill system requires less visits per year
to service the equipment. Reduction was showed in miles and the estimated carbon emission
reduction for the HomeFill system was in tonnes of equivalent carbon dioxide.

Connor et al. [14] used a life-cycle conversion factor to transform the waste of water
and the consumption of electricity in dialysis in CO2e. This result showed the direct link
between the environmental dimensions and the health technology (water waste and electricity

consumption were transpose in CO2e). This facilitated the vision of impact of the health



technology and made possible further comparison. McCarthy et al. [20] also transform the
electricity consumption in CO2e while they evaluated the waste of power in radiology
department. The purpose was to implement new process to reduce the devices left on power
over night. They estimated the greenhouse emissions in carbon dioxide equivalent for each
device left on power over night in metric tons. Results were estimated for a year.

Terlinden et al. [21] made a different used of the CO2e. Their hypothesis is that by
preventing disease, the cost expressed in CO2e of pertussis vaccination might be offset by
avoided events like doctors’ visits, hospital bed stays or medication. They examined the CO2e
savings of a pertussis booster vaccine dose for cocooning in England and Wales. Cradle to gate
(from raw material extraction, to manufacturing process, to disposal) carbon footprint was
calculated for each dose of vaccine. A mass of CO2e per dose was calculated. Wilkinson et al.
[10] made similar used with the mass of CO2e by calculated it per inhaler. They analysed the
impact on greenhouse gas emissions and drug costs of switching metered-dose inhalers (MDIs)
to low global warming potential (GWP) inhalers. Carbon footprint was estimated by
multiplying the estimated weight of hydrofluoroalkane (HFA) propellant (gas) by its global
warming potential. They also estimated the CO2e save per year for different scenario like
replacing a percentage of MDIs to low GWP inhaler.

Vidal-Alaball et al. [8], while evaluated the effect of a telemedicine program, made a
distinction between the CO2 and different GHG (Carbon monoxide, Nitric Oxide and Sulphur
dioxide). Is retrospective study used administrative data to calculate the effect of a reduce
distance travelled by patient. They found reduction in the emissions of pollutants in tonnes of
carbon dioxide, kg of carbon monoxide, kg of nitric oxide and kg of sulphur dioxide. There are
the only one to separate the GHG and not convert them into CO2e.

In the other studies that taken the GHG into account, the CO2 was the only gas showed.
Two other studies ( [4]; [5]) focused on the CO2 save by reducing the travel of patient but only
with the CO2. For all of them, the CO2 saved by reducing travel distance was estimated using
surveys and governmental calculator. They both calculated the mass of CO2 saving per
averaged trip distance and extrapolated to months and year. The last three studies calculated the
CO2 for each of their research purpose. Back et al. [16] calculated the CO2 saving by reducing
the flow of gas during intravenous anaesthesia. They also considered the difference in the
carbon intensity due to difference electricity generation by country. The paper of Gatenby et al
[17] examined the difference in carbon footprint between the surgical and medical treatment of

gastroesophageal reflux using a top-down model of carbon emissions. The results were given
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in mass (kg) per year for both the medical arm and the surgical arm of the treatment. Regan et
al. [8] described a quality improvement project (QIP) designed to reduce unnecessary
biochemistry samples requested on a paediatric cardiology ward in Great Ormond Street
Hospital. Results of carbon dioxide saving were showed in tonnes per year. The result of these
last articles was used in each paper to compare a product/process using the cost and the CO2

emission.

Energy. The energy is the second most used dimension (20%) to show the impact of health
technologies on the environment. Every study measured the electricity consumption in KWh.

Adler et al. [22] calculated the energy consumption (kWh) while they compared
disposable and reusable instruments used for laparoscopic cholecystectomy. The energy used
was the one use by the cleaning process of the reusable instrument (the energy from the
production of the disposable instrument was not calculated). Connor et al. [14] (already
discussed in the GHG section) measured the power consumption of the salvage pump from a
dialysis unit in a daily use basis. The result (kwh) was then extrapolated to a year. The purpose
was to show the cost saving of by adopting new practice. Kohler et al. [23] investigated and
assessed the UV irradiation technology as a membrane bioreactor (MBR) post-treatment
(consisting of a comparison between to UV lamps). The efficiency of the MBR has been
determined by a seven and a five-day measurement campaign in which typical wastewater
compounds and pharmaceuticals were analysed, both observing the influent and the effluent of
the MBR treatment. Subsequently, several batch experiments were conducted to evaluate the
UV treatment. They also estimated the energy need for the lamps.

Burke and Stowe [24] measured the energy saving (kWh) in the radiology department
when the equipment was left on power through night and weekend. This was done by doing
surveys (with the staff) and direct measurement or documentation information. Energy saving
of adopting a new process (systematically turning off equipment) was calculated. With the same
idea, McCarthy [20] (already discussed in the GHG section) calculated the energy consumption
of leaving devices on power over night in KWh. Figures were extrapolated to give an annual

power consumption when the devices were not in active use.

Waste. The study of Adler et al. [22] (already discussed in the energy section) showed the
volume of waste (kg) generated by disposable instruments including the weight of the packing
material (waste from reusable was marginal) over reusable instruments. The disposal cost for

household waste generated was also calculated. The volume of waste from the reusable
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instrument was considered to be marginal. Barbariol et al. [25] calculated the waste using unit
(of syringes) and kg while they monitored the actual amount of drug wastage in the operating
rooms (ORs) and intensive care units (ICUs). Total drug waste (L) during the study was
registered an extrapolated to obtain an annual estimation. Ortsater et al. [10] estimated the
decrease of inhaler in both of their studies where they created scenarios of the implementation
of the RESPIMAT re-usable inhaler. They estimated the decrease of the number of inhalers

used in comparison to a scenario without RESPIMAT re-usable.

Water. Adler et al. [22] (already discussed in the energy and waste section) calculated the
volume of water (m®) as well as the mass of the steam (kg) needed to clean reusable instrument
over disposable. Connor et al. [14] (already discussed in the GHG section) measured the
volume () of wastewater and extrapolate it to a year of dialyses using flow meters. the purpose

was to calculate the price of the water rates and find a cost per litres in dialysis.

Other. Barbariol et al. [25] (already discussed in the waste section) was the only study that
considered the pollution on the environment (water here). They examine the toxicity of drug
waste in aquatic environment to concluded that Propofol (medication that results in a decreased
level of consciousness and a lack of memory) is “highly toxic to aquatic organisms, has a high
potential for bioaccumulation, and a high soil mobility. It is not biodegradable in water or under
anaerobic conditions and requires incineration for its complete destruction”. They showed the

total (1) of Propofol waste during the study period and estimated it to a year.
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Table 1. Study Characteristics

Type of healthcare devices,

Environment-related dimensions included

Year of the Authors services. svstems or programs inthe  Green House How were the cost calculated How elements were
publication 'Y prog Waste Water Energy Other with the environment? measured
study Gases
Disposable and reusable Volume of waste | Waste of water | Consumption in
2005 Alder S. etal. [22] instruments used for laparoscopic / : h P / Separately Measured and estimated
in mass in mass kWh
cholecystectomy
Measured for CO2 and
2021 Back. M. et al. [16] !:resh gas flow durmg total CO2 in mass / / / / Separately C.OSt were est_lmated with
intravenous anesthesia linear regression of UK
cost data
. . In unit of syringe . -
. Drug wastage in anesthesia and Aquatic toxicity drug,
2021 Barbariol, F. et al. [25] emergency / ﬁ:fsglolume of / / volume in mass Separately Measured
2014 Burke, N. P. and Stowe, J. [24] Energy efficiency in radiography / / / Consumption in / Together (cost per kWh) Surveys and measured
. e department kwWh
Water and energy were
measurred
2010 Connor, A. et al. [14] Water waste in dialyses CO2e in mass / Waste of water . Consumption in / Separately Lice-cycle conversion
in mass kwWh factor to transfrom mains
water and electricity in
CO2e
Implementation of a virtual clinic Cost-outcomes analysis
2019 Connor, M. J. etal. [3] P y . CO2e in mass / / / / Separately using NHS data
for the ureteric colic .
CO2e was estimated
Close to patient peripatetic
. intravenous service (PIVS) for . Cost and CO2 was
2010 Davie, M. etal. [4] delivery of specialist osteoporosis CO2 in mass ! ! ! ! Separately estimated
care
Cost were estimated with a
cost model.
R The differences between in-center Cost per ton of Cost of CO2e wer
2018 de Preux, L. and Rizmie, D [15] versus home haemodialysis CO2e / / / / Together (cost per COZe) estimated with UK carbon
valuation
QALY were used
Difference between surgical and E:::mz:gg g; Cctgtz with a
2011 Gatenby, P. A. C. [17] medical treatment of gastro- CO2 in mass / / / / Separately top-down model (data from
oesophageal reflux REFLUX trial HTA)
. Elimination of pharmaceutical in Consumption in Together (cost benefit of Electricity was measured
2012 Kohler, C. etal. [23] wastewater treatment in hospital / / / kwWh / energy efficiency) using life cycle assessment
The use of videoconferencing for . . .
. . . . Together (cost per trip/CO2 Surveys and estimated with
2009 Lewis, D. etal. [5] vmugl_me_zet!ngs between the CO2 in mass / / / / per trip) UK calculator for CO2
multidisciplinary teams
2015 Marsh, K. et al. [2] N/A / / / / Environmental evidence N/A

base
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Table 1. Continued

Year of the Environment-related dimensions included

TJpe of healihcare devices. How were the cost calculated How were elements

I Authors services, systems or programs in the y |
publication study Y prog g;‘;‘: House Waste Water Energy Other with the environment? measured
Retrospective (surveys) on
Therapeutic communities (TCs) to four years
2016 Maughan, D. et al. [6] people with personality disorder CO2e in mass / / / / IOQS;?ﬁtrngggf)u CO2e per CO2e estimated with
difference with usual treatment PP bottom-up approach and
conversion factor for cost
. L . Retrospective (surveys) on
Social prescribing services for
2016 Maughan, D. L. et al. [7] mental healthcare difference with CO2e in mass / / / / Together (cost/CO2e per three-year .
appoeintment) CO2e and cost estimated
usual treatment : :
with conversion factor
Power consumption of devices in . Consumption in Measured over a week,
2014 McCarthy, C. J. etal. [20] the radiology department COZ2e in mass ! ! kWh ! Separately estimated over a year
Social cost of
2018 Miltenburger, C. et al. [19] N/A carbon (cost per |/ / / / Together (cost per CO2e) Estimated
CO2e)
2016 Murphie, P. et al. [9] Self-fill oxygen technology CO2e in mass / / / / Separately Estimated
Social cost of BIM and lifecycle product
2020 Ortséter, G. et al. [10] Re-usable Inhaler carbon (cost per |/ / / / Together (cost per CO2e) ycle p
CO%e) carbon footprint
2019 Ortséter, G. et al. [11] Re-usable Inhaler CO2e in mass Unit of inhaler / / / Together (cost per CO2e) BIM and Ilfec_ycle product
carbon footprint
’ . Measured over 15 months
2018 Regan, W. et al. [18] Waste of blochemlsyry _sample_s CO2 in mass / / / / Separately CO2 was estimated using
requested on a paediatric cardiology
UK converter
How does metered-dose inhalers CO2 and CO2e
2020 Starup-Hansen, J. et al. [12] (MDIs) compare to dry powder in mass / / / / Separately Review (Measured, LCA)
inhalers (DPIs)
2013 Terlinden, A. et al. [21] Cocooning vaccination coze per dose / / / / N/A Cradle to gate
of vaccine
Retrospective using
2019 Vidal-Alaball, J. et al. [8] Telemedicine Program GHG in mass / / / / Separately administrative data
Calculated
Estimated using data from
2016 Maughan, D. et al. [26] Prescribing waste qf ﬂpp.en“.XOI CO2e in mass / / / / Separately Oxfrod health NHS
decanoate long-acting injections Surveys for travel data
Conversion factor for CO2
How does metered-dose inhalers CO2e per
2019 Wilkinson, A J. K. et al. [13] (MDls) compare to dry powder inhalerp / / / / Separately Estimated

inhalers (DPIs)
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Different way to compare costs and environmental impact
In the economic evaluation, the costs are part of the objective of the studies. It is then important
to discover how they were taken into account compared to the environmental-related
dimension.

In all of the studies, the costs were calculated separately from the environment in 56%
of the case. They were calculated with the environment in 36% of the articles. Two articles (
[2]; [21]) did not apply as the information were not available. (Figure 4)
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Figure 4. How costs were calculated with the environment?

The studies that calculated the costs with the environment-related dimension have done it in the
way that the data were presented were different as they compared the health product/process
costs and impact on the environment together. The societal cost (cost per CO2) was calculated
in four studies ( [15], [10], [11], [19]) and was the representation of the direct impact of the
health product/process on the environment and making possible to compared them. Three
studies ( [5], [6], [7]) calculated and compared the cost and environmental impact per
appointment in the process of reducing travel distance to clinical center. Finally, two studies (
[23], [24]) calculated and compared the energy efficiency of goods in the healthcare system.
The studies that calculated the cost separately from the environmental-related
dimensions were the one that presented the results in the way that they were not meant to be
associated. These studies compared the cost and the impact on the environment as two different

items.
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4. DISCUSSION

Summary of evidence
A literature review of twenty-five publications on the way that the environmental impact of

health product was considered in economics evaluation thought the countries of the Europe of
12 was conducted.

As the number of publications continue to grow since 2000, the assumption that the
inclusion of the environment impact of the health product increase can be made. It seems that
researchers and health organizations consider to included it more systematically.

Based on the results of this study, the impact of the health product was compared
differently through the literature. Most sources of evidence transform their results in CO2 (or
CO2e). Therefore, the carbon dioxide is the most represented environment-related dimensions
in the studies. It is largely because it as the most significant impact on the climate change and
is well known to the public. The CO2 equivalent is largely used across the sources as it regroups
multiple gases and dimensions (energy, waste and water) into one by converting result. This
makes easier to compare the health technologies impact on the environment as it limits the
number of criteria with a uniform one. Some studies made the choice to implement the cost
directly with this COZ2e to create the societal cost of the health product. This societal cost is the
more elaborate incorporation of the environmental impact of the health technology in an
economic evaluation. The societal cost needs to be more use through the economic evaluation
as it usually promotes low-cost products over the consideration of the benefits to the society
such as less waste and less CO2e. Some study ( [14]; [20]) made possible to calculate the
societal cost, as they transformed their results in CO2e, but they do not go any further.

The other dimension (energy, waste and water) could be more used through the
literature. The CO2 is wildly accepted for the public the indicator of reference while we talk
about the environment, but direct pollution of water and soil generated by waste are as much
important. Consumption and production of electricity and tap water are also very important
depending of the production methods and should be fully taken into account.

There was recurrent theme of health technologies in the results. The implementation of
a closer to patient clinical structure or even an out of clinic process (like telemedicine) is the
most represented one. It is probably link to the fact that reducing travel needs directly reduced
the carbon dioxide emission. This problematic is also link to the desire to reduce the impact of

the emission of cars. Surprisingly, the problematic of the inhaler was also present through the
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articles. There was the waste of them (implementation of a reusable unit) and the desire to
change the propellent gases used.

There is different way to calculate the costs and the environment-related dimension. The
studies that calculated the costs with the environment-related dimension are the most
interesting. These studies take the full spectrum of the impact of the health product and have a
better way to compared them. Future economics evaluation should use this method to fully
compare the heath product.

Through the results of these studies, there was no uniform way to incorporate the
environmental factors to the economic evaluation. Every source worked differently, making
difficult to compare their methods. Marsh et al [2] concluded the same observation in their

study.

Conclusions
The interdependent relationships the public health and the environment are significant. It is then

important for the economics evaluation to consider the effect of the environment on health and
conversely. The finding of this review provides an overview of the situation in the “Europe of
12” at this point. As climate change become more than ever urgent, there is a growing need to
include the environmental impact of the health service by the health organization and
researchers.

As no uniform methods were found, guidelines should be created to encourage and
standardize the economic evaluation the inclusion of the environment impact.

This literature review is not without its limitations. It is possible that the search did not
identify relevant publications as some may not be available in the databases used. A
comparison, which was not the point in this work, with the paper of CD focusing on the
countries of the “G20” could bring more weight to this work. As the main purpose of this paper
was exploratory, further work is mandatory to collect data and working methods to express the

evidence needed.
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6. Appendix

Appendix 1

Research equation:
("belgium™ OR "belgium™ OR "france™ OR "france™ OR "netherlands” OR "netherlands™ OR
"holland” OR "the netherlands” OR “germany" OR "germany" OR "luxembourg” OR

"luxembourg” OR "luxemburg” OR "spain” OR "spain” OR "portugal” OR "portugal” OR
"denmark™ OR "denmark™ OR "united kingdom" OR "uk" OR "united kingdom" OR "united
kingdom of great britain and northern ireland” OR "italy" OR "italy” OR "ireland” OR "ireland"
OR "eire" OR "irish republic" OR "greece" OR "greece” OR "greek macedonia” OR
"macedonia (greece)")

AND

("health care system" OR "healthcare system” OR "healthcare sector” OR "health care sector"
OR "health care™ OR "comprehensive health care” OR "health system" OR "healthcare” OR
"long stay care" OR "medical device” OR "bioinstrumentation” OR "biological
instrumentation” OR "biomedical device” OR "biomedical device (physical object)" OR
"biomedical equipment™ OR "biomedical instrumentation” OR "clinical device" OR "clinical
equipment” OR "devices, medical” OR "durable medical equipment” OR "instrumentation,
biological™ OR "instrumentation, medical” OR "medical apparatus” OR "medical apparatus,
equipment and supplies” OR "medical device" OR "medical devices" OR "medical equipment”
OR "medical instrument” OR "medical instrumentation” OR "medical supplies” OR "drug
industry" OR "drug industry” OR "pharmaceutic chemistry industry" OR "pharmaceutic
industry™ OR "pharmaceutical companies™ OR "pharmaceutical company" OR "pharmaceutical
industry™ OR "medical technology” OR "biomedical technology” OR "medical laboratory
science” OR "medical technology” OR "stains and staining")

AND

("medical assessment” OR "independent medical evaluation” OR "medical assessment™ OR
"medical evaluation™ OR "biomedical technology assessment” OR "hta" OR "health technology
assessment™ OR "economic evaluation™ OR "cost utility analysis™ OR "cost utility" OR "cost

benefit analysis" OR "cost analysis" OR "cost benefit" OR "cost benefit analysis™ OR "cost-
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benefit analysis® OR "cost effectiveness analysis® OR "cost effectiveness” OR "cost
effectiveness analysis™ OR "cost efficiency analysis” OR "benefit-cost analysis™ OR "economic
benefit evaluation" OR "benefit evaluation” OR "economic health” OR "net benefit analysis"
OR "budget impact model™)

AND

("one health™ OR "one health-one medicine™ OR "one medicine” OR "one medicine one
science” OR "one medicine-one health” OR "one world-one health” OR "planetary health" OR
"environmental sustainability” OR "environmental sustainability” OR "environmental health™
OR "environmental health” OR "waste management” OR "waste management” OR "waste
treatment™ OR "recycling” OR "equipment reuse” OR "recycling” OR "resource recovery" OR
"waste recycling" OR "waste utilization" OR "renewable resource™ OR "renewable resources"
OR "renewable*" OR "renewable energ*" OR "renewable fuel” OR "pollution” OR
"environment contamination*" OR "environment pollution*" OR "environmental pollution*"
OR "pollution™ OR "greenhouse effect*" OR "global warming" OR "greenhouse effect*" OR
"climate change*" OR “climate sensitivity" OR "climate variability" OR "climatic change*"
OR ™Mair quality" OR "pharmaceutical pollution*" OR "green product*" OR "green building*"
OR "industrial plant emission*" OR "emission standard*" OR "lower carbon"™ OR
"environmental impact assessment™ OR "environmental impact assessment” OR "natural
resource” OR "natural resources” OR "natural environment™ OR "environmental change*" OR
"environment change*" OR "ecosystem*" OR "ecological system*" OR "ecosystem*" OR
"ecolog*" OR "bionomics" OR "ecological research™ OR "human ecology" OR "environmental
impact*" OR "environmental fate” OR "environmental poli*" OR "pollution control* OR
"environmental management" OR "ecosystem management™ OR "environmental management"
OR "environmental protection” OR "conservation of natural resource*" OR "environmental
conservation” OR "environmental protection” OR "natural resource conservation” OR "nature
conservation” OR "nature preservation” OR "environmental risk*" OR "environmental risk
assessment” OR "environmental risk factor*" OR "environmental cost*" OR "environmental

cost” OR "energy consumption™ OR "energy consumption” OR "fuel consumption™)

21



LOUVAIN-LA-NEUVE | BRUXELLES | MONS | TOURNAI | CHARLEROI | NAMUR
Clos Chapelle-aux-champs, 30 bte B1.30.02, 1200 W oluwe-Saint-Lambert, Belgique | www.uclouvain.be/fsp




