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INTRODUCTION

As environmental degradation increasingly
contributes to the global burden of disease and
premature mortality, healthcare systems are
being urged to incorporate ecological conside-
rations into clinical decision-making ™. The
healthcare sector has an impact on global
health, such as the environmental footprint of
pharmaceutical pollution. Five million deaths
per year are attributed to antimicrobial resis-
tance”. The accelerated pace of climate change
is attributed to human activity, notably through
massive greenhouse gas emissions. The pur-
chase and consumption of medical drugs have
been described as the main cause of CO, emis-
sions in the healthcare sector*®.

In 2019, the World Organisation of Family
Doctors (WONCA) called on general practitio-
ners (GPs) to raise awareness amongst their
patients by encouraging sustainable health
practices®. "In 2021, the College of General
Practice (CMG) in France also issued a call to
GPs regarding the environmental actions they
could undertake at their own level. Suggestions
included informing patients to encourage
healthier lifestyles, managing practices sustai-
nably, and global health training for healthcare
professionals’. These documents have
highlighted the importance of integrating envi-
ronmental considerations into patient care.
They have emphasized the role of GPs in this
process as prescribers. A study has shown that
general practice trainees would be willing to
modify their prescribing practices if provided
with accessible information on the environ-
mental impact of drugs®.

In France, expenditure on healthcare services
and medical supplies (CSBM) reached 235.8
billion euros in 2022, accounting for 8.9% of
gross domestic product (GDP), corresponding
to 3,475 euros per capita. Drugs accounted for
32,768 million euros, or 13.9% of CSBM.

Several tools have been developed to assess
the environmental impact of drugs, although
none had undergone validation as of 2025. The
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prescribing guide: using
the Hazard Score

Hazard Score (HS) is one such tool to evaluate
the environmental risk associated with persis-
tent pharmaceutical residues'. A digital tool
has been developed that synthesises current
evidence on the environmental impact of diffe-
rent treatments'°.

The French National College of General
Practitioner Educators publishes the Guide to
Therapeutics in General Practice (TMG), a re-
ference resource for students and general
practitioners''. Incorporating environmental
impact data into this publication could increase
awareness amongst students, general practi-
tioners and, more broadly, those involved in
primary healthcare. The editorial approach,
grounded in  evidence-based medicine
(including grading the level of evidence) and
shared decision-making, is an opportunity to
incorporate environmental considerations into
prescribing decisions.

The main objective of this study was to incor-
porate environmental risk data to into the TMG
by assigning Hazard Scores to the listed drugs.
The secondary objective was to assess the
environmental impact of drugs from the TMG
that are frequently prescribed but for which no
Hazard Score was available.

METHOD

Selection of drugs for analysis

The inclusion criterion was drugs listed in the
fifth edition of TMG. The exclusion criteria were
drugs prescribed exclusively for hospital use or
for use by other specialists; drugs to be
avoided (negative benefit-risk balance) accor-
ding to the TMG ; drugs for which the marke-
ting authorization (MA) had been withdrawn ;
and drugs unavailable in France.

Data Collection

This score was developed by Janus Info and
can be accessed at janusinfo.se “. This web-
site, which is partially available in English, is
the non-commerical platform of the Pharma-
ceutical Committee and the Stockholm County



Criterion Description Score

Persistence (P) Is degrading slowly or is potentially persistent 3
Is degraded 0

Bioaccumulation Has a high potential for bioaccumulation 3
B) Low bioaccumulation potential 0
Toxicity (T) Very high toxicity 3
High toxicity 2

Moderate toxicity 1

Low toxicity 0

Table 1. Hazard score
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Figure 2 - Distribution of drugs according to their Hazard
Score (n = 297)

Council’s Health Administration. The HS as-
sesses the environmental harm characteristics
specific to each therapeutic substance. It com-
prises three main criteria: persistence in the
environment (P), bioaccumulation in fatty tissue
(B), and toxicity to aquatic organisms (T). Envi-
ronmental data are sourced from pharmaceuti-
cal companies and the European Public As-
sessment Reports of the European Medicines
Agency (EMA).

The scores for Persistence, Bioaccumulation
and Toxicity (PBT) are assessed using tests

validated by the Organisation for Economic Co-
operation and Development (OECD) and re-
commended by the EMA. The sum of these
three components constitutes the HS, with va-
lues ranging from 0 to 9. The higher the HS,
the more harmful the substance is to the envi-
ronment.

For drugs lacking sufficient data to calculate
a HS in Janus Info, we selected the 10 most
frequently prescribed drugs in France in 2023
using the national health insurance ‘Open Me-
dic’ data base'®. Both scientific and grey litera-
ture were searched to help determine an envi-
ronmental impact score for these 10 drugs. As
the methodology differed from that of the HS,
we chose to develop a separate score ranging
from 0* (low environmental impact) to 9* (high
environmental impact). Drugs with different
trade names were grouped by their internatio-
nal non-proprietary name using Excel®.

Information was sourced from the drug’s sa-
fety data sheet. If data were unavailable, a
search was conducted on PubMed using the
search query: “[international non-proprietary
name] + pollutant”. The inclusion criteria were
studies containing data on bioaccumulation
and/or environmental persistence and/or toxici-
ty to living organisms. The exclusion criteria
were studies lacking data on bioaccumulation,

researchers used letters:

0 1 2 3 4 3 6 7 8 9
Eﬁj,_-\ﬁj %lj Pﬁvl !-lﬁl/”-lﬁv] Pﬁl/] klj Eﬁj klj : where the HS could be calculated
?

Eﬁ:l : when the available data did not allow a valid HS to be calculated.
For medicines withou|t an HS, where the results were derived from a review of the literature, the

EEK:I: no score assigned

o* 1* 2* 3* a* 5* 6* 7* 8* g*
Pﬁl/l ,—lﬁvl !-lﬁl/l PﬁVI P_Ellj ﬂﬁv] Eﬁj Pﬁlfl Fﬁvl Pﬁvl where a score was assigned
?

Figure 1. The Hasard score logos
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environmental persistence or toxicity to living
organisms, and articles that were unavailable.
The studies were selected independently by
two researchers (JM and AQO) based first on
their titles and then on their abstracts. The ar-
ticles were read in chronological order, from the
most recent to the oldest, in search of PBT in-
formation on 29 November 2024. As soon as an
article contained information on any of the PBT
criteria, the search was halted. In the event of
disagreement, the opinion of a third reviewer
(QR) was sought. If any doubt remained, the
article was read in full to minimize selection
bias. The data were extracted into a
spreadsheet. The analysis was carried out by
both researchers individually and then compa-
red. The assessment criteria were environ-
mental PBT, rated as low, medium or high.
Where data were insufficient, no rating was as-

HS data
available on
Janusinfo

Medicines

by JM

Rating assigned

signed.

Assignment of the Ecological Impact Mar-
ker

To reflect the ecological impact, each drug
was described using its HS and represented by
a logo in the TMG. The different logos are des-
cribed in Figure 1.

RESULTS

Six hundred and eighty-seven medical drugs
were extracted from the TMG. Twenty-three
drugs were excluded: one drug whose marke-
ting authorization had been withdrawn, nine
drugs whose indication was not included in the
TMG, one drug restricted to hospital use, one
drug not available in France, ten drugs not
prescribable by a general practitioner accor-

Rating assigned
by AO

pP=3*, B=0*, T=3*
Overall rating: 6*

P=0*, B=0*, T=3*
Overall rating: 3*

pP=3*, B=0*, T=3*
Overall rating: 6*

P=3*, B=3*, T=2*
Overall rating: 8*

P=3*, B=3*, T=2*
Overall rating: 8*

pP=3*, B=0*, T=3*
Overall rating: 6*

pP=3*, B=3* T=2*
Overall rating: 8*

B=0
No overall rating

pP=3*, B=0*, T=3*
Overall rating: 6*

Codeine BO P=3*, B=0*, T=3*
Overall rating: 6*
Phloroglucinol No data P=0*, B=0*, T=3"
Overall rating: 3*
Prednisolone BO P=3*, B=0", T=3"
Overall rating: 6*
Alprazolam No data P=3*, B=3%, T=2*
Overall rating: 8*
Oxazepam No data pP=3* B=3* T=2*
Overall rating: 8*
Amoxicillin and Amoxicillin: P=3%, B=0*, T=3*
clavulanic acid P3B0T3 Overall rating: 6*
Clavulanic
acid: BO

Tramadol No data p=3%, B=3*, T=2*
Overall rating: 8*

Zopiclone BO B=0
No overall rating
Methadone No data P=3*, B=0*, T=3*
Overall rating: 6*
Néfopam No data No overall rating

No overall rating

S P PR PR BR PR PR PR B B

Table 2 - Ecological risk scores for the ten most commonly prescribed medicines in 2023
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ding to the TMG, and one drug for which new
prescriptions are no longer authorized. Of the
664 drugs included, the HS was available for
297 drugs (44.7%) (Appendix 1). The mean HS
was 3.15 £ 2.7. For one third of the drugs (n =
97, 33%), the HS was 0. The HS results are
summarized in Figure 2.

Eighty-one drugs (22.1 per cent) had partial
data for the HS components. No data were
available to calculate the HS for 286 drugs
(77.9 per cent) (Appendix 2).

Among the drugs without an HS score, the 10
most frequently prescribed drugs in France in
2023 were codeine, phloroglucinol, predniso-
lone, alprazolam, oxazepam, amoxicillin and
clavulanic acid, tramadol, zopiclone, methadone
and nefopam. Details of the scores are avai-
lable in Table 2.

DISCUSSION

Main results
An HS score could be assigned to less than

half of the drugs recommended in the TMG,
with an average HS of 3.15.

Comparison with the literature

In 2012, Stockholm County Council publis-
hed a classification of drugs according to their
environmental impact using the PBT index?.
The PBT index is an older, simplified version of
the HS. The PBT index is a specific score or
classification that assesses only three proper-
ties: persistence in the environment, bioaccu-
mulation in living organisms and toxicity. The
PBT is therefore a subset of the Hazard Score,
based on criteria set by international regula-
tions such as REACH (Registration, Evalua-
tion, Authorization and Restriction of Chemi-
cals). The Hazard Score is an overall, aggre-
gated score that summarizes all the hazardous
properties of a substance, whether relating to
human health, the environment, etc. It includes
more criteria than PBT (mutagenicity, carcino-
genicity, acute toxicity, endocrine disruption,
etc.). The HS generally aggregates scores for

HAZARD SCORE
The Hozard Score (HS)
assesses only the active
phamaceutical ingredient [API)

PERSISTENCE
- BIOACCUMULATION
- TOXICITY

Incomplete removal
during treatment.

PHARMACEUTICAL LIFE CYCLE

[PHARMAI:IU“CALLIFE—C\'EI.E STAGE * _/["[m USE . j‘

cg'm;muw INS

Figure 3 - Environmental impact of the drug
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Drugs Side effects

Esomeprazole

Lansoprazole

Omeprazole

Pantoprazole

[ B I A A

Rabeprazole

Table 4 - HS and proton pump inhibitors

different types of hazards. (Figure 3).

Several differences were noted between the
Stockholm County Council’s PBT index and this
study. For codeine, the scores for persistence
and bioaccumulation were equivalent.

Toxicity was rated as moderate in the PBT
index, whereas it was rated as very high in this
study. Oxazepam had a low potential for bioac-
cumulation, whereas this study assessed it as
high; there were no data on toxicity and persis-

International
Nonproprietary
Name

Therapeutic class

tence in the PBT index. This study only identi-
fied information on bioaccumulation for zopi-
clone, which was assessed as low, whereas
the PBT index assessed it as very high, simi-
larly for persistence and toxicity. The PBT in-
dex contained no information on prednisolone,
alprazolam, amoxicillin and clavulanic acid,
tramadol or methadone. Phloroglucinol and
nefopam were not included in the PBT index.
There were also differences between the PBT
index and the HS.

For example, chlorhexidine had an HS score
of 6 (P3BOT3) whilst the PBT score was 9
(P3B3T3). Loperamide had no data in the HS,
whilst it had a PBT score of 8 (P3B3T2).
Omeprazole had an HS score of 4 (P3B0T1),
but a PBT index of 1 (POBOT1). Score diffe-
rences may be explained by the absence of
formal validation, subjective assessment
methods, and the use of a 2012 PBT index,
whereas the HS and the scores in this study
were more recent.

Hazard
Score /
Score for
this study

Peripheral analgesics

Paracetamol 500

Tablet (tp), effervescent
tablet, sachet

2 tablets per day,
taken in 3 to 4 doses

Non-steroidal anti- Mefenamic acid Capsule 1.5 g per day, taken
inflammatory drugs in 3 doses
Alminoprofen Tablet 300 to 900 mg/day in
1 to 3 doses
Diclofenac Tablets 200 mg/day in 2
doses
Ibuprofen Tablets 1.2 g/day in 3 doses
Flurbiprofen Tablets 100 to 300 mg/day in
1 to 3 doses
Naproxen Tablets 1 g/day in 2 doses

Antispasmodics

Phloroglucinol

Tablets, oral lyophili-
sate, suppository

480 mg/day in 3
doses

Progestogens

Dydrogestérone

Tablet

2 tablets daily from
the 16th to the 25th
day of the cycle

Py, X B, S B BEL. BE BE. B

Table 3 - Treatments for primary dysmenorrhoea according to the TMG, including the
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The EMA considers vitamins, electrolytes,
amino acids, peptides, proteins, carbohydrates,
lipid proteins, vaccines and medicinal herbs to
pose no environmental risk29. Ninety-three
drugs from the TMG were affected; their HS
was 0.

In May 2023, the French government issued
a roadmap for the ecological planning of the
healthcare system. It highlighted the major role
played by the healthcare system in relation to
biodiversity, the depletion of natural resources,
access to fresh water, and the degradation and
pollution of natural environments®™. This road-
map is intended as an initial resource for gene-
ral practitioners in France, facilitating their ac-
cess to available environmental data on drugs.

In February 2025, the National Health Insu-
rance Fund announced the creation of a com-
pany called Ecovamed to assess carbon foot-
print, demonstrating the relevance of taking en-
vironmental impact into account®. Ecovamed
offers a solution for life cycle assessment and
the evaluation of the carbon footprint of drugs,
medical devices, care pathways, active pharma-
ceutical ingredients and cosmetics, and, more
generally, of chemical, biotechnology and po-
lymer products. It helps manufacturers better
understand the environmental impact of their
products and to find solutions to reduce these
impacts.

The French Society of Anesthesia and Inten-
sive Care has put forward recommendations on
the use of anaesthetic vapors and gases, intra-
venous drugs, medical devices and the working
environment to reduce the environmental im-
pact of general anesthesia; however, these do
not apply to general practice™.

Strengths and weaknesses

This study marked the first time environ-
mental data had been incorporated into an evi-
dence-based prescribing guide for general prac-
tice in France. These data will be included in
the sixth edition of the TMG. An example of the
practical use of this tool is shown in Table 3.

All drugs recommended in general practice
have been included. No tool has yet been vali-
dated internationally, and differences exist bet-
ween the scores. The HS could not be determi-
ned for 55.3% of the treatments recommended
in the TMG. In this study, we calculated a sepa-
rate score for 10 frequently prescribed drugs for
which no HS was available. The decision to limit
the analysis to the 10 most dispensed drugs
was arbitrary. The number of packs sold is an
imperfect measure, as the number of drugs in
each pack varies. The method chosen for these
10 drugs was based on the HS criteria, using a
pragmatic approach due to limited available
resources. A single database and a single ar-
ticle meeting one of the criteria missing from the
HS was deemed sufficient; and the analysis by

the researchers was subjective. To minimize
bias, the analysis was carried out indepen-
dently by both researchers. As the methodolo-
gy was deemed weaker than that of HS, the
authors limited their research to 10 drugs.
These results will not be included in the next
TMG edition.

This study focused on the direct impact of
active substances on the natural environment.
An HS score of 0 does not imply the absence
of environmental impact. Further research is
needed to evaluate the environmental impact
of production methods, packaging, transport,
3e3x§pients and the recycling of unused drugs-

CONCLUSION

Despite the lack of a single or validated refe-
rence framework to date, the environmental
impact of a significant proportion of the
treatments used in primary care could be as-
sessed. Their inclusion in the sixth edition of
the TMG will be a first step towards more res-
ponsible and sustainable prescribing practices.

Where the clinical benefit-risk profile is equi-
valent, a drug’s environmental impact now ap-
pears to be a relevant criterion for choice, in
line with the principles of environmental-based
medicine. For example, in the case of proton
pump inhibitors, in the absence of comparative
data on efficacy and safety, GPs may favor
esomeprazole due to its lower environmental
impact (Table 4). Given the current global
health challenges, it is no longer simply a mat-
ter of raising awareness but implementing con-
crete changes in the tools, practices and trai-
ning of general practice.

The authors have declared no conflicts of interest regard-
ing the data published in this article. The financial interests
of each of the article’s authors are available online at
www.transparence.gouv.fr.
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Abstract

Introduction. In 2021, the French College of General Practice called on general practitioners to incorporate
environmental considerations into their clinical practice.

Objective. To incorporate environmental risk data for drugs listed in the 5th edition of the ‘Guide to Therapeu-
tics in General Medicine’ published by the National College of General Practitioners, using the Hazard Score.
Method. The environmental impact of the selected drugs was assessed using a Hazard Score ranging from 0
to 9, available through Janusinfo.se. Developed independently of pharmaceutical manufacturers this Swedish
score incorporates three dimensions: environmental persistence, bioaccumulation in fatty tissues and toxicity
to aquatic organisms. For drugs without an available Hazard Score, the ten most frequently prescribed drugs
in France in 2023 were identified. A literature review was carried out to assign a rating ranging from A (low
environmental impact) to C (high impact).

Results. Six hundred and sixty-four drugs were included. A Hazard Score was assigned to 297 drugs (44.7%).
The average Hazard Score was 3.15. Ninety-seven drugs (32.7%) had a Hazard Score of 0. Among the 367
drugs without a Hazard Score (55.3%), phloroglucinol was graded B. Codeine, prednisolone, alprazolam, oxa-
zepam, amoxicillin and clavulanic acid, tramadol, and methadone were graded C. No grade was given to zopi-
clone and nefopam.

Conclusion. This evaluation provides general practitioners with ecological risk data, facilitating environmental-
ly conscious prescribing practices. Integrating such information into prescribing resources represents a crucial

step towards sustainable medical practice.

Keywords: General Practitioners—Drugs—Environmental Pollution
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