
lable at ScienceDirect

Public Health 236 (2024) 381e385
Contents lists avai
Public Health

journal homepage: www.elsevier .com/locate/puhe
Original Research
Trends in fatal poisoning among medical users of analgesics in France
from 2013 to 2022: an analysis of the DTA register

B. Revol a, b, *, T. Willeman c, d, M. Manceau e, V. Dumestre-Toulet f, J.-M. Gaulier g,
H. Eysseric-Gu�erin c, h, N. Fouilh�e Sam-Laï a, for the Compagnie Nationale des Biologistes
et Analystes Experts (CNBAE), and the French Addictovigilance Network (FAN)
a Grenoble Alpes University Hospital, Addictovigilance Dept, Grenoble, France
b Grenoble Alpes University, HP2 Lab, Inserm U1300, Grenoble, France
c Grenoble Alpes University Hospital, Pharmacology Pharmacogenetics & Toxicology Lab, Grenoble, France
d Grenoble Alpes University Hospital, Clinical Forensic Medicine Dept, Grenoble, France
e Grenoble Alpes University Hospital, Clinical Research Centre, Inserm CIC1406, Grenoble, France
f ToxGen Lab, Bordeaux, France
g Lille University Hospital, Toxicology Dept, Lille, France
h Grenoble Alpes University, Forensics Lab, Grenoble, France
a r t i c l e i n f o

Article history:
Received 29 May 2024
Received in revised form
9 August 2024
Accepted 21 August 2024

Keywords:
Drug-related deaths
Addictovigilance
Analgesics
Opioids
Abbreviations: ANSM, French National Agency for
Health Products; CNBAE, Compagnie Nationale des B
[National Society of Biologists and Analysis experts]; D
D�ec�es Toxiques par Antalgiques [Toxic Deaths from A
Union Drugs Agency; FAN, French Addictovigilance N
* Corresponding author. CEIP-Addictovigilance, CH

E - CS 10217, 38043 cedex 09, Grenoble, France. Tel.:
E-mail address: brevol@chu-grenoble.fr (B. Revol)

https://doi.org/10.1016/j.puhe.2024.08.019
0033-3506/© 2024 The Author(s). Published by Elsev
creativecommons.org/licenses/by/4.0/).
a b s t r a c t

Objective: To describe analgesic-related deaths in France and report trends over a 10-year period.
Study design: The DTA (“D�ec�es Toxiques par Antalgiques”) register is a French database of analgesic-related
deaths among people without a history of drug abuse, reported by forensic toxicology experts.
Methods: We included analgesic-related deaths occurring from January 2013 to December 2022 in
France. Subject demographic characteristics and medical history, forensic autopsy findings, and toxi-
cology reports were evaluated.
Results: Among the 1036 deceased individuals (mean [SD] age, 48.3 [15.6] years), there were slightly
more women than men (M:F sex ratio, 0.89:1). Over the entire study period, tramadol was the leading
cause of death, ahead of morphine. A relative increase in oxycodone-related mortality was observed
(from 6.8% in 2013 to 21.1% in 2022) compared to a progressive decrease in tramadol, morphine, and
codeine-related deaths (from 43.2%, 31.1% and 24.3% in 2013 to 37.5%, 26.6% and 20.3% in 2022,
respectively). However, no statistically significant variations were found (Chi-squared tests of homoge-
neity). Other analgesics (buprenorphine, dihydrocodeine, fentanyl, gabapentin, ketamine, methadone,
nefopam, and pregabalin) were also implicated in deaths, but with low and stable rates over the period
studied.
Conclusions: In France, no increase in fentanyl-related deaths and only a non-significant increase in
oxycodone-related deaths were observed over the period 2013e2022. Tramadol was the leading cause of
analgesic-related deaths throughout this period. Although close monitoring is still required, particularly
for oxycodone, our data do not support the hypothesis of an opioid crisis in France.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is

an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
the Safety of Medicines and
iologistes et Analystes Experts
DD, Daily Defined Dose; DTA,
nalgesics]; EUDA, European
etwork.
U Grenoble Alpes, Pavillon
þ33 4 76 76 51 45.
.

ier Ltd on behalf of The Royal Soci
Introduction

Worldwide, drug poisoning constitutes a public health concern,
highlighted by the opioid epidemic currently raging in the United
States, which has become the leading cause of accidental death in
that country. The crisis began in the late 1990s when pharmaceu-
tical companies introduced new opioid analgesics, reassuring the
medical community that patients would not become addicted. This
subsequently led to the widespread diversion and misuse of these
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medications before it became clear that they could indeed be highly
addictive.1 There is extensive debate as to whether Europe is facing
a comparable opioid crisis and the possible contribution of anal-
gesic prescriptions.2 Although the situation currently seems less
problematic than in the US, across Europe it is heterogeneous, with
some countries (such as the United Kingdom) reporting signifi-
cantlymore opioid-relatedmortalities than others.3 In addition, the
Europe-wide summaries that are available, such as the annual
European Union Drugs Agency (EUDA) report, do not provide
detailed analysis per country and per analgesic, which are essential
for effective monitoring and for the development of targeted pre-
vention and treatment programs. For example, tramadol (an opioid
medication used to treat moderate to severe pain) was implicated
in less than 5% of reported deaths due to overdose across 12 Eu-
ropean countries in 2021.4 In contrast, for years it has been themost
widely used opioid and the leading cause of accidental analgesic-
related deaths reported to the French pharmacovigilance system,5

suggesting that better surveillance and toxicological investigation
might increase the detection of deaths associated with analgesic
prescriptions on a country-wide scale.

Compared to theUS crisis, no significant increase inoxycodoneor
fentanyl-related deaths was observed during the period 2011e2021
amongdrug users in France.6However, no studyhas explored trends
in fatal analgesic poisoning among people without a history of drug
abuse, while oxycodone was the opioid analgesic with the greatest
increase in use between 2006 and 2017 in France (from0.1 to 1DDD/
1000 inhabitants/day).5 Although the prevalence remains low in the
general population (0.4%), oxycodone consumption rate is close to
that ofmorphine,which is themostwidely used strong analgesic for
many years in France, despite a 18% decrease in morphine con-
sumption between 2006 and 2017.5,7 The number of tramadol users
remained stable between 2014 and 2018 in France, with 5.9 million
users in 2018, while tramadol use decreased annually in quantity
from2014 (11.9DDD/1000 inhabitants/day) to 2018 (10.5 DDD/1000
inhabitants/day).8 Codeine in combination with paracetamol is the
second most commonly used opioid analgesic in France, with an
increase in consumption between 2006 and 2014 (þ84%), then
falling by 30% between 2016 and 2017.5

The purpose of this study is to present the trends in the anal-
gesics implicated in fatal poisoning among people using analgesics
for medical purposes (i.e., excluding drug abusers) in France over a
10-year period, from 2013 to 2022.

Methods

Data source

The DTA (“D�ec�es Toxiques par Antalgiques”) register is a database
of drug-related deaths designed to identify the analgesics involved
and estimate trends in the number of these deaths. The register is
based on the voluntary reporting of data on deaths for which
toxicology experts (throughout France) have performed analyses.
Post-mortem toxicological analyses are performed as part of the
search for the cause of death, but only at the request of the judicial
authorities. Consequently, when there is no suspicion of drug
involvement in a death, a toxicological analysis is generally not
requested. The Grenoble Addictovigilance Centre (coordinator of
this register since 2013) examined each reported case to determine
the drug or drugs involved in the death.

Data collection

Data were collected using a form completed by the forensic
toxicologist containing the following items: the demographic
characteristics; medical and substance abuse history of the subject;
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the circumstances in which the body was found; the results of the
autopsy and pathological analyses; identification of the substances
found in the analysis of biological samples and their quantification
in blood or other matrices if blood was not available; the probable
cause of death.

These data made it possible to classify each case into: direct
cause of death (toxic cause alone, usually overdose; or toxic cause
with related pathology) or indirect drug-related death (e.g., falling
from a high place while under the influence of a drug). Indirect
drug-related deaths are not included in this study.

Inclusion criteria

The DTA register includes deaths due to a standard list of psy-
choactive analgesics: buprenorphine, codeine, dextropropoxyphene
(although it was withdrawn from the French market in 2011), dihy-
drocodeine, fentanyl, gabapentin, hydromorphone, ketamine (used
off-label for pain), morphine, nalbuphine, nefopam, methadone
(licensed inFrance forpain fromAugust 2020), oxycodone, pethidine,
pregabalin, and tramadol.

Non-inclusion criteria

The following are not included in the DTA register: deaths due to
drug intoxication by users with a documented history of substance
abuse; cases inwhich another cause not related to an analgesic was
found; cases with insufficient documentation (e.g., no known cause
of death); and cases without any drug testing (in the absence of
blood, analyses of other matrices such as bile or muscle are
needed).

Causality (death associated with substance use)

For each case examined, each substance present in the blood
underwent a causality analysis.

In order to differentiate substance(s) involved in the death, from
other substances found in the blood (or other matrix), each sub-
stance was graded9e11 as follows: lethal concentration ¼ level 1;
toxic concentration ¼ level 1 or 2 depending on other substances
present; therapeutic concentration ¼ level 1, 2, 3, or 4 depending
on other substances present; sub-therapeutic concentration ¼ no
score assigned.

In the present study, only level 1 substances were considered as
the cause of death. In addition, depending on the number of sub-
stances involved, the score was subdivided into: 1.0 when only one
drug was involved (e.g., tramadol without any other substance); 1.1
corresponding to one predominant drug (including active metab-
olites) amongst others (e.g., morphine at a toxic concentration
combined with benzodiazepine at a therapeutic concentration); 1.2
corresponding to 2 co-dominant drugs present (e.g., oxycodone at a
toxic concentration combined with benzodiazepine at a lethal
concentration); 1.3 corresponding to 3 or more co-dominant drugs
present (e.g., tramadol combinedwith at least 2 other substances all
at toxic or lethal concentrations).

According to this grading scheme, a combination of analgesics
could be considered as the cause of death. For each case, the cau-
sality of the drug(s) was independently assessed by two toxicology
experts. In case of disagreement, the advice of a third expert was
sought.

Statistics

Chi-square tests of homogeneity were performed for selected
drugs (over the whole period). All analyses were conducted with R
software (version 3.6.3), and its tidyverse meta-package, including
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the ggplot2 package for plotting. Smoothed curves correspond to
LOESS (locally estimated scatterplot smoothing) curves obtained
using ggplot2. In order to take into account the multiplicity of
comparisons for homogeneity tests, the statistical significance
threshold for P-values was adapted using a Bonferroni correction (P
value < 0.0025).

Results

From January 2013 to December 2022, 1036 cases were
included. Subject characteristics are presented in Table 1. The
overdose mortality ratewas slightly higher amongwomen (M:F sex
ratio, 0.89:1) and the mean [SD] age was 48.3 [15.6] years, ranging
from 1 to 99 years. A progressive increase in the age of the subjects
is observed over time. A psychiatric illness (anxiety, bipolar disor-
der, depression, schizophrenia, suicide attempts, etc.) was associ-
ated with 32.6% of deaths and 7.0% of subjects were being treated
for a life-threatening illness such as cancer.

Over the course of the study period, the participation of toxi-
cology experts increased, representing almost half of the 101
French counties in 2022 (Table 1).

The trends in drug-related deaths involving a single drug (1.0), a
predominant drug (1.1), or multiple co-dominant drugs (1.2 and
1.3) are presented in Fig. 1. Over the whole period, tramadol
remained the leading cause of death, ahead of morphine, reaching
43.2% (n ¼ 32) in 2013 and 37.5% (n ¼ 48) in 2022. The incidence of
morphine-related deaths decreased from 31.1% (n¼ 23) in 2013 to a
minimum of 22.3% (n ¼ 25) in 2020. The incidence of codeine-
related deaths decreased from 24.3% (n ¼ 18) in 2013 to 20.3%
(n ¼ 26) in 2022. In contrast, the incidence of oxycodone-related
deaths increased from 6.8% (n ¼ 5) in 2013 to 21.1% (n ¼ 27) in
2022, exceeding that of codeine in 2018 and 2022. However, no
statistically significant variations were found over the period: tra-
madol (P ¼ 0.19), morphine (P ¼ 0.89), codeine (P ¼ 0.18), and
oxycodone (P ¼ 0.12). Details of the Chi-square homogeneity tests
are included in eTable 1. Interestingly, over the whole period the
curves for tramadol and codeine, bothweak opioids, seem tomirror
each other.

The incidence of deaths due to other analgesics (buprenorphine,
dihydrocodeine, fentanyl, gabapentin, ketamine, methadone,
nefopam, pregabalin) remained low and stable over the study
period.
Table 1
Number of subjects included, demographic characteristics, place of death, medical histor

Characteristics 2013 2014 2015 2016 201

Participants, No. (%) 74 66 82 83 104
A single (1.0) or a predominant

drug (1.1) involved
45 (60$8) 40 (60$6) 50 (61$0) 47 (56$6) 61 (

Two or more co-dominant
drugs (1.2 or 1.3) involved

29 (39.2) 26 (39.4) 32 (39.0) 36 (43.4) 43 (

Age, mean (SD), y. 45.8 (16.2) 48.3 (12.9) 42.8 (13.6) 48.9 (13.3) 48.3
Sex ratio (male:female) 0.95 0.74 1.00 1.18 1.21
Place of death, No. (%)
Home 66 (89.2) 42 (63.6) 70 (85.4) 64 (77.1) 82 (
Public road 10 (15.2) 1 (1.2) 3 (3.6) 2 (1
Hospital 4 (5.4) 3 (4.5) 2 (2.4) 2 (2.4) 3 (2
Jail 1 (1.5) 1 (1.2)
Other/unknown 4 (5.4) 10 (15.2) 8 (9.8) 14 (16.9) 17 (
Known medical history, No. (%)
Psychiatric history, including

suicide attempts
26 (35.1) 20 (30.3) 27 (32.9) 31 (37.3) 39 (

Life-threatening illness 4 (5.4) 7 (10.6) 7 (8.5) 6 (7.2) 8 (7
Counties represented, No. (%) 30 (29.7) 31 (30.7) 36 (35.6) 36 (35.6) 32 (

NA, not applicable.
a France is divided into 101 counties (called departments).
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Discussion

Our data do not support the hypothesis of an opioid crisis in
France, with no statistically significant variations observed in the
incidence of fatal poisoning among users of analgesics for medical
purposes over the period 2013e2022.

An analysis of the consumption of analgesics (non-opioids, weak
and strong opioids) carried out in 2015 across seven European
countries (Denmark, France, Germany, Italy, Spain, Sweden and
United Kingdom) highlighted different consumption profiles.
Strong opioid analgesics were least consumed in France and Italy
compared to the other countries, but France ranked third in the
consumption of weak opioids. Among these, tramadol was themost
consumed weak opioid in France, as in Germany, Italy, Spain, and
Denmark.7,12 Accordingly, for many years tramadol has been the
leading cause of fatal poisoning among people with no history of
addiction in France. Our results are consistent with a high-risk
tramadol use driven by both opioid and non-opioid mechanisms
of action, including effects on serotonin reuptake.13 More specif-
ically, we identified two profiles of high-risk tramadol use: (1)
patients treated for pain or with continuation of tramadol when
pain disappeared (mainly women; mean age 44 years), and (2) in-
dividuals with -non-medical use, including for recreational pur-
poses (mainly men; mean age 36 years). For patients with initial
medical use, symptoms of withdrawal, craving and desire for opioid
and/or stimulant effects play a leading role in their pursuing of
tramadol use and the development of a severe primary substance
use disorder.8 Despite this risk, prescribers often considered tra-
madol as having a low potential for substance use disorder.
Consequently, in France, the maximum prescription period for
analgesics containing tramadol was reduced from 12 months to 3
months in 2020, which may have contributed to the relative
reduction in tramadol-related mortality observed from 2021 in our
study. More recently, packs of only 10 or 15 tablets are marketed
from 2024 to limit the risk of misuse, dependence and overdose-
related deaths.

Early signals of diversion have been observed in recent years for
extended-release oral morphine.14,15 However, according to our
study, these signals have not been reflected by an increase in the
number of deaths among prescription morphine users.

The majority of the population using codeine in a problematic
manner were female (58%), mean age 40 years, and themain reason
y of individuals, and number of French countiesa covered per year.

7 2018 2019 2020 2021 2022 Total

107 144 112 133 131 1036
58$7) 73 (68$2) 85 (59$0) 65 (58$0) 80 (60$2) 80 (61$1) 626 (60$4)

41.3) 34 (31.8) 59 (41.0) 47 (42.0) 53 (39.8) 51 (38.9) 410 (39.6)

(15.3) 50.6 (17.4) 48.5 (13.5) 49.4 (17.0) 49.2 (16.4) 48.8 (17.2) 48.3 (15.6)
0.67 0.73 0.75 0.68 1.34 0$89

78.8) 87 (81.3) 111 (77.1) 91 (81.3) 111 (83.5) 110 (84.0) 834 (80.5)
.9) 7 (6.5) 6 (4.2) 2 (1.8) 6 (4.5) 5 (3.8) 42 (4.1)
.9) 5 (4.7) 6 (4.2) 1 (0.9) 4 (3.0) 5 (3.8) 35 (3.4)

2 (1.5) 4 (0.4)
16.3) 8 (7.4) 21 (14.6) 18 (16.1) 12 (9.0) 9 (6.9) 121 (11.7)

37.5) 34 (31.8) 50 (34.7) 30 (26.8) 38 (28.6) 43 (32.8) 338 (32.6)

.7) 4 (3.7) 14 (9.7) 6 (5.4) 9 (6.8) 8 (6.1) 73 (7.0)
31.7) 42 (41.6) 46 (45.5) 40 (39.6) 41 (40.6) 48 (47.5) NA
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for starting consumption is for the treatment of pain (82%).5

However, codeine is also misused by teenagers and young adults
for recreative purposes in the form of the cocktail “Purple Drank”
(or “Lean”).16 In France, this led to all codeine-based products being
placed under mandatory prescription in 2017. A 30% drop in con-
sumption was observed following this decision, which may have
contributed to the relative reduction in codeine-related mortality
observed from 2018 in our study.

In contrast, the incidence of oxycodone-related deaths increased
over our study period. In parallel, the proportion of notifications
involving oxycodone reported to the French Addictovigilance
Network (FAN) constantly increased. In 73.7% of these, the drugwas
initially used to treat pain, described as “mixed” (39.3%), neuro-
pathic pain (36.9%), fibromyalgia (7.1%), cancer pain (4.7%), pain due
to “excess of nociception” (4.8%) and diffuse pain syndromes (2.4%)
(not specified in other cases).5 Our results are also consistent with
the large increase in the number of subjects with “doctor-shop-
ping” behavior for oxycodone (a channel for potential misuse).17

Fentanyl was of particular concern because of the central role it
plays in the US opioid epidemic. However, according to our results,
neither its frequent off-label use (oral transmucosal fentanyl for-
mulations prescribed for non-cancer pain) nor the risk of primary
fentanyl dependence18 resulted in a significant increase inmortality.

Over the period studied, pregabalin was the only non-opioid
analgesic regularly responsible for deaths, which is consistent
with the related harms already reported in France (hospitalization
for serious neurologic, psychiatric, or cardiac effects, requests for
addictology support and deaths).19

In light of the US crisis, the multi-modal approach to pain
treatment in France and the French legal framework restricting
access to strong opioids may inspire similar approaches in other
countries.20 The challenge remains to encourage the proper use of
opioids without regressing in terms of pain management. In this
context, the use of brief questionnaires such as the Opioid Risk Tool
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(ORT) or the Prescription Opioid Misuse Index (POMI) is recom-
mended to detect substance use disorders, including for weak
opioids (e.g. tramadol or codeine).

To our knowledge, our study is the first to collect and analyze
data on all deaths for which toxicology reports were available. The
novelty of this study is also its target population, subjects without a
history of drug abuse. Despite this, our study has several limita-
tions, mainly due to the fact that in France, toxicological in-
vestigations are only performed if ordered by the judicial
authorities and that the participation of toxicology experts in the
DTA register is voluntary. Therefore, the drug-related deaths
collected and described in the register are non-exhaustive. Never-
theless, the results are sufficiently reproducible from one year to
another to reveal certain trends. However, the absolute number of
reported drug-related deaths was low (131 cases in 2022), which
might explain the absence of statistically significant results and did
not allow us to conduct a sub-analysis by county. These limitations
might be overcome by encouraging more experts to participate and
including data from other French counties. In addition, even though
suicidal and accidental poisonings are considered separate clinical
entities, determining the intentionality (or not) underlying a lethal
overdose is often challenging. Accordingly, both entities are
included in the DTA register.

In conclusion, analgesic-related deaths are of concern in France,
with tramadol being the leading cause of such deaths, and with
oxycodone requiring close monitoring.
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