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A B S T R A C T

Background: Cannabis is one of the most widely used substances worldwide. Heavy use is associated with an
increased risk of cannabis use disorders, psychotic disorders, acute cognitive impairment, traffic injuries,
respiratory problems, worse pregnancy outcomes, and there are indications for genotoxic and epigenotoxic
adverse effects. International regulation of medical and non-medical cannabis use is changing rapidly and
substantially, highlighting the importance of robust public health monitoring. This study aimed to describe
the trends of key public health indicators in European Union (27 member states + UK, Norway and Turkey)
for the period 2010 to 2019, their public health implications, and to identify the steps required to improve
current practice in monitoring of cannabis use and harm in Europe.
Methods: Data on four key cannabis indicators (prevalence of use, prevalence of cannabis use disorder [CUD],
treatment rates, and potency of cannabis products) in Europe were extracted from the United Nations Office
on Drugs and Crime, European Monitoring Centre for Drugs and Drug Addiction and the Global Burden of
Disease study. For prevalence of use and CUD, the first and last available estimate in each country were com-
pared. For treatment rates and cannabis potency, linear regression models were conducted.
Findings: Between 2010 and 2019, past-month prevalence of cannabis use increased by 27% in European
adults (from 3¢1 to 3¢9%), with most pronounced relative increases observed among 35-64 year-olds. In 13
out of 26 countries, over 20% of all past-month users reported high-risk use patterns. The rate of treatment
entry for cannabis problems per 100,000 adults increased from 27¢0 (95% CI: 17¢2 to 36¢8) to 35¢1 (95% CI:
23¢6 to 46¢7) and has mostly plateaued since 2015. Modest increases in potency were found in herbal canna-
bis (from 6¢9% to 10¢6% THC) while median THC values tripled in cannabis resin (from 7¢6% to 24¢1% THC).
Interpretation: In the past decade, cannabis use, treatment rates and potency levels have increased in Europe
highlighting major concerns about the public health impact of cannabis use. Continued monitoring and
efforts to improve data quality and reporting, including indicators of high-risk use and cannabis-attributable
harm, will be necessary to evaluate the health impact of international changes in cannabis regulation.
Funding: This study received no specific funding.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

We searched Pubmed (search terms: [“cannabis” OR “mari-
huana” OR “marijuana”] AND [“epidemiology” OR “public
health” OR “harm”] AND “Europe”) for any review on public
health monitoring of cannabis use in Europe. To date, a compre-
hensive review of cannabis use indicators in Europe is lacking.
Some studies have reported increases in cannabis use, treat-
ment demand and potency levels in some or most European
studies. Two international bodies carry out regular monitoring
of cannabis indicators and publish select findings in annual
reports.

Added value of this study

The current study is the first to review and combine all publicly
available data suitable for public health monitoring of cannabis
use in Europe. We estimate that in 2019, 3.9% of European
adults aged 15 to 64 have used cannabis use in the past month
� an increase of 27% against 2010 levels, which was more pro-
nounced in older age groups. In the same period, high-risk can-
nabis use patterns, treatment demand and potency levels have
also increased in most countries.

Implications of all the available evidence

The available indicators suggest increasing cannabis use and
public health concerns in Europe. Improved data reporting and
quality is required in order to monitor changes of high-risk can-
nabis use and attributable harm, as well as to evaluate changes
in cannabis policies.
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1. Introduction

In 2018, the global 12-month-prevalence of cannabis use was esti-
mated at 3¢9% [1]. Based on surveys from 2015 to 2020, it is estimated
that 15¢4% of EU inhabitants aged 15 to 35 used cannabis in the previ-
ous year [2]. Occasional and more so heavy use of cannabis is associ-
ated with a number of adverse outcomes, including cannabis use
disorder (CUD; [3]) and an increased risk of psychosis [4-7], acute
cognitive impairment [8,9] as well as other outcomes such as motor
vehicle accidents [10], respiratory problems, testicular cancer [11]
and lower birthweight of offspring (for current reviews, see [11-15]).
In 2019, the Global Burden of Disease (GBD) study estimated that
0¢6% of the European population met criteria for CUD, resulting in
158,000,000 disability adjusted life years [16]. In addition, there are
indications that cannabinoids are genotoxic and epigenotoxic with
yet to determined multigenerational implications on population
health [17].

At least 23 European countries permit some form of cannabis
use for medical purposes, albeit regulatory frameworks differ
largely [18,19]. In some countries, such as Spain, only cannabi-
noid-based preparations are approved for select diseases (e.g.
Nabiximols [20]), while other countries, such as Germany or UK,
have established a more liberal approach, which allows (special-
ist) physicians to prescribe unprocessed herbal cannabis for cer-
tain illnesses [21,22]. Based on a growing body of evidence
supporting the therapeutic potential of cannabis [23], the World
Health Organization recommended that cannabis should be
rescheduled in order to facilitate medicinal regulations in mem-
ber states. With some delays, the rescheduling was carried out in
December 2020 by the United Nations Commission on Narcotic
Drugs [24]. It is now reasonable to expect more European
countries to follow this decision and legalise unprocessed herbal
cannabis for medical purposes.

Moreover, in light of the liberalisation of cannabis policy in North
America [25,26], the option of recreational legalisation is broadly dis-
cussed in many European countries (see e.g. [27,28]). In fact, Luxem-
bourg announced a decision to legalize the sale of cannabis for
recreational use in 2019 [29]. In the same year, the Netherlands
passed a controlled cannabis supply experiment bill which will eval-
uate the impact of legalising the supply of cannabis for recreational
use in an experimental design [30]. Lastly, legislative changes
towards decriminalization have been implemented in 2001 in Portu-
gal [31] and more recently in Czechia [32].

In order to provide a strong empirical framework for assessing the
health effects of changes in cannabis policy in Europe, rigorous public
health monitoring of cannabis in Europe is crucial [33]. Currently,
public health monitoring of adult cannabis use is carried out by two
international bodies that routinely collect and publish data on several
cannabis indicators, including prevalence of use, treatment rates, and
potency levels. First, the United Nation Office on Drugs and Crime
(UNODC) collects annual data on prevalence of illegal drug use as
well as further drug-related indicators (cultivation, trafficking) from
all UN member states [34]. In their annual “World Drug Reports”,
these data are summarized at the regional as well as global level [1].
Second, the European Monitoring Centre for Drugs and Drug Addic-
tion (EMCDDA) � the responsible body for monitoring illegal drug
use and drug addiction in Europe � compiles a number of cannabis-
related indicators, which also serve as base for the annual European
Drug Reports [2]. In addition to these two agencies collecting empiri-
cal data on cannabis, the GBD study routinely estimates the preva-
lence of CUD for all countries [16].

In the current contribution, we extracted and analysed cannabis
indicator data from publicly available sources, including prevalence
of use, prevalence of cannabis use disorder (CUD), treatment rates,
and potency of cannabis products in Europe. We aimed to describe
the trends of these indicators for the period 2010 to 2019 and the
possible public health implications. Further, we aimed to highlight
limitations in the available data, in order to identify the steps
required to improve current practice in monitoring of cannabis use
and harm in Europe.
2. Methods

For this work, we aimed to describe trends between 2010 and
2019 in available cannabis indicators for all EU-27 member states,
in addition to the UK, Norway and Turkey. The selection of coun-
tries was mainly driven by data availability as for these countries,
cannabis indicators are compiled by the EMCDDA. As data for
elderly people were not available, we limited the analyses to the
age group 15 to 64. As data sources, we reviewed indicators rele-
vant to public health monitoring from EMCDDA, UNODC, and the
GBD study.

2.1. EMCDDA data

The EMCCDA is a EU agency which “exists to provide [. . .] a factual
overview of European drug problems and a solid evidence base to
support the drugs debate” (https://www.emcdda.europa.eu/
about_en). A total of 30 member states regularly provide data to the
EMCDDA, which are presented in their ‘Statistical Bulletin’ [35], and
are summarized in the annual European Drug Report [2]. We selected
the following to be relevant for public health monitoring, none of
which are provided with uncertainty intervals:

https://www.emcdda.europa.eu/about_en
https://www.emcdda.europa.eu/about_en
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2.2. Prevalence of use (EMCDDA)

We obtained prevalence estimates from n=102 general population
surveys with response rates ranging between 19.4% and 100% (mean:
56.1%; for more details see Supplementary Material 2 � sheet “GPS �
METHODS”). The general population surveys are mostly national and
conducted by EMCDDA member states.

Two types of cannabis indicators are obtained for: prevalence of
use, defined as any use in the past year or past month; and high-risk
use, defined as daily or near daily cannabis use (cannabis use on
20 days or more in the last month). For past-year and past-month
prevalence of use, age-stratified estimates are provided (15 to 24, 25
to 34, 35 to 44, 45 to 54, 55 to 64 years) by the EMCDDA. For (almost)
daily cannabis use, data by age are not available and estimates are
only reported for the most recent year (2014 to 2020). In order to
construct time trends, we obtained earlier data points from the
EMCDDA archives. For Germany, the 2018 estimate was not yet
included on the EMCDDA website and was taken from a publication
[36].

2.3. Treatment demand indicator (EMCDDA)

The treatment demand indicator (TDI) reflects information about
the number and the profile of people who enter treatment for drug
problems each year. A uniform protocol guides EMCDDA member
states to collect the required data in a comparable way across all
countries [37]. For the formal TDI definition and further methodologi-
cal details, see Supplemental Material 1.

For interpreting TDI data, variations in coverage of treatment
entries between countries and over time need to be taken into con-
sideration. We attempted to consider differences in coverage of TDI
data, i.e., the share of all relevant treatment units covered by the indi-
cator, between country and over time. However, a complete assess-
ment of TDI coverage is not available but the most recent report for
the year 2014 marks substantial cross-country differences in the TDI
coverage rates � from 60% to 100% for out-patient treatment centers
and from 30% to 100% for in-patient treatment centers (for country-
specific and temporal data, see Supplemental Material 1 - Supple-
mentary Figure 1 and Supplementary Material 2) [38]. To further
elaborate on TDI coverage variations, we examined how the number
of treatment units covered by the TDI differs between countries and
developed over time (all data taken from EMCDDA website: [35]).

2.4. Cannabis Potency (EMCDDA)

EMCDDA member states monitor and report cannabis potency
according to the total concentration of delta-9-tetrahydrocannabinol
(THC) in sample weight, to the nearest 0¢1%. For the current analyses,
we obtained the median THC levels in herbal cannabis and resin [35].
In contrast to survey and TDI data, the EMCDDA does not disclose
any details on the underlying sources of THC data per country and
year. While the THC data aim to be representative of the retail level,
the agency acknowledges several methodological limitations that
might render some data not representative. It can be assumed that
the presented data are predominantly obtained from a sample of
police seizures of cannabis [39]. For Germany, THC data were cor-
rected and completed by the respective EMCDDA focal point [40].

2.5. UNODC data

We reviewed UNODC data [41] but could not identify any canna-
bis-related indicators relevant for public health monitoring that are
not already captured by the EMCDDA data collection. In fact, both
agencies collect data on prevalence of use and on treatment rates.
However, we chose to refer to EMCDDA data for the following rea-
sons: the UNODC ‘general population’ prevalence database does not
include information on the age range of the target population or
exact references. Further, it contains several estimates derived from
the school survey initiative ESPAD, which should not be reported as
general population estimates. As for TDI, we compared data from
UNODC and EMCDDA for 2017 for 16 countries with data available in
both data bases. For any drug treatment, data were only consistent in
half of the countries. Further, treatment demand for CUD was only
reported as percentage of all treatment demand in the UNODC data
base, requiring recalculations and additional assumptions to report
CUD treatment rates. Based on this assessment, we restricted our
analyses to data provided by the EMCDDA.

2.6. GBD data

Data on CUD prevalence including uncertainty intervals by 5-year
age bands were retrieved from the GBD study for the years 2010 to
2019 [42]. In the GBD study, CUD is defined by ICD-10 (F12.2) or
DSM-IV (304.30) criteria for cannabis dependence and prevalence
estimates are based on school and adult survey data. In brief, canna-
bis use prevalence estimates were first converted into regular use
estimates and then into CUD estimates. The first conversion ratio
(from any use to regular use) was determined using a meta-analytical
approach, resulting in a factor of 2¢9 (i.e., there is one regular user for
3 any user). The second conversion ratio (from regular use to CUD)
was determined using a Bayesian meta-regression, which accounted
for risk differences between youth and adults. For more details on
the estimation of CUD, see supplement of [43]).

2.7. Population data

We used population data from the UN World Population Pros-
pects 2019 [44]. The estimates are based on national censuses and
information from vital registration systems and consider trends in
fertility, mortality and migration.

2.8. Processing of data

All available data were retrieved from the indicated data sources,
however, for prevalence of use, potency and TDI, data were missing
for some countries and years.

To obtain country- and year-specific CUD estimates for the 15 to
64 year old target population, age-specific data were aggregated
using UN population data. Using TDI data, treatment rates, expressed
as the number of treatment entries per 100,000 adults were esti-
mated.

We calculated the share of (almost) daily users among past-month
users as an indicator for high-risk consumption patterns for countries
with available data. This indicator sheds light on differences in (high-
risk) use patterns between countries.

To obtain European averages across all countries with available
data, population-weighted means of the indicators were calculated
using UN population data. For THC concentrations, weighted aver-
ages would have required to account for the respective share of both
resin and herbal cannabis in total use per country, however, these
data were not available. Thus, we aggregated the country-level esti-
mates by reporting medians and interquartile ranges.

2.9. Statistical analyses

All data were analysed using R version 4¢0¢5 [45] and are available
as Supplementary Material 2, including the corresponding R code.

Given the lack of uncertainty intervals for most indicators, meta-
analytical trend analyses were not feasible.

For estimating changes in the indicators at the European level, the
oldest and most recent data points were selected and reported. For
prevalence of use, at least one of these two points was not available
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in four countries (Austria, Estonia, Greece, Malta), which were
excluded from estimating changes. The difference in adult and age-
specific prevalence of use as well as for THC levels did not account for
the degree of uncertainty associated with each point estimate, as
these data were not available from the EMCDDA data repository.
Respective confidence intervals thus only consider between-country
variation of point estimates and should thus be interpreted cau-
tiously.

To describe country-level trends in prevalence of use and CUD,
statistical models were not applied as too few data points were avail-
able for most countries (prevalence of use) or because the estimates
were predicted from statistical models (prevalence of CUD). Thus, for
these two indicators, we only compared the first and last available
estimate in each country to estimate changes from the oldest to the
most recent data point.

To describe country-level trends in treatment rates and THC con-
centrations, linear regression models were conducted, separately for
each country with at least 5 observations. In each model, year was
entered as a single covariate, describing the annual change score in
the outcome. Results are reported for all models in which the coeffi-
cient was significantly different from 0 at alpha = 1%.

2.10. Role of the funding source

This study has received no specific funding.

3. Results

3.1. Prevalence of cannabis use

The most recent estimates of prevalence of use are summarized in
the map in Figure 1. Overall, cannabis use appears to be more
Figure 1. Past-month prevalence of cannabis use in Europ
common in Western than in Eastern countries. Based on data col-
lected between 2013 and 2019, past-month prevalence of use was
below 1% in Malta, Hungary, and Turkey. In three countries (Croatia,
Italy, the Netherlands), between 5 and 6% of adults reported past-
month cannabis use. Highest use rates were recorded in Spain (9¢1%)
and France (6¢4%). The country-level cannabis use prevalence rates
are further reported in Supplemental Material 1 (Supplemental Table
1).

Re-examining the available EMCDDA data for all countries since
2010 allowed for a more precise analyses of trends of cannabis use in
Europe. At the European level, cannabis consumption appeared to
have increased in the past decade. Comparing the last and first avail-
able estimates, an increasing past-month prevalence was identified
for 24 out of 26 countries that had at least two data points available.
The country-specific changes in prevalence of use for the adult
population are further illustrated in Supplemental Material 1
(Supplemental Figure 2).

Age-specific comparisons of first versus last years suggest that an
increase in both past-month and past-year use was observed across
all age groups in Europe (see Table 1). Among younger adults, canna-
bis consumption is overall more prevalent and absolute increases
were more pronounced in this age group. Among 35 to 64 year-olds,
increases were smaller in absolute terms but greater in relative
terms. In this age group, prevalence of use increased by 50% or more
between 2010 and 2019.

The age-specific trends in prevalence of past-month use at the
country level, based on the first and last available estimate, are fur-
ther displayed in Figure 2. Only in Czechia and Poland, marked
decreases in prevalence of use in most if not all age groups were
observed. In France, the Netherlands, and Spain, pronounced
increases among middle-aged adults were identified. In contrast,
Germany reports increases in total use which were driven mostly by
e, based on most recently available survey estimates.



Table 1
Prevalence of past-month and past-year cannabis use in Europe, based on earliest and most recent survey estimates from 26 countries

2010 1 2019 2 Absolute prevalence difference 3 Relative prevalence difference3

PAST MONTH 15 to 64 3¢1 (2¢3 to 3¢9) 3¢9 (2¢9 to 4¢8) +0¢8 (0¢3 to 1¢4) +26¢6%
By age group
15 to 24 7¢0 (5¢1 to 8¢8) 8¢6 (6¢5 to 10¢6) +1¢7 (0¢6 to 2¢8) +24¢8%
25 to 34 5¢1 (3¢7 to 6¢4) 6¢0 (4¢5 to 7¢6) +1¢2 (0¢3 to 2¢1) +23¢4%
35 to 44 2¢0 (1¢4 to 2¢7) 3¢2 (2¢1 to 4¢3) +1¢2 (0¢6 to 1¢9) +60¢4%
45 to 54 1¢1 (0¢8 to 1¢4) 1¢7 (1¢0 to 2¢4) +0¢6 (0¢1 to 1¢1) +56¢9%
55 to 64 0¢4 (0¢2 to 0¢6) 0¢7 (0¢4 to 1¢0) +0¢3 (0¢1 to 0¢6) +82¢2%

PAST YEAR 15 to 64 5¢6 (4¢3 to 6¢9) 6¢8 (5¢4 to 8¢2) +1¢3 (0¢4 to 2¢2) +22¢7%
By age group
15 to 24 13¢2 (10¢1 to 16¢2) 15¢7 (12¢1 to 19¢3) +2¢7 (0¢9 to 4¢6) +20¢7%
25 to 34 9¢0 (6¢8 to 11¢2) 10¢6 (8¢3 to 13) +1¢9 (0¢5 to 3¢2) +20¢8%
35 to 44 3¢6 (2¢7 to 4¢6) 5¢4 (3¢9 to 6¢8) +1¢8 (0¢9 to 2¢7) +49¢6%
45 to 54 2¢0 (1¢5 to 2¢5) 3¢1 (2¢2 to 3¢9) +1¢1 (0¢5 to 1¢6) +53¢2%
55 to 64 0¢8 (0¢6 to 1¢1) 1¢3 (1 to 1¢6) +0¢5 (0¢1 to 0¢9) +62¢8%

Note. Figures in brackets indicate 95% asymptotic confidence intervals based on standard error of reported survey point estimates, not considering varia-
tion around each point estimate.

1 N=22 out of N=26 countries had survey estimates available in 2010, 2011, or 2012, with the remaining estimates obtained from the years 2013
(N=1), 2014 (N=2), or 2015 (N=1)

2 N=21 out of N=26 countries had survey estimates available in 2017, 2018, or 2019, with the remaining estimates obtained from 2016 (N=3), 2015
(N=2), or 2013 (N=1)

3 calculated as the population-weighted absolute/relative difference between earliest and most recent point estimate
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younger adults. Very similar country patterns were present for age-
specific changes in past-year prevalence (see Supplemental Figure 3).

Prevalence estimates for (almost) daily cannabis use among 15 to
64 year olds are displayed in Supplemental Figure 4. In 18 countries
out of 26 countries with available data, indications for increasing
trends in (almost) daily cannabis use could be observed. Most pro-
nounced increases were reported in Portugal (from 0¢5% in 2012 to
3¢0% in 2016) and Spain (from 2¢5% in 2011 to 3¢7% in 2017; see
Supplemental Table 2 for estimates for all countries).

Based on the last available estimates, the share of (almost) daily
users among past-month users differed largely across all European
countries. In countries like Lithuania, Czechia, Bulgaria and Poland,
less than one in ten users reported high-risk use patterns. In contrast,
50% and 70% of all past-month users reported (almost) daily use in
Luxembourg and Portugal, respectively. In half of all countries exam-
ined, the share of past-month users engaging in (almost) daily use
was 20% or higher (see Figure 3).
3.2. Prevalence of cannabis use disorder

According to GBD study estimates, 0¢5% of the adult (15-64) popu-
lation met CUD criteria in 2019 (95% CI: 0¢2 to 0¢9%), similar 2010 fig-
ures (0¢6%, 95% CI: 0¢2 to 0¢9%). There was substantial heterogeneity
in the prevalence of CUD, ranging from 0¢1% in Turkey to 1¢2% in the
UK. As illustrated in Supplemental Material 1 (Supplemental Figure
5), CUD prevalence between 2010 and 2019 pointed downwards in
most countries. However, given the large confidence intervals and
the small differences in point estimates, the GBD data suggest no
meaningful trends in CUD prevalence for any country.
3.3. Treatment rates for cannabis use disorder

In 2019, 115,477 treatment entries were registered by 25
countries and reported to the EMCDDA.

At the country level, vast differences in treatment rates are
reported. In Bulgaria and Slovenia, less than 2 treatment entries for
cannabis problems per 100,000 adults were recorded in 2019. In
contrast, more than 100 treatment entries per 100,000 adults were
registered in Malta. For an illustration of country-specific trends of
treatment rates, see Supplemental Material 1 (Supplemental Figure
6).
Based on the 22 countries with available data in the years 2010
and 2019 (representing 76% of the population aged 15 to 64 among
all 28 studied countries in the year 2019), the rate of treatment
entries for cannabis as primary problem per 100,000 adults increased
from 27¢0 (95% CI: 17¢2 to 36¢8) to 35¢1 (95% CI: 23¢6 to 46¢7). The
changes in treatment rates are also displayed in Figure 4. Regression
models suggest a significantly declining treatment rate only for the
Netherlands (annualized decrease in treatment entries per 100,000
adults: -2¢4, p=¢005), Finland (-0¢4, p=¢002), and Slovenia (-¢3, p=¢01).
In ten countries, treatment rates significantly increased. Modest
increases were recorded in Greece, Poland, Austria, Slovakia, and Por-
tugal (annualized increase in treatment entries per 100,000 adults
between +0¢8 and 1¢9, all p<¢001), while more pronounced increases
were present in Romania, Belgium, France, Malta, and Sweden (annu-
alized increase in treatment entries per 100,000 adults between +4¢3
and 6¢4, all p<¢01).

Based on those 17 countries providing continuous data between
2010 and 2019, the upward slope in treatment rates had come to a
halt in the year 2015 and has mostly plateaued since then (see Sup-
plemental Material 1 - Supplementary Figure 7).

The available data on TDI coverage suggests a high degree of vari-
ation between countries and over time, including a declining number
of treatment units from which data were collected since 2014 (see
Supplemental Material 1 - Supplementary Figure 1).

3.4. Cannabis potency

Median THC concentrations in herbal cannabis were reported by
22 countries. Between 2010 and 2019, THC concentration modestly
increased, from 6¢9% (Interquartile range (IQR): 4¢7 to 9¢2%) to 10¢6%
(IQR: 7¢2 to 12¢7%; see also Figure 5). Regression analyses suggest
that THC concentrations in herbal cannabis did not significantly
decline in any country in Europe. However, significantly increasing
THC concentrations in herbal cannabis rose were identified in six
countries (Portugal, Estonia, Czechia, Poland, Sweden, Hungary) at an
annual rate of 0¢5 to 1¢1 percentage points.

In cannabis resin, the THC concentrations tripled from 7¢6% (IQR:
4¢2 to 11¢7%) to 24¢1% (IQR: 16¢5 to 27¢5%), as suggested by data pro-
vided by 20 countries between 2010 and 2019 (see also Figure 5). At
the country level, regression models found no significantly declining
THC concentrations in resin in any country but significantly increas-
ing THC concentrations were present in eight countries. In Austria,



Figure 2. Percentage point change in past-month prevalence of cannabis use between earliest and most recent survey estimate (since 2010), by country. Countries with only one
data point (Austria, Estonia, Greece, Malta) and without age-specific data (Luxembourg) are not displayed. The empty bar for 15 to 24 year-olds in Sweden indicates no change in
prevalence of use.
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Figure 3. Share of (almost) daily cannabis user among past-month cannabis users, for
the most recent year with available data.
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Germany, Portugal, Italy, and Estonia, annualized change rates ranged
between +0¢8 and +1¢5 percentage points. In France, Sweden, and
Luxembourg, THC concentrations in resin rose at an annual rate of
2¢3 to 2¢5 percentage points.

Country-level trajectories of THC in resin and herbal cannabis are
further displayed in Supplementary Figure 8.
Figure 4. Change in treatment admissions per 100,000 adults between 2010 and 2019 for a
declining trend, red color indicates countries with increasing trend. Arrows are only presen
adults.
4. Discussion

4.1. Summary

Public health monitoring indicates that cannabis use is prevalent
in Europe. Although estimates should be interpreted with caution
due to potential error, the best available data at present indicates
that an estimated 3¢9% of all adults aged 15 to 64 reporting past
month use. There is a considerable variation in prevalence of use,
ranging from 9¢1% in Spain to less than 1% in Malta, Hungary, and
Turkey. Approximately 1 in 7 past-month users were estimated to
meet CUD criteria, with substantial heterogeneity between countries.
In countries where cannabis use is more common, such as in the
Netherlands and Spain, the share of users meeting CUD criteria
appears to be lower than in countries where cannabis use is less com-
mon, such as Malta and Hungary. However, there are also exceptions
to this, such as the UK, which has both relatively high rates of canna-
bis use and of CUD.

At the European level, the bulk of trend data converge on showing
that cannabis use and related problems have increased in the past
decade. The available data indicates that rises in prevalence rates
were reported in all age groups. Among adults aged 35 to 64 years,
prevalence of past month use increased by 50% or more. These find-
ings are similar to reports from European student surveys [46] and
recent trends in the USA, where the largest increases in prevalence of
use have occurred in middle-aged adults [47]. Consistent with rising
prevalence of any use and high-risk use patterns, treatment rates
have also risen in many countries, reaching a plateau in 2014. The
high level of treatment rates for cannabis creates problems for
healthcare providers. Psychosocial interventions such as Motivational
Interviewing and Cognitive Behavioural Therapy have been shown to
be effective at reducing cannabis use [48,49]. However, there is a lack
of approved pharmacotherapies for the treatment of cannabis use
disorders, and limited effectiveness of psychosocial interventions for
people with comorbid mental health problems such as psychosis
[50].

Lastly, stark and modest increases in cannabis potency levels have
been registered for resin and herbal cannabis, respectively, corrobo-
rating previous analyses in Europe and internationally [51-53]. In
ll countries with available data and their average. Green color indicates countries with
ted for countries with a change in treatment rates of at least 3 admissions per 100,000



Figure 5. Boxplots of median THC levels reported annually by 25 countries (Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, France, Germany, Hun-
gary, Ireland, Italy, Luxembourg, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Turkey), by cannabis type. Each box indicates the interquartile
range and the horizontal bar represents the median of all reported values in that year.
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contrast to these trends, CUD prevalence is estimated to have
declined in the past decade in most countries. These findings are con-
sistent with survey data from the United States, showing that while
the prevalence of cannabis use increased from 2001-2002 to 2012-
2013, the prevalence of cannabis use disorders in cannabis users
decreased [54]. However, potency level may be implicated with other
health outcomes than CUD, such as psychotic outcomes [55] or geno-
toxic and epigenotoxic effects [17].

4.2. Limitations and implications

In the following, we describe the implications of the findings for
each indicator, after outlining the limitations that need to be consid-
ered.

4.3. Prevalence of use

This indicator is based on general population surveys, which have
the usual problems of substance use surveys in the last decade: non-
representative sampling frame excluding key risk groups, high degree
of non-response and use of self-report [56]. Moreover, the validity of
prevalence estimates may vary between countries, which could
increase risk of bias when comparing estimates across different coun-
tries. Undercoverage is not as easily quantified as for legal substances
such as alcohol, as objective indicators such as sales data or wastewa-
ter analyses do not routinely exist or are hard to interpret in compari-
son to the standard indicators [57-59]. Further, the lack of uncertainty
measures prohibited to apply robust statistical methods to study
trends in cannabis consumption. Lastly, we do not have any informa-
tion on the purpose of consumption but assume that only a minor
fraction of users do take cannabis for medical purposes (for a summary
of European data, see [19]). For future monitoring, survey data should
distinguish between medical and recreational cannabis users.

Despite these limitations, survey-based cannabis use prevalence
constitutes one of the best indicators available for public health mon-
itoring purposes. In the 2021 European Drug Report, the EMCDDA
focuses on cannabis use among young adults [2]. While we also found
indications for increasing use in this age groups, our findings add that
cannabis consumption has apparently become more common among
35 to 64 year-olds. Albeit absolute use levels remain lower in this age
group, this is a trend worth noting. This trend could be driven by an
aging population of users (i.e., growing out of cannabis use becomes
less common) or by the increase in medical use of cannabis. Prescrip-
tion data from Germany show that patients using cannabis flowers
on prescription are on average 46 years old [60]. Another possibility,
supported by data from the USA [61], is that the proportion of older
adults who disapprove of cannabis use may have decreased over
time.

While the underlying reasons for an aging population of cannabis
users are yet to be singled out, the prolonged use of cannabis might
be associated with an increase in the risk of lung cancer [62] or
chronic obstructive pulmonary disease [13] � both of which are
rather rare among younger adults. Moreover, acute cannabis use is a
risk factor for traffic collisions [63,64] and this affects all ages regard-
less of the purpose of use (recreational or medical) [65]. Thus, if the
aging and growing population of cannabis users are driving under
the influence of cannabis, this could increase the number of motor
vehicle accidents in Europe.

Our findings further suggest an increase in (almost) daily cannabis
use prevalence. While similar trends have been reported for the USA
[66], such patterns have not been reported for Europe so far. Further
research should examine whether prevalence of risky use patterns
increased over and above prevalence of any use � or in other words:
have use patterns among current users become riskier?

4.4. Cannabis use disorder

In contrast to all other trends, the prevalence of CUD did not show
indications of increases in Europe. As the CUD data constitute
smoothed estimates obtained from statistical models, there are some
problems inherent to these data, such as not appropriately represent-
ing the true fluctuation in the data. However, as CUD prevalence is
estimated from cannabis use prevalence, the diverging trends ques-
tion the validity of the CUD estimates. The consistency of select GBD
estimates have been questioned in previous studies (e.g., [67,68]) and
our results add that estimation procedures for CUD prevalence may
be revisited and improved. An additional consideration is that the
validity of CUD estimates may vary between countries, which limits
comparability of estimates across countries.

Given the outlined limitations associated with available TDI and
CUD data, there is a need to improve indicators for high-risk cannabis
use or experience of cannabis-related problems in Europe. We pro-
pose to use high-frequency use patterns, such as (almost) daily use
and the EMCDDA should provide these data by country, year, sex,
and age on their website. In the long-run, however, an indicator for
high-risk use considering more than just frequency of use should be
established [69,70], ideally supplemented with data on quantity of
use (see e.g. data from Canada [71]).
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4.5. Treatment rates

Our analyses show that the number of treatment units contribut-
ing to the TDI varies greatly between countries and over time. The
large gaps in treatment rates far exceed the variation that would be
expected based on prevalence of use and of CUD, questioning the
validity of the estimates across time and space. Moreover, up-to-date
information on TDI coverage, i.e., the share of all relevant treatment
units covered in each country, is not available. Thus, we recommend
that between-country comparisons should not be undertaken with-
out accounting for methodological differences. Further, an increase in
treatment rates can reflect a number of different factors (in addition
to treatment demand itself), such as TDI reporting completeness or
quality, a higher willingness of users to seek treatment, or increased
availability of treatment. We recommend that, where feasible,
improvements to TDI data quality should be made to facilitate under-
standing of true treatment demand and enable robust estimates of
change.

4.6. Cannabis potency

Cannabis potency data are predominantly collected through anal-
ysis of police seizures at the national level. As such, they should not
be assumed to be representative of the type of cannabis used at the
retail level. Law enforcement methods create a risk of bias in selec-
tion according to various factors such as degree of criminal involve-
ment, ethnicity, age, gender, and location. By contrast, cannabis
potency data reported by the Netherlands (Trimbos Institute) can be
assumed to be representative of cannabis available at the retail level,
as data are collected using a standardised protocol consisting of ran-
dom sampling from national retail outlets each year [72]. We recom-
mend that, where possible, additional European countries should
sample cannabis from sources other than seizures in order to
improve the reliability and validity of the data. As policies towards
cannabis are becoming more permissive in Europe, this may facilitate
improved monitoring of cannabis potency at the retail level. An addi-
tional consideration is that for all countries reporting data on canna-
bis potency, the reliability of data may be influenced by the sample
size of cannabis products used to create summary estimates for each
country and year, and the laboratory equipment and analytical
protocol used to estimate potency. Information on these potentially
confounding variables are not available at present. Finally, concentra-
tions of cannabidiol are not monitored at present.

The public health relevance of cannabis potency indicators is evi-
denced by findings that THC concentration was associated with pro-
gression to the first symptom of CUD (1.4 times per each unit of THC
[73]) and greater severity of CUD [74], especially among younger
people. High-potency cannabis was also associated with increased
risk of psychosis [75], and with frequency of use, cannabis-related
problems and anxiety [76].

Our findings suggest greater THC concentrations in cannabis resin,
which is produced by extracting material from the cannabis plant.
The increase in potency of cannabis resin in Europe may be attribut-
able to a shift towards THC-dominant cannabis plants in Morocco -
the primary producer of cannabis resin for the European market [77].
The increased THC concentrations in resin may translate into greater
risk of harm for users preferring this type of cannabis. Possibly, the
increased risk could be offset by dose titration [78] or higher concen-
tration of cannabidiol found in resin (for data on concentration, see
[72]; for the effects of cannabidiol, see [79]). However, as findings on
the protective effects of cannabidiol have been inconsistent [80], it
remains to be studied empirically whether resin use is associated
with an increased risk.

In light of the increased public health risks and the uncertainty in
the underlying data, we see the need for improved monitoring of can-
nabis potency in Europe. The need for better data is further
substantiated by changes in the cannabis market, such as the emer-
gence of products containing high levels of cannabidiol in Europe
[81] and the widespread use of highly concentrated cannabis extracts
in North America.
5. Conclusions

Between 2010 and 2019, cannabis use, risky use patterns, treat-
ment rates and potency levels have increased in Europe. The combi-
nation of rising prevalence, risky use and potency levels suggest that,
overall, THC exposure has increased in the European population. To
fully understand the public health implications of the observed
trends, the quality and reporting of available data should be
improved and supplemented with additional data on high-risk can-
nabis use patterns and cannabis-attributable harm.
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