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In the era of (re)legalisation of medicinal and recreational cannabis, accidental
and intentional exposure to edibles, cannabis-infused food products, has
increased substantially. However, there is particular concern regarding younger
age groups. Most concerning is the increase in hospitalisations. According to a
study by Myran et al. (1), provinces in Canada, where the sale of edibles is
permitted, saw an increase in paediatric poisonings due to unintentional
consumption of edibles. Similar trends have been observed in “legalised states”
in the US, such as Colorado (2). The impact of using cannabis at an early age, but
particularly the impact of accidental exposure to high THC quantities, may have
negative mental or physical health outcomes. Whilst regulatory restrictions vary
significantly from one legalised region to another, it is difficult to identify a best
practice. The aim of this study is to identify and discuss new and existing risk
mitigation strategies to give guidance to policymakers. Furthermore, practical
aspects, such as compliance (e.g. audits by authorities), are discussed. It is noted
that edibles have been around much longer than recent political attempts to
regulate them.
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Background
(Re)legalisation of medicinal and recreational cannabis

Around the world, most countries attempt to abide by the United Nations (UN) Single
Convention on Narcotic Drugs 1961, the Convention on Psychotropic Substances 1971 and
the Convention Against Illicit Traffic in Narcotic Drugs and Psychotropic Substances 1988
(3). These international drug treaties encompass the implementation of legislations
addressing legal use and the illegal drug trade. However, when it comes to cannabis,
some territories, or states within countries, have their own drug laws or interpretations,
which may appear to be less restrictive.

In 2020, the UN re-scheduled cannabis (4) from Schedule IV (drugs considered to be
the most dangerous, with limited medicinal or therapeutic value, e.g., heroin) to a Schedule
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I narcotic (drugs with addictive properties but with identified
potential for medicinal or therapeutic uses). This places cannabis
in the same scheduling as methadone, morphine, and oxycodone
(5-7).

Some of the basis for its re-classification was partly due to the
growing evidence on the significant health benefits for children,
particularly with certain forms of epilepsy and autism (6), as well as
easing the symptoms and side effects in those undergoing cancer
treatment (7). Part of this re-classification was done in the hope to
give scientists and authorities more freedom in investigating its
potential benefits, whilst also allowing more strict control on how it
is produced and distributed. By taking back control over such
medicinal products, it gives regulators more confidence in the
safety of cannabis products reaching the market, compared to
products obtained illicitly in an uncontrolled market.

Countries such as Canada (8), Uruguay (9) and several states in
the USA (10) have also legalised recreational use of cannabis. This
list is expected to grow as the weight of positive scientific data
becomes known alongside ongoing legalisation (11). Some
countries have decriminalised the possession of small quantities
of cannabis for personal use, e.g., in Spain, Portugal and the
Netherlands; when found in possession by law enforcement, most
offenders are given either a verbal or written warning, a small fine
and/or a counselling offer (12).

The re-classification of cannabis also saw the World Health
Organisation (WHO) suggest that cannabidiol (CBD) with less than
2% tetrahydrocannabinol (THC) should not be subjected to drug
controls (4), however this suggestion was rejected by several
member states. The United Nations Commission on Narcotic
Drugs (CND) instead voted in favour to add a footnote that a
THC level < 0.2% would not be subjected to controls (13). In some
cases, the basis for its rejection was due to CBD itself not being
currently controlled under most drug laws. Presently, the European
Commission, via the Scientific Committee on Consumer Safety
(SCCS) (14), has initiated a call for data on the safety of CBD in
cosmetics. The UK Home Office has also created guidance on the
use of CBD in products coming into the UK (15). CBD has seen a
dramatic rise in demand for inclusion into consumer goods, most
likely due to current marketing trends. The market size of CBD
consumer products is expected to grow at a rate of 16.2% from 2023
to 2030 (16).

Although there are more countries considering
decriminalisation, there are still regions in the world where
possession is still considered highly illegal and is treated the same
as drugs currently under Schedule IV. This is often the case in the
Middle East and areas of Africa and Asia. If found guilty of
trafficking the drug, some cases result in corporal punishment,
which is seen in places such as Egypt (17), Malaysia (18) and
Singapore (19), and are even punishable by death.

Around Europe, a number of shop fronts that sell cannabis
products for non-medicinal purposes, such as coffeeshops, can exist.
In the Netherlands, each coffeeshop must be licensed by the
municipality they are in; however, almost two thirds of the
municipalities in the country do not permit such licenses.
Consumption of cannabis for recreational uses is permitted but
they must adhere to restrictions that have been set up by the public
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prosecutor (11). Part of these restrictions include limiting who can
visit such coffee shops, with only residents of the Netherlands
permitted to do so, and coffee shop owners must ensure all
visitors are above 18 years of age and have a valid residence
permit or are present on the municipality register (20).

Hospitalisation rates in
younger populations

According to a study by Myran et al. (1), in Canada, where the
sale of cannabis-infused food products, so called “edibles”, has been
permitted, the region experienced an increase in paediatric
poisonings due to unintentional consumption of such edibles.
Hospitalisations were slightly higher in males at < 54%, while the
average age of those admitted ranged from 3-4 years. Additionally,
most hospitalisations covered in the study period occurred during
the later legalisation period (2020-21), compared to the pre-
legalisation (2015-18) and earlier legalised study period (2018-19).

Similar trends have been observed in legalised states in the US,
such as Colorado (2). Medical uses have been allowed in the state
since 2001, but in 2014 a public health intervention was passed. In
2017, children hospital visits doubled, and poison control centre
calls increased by 50%. The median age of children admitted was 3
years, with 58% being female. Most cases were linked with
ingestion, with edibles being the second highest product category
after the dried plant.

In the adolescent population (15-19-year-olds), where a
previous decline in cannabis use was noted before legalisation,
this may now be starting to rise once more due to the increased
accessibility of the drug (21). This is somewhat reflected in the
findings by Myran et al. (1), where paediatric hospitalisations
increased substantially when comparing the pre- and post-
legalisation periods. The rate of poisonings per 1000 went from
57.42 in exposed areas, to 318.04 post-legalisation (1). Canada also
has one of the highest rates of cannabis use amongst young people
in the world, however a small decline in the 12-month use
prevalence has been recognised in 16-19-year-olds (from 41% in
2017 to 37% in 2022) (22, 23).

Similar scenarios have also been observed within Europe,
particularly in France, where it has one of the highest recorded
cannabis uses on the continent even without legalisation. A study in
Marseille by Mehamha et al. (24) noted that cannabis poisoning
amongst toddlers (mean age 17 months) was becoming more
frequent, including a rise in severity (24, 25).

Conversely, however, some studies note a decrease in cannabis
use post-legalisation. A study by Midgette & Reuter (26) detailed
that in Washington State, 30-day cannabis use after legalisation in
fact decreased 22% and 12.7% in grade 8 and grade 10 students
respectively, but no effect was noted in grade 12. In Uruguay,
although an initial spike in use was noted in 18-21-year-olds post-
legalisation, usage rates returned to pre-legalisation levels according
to Rivera-Aguirre et al. (27).

Based on trends seen in the US, the most common forms of
cannabis consumption in young people other than traditional
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smoking include vaping (28), which in itself has seen massive
growth in recent years, as well as the consumption of edibles (29).
However, the consumption of edibles, considered safe by some due
to absence of inhalation of cannabis smoke (30), can still result in
cannabis intoxication, particularly in young children (31).

The most common form of edibles is usually presented as baked
goods, such as brownies, often nicknamed ‘hash brownies’ (see
Figure 1), notably due to the need for a fatty carrier (e.g., butter) and
the ease of manufacture. Other examples include THC-infused
chocolates, gummies and, due to advances in formulation
technologies, beverages. Similar products with CBD instead of
THC exist too, however, due to THC'’s intoxicating properties, the
focus of this manuscript lies with edibles containing significant
amounts of THC.

One of the reasons for the observed rise in the consumption of
edibles by children is based on the packaging, and appeal thereof.
Many examples available online play on imagery like well-known
brands, including colourful artwork and marketing, and to the
untrained eye, may look very much like a standard candy or baked
good that is already on market. This is known in some cases as
“attractive nuisance” (32) — a hazardous condition or object a person/
company manufactures that is attractive to children, in this case
packaging edibles that look appealing to the younger population.

A similar case of this “nuisance” can be seen in the food
industry, particular in children’s cereal products. Not only does
the colourful artwork and cartoon appeal to a child’s interest, in
some cases free toys or activities are included in or on the box. In
2020, this nuisance was addressed by Mexican authorities who
enacted laws for warning labels to be placed on food packaging
which contain excess sugar, calories, sodium, fats, as well as caffeine.
In addition to these warning labels, restrictions were also placed on
the use of cartoon characters. If a product contains one of the excess
warning labels, then it is not permitted to incorporate the use of
cartoons. In most cases, over-labelling to cover such artwork has
been implemented, versus printing cartoon-free packaging (33).

Innovation has also played a part in this increased consumption,
as the palatability of edibles has also improved and become more
attractive (34), which entices children to continue eating the
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substance without knowing or recognising the distinctive aroma
that is typically associated with cannabis. Because of this, children,
as well as adults, may continue to consume a larger than intended
quantity due to the appealing taste, unaware that they are becoming
intoxicated over time until adverse effects begin to take place.

What are the symptoms of
cannabis intoxication?

Cannabis has physical and mental effects that can begin within
minutes, but may take hours to become noticeable, particularly with
edibles. This is dependent on the preparation method, route of
administration and concentration of source material. The physical
effects include an increase in heart rate, peripheral vasodilatation,
conjunctival suffusion, bronchodilatation, dryness of the mouth and,
in large doses, tremor, ataxia, nystagmus, nausea, and vomiting (35).
Mental effects include euphoria, spacial and time distortions, increased
intensity of senses and motor impairment. This can include negative
psychological reactions ranging from panic to depression (33).

Inhaled doses equivalent to 2 to 3 mg THC, and ingested
amounts of 5 to 20 mg THC can result in reduction of attention
span, memory (both short- and long-term) and executive
functioning. Doses above 7.5 mg/m® THC as inhaled (body
surface area-based dosing, equivalent to 0.2027 mg/kg or 12 mg/
day on average) in adults, and 5 to 300 mg THC ingested by
children can produce severe symptoms including low blood
pressure, panic, anxiety, uncontrollable muscle spasms, delirium,
respiratory depression and general ataxia. In children, signs of life-
threatening toxicity include lethargy and/or heightened muscle
movement. Although acute toxicity is uncommon in adult
patients, they are likely to have severe or prolonged vomiting,
behavioural problems and/or a medical emergency due to trouble
breathing (36).

Adults typically present with psychiatric disorders in cases of
cannabis overdose, as well as respiratory disorders due to smoke
inhalation. These symptoms can develop into seizures, tachycardia,
respiratory depression, and coma (37). Adverse effects in children

FIGURE 1

Examples of 'hash brownies’ & cannabis infused beverages. Images courtesy of Joe & Constantin Koch (left) and Herr Greenrush (right).
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are typically less known, but due to the rise in hospitalisation of
children in states where cannabis has become legalised, more health
information is becoming available. In some cases, children typically
present with impaired consciousness and respiratory disorders,
rather than psychiatric symptoms which are more prevalent in
adolescents and adults (38). Admissions data is also starting to
reflect that paediatric patients are experiencing more severe
symptoms with longer hospital stays (39).

Other long-term effects are still relatively unknown; some
studies suggest long-term THC use, or use from an early age, is
associated with the onset of psychosis and other neurological
disorders later in life. However, the scientific community is still
puzzled with addressing directionality (40) - is cannabis use leading
to psychopathologies or are psychopathologies leading to cannabis
use? Decreased level of intelligence, as well as decreases in attention
span and memory capabilities have also been noted in heavy users,
although most findings are reversible (41, 42). Use of cannabis
during pregnancy is also speculated to contribute to negative, long-
term health effects in the offspring (43).

A recent meta-analysis conducted by Allaf et al. (44) concluded
that decriminalisation saw a rise in acute poisonings, particularly in
the USA. However, it is worth noting that this region has not yet
fully legalised cannabis use, as policies are different from state to
state. Meta-analysis in countries, such as Canada or decriminalised
states, would be considered more relevant (45).

Risk mitigation
Packaging and labelling of edibles

For cannabis products, child-resistant packaging is necessary to
prevent children from using a product that may lead to unwanted,

10.3389/fpsyt.2024.1285784

adverse effects. Packaging types are typically characterised into
‘reclosable’ and ‘non-reclosable’ containers, the difference being
that once opened, the latter cannot be resealed or sufficiently closed
to provide a degree of security from children. These closures are
defined by the international standards of BS EN ISO 8317:2004 and
BS EN 14375:2003, respectively (46, 47). Examples of reclosable
packs include “push and turn”, or “squeeze and turn” caps, often
utilised for pharmaceutical containers. Non-reclosable pack types
include blister packs often seen for holding tablets or capsules. To
be certified as child-resistant, the packaging must comply with one
of the packaging standards, including panel testing in children
where 85% must fail to open the packs before demonstration, and
80% after demonstration (48, 49). The child-resistant packaging of
edibles is therefore one method of risk mitigation to prevent and
deter children from accidental, or intentional, ingestion.

Along with traditional child-resistant packaging, innovation in
the packaging industry has also seen the development of child
resistant zipper bags or pouches, which include locking “press and
seal” zipper (50) technology (see Figures 2, 3), also produced in
accordance with child resistant packaging laws in the USA.

In Canada, the distribution of cannabis products is regulated
under the Cannabis Act 2018 (8) with specific requirements on
packaging and labelling, as well as limits on THC content and
controls on other ingredients including caffeine, sugars, and
nicotine. Packaging must be child-resistant, in plain appearance
(i.e., depictions of persons, characters or animals, images that evoke
a sense of positive emotion such as excitement should not be
present), as well as including certain health warnings. The overall
product must not be appealing to children, limiting the
“attractive nuisance”.

Similar restrictions also exist in some US states where
recreational cannabis has been legalised e.g., Colorado,
Washington and Alaska (51). However, such guidance specifically

FIGURE 2

Examples of "edibles” with so-called ‘attractive nuisance’, reflecting cartoon imagery and well-known consumer brands including ‘Nesquik’. Images

courtesy of Joe & Constantin Koch (left) and ParaSid (right).
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FIGURE 3
Example of dosing supplied on edible products (in yellow). Image
courtesy of Joe & Constantin Koch.

for cannabis products is not enforced in other regions where its use
has been legalised, and hence the probability of children and
adolescents buying and consuming products that look like regular
foodstuffs is heightened.

A study by Ventresca & Elliot (2022) (52) recruited participants
in Canada to assess current approved cannabis packaging in the
region to determine what additional information they would like to
see on cannabis products. Although child-resistant packaging was
suggested, a notable suggestion was the desire to know the
standardised THC unit, consumption instructions and unit-dose
packaging. Health Canada stipulates no more than 10 mg of THC
can be present in edibles, yet products purchased outside the region,
or manufactured illegally, may contain unknown amounts of the
psychoactive, as well unquantifiable amounts of other, potentially
harmful cannabinoids.

By knowing the actual dose of THC or total cannabinoid
content in products, consumers are more aware of their
acceptable daily dose, and from this can determine a tolerable
limit. This is especially important in cases of parents dosing
children for the sake of easing the symptoms of illness (which is
still considered illegal in most legalised states). By not knowing the
cannabinoid content in products bought at various times of the year
or from various locations, parents could unknowingly be putting
their children at an even higher risk when the dosing is not
accurately labelled or quantified.

Dosing and ingredient identification

Although the implementation of child resistant packaging is
one part of helping solve this issue, the amount of THC and other
cannabinoids incorporated into products should also be indicated
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clearly to ensure consumers are well-informed, and in potential
cases of intoxication or overdose, health professionals can more
accurately identify adequate treatment options.

THC is hardly soluble in water (53). Whilst traditional baked
goods use either hashish or cannabis butter/oil (i.e., butter or
vegetable oil infused with herbal cannabis) (54), there is a trend
to use high potency extracts, such as decarboxylated “butane honey
oil” (a potent extract often referred to as BHO) or THC distillates
with a purity >95%. With this technology it is possible to add 60 mg
THC (and potentially more) into a single piece of candy gum (55).
Recently, sugar (cf. THC syrup) and microfluidizer have been used
to increase applications and solubility in water, e.g., for mixing in
beverages (56, 57). Some of these products lack the typical cannabis
flavour and/or contain extremely high THC quantities. Both
aspects, particularly in combination, can increase the risk for
either accidental exposure or underestimation of the potency.
However, heavy users may desire to take oral THC doses of >100
mg. These include THC-rich extracts in a syringe where people can
dose an accompanied plain brownie to their liking (58).

A separate study by Vandrey et al. (59) reported that out of 75
products tested that were purchased within the US, over 60% had
less THC than labelled, while 23% had more THC than labelled, and
in some cases no THC at all. A similar study by the US FDA (60)
noted that out of 102 CBD products, 45% of products contained
within 20% of the amount indicated, and 37% contained more than
120% of the indicated CBD. Within these, 49% of products
contained THC when it was not indicated.

Informing beyond the product packaging

The communication of the risks of edible cannabis products
must go beyond the product packaging itself, particularly as
younger children are more likely to consume something that
looks like food without consulting the label (see Figure 4). This
issue is also seen in the cosmetics industry, particularly in cases of
bath products such as bath bombs that resemble foodstuffs such as
cupcakes or donuts, in terms of size, shape and even smell. Such
cases are regulated under directives in both the EU (61) and UK
(62), whereby products resembling food which are not edible must
not be placed on the market, or risk being recalled, and significant
fines being issued to the manufacturer.

A key strategy is then to reduce the potential for intended users
to leave the product in reach of children by informing them of the
dangers, like other consumer goods with intrinsic hazards such as
alcohol, nicotine, medication, or cleaning goods. The biggest,
positive impact is expected when the message is spread over
multiple platforms and from different bodies, including
government (63), non-government organisations (NGOs) (64)
and the companies selling the products themselves. Nicotine-
containing liquids, a recent product category where child
poisoning also increased rapidly alongside increased sales, had a
combined risk informing strategy in the USA via online websites,
TV adverts and presentations at schools. This is having an impact
on hospitalisation rates, although confounding factors may also be
at play (65).
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FIGURE 4

Example of products with lengthy warning and instructions for use,
THC & CBD dosing, and the presence of a California Prop65
warning label (bottom right). Image courtesy of Constantin Koch.

Prevention controls in schools is also an approach that has been
taken by a number of states in the US where cannabis has been
legalised. A case study in California, which was the first state to
legalise its use for medicinal use, as well as one of the first for non-
medicinal use, reported that numerous prevention and awareness
classes are now taught to 7-11" graders (12-17-year-olds). Project
ALERT is a taught science course on how to resist the use of drugs
and alcohol, with similar courses such as Project TND (Towards No
Drug Abuse) and CAPT (Cannabis Awareness and Prevention

Toolkit) also being implemented in the state (66).

Control and enforcement

One of the easiest ways to reduce the likelihood of exposure to
particularly harmful products is to control the supply to the market.
This can be done by imposing regulations with appropriate
restrictions on who can manufacture, who can sell and who can
buy cannabis-infused food products. Batch-specific specifications
and traceability from plant to product, like that already in place for
food products, such as for meat and poultry, could be used to
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provide consumers and regulators with a level of transparency. This
should come along with typical consumer good practices, such as
audits by appropriate authorities, mystery shopping, analyses of
random samples and, if necessary, issuing penalties, forcing market
withdrawals, or closing facilities and shops (after multiple or
very severe violations). In cases of frequent or serious adverse
events caused by a single products or product ranges, relevant
batches should be identified and traced back to the manufacturer.
Beyond that, authorities should check appropriate customer
communication, for instance, that no health claims are made.
Additionally, authorities monitoring the overall quality of
products on sale could identify new trends and harm potentials
arising. However, it is important that regulations and penalties are
set and enforced in a sufficiently tolerant way to allow for a legal,
health-oriented market to develop as alternative to an unregulated
market with harmful products and harmful law enforcement
towards consumers.

Conclusion

Although legislation is a necessary step to overcome the harms
created by current laws on cannabis, access to certain cannabis
products, including edibles, comes with its unique challenges. As
has been reported, the number of hospitalisations of children who
have consumed cannabis products, either intentional or through
misuse, is increasing, even in regions were legislation has already
been implemented. To help reduce the risk of unintentional
intoxication in children, appropriate mitigation measures must be
implemented to ensure their safe use. These include child-
resistant packaging and absence of imagery that contributes to
‘attractive nuisance’.

In addition, beyond the responsible storing of edibles out of
children’s reach, cannabis products should be appropriately labelled
in terms of THC dosing per piece and per package, inclusion of clear
instructions and warnings, and advice on what to do should overdosing
lead to cannabis intoxication. Manufacturers should ideally also make
available batch-specific specifications, and ensure traceability of the
product’s manufacturing process, as well as standard quality checking.
This guidance will give policymakers a better understanding in how to
manage the sale and distribution of edibles and other cannabis
products. Any strategy for tackling the potential for misuse of
products should look to implement continuous quality improvement.
It is also important to share the successes, improvements and learning
of any actions with the global community as this continues to be a
rapidly developing area of interest.
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