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The use of cannabis-based medicines to treat a
variety of conditions, and the use of cannabis as a
recreational drug, is currently of interest to both

the general public and the medical community. This
paper summarises the current research evidence

on the health impacts of cannabis and cannabinoids
to assist these communities in considering the
opportunities and risks associated with cannabis use.

He tuhinga whakarapopoto

SUMMARY

o There is evidence that cannabis-based medicines have some
therapeutic effects in specific clinical situations such as
chronic pain, chemotherapy induced nausea, muscle spasms
due to multiple sclerosis, and certain types of epilepsy.

» There is evidence that recreational cannabis use is
associated with negative health outcomes including
mental iliness (particularly in youth), drug use disorders,
respiratory illness, impaired cognition, increased road
accidents and lower birthweight in babies born to women
exposed to cannabis.

» The wide range of research methodologies in
the literature makes it difficult to come to definitive
conclusions in many cases.

« There is a particular research gap in understanding
the health effects of both recreational cannabis use and
cannabis-based medications on specific population groups.

» The lack of evidence-based information on both the
potential therapeutic effects and harms of cannabis and
cannabinoids poses a public health risk.
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He timatanga korero

INTRODUCTION

New Zealand, like many jurisdictions, has
begun reviewing its laws on cannabis-based
medicines and recreational cannabis use.

For medicinal use, New Zealand introduced an
exception to the law in late 2018, which facilitates

use of cannabis by those requiring palliative care.

Of the two primary substances found in the cannabis
plant with potential therapeutic value, medicines
comprised predominantly of cannabidiol (CBD), which
is not associated with euphoria, can now be prescribed
for use under the Medicines Act 1981 so long as the
psychoactive compound, tetrahydrocannabinol (THC),
comprises no more than 2%. The medicine Sativex®,

a cannabis-based oral spray that contains both CBD
and THC, can also be prescribed for multiple sclerosis
sufferers who meet certain criteria, without approval
from the Ministry of Health.

For recreational use, cannabis is currently a class

B drug (processed cannabis) or class C drug
(unprocessed cannabis) in New Zealand, indicating
that it has been deemed to pose a high or moderate
risk of harm to individuals, or to society, by its misuse.!

To report on the health risks and potential benefits

of medicinal and recreational cannabis, this paper
draws upon a 2017 report published by the US National
Academies of Sciences, Engineering and Medicine:
The health effects of cannabis and cannabinoids:

The current state of evidence and recommendations
for research?, as well as additional literature.
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History of cannabis

Archaeological evidence points to a long

association between humans and the cannabis plant.®
Its cultivation and use spread across Asia and gradually
west towards Africa, Europe and the Americas.

The first written record of medicinal use of the cannabis
plant comes from China, around 6,000 years ago.4

As Europeans expanded their exploration from Asia
into Africa, interest in cannabis made its way to Europe,
where medicinal use of the plant is recorded in the

19th century as a treatment for tetanus and for mental
disorders. It appeared in both the British and US lists
of medicines of that time, with descriptions of how to
prepare the dried flowers for medicinal use. However,
concerns about the plant’s social use, variability in
composition and short shelf life led to it being removed
from the British medicine list in 1932, and the US
medicine list in 1942, as its use was being replaced

by opiates and new drugs with more reliable effects.?

Cannabis is currently regulated under international drug
control interventions, notably the three United Nations
conventions, to which New Zealand is a signatory: the
1961 Single Convention on Narcotic drugs, the 1971
Convention on Psychotropic Substances and the 1988
Convention against lllicit Trafficking of Psychotropic
Substances.®



VE HUMANS
USED CANNABIS
~ AS A MEDICINE?

- Written records show cannabis was
used for medicinal purposes in China
as far back as 6,000 years ago.



The cannabis plant, active ingredients
and the body’s receptors

THE CANNABIS PLANT
AND PHYTOCANNABINOIDS

The cannabis plant is a member of the Cannabaceae
family, of which the other best-known member is hops,
used to flavour beer. Plant products, as well as the
dried plant itself, are known by many names, including
marijuana, hashish, weed, pot, dabs and hash.

Cannabis grows as separate male and female plants.

It produces a large number of biologically active
compounds known as phytocannabinoids. To date, over
100 of these have been isolated. The two best known
are THC, found in the highest concentrations on small
outgrowths around the unfertilised female flower head,
and CBD, which lacks the intoxicating properties of
THC.%® Through rigorous study, both THC and CBD
have been identified as potential medicinal compounds
for specific conditions. It is possible that other similar
compounds in the cannabis plant may have other, yet
to be discovered, therapeutic effects.?

Different varieties of cannabis have been bred to
give differing ratios of THC to CBD, with average
concentrations of THC having increased in recent
decades due to intended recreational use for its
psychoactive effects.” The chemical composition of
raw plant material varies considerably depending

on growing conditions, local climate and soil types,
pesticide use, harvest time, post-harvest preparation
and storage conditions.®

THE ENDOCANNABINOID SYSTEM

The human body produces its own internal
cannabinoids (endocannabinoids) that act on
cannabinoid receptors in the body. These are the
same receptors that are activated by THC, the primary
chemical component in most cannabis plants. This
endocannabinoid system is widely found in many
species,9 and was first discovered in the 1980s,
initially in rats.” At present, two types of cannabinoid
receptors have been identified in the human body:
Type-1 cannabinoid receptors (CB1) are found in high
concentrations in brain areas responsible for appetite
regulation, memory, fear extinction, motor responses
and posture. They are also found in non-neural
tissues, including the gastro-intestinal system. Type-2
receptors (CB2) are mainly associated with the body’s
immune system, although they can also be found in
many other tissues.”

THC mimics endocannabinoids by binding and

partially activating the CB1 cannabinoid receptors in
the brain and body, affecting various physiological and
cognitive processes and leading to the characteristic
‘high’. In contrast, CBD does not interact strongly with
the body’s cannabinoid receptors and its primary
mechanism of action is still unknown. In animal and
cellular studies, it appears to have antioxidant and anti-
inflammatory properties, which may explain its potential
neuroprotective action observed in preclinical models.™
There is some evidence that these CBD characteristics
can be exploited in the treatment and relief of a variety
of neurological disorders including epilepsy and
seizures,™ ™ psychosis,” anxiety,’® movement disorders
such as Huntington’s disease - ® and multiple sclerosis,
'® however clinical research has yet to provide rigorous
evidence in support of these uses.
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Medicinal cannabis

Pharmaceutical companies have already developed a number of cannabis-based medicines and pure preparations,
either from phytocannabinoids found in cannabis or from synthetically prepared compounds similar to those found
in the plant. Approved uses vary by jurisdictions. Only Sativex® is currently registered as an approved medicine in
New Zealand, and only for the treatment of muscle spasms in multiple sclerosis; it is not currently funded, so must
be purchased by patients after receiving a prescription from their specialist neurologist. The predominant medicinal

products with approved uses in some other jurisdictions are summarised in Table 1, below.

Medicinal cannabis product

l"

.

L
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9 NABILONE AND
DRONABINOL

THC AND CBD
PHARMACEUTICAL
GRADE PLANT
PREPARATIONS

NABIXIMOLS

Registration details

‘Sativex’ by GW
pharmaceuticals, UK

‘Epidiolex’ by GW
pharmaceuticals,
UK, and ‘CBD Max/,
produced by Tilray,
Canada

‘Cesamet’ by Meda
pharmaceuticals, and
‘Marinol’ by Solvay
pharmaceuticals US

‘Bedrocan’, The
Netherlands, and
‘Tilray’, Canada

Product description

A cannabis-derived
spray administered
under the tongue
with THC and CBD
at approximately
11 ratio

Concentrated CBD
in oil from cannabis
extract

Oral capsules
containing an
analogue to THC,
and a synthetic
THC, respectively

Whole, dried
pharmaceutical-
grade cannabis
products including
female flowers
and cannabis oil

2,20

Approved uses

Used for chronic nerve pain and muscle
spasms in multiple sclerosis (multiple
countries, and approved by Medsafe in
New Zealand only for the management of
muscle spasms in multiple sclerosis); and
for advanced cancer pain (Canada)

Used for specific severe epileptic
conditions in childhood (Dravet syndrome
and Lennox-Gastaut syndrome) in the

US and UK

Used for stimulation of appetite in
AIDS-related anorexia and weight loss;
and for severe nausea and vomiting
associated with cancer chemotherapy
ws)

Products meet Good Manufacturing
Practice (GMP) standards and are supplied
to some jurisdictions that have approved
medicinal use of cannabis in certain
circumstances, including New Zealand
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WHAT MEDICAL —
CONDITIONS CAN

CANNABIS TREAT?

The evidence for cannabis-based
medicine is not well established
as it hasn’t been widely tested in
clinical trials. There is evidence
that cannabis-based medicines
may have some effect as an
additional treatment option for
controlling chronic pain in adults,
reducing nausea and vomiting
from chemotherapy, easing pain
from muscle spasms in people
with multiple sclerosis and
treating two rare forms of
severe epilepsy in children.



Nga Ahuatanga Haumanu

THERAPEUTIC
EFFECTS

A number of clinical trials have sought to
ascertain the effectiveness of cannabis-based
medicines for a range of clinical conditions.
However, the quality and level of evidence is
often low and not compared directly against
prescription medicines representing the
current standard of care.?

Evidence from the literature points to some therapeutic
effects of certain cannabis-based medicines for pain
relief, seizure control, as anti-nausea and vomiting
treatment for chemotherapy patients, and for the

relief of some symptoms of multiple sclerosis. The
evidence summarised here is based on that which the
US National Academies of Sciences, Engineering and
Medicine 2017 report considers to have a conclusive,
substantial or moderate evidence base according to
their definitions of these categories.?

Muscle spasms due to multiple sclerosis
or spinal cord injury

Multiple sclerosis patients report reduced muscle spasm
symptoms with oral cannabinoid treatment. However,
there is only limited evidence for objectively measured
effects,? 2" 2° and Sativex® use for this condition was
not recommended for funding in New Zealand by the
Pharmacology and Therapeutics Advisory Committee
in 2015, although it is registered for use in New Zealand
for patients who meet certain criteria.>°

Chronic pain

There is evidence that cannabinoids may be effective
for chronic pain in adults, with reported benefits but
also adverse side effects.?" 22 Of the various types of
chronic pain, nerve and cancer pain have been the
most widely studied to date, with studies generally
showing marginal improvement in comparison with a
placebo.?" %2 |n a clinical setting, pharmaceutical grade
cannabis-based medicines and cannabinoids will be
more consistent in terms of cannabinoid composition,
compared with the non-pharmaceutical cannabis forms
used by the general population. However, although pain
might not, or only marginally, improve, other effects of
cannabis and cannabinoids might still result in a patient
feeling better.®

Chemotherapy-induced nausea
and vomiting

There is evidence that cannabinoids can relieve

the nausea and vomiting side effects of chemotherapy.
2126 Nabilone and dronabinol have been licensed in
the US for over 30 years for this purpose, and other
cannabinoids have also been shown to be effective, with
dronabinol found to be equivalent to one other modern
nausea and vomiting suppressant.?’ The mechanisms
of chemotherapy-induced nausea and vomiting vary
enormously between patients, and cannabinoid use is
re-emerging as a potential treatment option in addition
to current regimens.?®
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Epilepsy

Randomised controlled trials have found the use of
highly concentrated CBD to be a safe and effective
add-on treatment for two forms of child-onset severe
epilepsy, although the mechanism of action is still
unclear.*" In 2018, the US Food and Drug Administration
approved Epidiolex for the treatment of seizures
associated with two forms of epilepsy, Lennox-Gastaut
syndrome and Dravet syndrome, in patients two years
of age and older.

Other therapeutic effects

There is evidence that cannabinoids, primarily
nabiximols, are effective at improving sleep in the
short term for people with obstructive sleep apnoea
syndrome, fibromyalgia, chronic pain and multiple
sclerosis.? 2" However, no clinical trials have evaluated
the effects of cannabinoids in patients with chronic
insomnia that is caused by other conditions.

There is evidence of a statistical association
between cannabis smoking and improved airway
dynamics with short-term use, but not with long-term
use (see Evidence of health risks, page 10).%?

There is currently insufficient evidence to reach
definite conclusions on potential therapeutic effects
of cannabinoids for other conditions.?
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He aha nga momo panga
o te hauora ki te papori?

EVIDENCE OF
HEALTH RISKS

Cannabis is the most widely used illicit

drug globally.®® Recreational use of cannabis,
particularly smoked plant material within the
general population, is a public health concern,
and there is evidence for harm caused by

its use in non-therapeutic situations, both
physically and mentally.3*3

METHOD OF CANNABIS INTAKE

Medical cannabis preparations are usually delivered

as a spray, oil or capsule. However, the most popular
recreational consumption of cannabis is smoking.

This means that the active substances affect the body
within seconds to minutes of inhalation. Vaporising,
where the plant is heated to a temperature below which
toxic compounds are created through combustion, is
an alternative form of inhalation? ¢ and, again, provides
for rapid uptake. However, the use of additives, solvents
and flavourings in some products can produce harmful
chemicals when vaporised, and the heating element

of e-cigarettes can release harmful heavy metals.®" 38

In comparison, cannabis food products designed for
recreational use take much longer to affect the body

- from 30 minutes up to several hours. Edible forms
have been implicated in the consumption of excessively
high doses,*® and edibles have also contributed to a
number of cases of accidental ingestion of cannabis

by children.*°



AY P
KE CANN S?

The safest form is pharmaceutica
products such as sprays, oils or
capsules. Smoking cannabis
exposes users to toxic compounds
created at high temperatures and
it can lead to a chronic cough and
hlegm production. Vaporising
ower temperatures (such as
ing) also exposes a user to
compounds from additives,
nts and flavouring. Edible
ms can lead to excessively high
doses and accidental ing

. Syﬁnetic cannabis pos
oreatest risk because the active
icals are much stronger than
atural cannabis and can have
longer lasting and more dangerous
effects on the body.




HOW DOES RECREATIONAL CANNABIS AFFECT PHYSICAL HEALTH?

production. It can affect brain development and short term memory,
particularly in young people, making learning more difficult.
It can also lead to drug use disorders. Maternal cannabis exposure can lead to
lower birthweights and negatively affect a baby’s brain and nerve development.
Cannabis use can also lead to increased road accidents.

m Smoking cannabis regularly can cause a chronic cough and phlegm




Physical effects

RESPIRATORY SYMPTOMS

Smoking cannabis on a regular basis is associated

with chronic cough and phlegm production.®? There is
evidence of a statistical association between long-term
cannabis smoking, worsening respiratory symptoms,
and more frequent bronchitis episodes for chronic
sufferers.*™™3

IMPAIRED COGNITION

Adolescence is often a time when people begin to
experiment with drugs, including the recreational
consumption of cannabis.“* “® The brain is undergoing
significant development in both structure and function
during these adolescent years and it is possible that
recreational use of cannabis at this time may have a
lasting impact on cognitive performance.*® Studies

on learning, memory and attention conclude that

there is evidence of an association between acute
cannabis use and impairment in all three. Potential
recovery after prolonged abstinence from cannabis use
remains under-researched.’ Brain scans indicate that
in some cases, while there was no difference in terms
of performance on memory tasks, cannabis users may
use different parts of their brain to achieve equivalent
performance to non-cannabis users on these tasks.*®
These findings highlight the need for further research
on how cannabis may impact the regions of the brain
that drive cognition and the processing of memory.*® %

MATERNAL CANNABIS USE
AND CHILD OUTCOMES

Maternal cannabis use is associated with lower
birthweight babies.? %" The findings for birthweight
are consistent with the by-products produced by
smoking cannabis and cigarette smoking, rather than
cannabis itself. For example, carbon monoxide, which
is associated with a reduced capacity of the blood

to carry oxygen, may be up to five-fold higher after
smoking cannabis than smoking cigarettes.®

THC can cross the placenta® and is also secreted

in breast milk, where it can accumulate to high
concentrations.®* Cannabinoids produced in

the body play roles in a broad array of critical
neurodevelopmental processes*® from early neural
stem cell development®® to connectivity and synaptic
function in the adolescent brain.® Although results
have been variable, depending on factors such as
timing of exposure and age of offspring at assessment,
prenatal exposure may interfere with normal brain
maturation.”’

OVERDOSE INJURIES

There is evidence of a statistical association

between cannabis use and increased risk of overdose
injuries, including respiratory distress, for children.5-6°
There are no reports in the literature in which cannabis
use was determined to be the cause of overdose death
in the adult population. However, there are increasing
cases of mortality linked to synthetic cannabinoids.®™ 62



Mental health effects

Some associations between cannabis use

and adverse mental health effects have been
described and are detailed below. While
these are generally rare, they remain an area
of concern for vulnerable populations.

SCHIZOPHRENIA AND PSYCHOSIS

There is evidence of an association between
cannabis use and the development of schizophrenia
and symptoms of psychoses, with the highest risk
among the most frequent users.®*%® However, there
is also evidence of an association between a history
of cannabis use and better cognitive performance
among individuals with psychotic disorders such as
schizophrenia.®%®

BIPOLAR DISORDER

There is evidence of an association between regular
cannabis use and increased symptoms of both mania
and hypomania, among people diagnosed with bipolar
disorder.®®

DEPRESSION AND SUICIDAL BEHAVIOUR

The endocannabinoid system is known to play a role

in mood regulation.? There is evidence of an association
between cannabis use, particularly heavy cannabis

use, and an increased risk of depressive disorder,®®
particularly in youth.”® However, the relationship is
complex and the association may not necessarily be
causative. There is evidence of an association between
cannabis use and increased incidence of suicidal
thoughts and suicide attempts, with a higher incidence
among heavy users, particularly for women.”" 72

16 | Royal Society Te Aparangi

ANXIETY

The relationship between cannabis and anxiety
disorders shows mixed results. There is evidence of

an association between cannabis use and an increased
incidence of social anxiety disorder.”®

PROBLEM CANNABIS USE

Cannabis use disorder (CUD) has been termed an

official psychiatric disorder.” Progress has been made
in standardising terminology. However, patterns of use
that precede abuse and dependence are still unclear.”

More frequent cannabis use is associated with
progressing towards problem use.”®”” Risk factors for
developing problem cannabis use include: initiating
cannabis use at an earlier age;’® being male;”® &
previous exposure to drugs, including tobacco and
alcohol:®! reactions to cannabis when first used:®?
and major depressive disorders.®®

There is also evidence that risk factors for developing
problem cannabis use during adolescence include:
frequency of cannabis use;®* oppositional behaviours;®
a younger age of first alcohol and nicotine use;®
parental substance use;®% 8 poor school performance;®

and childhood sexual abuse.®°

7






Other public health impacts

INCREASED ROAD ACCIDENTS

Driving while under the influence of cannabis is shown to
increase the risk of motor vehicle crashes.” ® However,
a missing piece of information is the dose of cannabis at
which driving becomes unsafe, further complicated by
varied responses to cannabis in the population, which has
a known genetic component.®? Some simulator studies
found that motor skills become increasingly impaired

at higher doses®® but it is unclear whether this can be
extrapolated to real-life situations. One confounding
factor is that cannabis use is often associated with the
same population group that already has a high crash risk:
youth, males and those using drugs and/or alcohol.?

GATEWAY TO OTHER DRUG DEPENDENCIES

There is evidence of an association between cannabis
use and the use of, or dependence on, other substances
including alcohol,”" tobacco® and other illicit drugs.®®
This is particularly the case in younger people. Recent
research indicates that cannabis use is likely to increase
the risk of dependence on other substances? and

vice versa.

NON-MEDICINAL SYNTHETIC CANNABINOIDS

Many synthetic cannabinoids have been researched
and developed by scientists in order to investigate

the consequences of cannabinoid receptor activation.
9495 Some of these have become targets for illicit use
because they induce psychoactive effects mimicking
THC. Furthermore, the chemical nature of the synthetic
compounds is often different from THC such that these
have avoided legal restriction in many jurisdictions.®®

Synthetic cannabinoid products are a blend of various
types of plant material, typically herbs and spices,
sprayed with one of these synthetic cannabinoids

and sometimes other non-cannabinoid psychoactive
drugs. More than 140 different synthetic cannabinoids
have been identified in herbal mixtures consumed

as recreational drugs since 2009.2 The synthetic
cannabinoids used in ‘herbal mixtures’ are chemically
variable, appeal especially to young cannabis and multi-
drug users because they are relatively inexpensive, are
easily available through the internet, and difficult to
identify with standard drug screening techniques.

IT SAFE TO DRIVE
"AFTER USING CANNABIS?

o under the influence of cannabis increases

ash. The amount of cannabis
g becomes unsafe is unknown and
ment from cannabis is difficult to measure.



In contrast to THC, which only partially activates

the cannabinoid receptors, many of the synthetic
cannabinoids activate these receptors strongly and
could have long-lasting effects. Novel synthetic
cannabinoids have typically received little
characterisation and have completely unknown toxicity
profiles in humans. The contents of products claiming
to be equivalent can vary considerably over time, as
producers seek to avoid detection by authorities.”’

All of these factors lead to higher potential for toxicity.>®

Synthetic cannabinoids can cause a range of symptoms,
including psychosis, mania and suicidal ideations,*®

as well as agitation, irritability, seizures and memory
loss.™° Synthetic cannabinoids can also raise blood
pressure and cause a reduced blood supply to the
heart (myocardial ischemia) and have been associated
with heart attacks and seizures.®”"°' Regular synthetic
cannabis users may experience severe withdrawal

and symptoms of dependence.'®? Pharmacological
properties predict that synthetic cannabinoids pose

a high risk for addiction and dependence.’

Since 2013 the New Zealand Psychoactive

Substances Act has prohibited substances that are
intended to produce psychoactive effects unless
safety has been established. However, illicit markets
continue to pose a considerable public health concern.
Approximately 45 deaths in New Zealand were linked
to synthetic cannabinoid use in 2017, with ambulance
services reporting multiple life-threatening cases
related to synthetic cannabinoids per day."*®

WHAT IS
SYNTHETIC
CANNABIS?

Synthetic cannabis is non-
cannabis plant material sprayed
with chemicals that mimic the
effect of cannabis but often has a
stronger effect on the body so is
more risky to take. Approximately
45 deaths in New Zealand were
linked to synthetic cannabis use
in 2017 and ambulance services
report multiple life-threatening
cases related to synthetic
cannabis use every day. Its use
would remain illegal regardless
of the outcome of the recreational
cannabis referendum.




Kei te rapu mohiotanga hou

KNOWLEDGE GAPS

There is a growing body of research into cannabis and its medicinal effects. However, urgent
research is needed in those sectors of the population perceived to be at most risk, including those
under 18, pregnant and breastfeeding women, people over 50 years of age and heavy cannabis
users.? High priority should also be given to areas where current research shows the promise

of cannabis and cannabinoids as therapies for specific conditions.

There is a need to:

e characterise the health effects of cannabis, cannabis
derived products and cannabinoids on unstudied
and under-studied health areas, such as symptoms
of post-traumatic stress disorder, and childhood and
adult cancers

e ensure long-term data collection strategies are
in place, prior to further changes in legislation in
New Zealand, to enable robust assessment of benefit
and harm at both population and individual level

e increase international collaboration in
cannabis-related research using standardised
outcome measures to facilitate meaningful
future meta-analyses

20 | Royal Society Te Aparangi
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investigate the response and interactions of
cannabis in the body, modes of delivery, the dose-
response relationships of cannabis and THC or other
cannabinoids, and the impact these cannabinoids
may have on the metabolism of other prescribed
medications

conduct well-controlled trials to establish the
potential harmful or beneficial health effects of using
different forms of cannabis, such as inhaled (smoked
or vaporised), whole cannabis plant and oral cannabis,
including cannabis-related overdose and poisoning.
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Nga matanga putaiao

OUR EXPERTS

This paper was authored by Royal Society
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Academies of Sciences, Engineering and Medicine
report: The health effects of cannabis and cannabinoids:
The current state of evidence and recommendations

for research,? and other recent research.
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