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ABSTRACT

Medical cannabis has been proposed to benefit patients in a wide range of conditions,
including chronic pain, psychological conditions including anxiety, and sleep issues. It
is available via prescription in multiple countries, and in Canada it is available legally
in both stores and on-line. The range of methods by which it can be consumed are large
including (1) inhalation via smoking or using vapourizers, (2) swallowed as an oil or
within a food or liquid, or (3) absorbed through the skin including as a patch. As the
range of products increases, a major problem is that there is no standardized scale to
determine changes, both positive and negative, induced by medical cannabis products.
This also means that there is no method to compare products, and the Medical
Assessment of Cannabis Efficacy and Side-effects Scale (MACESS®) is specifically
designed to address this issue. Following a comprehensive medical literature search
and review, the most relevant clinical benefits and adverse events following the use of
cannabis for medical purposes were determined. Following this key items were
identified, with the scale being designed to measure these. The scale consists of 25
questions with each question being scored from 0 - 4, giving a range of total potential
scores between 0 - 100. With the MACESS® a high score indicate a well tolerated and
effective product, while a low scores indicates significant side-effects or adverse events
and/or lack of positive clinical changes. It is available online and can be used for
research, to measure change following prospective use in individuals or groups, and for
cross-sectional information. It is intended to support both individual users and
researchers examining benefits and problems with specific medical products, and can
provide an easily understood single number for overall product comparisons.
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INTRODUCTION

Cannabis sativa is a plant that has long been used as a medicinal agent, with the earliest
written evidence suggesting it was used in ancient Chinese medical practice from at least 2,700
BC [Ko et al, 2016]. This use is because cannabis plants contain compounds, cannabinoids, that
have a variety of effects on humans and animals. Indeed, within the cannabis plant more than
100 naturally occurring cannabinoids are found. Although the focus to date has been on the
psychoactive molecule delta-9-tetraydrocannabinol (THC) and cannabidiol (CBD) [Grof, 2018],
other potentially clinically important cannabinoids have been identified including cannabinol
[Kelly & Nappe, 2018].

Although the terms “marijuana” and “cannabis” are often used interchangeably, more recently
the term “medical cannabis” has been used to refer to active components from the cannabis
plant when they are used for clinical purposes. In contrast, “recreational marijuana” is a term
more frequently used to refer to products primarily used for adult use including recreational
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purposes. Although this is by no means completely consistent across the literature, throughout
this article the term “medical cannabis” is used to describe any use for clinical purposes and
“recreational marijuana” for other uses.

Regulation of medical cannabis varies widely between countries [Abuhasira et al, 2018],
including Canada. However, since October 17th, 2018 it is available in Canada for any
individual to purchase without prescription [Capler et al, 2017; Ko et al, 2016]. Of all purchases
it is envisaged that many will be by individuals using medical cannabis for purposes of self-
medication. Despite this widespread use, there is only a relatively small research base on
medical cannabis itself, while research on individual products is almost completely lacking.
This means it can be nearly impossible to appropriately recommend a specific medical
cannabis product to a potential user. This is further complicated by the fact that there are a
wide range of ways in which medical cannabis can be administered [Russell et al, 2018]. Thus,
products can be smoked, inhaled after vapourization (“vaped”), swallowed as an oil (which can
be an extract, or concentrate of specific cannabinoids), swallowed when included in food
(“edibles”), swallowed in liquids (including in drinks containing alcohol), chewed (like gum), or
used as a topical application where is it put on the skin to be absorbed (sometimes as a cream).
Data from use in the USA suggests that many such routes will become commercially available
in Canada and used for medicinal purposes [Caulkins et al, 2018].

However, these products will vary greatly in terms of cannabinoid content, THC/CBD ratios,
absorption, metabolism, and other aspects of pharmacokinetics. For this reason, each medical
cannabis product should ideally be examined for its efficacy and side-effect profile in a
standardized manner. Nonetheless, exemplifying some of the issues regarding standardization,
even standardized laboratories can vary significantly in their reports of the actual THC/CBD
ratio contained within specific products [Jikomes & Zoorob, 2018]. It is therefore clear that the
need for good research is critical, and this need has been raised repeatedly with one review
concluding that “with ongoing developments in legalization of cannabis in medical and

recreational settings, numerous scientific, safety, and public health issues remain” [Russo et al,
2016].

The most psychoactive component of marijuana is THC, which has also been considered as
responsible for most of the adverse events associated with both recreational marijuana and
medical cannabis [Cohen & Weistein, 2018]. In contrast, CBD has been suggested as having
medical benefits in several clinical areas, although there is a lack of high quality medical
evidence [Lim et al, 2017]. This is the case even in areas where it is widely utilized, such as to
treat mental health issues [Walsh et al, 2017] and in the management of chronic neuropathic
pain [Miicke et al, 2018]. Not only is there a lack of high quality efficacy data, there is also a
relative dearth of reliable safety and side-effect data for medical cannabis, although there is
some for CBD on its own [Iffland & Grotenhermen, 2017]. Added to this there is also minimal
data on possible drug interactions, despite the fact that these are highly likely with increased
use [Rong et al, 2018].

Despite the lack of strong evidence, such as Phase III placebo-controlled studies, medical
cannabis is increasingly available in a number of countries for clinical use. In addition to
Canada this includes the UK, Australia, countries within Europe, and many US States (although
it still remains illegal Federally in the US).

Experience from other jurisdictions suggests that individuals are likely to self-medicate with
medical cannabis products for a wide variety of clinical reasons [Whiting et al, 2015; Abrams,
2018]. However, the most frequent use is for issues individuals who have clinical concerns
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with cognition, pain, sleep, or anxiety [Park & Wu, 2017; Turna et al, 2017]. However, the lack
of any safety measures for such a wide range of medical cannabis products is a major concern,
which is only increased by the large variability between them. Furthermore, as more
individuals will be working while also using medical cannabis, there is a need to determine
possible side-effects, cognitive impacts, and their likely impact of specific products on their
ability to drive vehicles and operate heavy machinery.

In terms of efficacy there have been multiple suggestions about the possible effectiveness of
medical cannabis in a wide variety of medical conditions [Ko et al, 2016; Andrade, 2016]. A
recent meta-analysis found that cannabinoids were associated with only modest benefits for
chemotherapy-related nausea and vomiting, small and inconsistent benefits for spasticity, and
inconclusive benefits for other indications such as improvement of appetite and weight,
reduction in tic severity, and improvement of mood or sleep [Andrade, 2016]. They do appear
to be consistently effective for some types of epilepsy [Perucca, 2017], to reduce the symptoms
of post-traumatic mood disorder (PTSD), and also to reduce the use of opioids [Walsh et al,
2017].

There are also consistent findings that there may be therapeutic psychological benefits from
medical cannabis [Walsh et al, 2017], which would support such a conclusion. Possible anti-
psychotic benefits have also been suggested in some studies [Rohleder et al, 2016], despite the
fact that development of psychosis is a well recognized risk of marijuana use, particularly when
high-potency THC strains are used [Murray et al, 2017].

Nonetheless, the most consistent findings for benefits of medical cannabis are for the
treatment of chronic pain (defined as being of at least 12-weeks duration), with most recent
reviews reporting that medical cannabis can be effective for some patients in a variety of
chronic pain conditions [Romero-Sandoval et al, 2017; Miller & Miller, 2017; MacCallum &
Russo, 2018].

It is also important to note that it is likely that many future users of medical cannabis will be
elderly [Mahvan et al, 2017], as they are often individuals with chronic pain and other
conditions for which medical cannabis is used. Since most cannabis has been used by those
aged 18-35 [Karila et al, 2014], there has been relatively little insight into this issue and little
research in this group to date. Complicating this is the use of a wide variety of other
medications in the elderly and so it will be important to understand what possible interactions
may occur with specific medical cannabis products.

The biological effects of cannabinoids are mediated by two members of the G-protein coupled
receptor family, cannabinoid receptors 1 (CB1R) and 2 (CB2R) [Zou and Kumar, 2018]. The
CB1R is the prominent subtype in the central nervous system. Furthermore, although
cannabinoids modulate signal transduction pathways and exert profound effects at peripheral
sites “their psychoactive effects have largely limited their use in clinical practice.” [Zou and
Kumar, 2018]. In particular, THC appears responsible for most side-effects and negative
outcomes from the use of cannabis [MacCallum & Russo, 2018; Rohleder et al, 2016].

Widely seen adverse events associated with the use of both recreational marijuana and
medical cannabis have included anxiety, depression, psychotic symptoms, neurocognitive
impairments as well as changes in appetite, nausea, lack of motivation, dry mouth, dizziness,
postural hypotension, and coughing or wheezing [Allan et al, 2018; Hall & Degenhardt, 2014;
Cohen & Weinstein, 2018; Murray et al, 2017].
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There may also be an increase in suicidal thoughts [Karila et al, 2014] and a decrease in driving
skills with an associated increased risk of motor vehicle accidents [Bondallaz et al, 2016;
Karila et al, 2014]. Medical cannabis can cause cardiovascular side-effects such as tachycardia
[Pacher et al, 2018] and respiratory issues, but it is uncertain if the respiratory issues are only
present when medical cannabis is inhaled [Russell et al, 2018]. Longer-term use has been
suggested to cause adverse effects on adolescent psychosocial development, [Karila et al 2014;
Hall & Degenhardt, 2014].

The potential link between cannabinoids and psychosis is greater with earlier age of exposure
to cannabinoids, childhood abuse genetic vulnerability, chronicity of use, and the use of
medical cannabis with higher THC content [D'Souza et al, 2016; MacCallum & Russo, 2018;
Rohleder et al, 2016; Murray et al, 2017].

Given this list of side-effects, it is therefore somewhat reassuring to note that some studies do
not suggest that chronic cannabis use significantly increases the risk of anxiety disorder, major
depressive disorder, or suicidal thinking [Feingold et al, 2017; Danielsson et al, 2016].

Additionally, the clinical impact of a specific product is hard to predict, since potentially
negative impacts of THC may be, in part, be ameliorated by cannabidiol (CBD). It is of interest
that CBD on its own has been suggested to have “anxiolytic, antipsychotic, antiemetic and anti-
inflammatory properties.” [Bergamaschi et al, 2011]. For this reason, CBD has been studied for
possible therapeutic benefits in humans. Studies have suggested CBD may be safe but “further
studies are needed to clarify reported in vitro and in vivo side effects” although the same
authors note that in the past chronic use and high doses up to 1,500 mg/day of CBD were
reportedly to be well tolerated in humans. [Bergamaschi et al, 2011]. Supporting this is an
open label study in recreational cannabis users where they received 200 mg/day of CBD, which
improved cognitive functioning with no side-effects reported [Solowij et al, 2018].

While there has been significant development in growing different strains of cannabis,
specifically modified to produce varying ratio’s of THC and CBD [Schachtsiek et al, 2017], there
is little research evidence suggesting what the most clinically beneficial ratio might be. Strains
with high THC content are used for recreational purposes, whereas those with high CBD
content (usually combined with low THC content) are suggested for medical purposes.
However, there is minimal clinical research to date identifying which specific THC/CBD ratio’s
may be safest clinically. Also, given the large number of other cannabinoids, and the possibility
that some of these and/or their metabolites may have clinical impacts, it is likely to be
necessary to test each individual product for both side-effects and safety since they will have
significant variability. This also applies to the mode of administration (smoking, ‘vaping’, or
any variety of oral ingestion), since it is likely that the specific method of each will alter the
clinical impact [Russell et al, 2018].

Taking all current information it is clear that the use of medical cannabis for therapeutic
purposes can pose potential risks to users. Examining this in a standard manner for a wide
variety of products is important to allow meaningful comparisons regarding the risks to
individuals. All information to date strongly indicates the need for an appropriate scale
specifically designed to determine both positive clinical benefits as well as adverse events
when using specific medical products. It was recognition of this major need that led to the
development of the Medical Assessment of Cannabis Efficacy and Side-effects Scale (MACESS©).
Such a scale needs to be able to measure changes with treatment, and for some specific clinical
symptoms (such as sleep or anxiety) needs to be able to detect both positive clinical benefits,
as well as when adverse events occur, as both have been reported.
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METHODOLOGY
The goal of the research was to identify adverse events associated with the use of medical
cannabis. In particular, the focus was on those adverse events that were (1) frequent, or (2)
which were uncommon but could cause significant distress, or (3) which were severe and
posed potentially serious clinically outcomes (even if very infrequent).

A PubMed search was carried out, limited to the past 10 years, using the following MESH
terms: "Cannabis"[All Fields] OR "Medical Marijuana"[All Fields] AND "adverse effects"[All
Fields] (n=3,670). The research particularly focused on those Phase III double-blind placebo-
controlled treatment studies since these were most likely to have more rigorous measures
(using MESH terms (phase[All Fields] AND III[All Fields] AND ("double-blind method"[MeSH
Terms] OR ("double-blind"[All Fields] AND "method"[All Fields]) OR "double-blind
method"[All Fields] OR ("double"[All Fields] AND "blind"[All Fields]) OR "double blind"[All
Fields]) AND ("placebos"[MeSH Terms] OR "placebos"[All Fields] OR "placebo"[All Fields])
AND controlled[All Fields] AND ("therapy"[Subheading] OR "therapy"[All Fields] OR
"treatment"[All Fields] OR "therapeutics"[MeSH Terms] OR "therapeutics"[All Fields]) AND
"studies"[All Fields] AND ("cannabis"[MeSH Terms] OR "cannabis"[All Fields])).

In addition to these articles, further information was gained from the Cochrane Database which
has 21 reviews which include the term “cannabis” in the title, abstract, or keyword, and which
were published between 2006 to 2018. Of these we particularly focused on the 9 reviews the
examined the use of cannabis for treatment.

RESULTS

The search involving Phase III studies only generated a total of 559 articles for assessment, as
well as some additional publications in the Cochrane Database which were not included in this
number. It should be noted that this number of publications also included poster presentations
and not just full peer-reviewed articles. It should also be noted that many of these studies
excluded cannabis-naive patients (i.e those who had never had cannabis before), and also
many excluded many patients with a past psychiatric history [e.g. Wilsey et al, 2013]. Thus,
while the goal was to understand likely side-effects of medical cannabis use to better design a
measuring scale, in terms of the percentage occurrence of adverse events these studies are
likely to have underestimated the number of these that would occur in a larger population.
Many of such individuals will not have had medical cannabis previously, and may therefore be
more susceptible to adverse events.

From these studies the range of adverse effects as previously specified was determined, (1)
frequent, or (2) uncommon but may cause significant distress, or (3) severe and posed
potentially serious clinically outcomes (even if very infrequent. Publications were also
examined to determine possible adverse events that were not included in any of these three
groups (such as infrequent but minor adverse events). Additionally, before finalizing any scale
it was recognized that is was also important to capture potential positive clinical changes in the
subject areas of primary interest (pain, anxiety, sleep). From all of the above, it was determined
that there were 12 groups of symptoms that should be included in the scale (Table 1).

To obtain external validation, we presented this list to a group of clinicians with extensive
experience of prescribing medical cannabis for a variety of clinical purposes. We asked these
individuals if we had missed any clinical benefits or adverse events when using medical
cannabis. They confirmed that this list captured both the medical benefits and the adverse
events that they experienced in the vast majority of patients. Also of note was that feedback
from this group clarified that in the vast majority of cases both clinical benefits and adverse
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events are evident within the first 3 days, and therefore this is an appropriate time for
assessment of change.

Once this list of subject areas (Table 1) was validated, a more detailed list of questions was
captured (Table 2).

SOPHISTICATED SCALE DESIGN

Designing electronic questionnaires can be complex (Minto et al, 2017), and a number of
factors can increase the reliability and efficacy, particularly when used in clinical trials
(Edwards, 2010). These issues were addressed in the current scale design. Specifically,
questions are divided into one of 5 groups, each which have 5 questions. All questions within a
specific group are either ‘positive’ (i.e. the best outcome is 4) or ‘negative’ (i.e. the best
outcome if 0). The groups of questions are randomized to minimize an order effect, thus each
time an individual repeats the questionnaire the questions will be in a different order.

The online nature and design of the scale includes the use of internal logic. Question groups are
presented to individuals in variable order, with between ‘positive’ and ‘negative’ groups of
answers. This will minimize issues with automatic completion, and the inbuilt internal logic
will allow data from those who have contradictory answers to be disregarded. For example, in
question 12 if individuals score 0 (“Did you find that you are less hungry than usual during the
past 3 days ?”) but score positively on question 13 (“Did you find that you are more hungry
than usual during the past 3 days ?”) it will prevent the data from the individual being
considered in any subsequent data analysis. The question order is also varied randomly at each
time they individual sees the MACESS® to minimize any biases that could potentially be caused
by effects of question order on the results.

DISCUSSION AND CONCLUSIONS

This novel scale, the Medical Assessment of Cannabis Efficacy and Side-effects Scale
(MACESS®), is designed to help address the medical information gap when using medical
cannabis. More specifically, such a scale can help both individual consumers and those who
recommend products by identifying the likely clinical benefits and side-effects when using
specific medical cannabis products. It can also provide a common framework for clinical
research studies and for users of medical cannabis to allow comparisons between products . It
is available for potential individual users of medical cannabis, pharmacists, medical cannabis
retailers, and for medical cannabis producers. It is intended that open access to the data, and
frequent peer-reviewed publications and medical information will allow useful clinical
comparisons to be made

The design of the scale, including the inbuilt logic and variance of question order mitigates
many of the potential biases that occur with most electronic questionnaires and scales. At this
time there are no other similar instruments. The simplicity of the MACESS®, combined with a
single scoring number, will also allow easy comparisons between products. As noted, the scale
consists of 25 questions with each question being scored from 0 - 4, giving a range of total
potential scores between 0 - 100. With the MACESS® a high score indicate a well tolerated and
effective product, while a low scores indicates significant adverse events and/or lack of
positive clinical changes. It is available online and can be used to measure change following
prospective use as well as for cross-sectional information. It is intended to both users and
researchers examining benefits and problems with specific medical products, and can provide
an easily understood single number for overall product comparisons.
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Table 1: Main groups of Potential Clinical Benefits and Adverse Events
1. Change in measures of Pain
Change in measures of Sleep
Change in measures of Anxiety
Change in measures of Depression
Paranoia / Psychosis

Cognitive changes

Poor Motivation / Low energy
Nausea / Gastro-intestinal Issues

. Change in Appetite / Weight

10. Dry Mouth

11. Dizzyness / Postural Hypotension
12. Coughing / Wheezing

OO |G W

URL: http://dx.doi.org/10.14738/assrj.512.5864. 332



Advances in Social Sciences Research Journal (ASSR])

Vol.5, Issue 12 Dec-2018

Table 2: Detailed question list for the Medical Assessment of Cannabis Efficacy and Side-effects

Scale (MACESS®)

Question
number

Thinking about the past 3 days:

Number of
answer options

Range of
possible scores

1

Did you experience significant pain during the past 3
days ?

5

0-4

Did the pain keep you up at night during the past 3
days ?

0-4

What was the most severe pain you have experienced
AT ANY TIME during the past 3 days ? NB - individuals
able to mark a number from 0 - 10. Scoring converted
(0 = converted score of 0; 1,2,3= converted score of 1;
4,5 = converted score of 2; 6,7,8 = converted score of
3; 9,10 = converted score of 4)

11 (0-10)

Could you fall asleep easily during the past 3 days ?

Could you stay asleep easily during the past 3 days?

Did you feel you get enough sleep during the past 3
days ?

Did you feel anxious during the past 3 days ?

o (N o (b

Did you get panic attacks or physical symptoms of
anxiety during the past 3 days ?

ol (o1 o1 (ur1|u

Did anxiety stop you doing your regular activities
during the past 3 days ?

10

Did you feeling depressed or sad during the past 3
days ?

11

Did you lose interest in your usual activities during
the past 3 days ?

12

Did you find that you are less hungry than usual
during the past 3 days ?

13

Did you find that you are more hungry than usual
during the past 3 days ?

14

Did you feel more nausea (feeling physically sick)
than usual during the past 3 days ?

15

Were you been concerned that people were trying to
follow you, spy on you, or harm you at any time
during the past 3 days ?

16

During the past 3 days did you have any unusual
experiences, such as hearing sounds or voices when
others couldn't ?

17

Over the past 3 days have you felt your memory is
worse, or that you are forgetting things more often ?

18

Over the past 3 days have you found it harder to
concentrate than usual ?

19

Do you think it has been harder to carry out your
regular tasks because of your memory or
concentration over the past 3 days ?

20

Have you found it harder to motivate yourself to do
things over the past 3 days ?

21

Have you found that your mouth felt more dry than
usual over the past 3 days ?

22

Have you felt more dizzy or lightheaded in general
over the past 3 days ?
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Have you found that when you stand up over the past

23 3 days you are more likely to get dizzy or lightheaded 0-4
?
Have you found that you are coughing or wheezing

24 0-4
more over the past 3 days ?
Overall, are you feeling better or worse during the

25 0-4
past 3 days ?

Total possible range of scores 0-100
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