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PURPOSE AND BACKGROUND

Recreational cannabis (marijuana) was legalized nationwide in Canada on October 17, 2018. While the
federal minimum age to use cannabis is 18 years old, the National Cannabis Survey reported in
February 2019 that the highest prevalence of recreational consumption was among those aged 15 to
24 years (18%) [1]. Moreover, 15% of those 15 years or older reported cannabis use in the past three
months, an increase of almost 3% from previous estimates in 2012 [1, 2]. Half of the individuals (7%)
who reported using cannabis in 2018 indicated they exclusively used this substance for non-medical
purposes (e.g., recreational consumption) [1]. Furthermore, 19% of survey respondents indicated that
they anticipated using cannabis in 2019, 4% higher than reported consumption rates in 2018. Up to
30% of current cannabis users anticipated increasing their cannabis use in the next year [1].

The prevalence of diabetes in Canada is approximately 7% and it is estimated an additional almost one
million individuals are living with undiagnosed diabetes [3]. By 2020, it is expected that the prevalence
of diabetes in Canada will reach 10% and the cost associated with diabetes is expected to rise to $16.9
billion [4]. Limited research has shown the potential link between cannabis use and changes in
metabolic factors that may affect the risk or progression of diabetes. A meta-analysis conducted by
Alshaarawy et al. (2015) concluded that smoking marijuana is associated with a 30% lower probability
of developing diabetes, consistent with national survey data collected in 2012 that indicated a lower
prevalence of diabetes in marijuana users [5, 6]. However, cannabis use is also associated with an
increased risk of higher caloric intake and body mass index (BMI) values, which may interfere with self-
management of the disease, in particular controlling blood glucose levels; a growing concern among
Canada’s youth who live with type 1 diabetes mellitus (T1DM) [6, 7].

With both consumption of cannabis and the prevalence of diabetes expected to rise in the coming
years, an examination of the potential effects is warranted as cannabis consumption may have health
consequences for people with diabetes already dealing with a significant chronic iliness. Following the
recent enactment of cannabis legislation, Diabetes Canada commissioned this rapid review to examine
and appraise existing evidence on the effects of recreational cannabis use in people with diabetes. This
timely rapid review will enable Diabetes Canada to inform and guide best practices for the care of
people with diabetes in Canada.

Review Question

What are the effects of recreational cannabis use on metabolic factors and diabetes self-management
behaviours in people aged 13 years and older who have diabetes?

The effects of recreational cannabis use in people with diabetes 3
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METHODS

A protocol and work plan for the review were developed in consultation with knowledge users (Diabetes
Canada) and the protocol was submitted to the PROSPERO database in January 2019 and accepted
for registration in March 2019 (CRD42019122829).

The search strategy was developed by a librarian (MS) and peer-reviewed by a second librarian (BS)
using the PRESS checklist [8]. The search strategy was conducted in three databases (Medline,
EMBASE, and PsycINFO) and limited to human studies written in English in the last 10 years (January
2008 - January 2019). The full search strategy is available through the PROSPERO database record
for this review (search strategy). Searches of non-database sources (i.e., ‘grey’ literature) and
reference scanning of included studies were not completed in order to accommodate the rapid review
timeline.

Eligibility Criteria

The eligibility criteria were established using the Population, Intervention/Exposure, Comparator,
Outcomes, and Study design (PICOS) framework, as follows:

o Population: people 13 years of age or older with any type of diabetes or pre-diabetes

¢ Intervention/Exposure: consumption of cannabis (all constituents) ingested in any product form
(inhaled, brewed, eaten) for recreational purposes

o Comparator: non-exposure to cannabis

o Outcomes: metabolic factors related to diabetes (e.g., HbAlc, blood glucose, weight, blood
pressure, dyslipidemia) or diabetes self-management behaviours (e.g., monitoring blood
glucose, taking medication appropriately, exercise, attending medical appointments)

e Study designs: any experimental, quasi-experimental or observational design with the exception
of case studies/case series and knowledge syntheses, such as systematic or literature reviews

Study Selection, Data Abstraction, and Quality Appraisal

Standardized screening questionnaires were developed based on the eligibility criteria and pilot-tested
with all team members prior to level 1 (title/abstract) and level 2 (full-text) screening. Subsequent to
successful completion of the pilot-testing, screening was completed by pairs of reviewers working
independently (RB, DR, AR, LA, AE). Any disagreement between pairs of reviewers was resolved
consistently by an independent third reviewer.

A standardized form was developed for data abstraction that included items related to the study design
(e.g., sample size, study setting), participant characteristics (e.g., age, type of diabetes, duration of
illness), exposure (e.g., form or frequency of cannabis consumption), and outcomes (e.g., metabolic
factors, self-management behaviours).

The effects of recreational cannabis use in people with diabetes 4
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Prior to data abstraction the included studies, the draft data abstraction form was sent to Diabetes
Canada for feedback. Based on their feedback, additional items related to the type and frequency of
exposure and details of the outcomes were added to the data abstraction form. Once approved, a pilot-
test of the form was conducted with the review team and the remaining articles were abstracted by
pairs of reviewers working independently (RB, DR, AR, LA, AE). Data discrepancies were resolved
consistently by an independent third reviewer.

The quality of each included study was assessed using a modified version of the Newcastle Ottawa
Scale (NOS) to evaluate cross-sectional, cohort, and case-control studies [9]. The NOS appraises
studies based on the methods used to select the study sample, the comparability of groups within a
study, and how exposures and outcomes of interest were assessed. Each item on the NOS is given a
letter score with ‘A’ indicating highest quality and descending quality by letters ‘B’, ‘C’, ‘D’, or ‘E’. A pilot-
test of the quality appraisal tool was conducted with the review team prior to completing the appraisal
and the remaining articles were appraised by pairs of reviewers working independently (RB, DR, AR,
LA, AE). Quality appraisal discrepancies were resolved consistently by an independent third reviewer.

Data Synthesis

The data collected from the included studies were synthesized descriptively and presented in summary
tables to provide a high-level overview of the available evidence and the quality of the evidence. A
meta-analysis was initially considered; however, due to the small number of studies, the high degree of
heterogeneity in outcomes, and the lack of detailed outcome information available (e.g., effect
estimates not provided), a quantitative synthesis was not possible.

RESULTS

Literature Search and Study Selection

The literature search (see Figure 1) resulted in 1,848 citations; after de-duplication 1,526 title and
abstract citations were included for level 1 screening. During level 1 screening, 1,467 citations were
excluded, resulting in 59 potentially relevant full-text articles for further review. After level 2 screening
and data abstraction, a total of two full-text articles and four conference abstracts were included for
data synthesis in this report.
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Figure 1. Study flow diagram depicting screening and selection.

Citations identified through database search
(n=1,848)

Citations after duplicates removed
(n =1,526)

|

Citations screened Citations excluded
(n=1,526) (n=1,467)

k. 4

Full-text articles excluded

Full-text articles assessed for eligibility (n=53)

(n=59) .
Not people with diabetes (9)

Not recreational cannabis use (14)
No relevant outcomes (19)
Duplicate/companion report (11)

Studies included
(n=6)
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Study and Participant Characteristics

All of the included articles were published between 2016 and 2018; four of the six studies were
conducted in the USA, one study was conducted in the USA and Canada, and one study was
conducted in Poland. The majority of the studies were cross-sectional designs with a single time point
for data collection (n=4 studies), one study was a cohort design, and one study was a case-control
design (Table 1; more details of study characteristics are presented in Appendix A).

Study participants were generally recruited from a single clinic (n=2), healthcare network (n=1),
metropolitan area (n=1), multi-sites (n=1) or it was not reported (n=1). Sample sizes ranged from 75
participants up to 1,184 and the average age of study participants ranged from 16 to 39 years old. Five
of the six studies included only participants with TLDM and one study included only participants with
T2DM. The average duration of illness ranged from 6.5 to 16.3 years (see Table 1).

The form of cannabis exposure was only reported in two studies: exposure types included inhaled
(smoking and vaporizing) and eaten cannabis products. The frequency of exposure was only reported
in one study, which ranged from using cannabis once per month to more than four times per week.
Outcomes reported in the studies included glycemic control (n=5), occurrences of diabetic ketoacidosis,
(n=1) hypoglycemia (n=1), effects on self-management behaviours (n=1), and risk of diabetes
complications (n=2) (see Table 1).

Methodological Quality

Overall, the cross-sectional studies were of poor methodological quality. None of the cross-sectional
studies used independent or blind assessments to define the sample or ascertain the exposure and
only one study had an adequate response rate (defined as >75% of participants responding). The
cohort and case-control studies were of fair methodological quality: both had suitably representative
samples, used independent or blind assessments to ascertain exposure and to determine outcomes,
and ensured the comparability of exposed and non-exposed groups with analyses adjusted for age and
other important factors (Table 2).

The effects of recreational cannabis use in people with diabetes 7
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Table 1. Summary of Study and Participant Characteristics

Characteristic n (%)?
Study design Cross-sectional 4 (66%)
Cohort 1 (17%)
Case control 1 (17%)
Year of publication (range) 2016 — 2018
Country of conduct” USA 5 (83%)
Canada 1 (16%)
Poland 1 (16%)
Setting City-wide/Metropolitan area 1 (17%)
Multinational 1 (17%)
Single site 2 (32%)
Multiple sites 1 (17%)
Not reported 1 (17%)
Sample size (range) 75—1184
Age (range of means)® 16 — 39
Gender distribution Female 40% — 100%
(range) Male® 49% — 51%
Diabetes Type Type 1 Diabetes Mellitus [T1DM] 5 (83%)
Type 2 Diabetes Mellitus [T2DM] 1 (17%)
Age at diagnosis® [years, mean (SD)] 10.9 (5.2)
Duration of iliness' [years, range of means] 6.5-16.3
Type of exposure to cannabis Inhaled 1 (17%)
Mixed (inhaled, eaten, other) 1 (17%)
Not reported 4 (66%)
Frequency of cannabis consumption® (range) <1 time/month — >4 times/week
Outcomes” Glycemic control/HbAlc 5 (83%)
Diabetic ketoacidosis 1 (17%)
Severe hypoglycemia 1 (17%)
Self-management behaviour 1 (17%)
Complications of diabetes' 2 (32%)

4unless otherwise indicated

®studies were conducted in multiple countries, totals do not equal 100%
‘one study did not report age of sample

95/6 studies did not report proportion of male participants

°1/6 studies reported age at diagnosis

'5/6 studies reported duration of iliness

91/6 studies reported frequency of consumption

_'“4/6 studies reported >1 outcome, totals do not equal 100%

includes nephropathy, neuropathy, cardiovascular/vascular issues

The effects of recreational cannabis use in people with diabetes
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Table 2. Quality Appraisal Results for Cross-Sectional, Case-Control, and Cohort Studies Using a Modified Newcastle Ottawa Scale

Cross-sectional studies (n=4)

Adequacy
Author, Is the sample definition Representativeness of the Ascertainment of Assessment of of
year adequate? exposed cohort exposure outcome response

rate

Akturk, . C - written self- A - independent or C-
2018 [10] B - records/self-report B - somewhat representative report blind inadequate
Hogendorf, . C - written self- B - small
2016 [11] B - records/self-report B - somewhat representative report C - self-report number lost
Thurheimer
-Cacciotti, C - no description C - selected group D - no description C - self-report unclear
2017 [12]
UL ATES B - records/self-report B - somewhat representative (©= il S3i- C - self-report 2 - no
13 report description

Case-control studies (n=1)

Author, Is th.e.c'ase Representativene Selection Definition of Comparability Ascertain  Same method Non-
definition of of cases and ment of for cases and response
year ss of the cases controls
adequate controls controls exposure controls rate
Winhusen, B - records/ A - consecutive or B - A - no histor A - age and A - secure A - ves Unclear
2018 [14] self-report representative hospital y other factor record y
Cohort studies (n=1)
Representativeness Selection of Demonstration Wﬁs flcc))lrl10w- Adequacy
Author, gf the exposed the non- Ascertainment outcome was Comparability Assessment enopu h ?or of follow
year cohor:t exposed of exposure not present at of cohorts of outcome outco%es to up of
cohort start occur cohorts
Helgeson, B- A - same D -no D-no _A- B - small
somewhat . I A -yes — independent A -yes number
2016 [15] . community description description :
representative or blind lost
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Outcomes

Although the literature search resulted in 1,526 citations, only six studies met our eligibility criteria. The
outcomes of interest according to our PICOS framework were metabolic factors related to diabetes or
diabetes self-management behaviours. All of the six studies reported on diabetes metabolic factors
among cannabis users with only one study that also focused on diabetes self-management behaviours.
Given that the studies varied widely, this precluded the possibility of meta-analysis and thus a
descriptive summary of the results are provided below and displayed in Table 3.

Metabolic factors related to diabetes

Five studies [10-13, 15] reported a statistically significant increase in HbAlc (or glycosylated
hemoglobin, a measure of average blood glucose levels over a 3-month period) among a total of 1,004
participants with TLDM who consumed cannabis; numeric values were not reported in any of these
studies. One cross-sectional study (450 participants) also reported a statistically significant increased
risk of diabetic ketoacidosis associated with cannabis use by people with T1DM [10]. In contrast, this
study also found that the incidence of severe hypoglycemia was not statistically significantly different
between users and non-users of cannabis [10].

Complications of diabetes were found among participants with T2DM in a case control study involving
1,184 participants [14]. Specifically, cannabis users were at a statistically significant risk for peripheral
arterial occlusion, myocardial infarction, and renal disease (humeric values not reported). Signs of renal
disease (increased levels of albumin in the urine as indicated by an elevated urinary albumin/creatinine
ratio) were also present in cannabis users with TIDM in a cohort study involving 132 participants [15].
However, cannabis use resulted in no increased risk for neuropathy or cerebrovascular accident (e.g.,
stroke) in the case-control study of 1,184 participants with T2DM (values not reported) [14].

Diabetes self-management behaviours

Wisk, Nelson, Magane and Weitzman (2018) conducted a cross-sectional study to estimate the impact
of substance use (including marijuana) and self-management behaviours on glycemic control in 138
college students with T1DM [13]. Students aged 17 to 25 years from universities and colleges across
30 states, Washington D.C., and Canada self-reported their substance use behaviors, diabetes self-
management, and most recent HbAlc level. The researchers discovered after multivariable analyses
that students who smoked marijuana failed to maintain glycemic control and reported higher HbAlc
values (values not reported) [13].

The effects of recreational cannabis use in people with diabetes
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Table 3. Summary of Results

Outcome

Study designs (number)

Type of diabetes (sample size)

Results

Glycemic control
(HbAlc %)

Diabetic Ketoacidosis

Incidence of severe
hypoglycemia
Self-management
behaviour

Complications of diabetes

Neuropathy

Renal disease

Myocardial infarction
Peripheral arterial occlusion

Cerebrovascular accident

DISCUSSION

Cohort (1), Cross-sectional (4)
Type 1 (1,004)
Cross-sectional (1)
Type 1 (450)
Cross-sectional (1)
Type 1 (450)
Cross-sectional (1)
Type 1 (138)

Case-control (1)

Type 2 (1,184)
Cohort (1), 1 Case-control (1)
Type 1 (132), Type 2 (1,184)

Case-control (1)

Type 2 (1,184)

Case-control (1)

Type 2 (1,184)

Case-control (1)

Type 2 (1,184)

Significant 1 in HbAlc for cannabis

users
Significant 1 risk for cannabis
users
No significant difference between
users and non-users
Cannabis users less likely to reach
glycemic targets

No increased risk for cannabis
users
Significant 1 risk for people with
T1DM and T2DM using cannabis
Significant 1 risk for cannabis
users
Significant 1 risk for cannabis
users
No increased risk for cannabis
users

We were commissioned by Diabetes Canada to conduct a rapid review of the quantitative evidence of
the effects of recreational cannabis use in people with diabetes aged 13 years and above. Our
comprehensive literature search and study selection resulted in six eligible articles, which were all
observational study designs and assessed as having a poor to fair methodological quality. All six
studies examined diabetes metabolic factors, with only one study examining diabetes self-management
behaviours. These results suggest that people with TIDM may risk developing higher levels of
glycosylated hemoglobin, which indicates poorer control of blood sugar levels and increased risk of
diabetic ketoacidosis and renal disease if they choose to consume cannabis for recreational purposes.
The ability to self-manage diabetes may also be negatively impacted by exposure to cannabis. People
with T2DM who consume cannabis may be at increased risk for peripheral arterial occlusion,
myocardial infarction, and renal disease. However more research, particularly studies with more

rigorous methods, is required to confirm these preliminary findings.

There are several limitations of this review, primarily the fact that the evidence base was limited to six
observational studies of poor to fair methodological quality. Due to the brief timeline rapid review,
methods were used to streamline the literature search process by limiting results to those published in
the last 10 years and exhaustive searches for ‘grey’ literature (e.g., sources not indexed in research
databases) were not conducted. Additionally, reference scanning of the two included full-text studies

was not completed.

The effects of recreational cannabis use in people with diabetes




Strengths of this review process include the fact content experts and knowledge users were consulted
throughout the review process and all study selection, data abstraction, and quality appraisal were
completed in duplicate with an independent third reviewer resolving any discrepancies.

CONCLUSION

Results of this rapid review suggest that based on six identified studies, recreational cannabis use may
negatively impact diabetes metabolic factors (e.g., HbAlc, diabetic ketoacidosis, heart and kidney
function) and diabetes self-management behaviors (e.g., adequate monitoring and control of blood
glucose levels). The lack of evidence currently available indicates that more research on this important
topic is required.

The effects of recreational cannabis use in people with diabetes
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APPENDIX

Appendix A: Detailed Study and Participant Characteristics

Sample size

Author, year Settipg Age (mean [SD]) Cannabis exposure form (n[%])
Study design Fundlng Type of Cannabis exposure frequency Outcome(s) reported
Country Study period diabetes (n[%])
Akturk, 2018 [10] Single site Group 1: 134 Group 1: Risk of diabetic
Cross-sectional Not reported  31.3 (11.1) Smoking: 97 (72.4%); Edible: 65 ketoacidosis
USA June 2017 Type 1 (48.5%); Vaporization: 54 (40.3%);
and January Other: 19 (14.2%) Glycosylated
2018 Group 2: 316 hemoglobin (HbAlc)
39.1 (14.2) <1 time/mo: 48 (35.8%); 2-4 times/mo: | levels
Type 1 14 (10.4%); 2-3 times/wk: 17 (12.7%);
>4 times/wk: 54 (40.3%) Episodes of severe of
hypoglycemia
Group 2:
Not applicable (non-user control)
Helgeson, 2016 [15] | Single site 132 Inhaled: Smoking marijuana (-- [--]) Glycosylated
Cohort National 23 (-) hemoglobin (HbA1c)
USA Institute of Type 1 Not reported level
Health Not
reported Not reported Albumin-to-Creatinine
(A/C) ratio
Hogendorf, 2016 [11] @ Multiple sites 209 Not reported Glycemic control
Cross-sectional Medical 16.5 (1) (Mean HbA1c <8%)
Poland University Type 1
Lodz Glycosylated
May to June hemoglobin (HbAlc)
2013 level

(Stratified: 6-8%, 8-
10%, 10-12%, >12%)

The effects of recreational cannabis use in people with diabetes
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Sample size

Author, year Setting Age (mean [SD]) Cannabis exposure form (n[%])
Study design Funding 9 Tvoe of Cannabis exposure frequency Outcome(s) reported
Country Study period il (n[%)
Thurheimer- NR 75, Not reported Glycemic control
Cacciotti, 2017 [12] American 24.3 (4.1) (HbAlc <8%)
Cross-sectional Diabetes Type 1
USA Association
Not reported

Winhusen, 2018 [14] @ City-wide 1,184 Not reported Risk of diabetic renal
Case control Not reported | -- (--) disease, myocardial
USA Not reported  Type 2 infarction, peripheral

arterial occlusion,
neuropathy, and
cerebrovascular

accident
Wisk, 2018 [13] Multinational | 138 Not reported Self-management
Cross-sectional Not reported | 20.5 (1.5) behaviour
USA, Canada Not reported | Type 1
Glycosylated
hemoglobin (HbA1c)
levels

The effects of recreational cannabis use in people with diabetes
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