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LAY ABSTRACT  

The endocannabinoid system regulates several processes in the body via 

endocannabinoid signaling, and cannabinoids found in cannabis can change 

endocannabinoid system function. Cardiovascular events and changes in appetite have 

been noted with cannabis use, and this is especially important in some vulnerable 

populations at risk of increased cannabis use; one of these groups include patients with 

psychiatric conditions who tend to use cannabis but also already have an increased 

cardiometabolic risk. In this thesis, the relationship between cannabis use and 

cardiometabolic risk was examined in 200 patients, and patterns and determinants of 

cannabis use explored.   

Our results demonstrated that of the 79 cannabis users, most consumed cannabis 

daily, and had a moderate cannabis use disorder. On average, users began cannabis 

consumption at 15 years of age and for an average duration of 14 years. Moderate 

cannabis use was not related to cardiometabolic risk in these patients. 

Our data demonstrate the need to prevent or slow the progression of cannabis use 

disorder in these patients and the importance of reducing early exposure of adolescents to 

cannabis.  
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ABSTRACT 

Introduction: The homeostatic role of the endocannabinoid system (ECS) is mediated 

through the actions of endocannabinoids. Intake of exogenous cannabinoids found in 

Cannabis sativa alter the function of the ECS which may then impact other organ 

systems. Use of cannabis has been inconsistently linked to adverse cardiometabolic 

outcomes. Rates of cannabis use are high among patients with psychiatric conditions who 

are already at higher risk of cardiometabolic diseases when compared to the general 

population. Cannabis use patterns and cardiometabolic risk variables in this population 

need further study to clarify the links between use and outcomes. 

Methods: Patients with psychiatric conditions from the St. Joseph’s Healthcare Hamilton 

Hospital were enrolled into the Cannabis and Physical Health study. Sociodemographic 

data, medical history, cigarette use, and cannabis use patterns were collected. In addition, 

cardiometabolic profile data were collected including body mass index, blood pressure, 

lipids, and HbA1c. Multivariable regression analyses were conducted, and a Bonferroni 

correction applied. 

Results: This cross-sectional study enrolled 200 patients (female: n=86, 43.0%), 18 years 

of age and older. Among 79 cannabis users (female: n=34, 43.0%), the majority (n=53, 

67.1%) consumed cannabis daily and had a diagnosis of a moderate cannabis use disorder 

(CUD; n=57, 72.2%, CUD score = 4.3 ± 3.4). Use of cannabis was initiated on average at 

15.2 ± 3.5 years of age and used for an average of 13.5 ± 11.0 years.  There was no 

association between cannabis use and cardiometabolic risk factors when adjusted for age, 
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sex, psychiatric diagnosis, antipsychotic medication use, and cigarette smoking (P>0.006 

for all outcomes).   

Conclusions: Our findings indicate that in this sample of patients with psychiatric 

diagnoses, patients who use cannabis had a similar cardiometabolic profile to non-users. 

Patterns of cannabis use highlight the importance of reducing cannabis consumption and 

preventing or slowing the progression of CUD in this population, as well as limiting 

adolescent exposure to cannabis.   
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CHAPTER 1: INTRODUCTION 

The endocannabinoid system   

Interest in the psychoactive actions of cannabis led to the characterization of the 

endocannabinoid system (ECS) in the late 1990s (1-3). Thirty years prior to this 

discovery, 9-tetrahydrocannabinol (THC) was isolated, which was established as the 

main psychoactive compound of cannabis (4). As the search for endocannabinoid 

receptors was proceeding, several groups identified and cloned the cannabinoid type 1 

(CB1) (5, 6) and cannabinoid type 2 (CB2) receptors (7). THC binds to both receptors. 

Subsequently, the endogenous ligands (endocannabinoids) that bind the CB1 receptors 

were discovered (8-10).   

CB1 and CB2 receptors are Gi/o-protein-coupled receptors that are found in the 

central and peripheral nervous system and other organs and cells (11). CB1 receptors are 

largely present in the cortex, hippocampus, amygdala, basal ganglia, hypothalamus, and 

cerebellum (11); CB2 receptors are present primarily in microglia (7, 12) and 

hematopoietic cells (13). Apart from being localized in the brain and immune cells, 

endocannabinoids and their receptors are also present in metabolic organs, including the 

adipose tissue, liver, pancreatic islets, and skeletal muscle (14-17).  

Endocannabinoids and the machinery involved in their synthesis and degradation 

also form part of the ECS. Although there are various types of endocannabinoids within 

the human body, 2-arachidonoylglycerol (2-AG) is the most abundant, and 

arachidonoylethanolamide (AEA) is less ubiquitous, but also well-described (1, 18). The 
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effects of these bioactive lipids are mediated by CB1 and CB2 receptors to which they 

bind with varying efficacy (18).  

Modulatory role of Endocannabinoids in the nervous system 

In the central nervous system, the components of the ECS are placed at synapses 

to effectively modulate neurotransmission in a retrograde fashion (19). Endocannabinoid 

precursors are housed within lipid membranes of post-synaptic axon terminals. Binding of 

a neurotransmitter at the post-synaptic terminal activates the production of 

endocannabinoids (19). The endocannabinoids are subsequently released into the synaptic 

cleft, bind to the transmembrane cannabinoid receptors on the pre-synaptic lipid 

membrane and inhibit the release of inhibitory or excitatory neurotransmitters from the 

pre-synaptic axon terminal (19). After their release, the 2-AG and AEA are efficiently 

degraded by their distinctive catabolic enzymes (monoacylglycerol lipase (MAGL) and 

fatty acid amide hydrolase (FAAH), respectively (20)).     

This arrangement allows the ECS to carry out its pre- and postnatal functions, 

including axon guidance and growth (21), the modulation of neuronal proliferation and 

migration in the fetus (1, 22), and regulation of adult neurogenesis (1, 23). This 

neuromodulatory system is thus tightly regulated to maintain homeostasis (18).  

Neuropsychological effects of THC  

The well-known neuropsychological effects associated with cannabis use have 

been attributed to THC and its interaction with CB1 receptors (24). Short-term effects of 

cannabis use include impaired working memory, motor coordination and judgement, 
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amotivation and the manifestation of paranoia and psychosis with higher doses (25). 

Cannabis use has also been shown to have long-term effects, including risk of addiction, 

impaired cognition, lower educational and occupational attainment, and reduced life 

achievement (25). Altered development of the prefrontal cortex, hippocampus and 

subcortical networks can also ensue from cannabis use, as THC disrupts the formation of 

connections between axons resulting in fewer neural connections in these regions of the 

brain (26). Long-term effects occur more frequently with earlier onset of cannabis use as 

the brain continues to develop during adolescence and into early adulthood which is a 

vulnerable period (27). 

Metabolic function of Endocannabinoids in peripheral tissues 

As noted above, the endocannabinoids function as retrograde neurotransmitters in 

the central nervous system, but also participate in autocrine, paracrine and intracellular 

signaling in peripheral tissues to regulate the many physiological processes with which 

the ECS is involved (14, 28). Early research focused on studying the effects of the ECS in 

relation to the central nervous system, due to the abundance of CB1 receptors in the brain 

and the ability of exogenous cannabinoids to bind to them (28).  

However, endocannabinoids are present outside neural tissue, and may act as 

intermediates for other biologically active molecules, including arachidonic acid in the 

synthesis of prostaglandins (29). Its involvement in diverse biological activities suggests 

that dysregulation of endocannabinoid levels may negatively alter other pathways and 

implicates them in pathophysiological processes (30). 



M.Sc. Thesis - L. Sarpong; McMaster University - Medical Sciences 

 

4 

 

 The ECS has also been recognized for its essential role in energy homeostasis, 

stimulating appetite and caloric intake, and regulating lipid and glucose metabolism (15-

17).  

Stimulation of appetite and caloric intake  

The ECS has been recognized for its crucial neuroendocrine role in inducing 

feeding in response to transient food deprivation through hypothalamic actions (31, 32). 

In mice, low dose arachidonoylethanolamide (AEA), an endogenous cannabinoid, that 

was administered directly to the hypothalamus, resulted in an increase in food intake (33, 

34). Furthermore, mice treated with the CB1 receptor antagonist, AM251, had a dose-

dependent reduction in food intake (35).  

Evidence from CB1 knockout mice supports these findings and demonstrates that 

endocannabinoid action on CB1 receptors is essential for appetite stimulation. Caloric 

intake was significantly lower in fasted CB1 knockout mice compared to fasted wild-type 

(WT) mice (36). Administering a CB1 antagonist to both strains reduced food intake of 

WT mice to levels observed in knockout mice, while the feeding behaviour of CB1 

knockout mice was unaffected as predicted (36). In another study, administration of the 

potent orexigenic (food-intake stimulating) neuropeptide Y (NPY) induced overeating in 

fed WT mice, whereas NPY had no effect on CB1 knockout mice (37). Subsequent 

administration of a CB1 receptor antagonist nullified the effect of NPY in WT mice (37), 

indicating that the presence of orexigenic neuropeptides is not sufficient to compensate 

for a lack of endocannabinoid action.  
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Further, genetically obese leptin and leptin receptor deficient (ob/ob and db/db) 

mice provide evidence that appetite stimulation due to high levels of hypothalamic 

endocannabinoids may lead to obesity (36). Blocking CB1 receptors through use of the 

antagonist, Rimonabant, decreased food intake acutely in ob/ob and db/db mice compared 

to controls (36). When Rimonabant was administered over a seven-day period, db/db 

mice experienced a reduction in body weight compared to controls, suggesting that 

endocannabinoids are important contributors to overeating and the development of 

obesity (36).  

Lipid metabolism 

The ECS regulates lipid metabolism through mechanisms independent of centrally 

induced food intake effects. Mouse epididymal fat pads were found to express CB1 

receptors (32). Removal and treatment of cultured adipocytes with a CB1 agonist 

increased the activity of lipoprotein lipase, an enzyme whose action permits free fatty 

acid uptake and storage in adipocytes, while pre-treatment of cells with a CB1 receptor 

antagonist led to attenuation of lipoprotein lipase activity (32).  

In hepatocytes, lipogenesis is stimulated by CB1 receptor activation (38). The rate 

of de novo fatty acid synthesis was doubled in WT mice pretreated with a CB1 receptor 

agonist, but no increase was observed in mice administered the CB1 antagonist, 

Rimonabant, or in CB1 knockout mice (39).  

Increased fatty acid synthesis and intake of dietary fat contribute to the deposition 

of fat in hepatocytes (40). Accordingly, Osei-Hyiaman and colleagues (2005) observed 
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the occurrence of fatty liver, in conjunction with higher levels of hepatic AEA and 

upregulation of CB1 receptor expression solely in WT mice fed a high-fat diet (39). These 

findings confirmed the role of the ECS in the development of diet-induced hepatic 

steatosis and obesity in mice (38, 39). 

Glucose metabolism  

The attempts to define the location of CB1 receptor expression and 

endocannabinoid synthesis in the pancreas yielded conflicting results (41-43). However, 

González-Mariscal et al. (2016) recently elucidated the location, role and mechanism of  

pancreatic CB1 receptors and endocannabinoids in a series of experiments demonstrating 

that stimulation of CB1 receptors in pancreatic β-cells inhibits insulin secretion and 

promotes insulin resistance in mice and humans (44, 45). When a rise in glucose 

stimulates release of glucagon-like peptide 1 (GLP-1) from enteroendocrine cells, GLP-1 

exerts its effect on Gs-coupled protein receptors located on the insulin-secreting β-cells of 

the pancreatic islets (44). Binding of GLP-1 to its receptor leads to an increase in the 

enzymatic activity of adenylyl cyclase and a rise in cyclic adenosine monophosphate 

(cAMP). Elevated cAMP enhances β-cell insulin secretion (44, 46).  

An increase in glucose levels also stimulates the production of endocannabinoids 

(42, 43). In one experiment, the addition of AEA or 2-AG, the endogenous cannabinoids,  

and their binding to Gi/o-coupled CB1 receptors in a mouse insulinoma cell line led to the 

attenuation of previously elevated levels of cAMP and insulin secretion by 40% (44). A 

subsequent experiment was conducted in a cell culture of human islet cells to confirm the 
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inhibitory effects of CB1 receptor activation on insulin secretion. The attenuation was 

even  more pronounced in human islet cells with a 65% reduction in cAMP levels and 

50% reduction in insulin secretion (44).  

 Finally, glucose uptake is directly altered by the ECS. Rimonabant-mediated 

antagonism of CB1 receptors on cultured L6 myoblasts led to an increase in glucose 

uptake (47). Similarly, treatment with a CB1 receptor antagonist increased the rate of 

glucose uptake in the soleus muscle of genetically obese leptin deficient (ob/ob) mice 

(48), and incubation of human skeletal muscle cells with AEA reduced phosphorylation 

of Akt, a protein largely responsible for inducing glucose uptake in response to insulin 

(49, 50). When preincubated with AM251, a CB1 receptor antagonist, the AEA-induced 

inhibition of Akt phosphorylation was prevented (49). 

In summary, the effects of the endocannabinoid system in the regulation of 

metabolism are important. In the hypothalamus, endocannabinoids stimulate appetite and 

enhance caloric intake. They also contribute to the storage of fat in adipocytes and 

hepatocytes. In the pancreatic islets, endocannabinoids decrease insulin secretion, while 

in muscle, endocannabinoid exposure is linked with reduced insulin action. 

Exogenous cannabinoids  

Much work has been done to characterize the ECS in order to better understand 

the effects of exogenous cannabinoids on normal ECS functioning and health. Exogenous 

cannabinoids, including the phytocannabinoids found in the plant, Cannabis sativa, have 

the ability to bind to CB1 and CB2 receptors (14). Of note, 9-tetrahydrocannabinol (THC) 
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is the major psychoactive compound of cannabis and an agonist of both CB1 and CB2 

receptors (30). However, THC is not selective as are endocannabinoids (14) and may 

therefore bind to the CB1 and CB2 receptors in the body, which has made the widespread 

use of cannabis particularly concerning. 

Cardiometabolic effects of THC  

The cardiometabolic effects of cannabis use are less well-known, despite the fact 

that there is some evidence to implicate THC in adverse cardiometabolic outcomes (51). 

The cardiometabolic actions of THC have been studied through cannabis and synthetic 

THC, including Dronabinol (14).  

The seminal study conducted by Greenberg and co-workers (1976) was the first to 

examine variations in feeding behaviour and body weight in participants using a specified 

amount of THC (2.06% THC in 1 g cannabis cigarette). Initially, an increase in both 

caloric intake and weight was observed in the cannabis-using participants compared to 

non-users. After the fifth day, caloric intake was stable, yet weight continued to increase 

till the end of the 21-day drug-taking phase (51). In later placebo-controlled cross-over 

trials, Dronabinol, provided to patients with Alzheimer’s disease (2.5 mg THC) over a 

six-week period (52) or severe anorexia nervosa (5 mg THC) (53) over a four-week 

period, also resulted in a significant increase in weight. These studies suggest that acute, 

low doses of THC stimulate appetite, food consumption and modest weight gain in 

healthy individuals and patients with neurocognitive and psychiatric disorders.  
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With changes in diet, fluctuations in cardiometabolic effects can be quickly 

detected. In fact, a three-week study involving normal-weight participants demonstrated 

elevation of cholesterol, triglycerides and plasma glucose that began within one week of 

commencing a high-calorie diet (54).  

Further, the risk of metabolic dysfunction and cardiovascular conditions increases 

with excess fat mass (55). It has been long established through large epidemiological and 

prospective studies that the risk of type 2 diabetes increases with increased BMI and 

measures of central adiposity including waist circumference, and waist-to-hip ratio 

increases (56-58). In terms of cardiovascular disease, Larsson et al. examined the 

association between cardiovascular disease and genetic variants predicting increased BMI 

and fat mass in a large study of 367,703 participants. Using Mendelian randomization, 

they determined that genetic predisposition to increased BMI and fat mass is in fact 

associated with an increased risk of cardiovascular conditions including ischaemic stroke, 

hypertension and heart failure (55). However, lifestyle choices, including regular physical 

activity and a healthy diet can decrease these risks (55).  

Cannabis use and association with cardiometabolic health  

In the last 40 years, there has been a surge in the selective breeding to increase the 

concentration of THC with agricultural practices of cannabis cultivation (59). Present-day 

strains average as high as 15% in THC content, a five-fold increase from the 1980s (60). 

Not only is cannabis potency rising, but also cannabis use is on the rise, with 188 million 

users worldwide as of 2019 (59). Use is likely to continue to increase as perceptions 
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continue to change in favour of use, cannabis gains increasing social acceptance and the 

world continues to move towards its decriminalization and legalization (61). Given the 

ubiquity of cannabis use, the cardiometabolic effects of cannabis use have been 

comparatively underexamined and necessitate additional study.  

The neuropsychiatric and potential adverse cardiometabolic effects observed with 

use of THC may be amplified with recent increases in THC content and cannabis use. 

Further, among vulnerable populations, including patients with psychiatric disorders, the 

effects of cannabis use may additionally exacerbate their already present risk of 

cardiometabolic disorders, due to a higher prevalence of cannabis use in this population 

compared to the general population (62). 

Examination of the association of cannabis use with cardiometabolic health has 

produced conflicting results with case reports detailing cardiovascular events (63-65) and 

studies demonstrating better or at least not worse cardiometabolic profiles in cannabis 

users when compared to non-users (66-68). Furthermore, results from cannabis use in past 

studies involving patients with psychiatric disorders have limited generalizability as 

cannabis amounts and frequencies of use were inadequately measured (69, 70). 

Aims 

In light of the conflicting evidence base linking cannabis use with cardiometabolic health, 

we conducted a cross-sectional study with the following aims: 

1. To examine whether cannabis use status in patients with psychiatric conditions is 

associated with cardiometabolic risk factors including body mass index (BMI), 
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blood pressure, lipids (total cholesterol, high-density lipoprotein (HDL)-

cholesterol, low-density lipoprotein (LDL)-cholesterol, triglycerides), and 

glycemia (hemoglobin A1c (HbA1c)).  

2. To explore cannabis use patterns in patients with psychiatric conditions. 
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Abstract   

Context:  Cannabis use has been inconsistently linked to adverse cardiometabolic effects. 

Patients with psychiatric disorders have increased cardiometabolic risk and use cannabis 

more than the general population, yet use patterns are unknown.  

Objective: This study examined the association between cannabis use and 

cardiometabolic risk factors in patients with psychiatric disorders and explored use 

patterns post-legalization. 

Design and Setting: The Cannabis and Physical Health study is a cross-sectional cohort 

study conducted at St. Joseph’s Healthcare Hamilton Hospital in Canada over a 1.5-year 

period. 

Patients: A total of 200 patients with psychiatric conditions who provided informed, 

written consent were enrolled. 

Main outcome measures: Cardiometabolic risk factors measured include body mass 

index, blood pressure, total cholesterol, high-density lipoprotein, low-density lipoprotein, 

triglycerides and HbA1c. 

Results: Study participants consisted of 121 non-users (female: n=52, 42.9%) and 79 

users (female: n=34, 43.0%) of cannabis. Users tended to consume cannabis daily (n=53, 

67.1%) and most had a moderate cannabis use disorder (n=57, 72.2%). On average, onset 

of cannabis use began at 15.2 ± 3.5 years old and cannabis was used for an average of 

13.5 ± 11.0 years. Users preferred consuming joints (n=59, 74.7%) and Cannabis indica 

strains (n=27, 34.2%). There was no association between cannabis use status and 
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cardiometabolic risk factors when adjusted for age, sex, psychiatric diagnoses, use of 

antipsychotic medications and cigarette smoking (P>0.006 for all outcomes).  

Conclusions: Our results suggest that cannabis use does not affect cardiometabolic risk in 

patients with psychiatric conditions. However, use patterns indicate the need to prevent or 

slow progression of CUD severity and decrease adolescent exposure to cannabis.  

Introduction 

Cannabis is the most commonly used recreational drug worldwide (1). Its use will 

likely increase as more countries adopt decriminalization and legalization measures, 

which is currently limited to Uruguay, Canada, and some USA states (2, 3).  

Cannabis is generally perceived by the public as a benign, naturally occurring 

substance, a view that has persisted post-legalization (3). Cannabis is a complex 

compound containing more than 400 substances that include its primary psychoactive 

constituent, tetrahydrocannabinol (THC) (4, 5). THC is also known for its ability to 

stimulate appetite and increase caloric intake (6-9). Due to its orexigenic effects, one pilot 

study and several randomized controlled trials have been conducted to assess its use as a 

potential appetite stimulant to promote weight gain in patients with AIDS and HIV-

induced anorexia (10-13). 

In the general population increased caloric intake, even with minimal weight gain, 

results in increased levels of serum glucose, insulin, triglycerides, and total cholesterol 

(14). However, while this is the case under experimental conditions, the use of cannabis 

in the general population has produced conflicting effects on cardiometabolic health.  
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Cannabis use has been associated with enhanced visceral adiposity in some 

studies (15), yet in other studies the increase in cannabis use was associated with lower 

waist circumference and body mass index (BMI) (16, 17). Another longitudinal study 

found no association between cannabis use and BMI (6).  

The evidence is also inconsistent when it comes to cannabis effects on insulin 

secretion and lipids. Cannabis use was associated with lower circulating insulin levels 

(16), while another study reported no differences in insulin, glucose, triglycerides, or 

cholesterol but that cannabis use is associated with reduced high-density lipoprotein 

(HDL) levels (15). Similarly, a study found that use of cannabis did not result in better or 

worse fasting plasma glucose, total cholesterol, HDL or triglyceride levels (6). 

Existing literature has also associated cannabis use with cardiovascular events and 

arrythmias in the general population, and data have also described incidences of acute 

ischemic stroke and cardiovascular events in adult users (18-22). These findings suggest 

that the relationship between cannabis use and cardiometabolic risk factors is complex 

and requires further elucidation.  

With recent legalization, there are concerns surrounding increased access by 

vulnerable populations who may be disproportionately affected by its potentially harmful 

effects. Patients with psychiatric conditions have increased rates of cannabis consumption 

(23, 24). The lifetime rate of cannabis use disorders is three times greater in patients with 

schizophrenia than it is in the general population (24, 25). Further, patients with 

psychiatric diagnoses, including schizophrenia spectrum and mood disorders, already 

have a higher risk of cardiometabolic outcomes due to the high prevalence of metabolic 
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syndrome in this population (26-29). In addition, weight gain from certain antipsychotic, 

mood-stabilizing and antidepressant medications does play a part in driving 

cardiometabolic risk (30-33). The consumption of cannabis may further compromise the 

physical and mental health of this population.  

We hypothesized that cannabis use was associated with increased cardiometabolic 

risk profile in patients with psychiatric disorders. The aim of this study was to determine 

the associations between cannabis use and cardiometabolic risk factors among patients 

with psychiatric conditions. This study also explored cannabis use patterns among 

participants as previous studies have not fully quantified cannabis dose and patterns of 

use.  

Materials and Methods  

Study population  

The Cannabis Use and Physical Health Study is a single-site cross-sectional cohort study 

approved by Hamilton Integrated Research Ethics Board (HIREB #4672) and conducted 

in conformity with the Declaration of Helsinki. Participants were recruited from the West 

5th campus of St. Joseph’s Healthcare Hamilton (SJHH), Hamilton, Canada between June 

4th, 2018 and November 26th, 2019. Participants provided informed written consent, 

were 18 years of age or older and were admitted to SJHH for a psychiatric condition.  

Patients who had used cannabis within 30 days of the interview date were considered 

current users. Participants who had never used cannabis or had not used it in the past 30 

days were considered non-users. These participants were combined into one group (non-
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users) as there were relatively few participants who had never used cannabis (n = 29). The 

details of study recruitment are reported in Figure 1.  

Study population characteristics  

Trained research personnel approached and consented eligible patients. 

Sociodemographic information including age, sex, ethnicity, marital status, level of 

education, employment status, occupation, and income support were collected. Age of 

cigarette smoking initiation and number of cigarettes smoked per day were also collected.  

Cannabis use  

Data related to the details of cannabis use were collected from users. Information 

collected included age of cannabis initiation, total years of use, total duration of cannabis 

use, amount and frequency of cannabis use, amount spent on cannabis per week, method 

of consumption and type of cannabis used. The Diagnostic and Statistical Manual of 

Mental Disorders, fifth edition (DSM-5) criteria were used for psychiatric diagnoses 

including substance use disorders (34).  

To calculate cannabis amounts, participants were asked to quantify the amount of 

cannabis used per occasion in grams. Quantities not reported in grams were converted to 

grams using reliable sources from previous studies (35, 36). The weights of a surrogate 

substance, as determined by regular cannabis users, was used to quantify cannabis 

amounts in grams (35), and an addiction expert estimated cannabis amounts used (36). 

We considered a joint to be equivalent to 0.66 grams (35), and responses, including “ a 

few puffs of a joint” or “less than a joint” to be 0.33 grams (36). Several patients reported 
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number of grams consumed per day. To standardize responses, all responses were treated 

as minimum amount of cannabis used per day (g). 

Current psychiatric diagnoses and medications used were obtained from the patients and 

confirmed from the medical charts.  

All physical measurements were taken by trained healthcare professionals. Height 

(cm) and weight (kg) were measured closest to the 0.1 cm using a digital scale (Eye Level 

Digital Beam Scale, Model 500KL, Health o meter Professional, Illinois, USA). BMI was 

calculated from the height and weight measurements as the weight divided by the square 

of height (kg/m2) (37). Blood pressure readings were obtained using digital device 

monitor (Connex Vital Signs Monitor, WelchAllyn, New York, USA).   

Laboratory tests 

Total cholesterol, low-density lipoprotein (LDL) cholesterol, HDL cholesterol, 

triglycerides and HbA1c levels were processed at the Core Lab of SJHH (Charlton 

Campus) using standard clinical laboratory procedures and machines.  

Statistical analyses 

All data were analyzed using IBM SPSS Statistics for Windows, version 26.0. (IBM 

Corp., Armonk, N.Y.) (38). Sociodemographic variables, clinical characteristics, 

laboratory values and cannabis use patterns were reported as means (standard deviations) 

or frequencies (percentages) for continuous and categorical variables, respectively. Study 

outcomes were assessed for normal distribution using their standardized residuals. To 

address the primary outcome of the study, multivariable linear regression was employed, 
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and statistical significance set at an alpha of p-value < 0.006 to correct for multiple testing 

(Bonferroni correction= p-value < α/n).  

Results   

The sociodemographic and clinical characteristics of this study population are presented 

in Table 1. Participants were primarily male (n=114, 57.0%), European (n=141, 70.5%), 

unmarried (n=123, 61.5%), and unemployed (n=149, 74.5%). Cannabis users formed 

40% of participants (n=79; male n=45, 57%) and were more likely to be younger and to 

be recipients of Ontario disability income support compared to non-users.  

In relation to psychiatric diagnoses, bipolar disorder (n=20, 25.3%) and 

schizophrenia spectrum disorders (n=16, 20.2%) were the most common diagnoses 

among users. Conversely, non-users (n=48, 39.7%) were commonly diagnosed with 

depressive disorders. The majority of cannabis users (n=55, 69.6%) compared to non-

users (n=50, 41%) smoked cigarettes, and users smoked more cigarettes per day than non-

users (users: 9.7 ± 11.0; non-users: 5.6 ± 9.6).  

 Both groups were overweight (26.7 ± 6.8 kg/m2 vs. 28.4 ± 6.7 kg/m2), and non-

users of cannabis had similar mean systolic blood pressure (121.9 ± 11.6 mmHg vs.126.8 

± 16.8 mmHg) and mean diastolic blood pressure values (78.1 ± 8.7 mmHg vs. 79.4 ± 9.2 

mmHg).   

Most of the physical examination data were within normal limits (Table 1). 

Regarding the laboratory data (Table 2), cannabis users and controls had comparable total 

cholesterol (4.7 ± 1.1 mmol/L vs. 4.8 ± 1.1 mmol/L), HDL (1.3 ± 0.5 mmol/L vs. 1.3 ± 

0.4 mmol/L), LDL (2.7 ± 0.9 mmol/L vs. 2.8 ± 0.9 mmol/L), triglyceride (1.5 ± 0.7 
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mmol/L vs. 1.7 ± 0.8 mmol/L) and HbA1c (5.4 ± 0.% vs. 5.5 ± 1.1%) levels, reflecting 

good health. 

We then performed a multivariable linear regression to establish whether cannabis 

use was independently associated with the cardiometabolic risk factors (Table 3). 

 No association between cannabis use status and cardiometabolic risk factors was evident 

after adjustment for age, sex, psychiatric diagnosis, use of antipsychotic medications, and 

cigarette smoking.  

To assess the patterns of cannabis use, participants were asked questions related to 

their cannabis consumption, and the DSM-5 criteria was used to evaluate whether 

participants had a cannabis use disorder (CUD) (Table 4). The majority of users (n=53, 

67.1%) consumed cannabis daily and a large proportion of users (n=57, 72.2%) had a 

moderate CUD (CUD score = 4.3). Users initiated cannabis on average at 15.2 ± 3.5 years 

of age and were using it for approximately 13.5 ± 11.0 years. 

 Users (n=59, 74.7%) preferentially smoked cannabis as a joint and on average 

consumed at least 1.6 grams per day (equivalent to 2.5 joints/day) (35). Users mainly 

consumed indica (n=27, 34.2%) and sativa (n=20, 25.3%) cannabis strains. 

Discussion 

Cannabis use is climbing due to the relaxation of regulations surrounding its use. While 

there are public perceptions that cannabis is a natural and rather harmless product, 

evidence suggests that there may be adverse psychiatric and cardiometabolic effects.  

This study evaluated the association of cannabis use with cardiometabolic risk 

factors. There was no association between cannabis use and body mass index, blood 
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pressure, glycemia and lipid homeostasis when potential confounders were adjusted for in 

the analysis.  

Our findings are similar to a large 15-year study of racially diverse young adults 

(6), and a large cross-sectional study of the general population (16) which found no 

difference in BMI (6, 16), systolic and diastolic blood pressure (6, 16), total cholesterol 

(6), HDL (6), triglycerides (6, 16) or hemoglobin A1c (16) between users and nonusers 

after adjusting for alcohol use, physical activity, and diet (6, 16). Although THC has been 

implicated in stimulating appetite and increasing caloric intake (6-9), the absence of an 

increase in cardiometabolic risk factors may be due to an increased metabolic rate in users 

of cannabis, offsetting increased caloric intake. In a small placebo-controlled study, use 

of cannabis led to an increase in metabolic rate (39). Other cannabinoids present in 

cannabis, including tetrahydrocannabivarin (THCV), may contribute to this effect. The 

administration of THCV to dietary-induced obese mice augmented energy expenditure 

but had no effect on caloric intake or body weight (40).   

Conversely, other general population-based studies demonstrated conflicting 

cardiometabolic impacts for cannabis use. A small study of 60 participants found worse 

cardiometabolic profiles in cannabis users compared to nonusers (15). An increased 

cardiometabolic risk (higher systolic and diastolic blood pressures, and lower HDL 

levels) was observed in this study but no adjustments were made in the analyses.  

Another study found similar results when examining cardiometabolic risk factors 

in acute cannabis use (41). Although acute use of cannabis has been associated with 

increased blood pressure and heart rate, chronic cannabis use has been linked to tolerance 
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(41-43). With prolonged use, the cannabinoid 1 receptors (CB1R) decrease in density and 

its signalling is downregulated (42).  

In contrast, lower BMI values were observed among users in large cross-sectional 

studies of the general U.S. population, including samples drawn from the National 

Epidemiologic Survey on Alcohol and Related Conditions (NESARC) (44), the National 

Comorbidity Survey-Replication (NCS-R) (44), and the third National Health 

Examination Survey (NHANES III) (8). Although BMI values were lower in cannabis 

users of the NESARC and NCS-R compared to non-users, the differences in BMI were 

only statistically significant but not likely clinically significant (44). Similar to our study, 

users and non-users were overweight, yet BMI values were slightly higher in the user 

group (NESARC: 25.6 kg/m2 in cannabis users vs. 26.8 kg/m2 in non-users; NCS-R: 25.6 

kg/m2 in cannabis users vs. 27.1 kg/m2 in non-users) (8, 44). In the NHANES III, when 

age, sex, caloric intake, and cigarette smoking were considered, heavy users also had a 

lower BMI than non-users (8). However, the study did not control for physical activity or 

alcohol use as did others studies finding no difference (6, 16).  

Our results differ from longitudinal studies conducted in psychiatric populations 

which found an inverse association between use of cannabis and cardiometabolic risk 

factors, including BMI, diastolic blood pressure and total cholesterol (45-47). Differences 

between these studies and our findings may exist for several reasons. 

The broad inclusion of participants with differing psychiatric conditions may have 

contributed to discrepancies in findings. The study conducted by Bruins et al. in patients 

with severe mental illness largely included patients with schizophrenia spectrum disorders 
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(90.4% of all participants) (45). Similarly, the other two studies limited inclusion to 

patients with first-episode non-affective psychosis (46) or first-episode schizophrenia 

spectrum disorders (47). We did not limit recruitment by psychiatric diagnosis, and this 

approach is useful in examining which patients are more prone to cannabis use-related 

cardiometabolic disorders. In our study, participants were mainly diagnosed with 

depressive (n=58, 29.0%), bipolar (n=48, 24.0%) or schizophrenia spectrum or other 

psychotic disorders (n=34, 17.0%). However, bipolar (n=20, 25.3%) and schizophrenia 

spectrum or other psychotic disorders (n=16, 20.2%) were the most common diagnoses 

among users of cannabis, followed by personality (n=11, 13.9%), depressive (n=10, 

12.7%) and anxiety (n=10, 12.7%) disorders.  

 In several studies, cannabis dose and frequency were not quantified (46, 47) or 

were inadequately measured (45). For example, in one study, cannabis use was measured 

as the number of joints per week, but the amount of cannabis in each joint was not 

reported (45). Cannabis intake has been shown to have dose-dependent physiological 

effects (48). Adequate quantification and larger sample sizes would allow for better 

interpretation of cannabis effects and comparison between groups.     

Although no association was found between cannabis use status and 

cardiometabolic risk factors in adult patients with psychiatric conditions, cannabis use has 

been implicated in impeding treatment effectiveness, increasing risk of developing other 

substance use disorders and prolonging hospitalization of patients with psychiatric 

disorders (49-53).  
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Corroborating this knowledge, the cannabis use patterns observed in our study 

demonstrate that concern is warranted for the mental health of users. In our sample of 

patients with psychiatric disorders, the number of daily cannabis users was almost four-

fold higher than that of the general population (26.5% vs. 6.0%, respectively) within a 

year post-legalization of cannabis in Canada (54). This finding is supported by studies 

reporting increased use among people with psychiatric conditions (55).  

Intervention may also be necessary to hinder CUD development. Cannabis users 

reported considerable chronicity (on average 14 years) and presented with moderate 

cannabis use disorder according to DSM-5 criteria. Given that the advancement of 

substance use disorders occurs gradually, preventive measures should be implemented in 

the early stages of identified cannabis use disorders to prevent progression (56).  

In our study, users of cannabis typically initiated use during adolescence (at age 

15). This is a critical period of physical, psychological, and emotional development. 

Compared to chronic users in the general population, patients with psychiatric disorders 

initiated cannabis use three years earlier (23) and there is evidence that commencing 

cannabis use during youth increases the probability of developing a psychiatric disorder 

in adulthood (56-58).  The onset of cannabis use by 15 years of age is associated with an 

increased risk of developing symptoms of schizophrenia as a young adult compared to 

later onset by age 18, although groups were unbalanced (56). Other studies have also 

demonstrated a positive relationship between age of onset of cannabis use and age of 

onset of psychosis (58, 59). One possibility is that use of cannabis and psychosis is 

related to the cumulative exposure to cannabis rather than immaturity of the adolescent 
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brain, as an average delay of seven to eight years till onset of psychosis was observed 

across all ages of cannabis use initiation  (58, 59). Regardless, adolescent use of cannabis 

is particularly concerning as these findings suggest that an increase in adolescent cannabis 

use may result in an increase in young people with psychosis. 

 Use of cannabis by age 15 years and older has increased by 2% one year after 

cannabis legalization in Canada (54). The increasing use of cannabis underscores the need 

to prevent cannabis use in adolescents as a mitigating strategy against developing mental 

health concerns. 

The findings of this study are noteworthy as this study examined the relationship 

between cannabis use and cardiometabolic risk factors, as well as cannabis use patterns 

post-legalization. Our work has several strengths, including quantifying cannabis amounts 

in grams as opposed to the number of joints, which may vary in size (15, 45). Another 

strength is that cannabis use patterns for this population were also presented including age 

of initiation, chronicity, and strains typically used. We also adjusted for potential 

confounders, including psychiatric diagnosis, use of antipsychotic medication, and 

cigarette smoking. 

One limitation of this study is that we did not have data on physical activity and 

diet, so these variables were not controlled for in the analysis. Incorporating physical 

activity and diet in previous analyses was not found to alter results meaningfully in a 

large prospective study with similar findings to our study (6).  

Another limitation was reliance on self-reported data to explore cannabis use 

patterns, which may introduce social desirability bias (60). However, patients who 
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expressed concern for confidentiality chose not to participate in the study (Figure 1). In 

addition, the cross-sectional design limited our ability to determine how cannabis use 

affected physical health, and some of these effects require longitudinal follow-up to 

establish their occurrence and frequency. 

In conclusion, no association between cannabis use and cardiometabolic factors 

was found. Users demonstrated significant unemployment rates, and many had moderate 

cannabis use disorder. With recent legalization, increased surveillance of access to 

cannabis and restrictions on marketing are critical to reduce early adolescent exposure 

and future burden on the healthcare system. Further research into phytocannabinoid 

interactions, specifically elucidating the mechanisms underlying physical and mental 

effects is needed. 
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Table 1. Sociodemographic and clinical characteristics of users and non-users of cannabis 

in patients with psychiatric disorders. 

 Users Non-users 

 n = 79 n = 121 

Age, years, mean (SD) 34.2 (11.9) 40.4 (14.9) 

Sex, n (% male) 45 (57.0) 69 (57.0) 

Ethnicity, n (% European) 52 (65.8) 89 (73.6) 

Highest level of education achieved, n (%)   

   High school or less 49 (62.0) 59 (48.8) 

   Post-secondary education 30 (37.9) 62 (51.2) 

Marital status, n (% never married) 50 (63.3) 73 (60.3) 

Employment, n (% unemployed) 62 (78.4) 87 (71.9) 

ODSP income support, n (%) 32 (40.5) 29 (24.0) 

Diagnosis, n (%)   

   Neurodevelopmental disorders 0 (0.0) 2 (1.7) 

   Schizophrenia spectrum and other psychotic disorders 16 (20.2) 18 (14.9) 

   Bipolar and related disorders 20 (25.3) 28 (23.1) 

   Depressive disorders 10 (12.7) 48 (39.7) 

   Anxiety disorders 10 (12.7) 8 (6.6) 

   Personality disorders 11 (13.9) 12 (9.9) 

   Substance-related and addictive disorders 6 (7.6) 4 (3.3) 

   Other mental disorders 6 (7.6) 1 (0.8) 

Use of antipsychotic medications, n (%)    

   Typical antipsychotic medications  6 (7.6) 9 (7.4) 

   Atypical antipsychotic medications 44 (55.7) 58 (47.9) 

   Both typical and atypical medications  10 (12.6) 15 (12.4) 

   No antipsychotic medications 15 (19.0) 29 (24.0) 

   Unspecified 4 (5.1) 10 (8.3) 

Smoking status, n (% yes)  55 (69.6) 50 (41.3) 

No. of cigarettes smoked per day, mean (SD) 9.7 (11.0) 5.6 (9.6) 

Age of smoking initiation, mean (SD) 16.0 (5.8) 18.0 (8.2) 

BMI (kg/m2), mean (SD) (n = 52, 88) 26.7 (6.8) 28.4 (6.7) 

Blood pressure, mean (SD) (n = 75, 120)   

   Systolic blood pressure (mmHg)  121.9 (11.6) 126.8 (16.8) 

   Diastolic blood pressure (mmHg)  78.1 (8.7) 79.4 (9.2) 
Abbreviations: SD = standard deviation; ODSP = Ontario Disability Support Program; BMI = body mass index. 
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Table 2. Laboratory values of users and non-users of cannabis in patients with psychiatric 

disorders. 

Laboratory valuesa  Users Non-users 

Total cholesterol (mmol/L) (n = 60, 103) 4.7 (1.1) 4.8 (1.1) 

  Normal: < 5.2 mmol/L   

HDL-C (mmol/L) (n = 60, 102) 1.3 (0.5) 1.3 (0.4) 

  Normal: males: ≥ 1.0 mmol/L; females: ≥ 1.3 

mmol/L mmol/L 

  

LDL-C (mmol/L) (n = 58, 99) 2.7 (0.9) 2.8 (0.9) 

   Normal: < 3.0 mmol/L   

Triglycerides (mmol/L) (n = 59, 99) 1.5 (0.7) 1.7 (0.8) 

   Normal: < 1.7 mmol/L   

HbA1c (%) (n = 53, 100) 5.4 (0.7) 5.5 (1.1) 

   Normal: < 6.0 %   
aThe number of users and non-users contributing data (n = users, non- users).  
Abbreviations: HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; HbA1c = 
Hemoglobin A1c. 
 

 

Table 3.  Regression analysis for the association between cannabis use status and 

cardiometabolic risk factors in patients with psychiatric conditionsa 

Outcomes Differenceb (95% CI) P valuec 

Body mass index (kg/m2) -1.29 (-3.88, 1.30) 0.33 

Systolic blood pressure (mmHg)   -3.30 (-8.14, 1.53) 0.18 

Diastolic blood pressure (mmHg) -0.64 (-3.54, 2.26) 0.67 

Total cholesterol (mmol/L) 0.04 (-0.33, 0.41) 0.84 

Triglycerides (mmol/L) -0.13 (-0.42, 0.16) 0.39 

HDL-C (mmol/L) -0.02 (-0.18, 0.14) 0.80 

LDL-C (mmol/L) 0.06 (-0.27, 0.38) 0.72 

HbA1c (%) 0.05 (-0.31, 0.41) 0.78 
aAll analyses adjusted for age, sex, psychiatric diagnoses, use of antipsychotic medications and number of cigarettes used 
per day. 
b(User – Non-user) 
cA difference of P < 0.006 was considered statistically significant. 
Abbreviations: CI = confidence interval; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density 
lipoprotein cholesterol; HbA1c = Hemoglobin A1c. 
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Table 4. Cannabis use patterns among users with psychiatric disorders. 

Cannabis use patterns Mean (SD) 
  Age of cannabis use initiation (n = 79) 15.2 (3.5) 

Minimum amount of cannabis used per day (g) (n = 74) 1.6 (1.8) 

Number of years of cannabis use (n = 78) 13.5 (11.0) 

Amount spent on cannabis per week (in dollars) (n = 77) 65.5 (85.8) 

Cannabis use disorder score (n = 79) 4.3 (3.4) 

Cannabis use patterns n (%) 

Cannabis use disorder  57 (72.2) 

Cannabis use frequency   

   Everyday 53 (67.1) 

   Every other day 5 (6.3) 

   1-3 times per week 10 (12.6) 

   2-3 times per month 11 (13.9) 

Method(s) of cannabis consumptiona  

   Joint 59 (74.7) 

   Bong 28 (35.4) 

   Bowl 12 (15.2) 

   Ingestion  11 (13.9) 

   One-hitter 2 (2.5) 

   Oil 8 (10.1) 

   Other 15 (19.0) 

Strains or brands of cannabis useda  

   Indica 27 (34.2) 

   Sativa 20 (25.3) 

   Hybrid  11 (13.9) 

   CBD oil 2 (2.5) 

   Concentrates 3 (3.8) 

   Hash 1 (1.3) 

   Kush variant 9 (11.4) 

   Butane honey oil 1 (1.3) 

   White widow unk 1 (1.3) 

   Death star 1 (1.3) 

   Ice cream 1 (1.3) 

   Trainwreck 1 (1.3) 

   Green crack 1 (1.3) 

   Cookies and Creme 1 (1.3) 

   Mota edibles 1 (1.3) 

   Avi-Dekel 1 (1.3) 

   Midnight 1 (1.3) 

   Trutiva 1 (1.3) 
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   Purple urkle 1 (1.3) 

   Zeus 1 (1.3) 

   Equiposa 1 (1.3) 
aMultiple responses were permitted. 

 

Figure 1. Flow diagram for Cannabis and Physical Health study recruitment  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Participants refusing to participate  

(n = 149) 

Reasons for refusal: 

• Not interested (n = 68) 

• Not up to it/not in the mood (n = 31) 

• Confidentiality concerns (n = 21) 

• Deterred by urine sample (n = 10) 

• Participating in another study (n = 4) 

• Wanted remuneration/cannabis sample (n = 3) 

• Other (n = 12) 

Participants enrolled in study 

(n = 200) 

 

Cases 

(n = 79) 

 

Controls 

(n = 121) 

 

Participants approached at 

inpatient psychiatric units 

(n = 351) 

 
Ineligible participants  

(n = 2) 
 

Reason for ineligibility:  

• Unable to provide informed consent (n = 2) 

 
Participants eligible for study 

enrollment 

(n = 349) 
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CHAPTER 3: DISCUSSION & CONCLUSIONS 

The global increase in cannabis use is in parallel to a global epidemic of type 2 

diabetes and cardiovascular disease (71), and the latter conditions continue to be some of 

the most common causes of death worldwide (72). We specifically examined a subset of 

adult patients with psychiatric conditions for the impact of cannabis use on their 

cardiometabolic health. We determined that in this cross-sectional design, the users had a 

similar cardiometabolic profile to non-users. 

Despite the absence of an association between cannabis use and cardiometabolic 

risk factors, we determined that cannabis use was concerning in this population, given the 

presence of pre-existing psychiatric diagnoses. In our sample of patients with psychiatric 

conditions, use patterns revealed increased frequency and early life onset of cannabis use. 

When compared to the general population, these findings indicate that these patients are 

more vulnerable to adverse mental health impacts of cannabis use due to the higher 

proportion of daily users and comparatively earlier age of onset. Most users also had a 

moderate cannabis use disorder and long exposure to cannabis. High chronicity and 

moderate cannabis use disorder in our sample suggest that prolonged use may be related 

to an increased severity of cannabis use disorder, and efforts should be made to impede 

progression in patients with psychiatric conditions. Finally, cannabis users consumed 

moderate amounts of cannabis, primarily consumed indica and sativa strains, and joints 

were the most common method of consumption.   

 



M.Sc. Thesis - L. Sarpong; McMaster University - Medical Sciences 

 

37 

 

Our findings expand the limited body of evidence examining the impact of 

cannabis use on cardiometabolic health in patients with psychiatric conditions. We 

included patients with varying psychiatric diagnoses, and adjusted for potential 

confounders, including psychiatric diagnoses, use of antipsychotic medications, and 

cigarette smoking. We also quantified cannabis amounts using grams and explored use 

patterns post-legalization. However, our results are limited by self-reporting for cannabis 

use patterns, lack of data on physical activity and diet, and the cross-sectional design of 

our study.  

In terms of future areas of research, long-term and larger studies are needed to 

examine the effects of cannabis use on patients with different psychiatric disorders. A 

larger sample size will allow for subgroup analyses in this population and a longitudinal 

study design will permit the assessment of changes in cardiometabolic risk factors with 

cannabis use. Future studies should include data on important contributors to 

cardiometabolic health, particularly physical activity and diet, and also quantify cannabis 

amounts to strengthen conclusions made about cannabis use. Research is also needed to 

determine whether methods of cannabis consumption differentially impact 

cardiometabolic health. 

More work needs to be done to understand and characterize the isolated 

phytocannabinoids in cannabis. A better understanding of its individual components will 

provide greater knowledge of the effects of cannabis on the body which is presently 

clouded by many unknowns and much variability.  
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