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A B S T R A C T   

Background: Medical cannabis use is increasing rapidly in the past several years, with older adults being the 
fastest growing group. Nevertheless, the evidence for cardiovascular safety of cannabis use is scarce. The aim of 
this study was to assess the effect of cannabis on blood pressure, heart rate, and metabolic parameters in older 
adults with hypertension. 

Methods: We conducted a prospective study of patients aged 60 years or more with hypertension and a new 
prescription of cannabis. We have performed the following assessments: 24-hours ambulatory blood pressure 
monitoring, ECG, blood tests, and anthropometric measurements prior to the initiation of cannabis therapy and 3 
months afterward. The primary outcome was change in mean 24-h blood pressure at 3 months. 

Results: Twenty-six patients with a mean age of 70.42 ± 5.37 years, 53.8% females completed the study. At 3 
months follow-up, the mean 24-hours systolic and diastolic blood pressures were reduced by 5.0 mmHg and 4.5 
mmHg, respectively (p<0.001 for both). The nadir for the blood pressure and heart rate was achieved at 3 hours 
post-administration. The proportion of normal dippers changed from 27.3% before treatment to 45.5% after
ward. No significant changes were seen in the different metabolic parameters assessed by blood tests, anthro
pometric measurements, or ECG exam. 

Conclusion: amongst older adults with hypertension, cannabis treatment for 3 months was associated with a 
reduction in 24-hours systolic and diastolic blood pressure values with a nadir at 3 hours after cannabis 
administration.   

Introduction 

The use of medical cannabis in recent years is growing rapidly [1–3], 
frequently based on limited knowledge regarding safety and efficacy in 
varied indications such as: chronic pain, chemotherapy-induced nausea 
and vomiting, multiple sclerosis, Parkinson’s disease, epilepsy and more 
[4–6]. Older adults have become the fastest growing group of medical 
cannabis users [7–9], ranging from approximately 7% to more than one 
third, depending on the country [10–12]. 

Despite the significant rise in use, the current evidence on the 

cardiovascular safety of medical cannabis in older adults is scarce [13, 
14]. Recently, the American Heart Association (AHA) issued a position 
statement urging caution in use of medical cannabis in older adults due 
to the possible detrimental cardiovascular effects [15]. A series of 
studies that evaluated an oral drug containing pure delta 9-tetrahydro
cannabinol (THC) in older adults found mixed results, with some 
showing a small increase in systolic blood pressure while causing a 
decrease or no change in heart rate and diastolic blood pressure [16,17], 
and others reported non-significant changes [18]. Furthermore, a 
number of retrospective studies done primarily in young individuals 
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showed an association between cannabis use and cardiac arrhythmias 
[19–23]. 

The aim of this prospective study was to assess the medium-term 
effects of herbal cannabis on blood pressure, heart rate, electrocardio
gram (ECG), and metabolic parameters in older adults with arterial 
hypertension. Our hypothesis was that cannabis use will not have a 
significant effect on blood pressure after 3 months of cannabis use. 

Methods 

Study design and population 

The study was designed according to the 2007 Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) guide
lines [23] as a multi-center prospective, single-arm study with specific 
inclusion and exclusion criteria. The recruitment was performed at three 
sites: Soroka University Medical Center (SUMC), Assuta Ashdod Aca
demic Medical Center (AAAMC) and NiaMedic Healthcare and Research 
Services clinic, all in Israel. Participants were recruited from pain, 
neurology, hematology-oncology, and geriatric outpatient clinics from 
November 2018 to February 2020 and were followed until May 2020. 
Inclusion criteria were age over 60, diagnosis of hypertension and a 
physician recommendation to use medical cannabis for one of the 
approved indications [24]. Exclusion criteria were New-York Heart 
Association (NYHA) functional classification class III-IV [25], life ex
pectancy of less than 1 year and previous use of cannabis in the year 
preceding the enrollment date. 

Procedures 

After signing informed consent, participants had a baseline evalua
tion that included 24-hours ambulatory blood pressure monitoring 
(ABPM), ECG, blood tests, anthropometric measurements, de
mographics, and medical history. Cannabis type, mode of administra
tion and dosing were determined by the treating physician. After 3 
months of cannabis treatment, participants had a follow-up evaluation 
that included the same measurements as the first visit and a question
naire about cannabis use, dosing, adverse events, emergency depart
ment visits, hospitalizations, and changes in medication regimens. 

Assessments and outcomes 

Blood tests included lipid profile, hemoglobin A1C (HbA1C), fasting 
plasma glucose, fasting insulin, C-reactive protein, kidney function tests 
and electrolytes. For ABPM assessment, participants received diaries in 
which they were asked to specify their exact sleeping hours, exact time 
of medications and cannabis use. ABPMs were performed with an Oscar 
2 device (SunTech Medical, Inc, Morrisville, North Carolina) that has 
been validated in different studies [26,27]. Measurements were taken 
every 20 minutes during the day and every 30 or 45 minutes during the 
night. Measurements qualified to be included in the analysis had a 
minimum of 20 valid daytime (awake) and seven nighttime (asleep) 
measurements [28]. Daytime and nighttime were defined by participant 
diaries or by reports of usual sleeping hours, and in case of missing data 
daytime was defined as 8:00AM-22:00PM and nighttime as 
22:00PM-8:00AM. Dipping patterns were classified according to Euro
pean Society of Hypertension position paper on ambulatory blood 
pressure monitoring [29]. 

Cannabis dosage was determined according to the reports of the 
participants. Every cigarette puff was calculated as containing 55.5 mg 
of active substances and each drop of oil as 0.05 ml [30]. These values 
were multiplied by the exact concentration of every specific cannabis 
product. For the analysis of the immediate effects of cannabis, time of 
cannabis use, as reported by the patients, was defined as time 0. Heart 
rate and blood pressure were calculated as mean values per hour, before 
and after time 0. Some patients used cannabis more than once a day. In 

these cases, each time of cannabis use was defined as another time 0 and 
the follow-up time after each cannabis use was 2 hours for cannabis 
smoking and 4 hours for cannabis oil [31,32]. Participants who did not 
report exact times of cannabis use during their ABPM were not included 
in this analysis but were included in the analysis of 24-h data. 

The primary outcome was the change in the mean 24-h blood pres
sure after 3 months of cannabis treatment. Secondary outcomes included 
incidence of new arrhythmias, changes in heart rate, rate pressure 
product (RPP, heart rate × systolic blood pressure, marker of myocardial 
oxygen consumption), anthropometric measurements, blood tests eval
uated, and adverse events. 

Sample size 

Based on a standard deviation of 15.6 mmHg in systolic ABPMs in 
older adults [33], power or 80%, alpha of 15% and a mean paired dif
ference of 7 mmHg after treatment with cannabis [34], the required 
sample size for the primary outcome was 27 participants. 

Statistical analysis 

The results are presented by means ± SDs for continuous variables, 
medians and interquartile ranges for ordinal variables, and percentages 
for categorical data. All the analyses are of paired data, McNemar’s test 
was used for categorical variables, paired t-test for normally distributed 
continuous variables and Wilcoxon test for non-normally distributed 
continuous variables. SPSS IBM software, version 25.0, was used for 
statistical analysis. 

Ethics 

The study was approved by the Ethics Committee (EC) of each 
participating site (confirmation number in SUMC is 228-18 and in 
AAAMC is 103-18). All clinical investigations were conducted according 
to the principles expressed in the Declaration of Helsinki. All partici
pants signed informed consent forms prior to their enrollment to the 
study. 

Data availability 

The data used in the analysis of this study are not publicly available 
due to the national regulations but are available from the corresponding 
author upon request. 

Results 

Cohort characteristics 

A total of 38 participants were recruited to the study and 26 of them 
continued cannabis treatment and completed follow-up of 3 months 
since treatment initiation (Fig. 1). The five patients who stopped 
cannabis treatment due to adverse effect reported the following reasons 
for stopping: nausea, decreased appetite, somnolence, dizziness, anxi
ety, headaches, and delusions. 

The mean age of the participants was 70.42 ± 5.37 years and 53.8% 
were females (Table 1). The most common anti-hypertensive drug used 
(57.7%) was either angiotensin converting enzyme inhibitor (ACEI) or 
angiotensin II receptor blocker (ARB), followed by beta-blockers 
(42.3%). 

Most participants used cannabis oil (76.9%) and only 4 participants 
(15.4%) used smoking. The median daily doses of cannabidiol (CBD) 
and THC were 21.3 mg and 21.1 mg, respectively. The indications for 
cannabis treatment were various types of chronic pain, with neuropathic 
pain being the most common (34.6%). Of participants who continued 
treatment, 80.8% reported at least one adverse event, with dizziness 
being the most common (34.6%, Table 2). 
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When asked to globally assess the effects of cannabis treatment on 
their condition, 18 patients (69.2%) reported some degree of improve
ment, and 6 of them (23.1%) defined it as significant improvement; six 
patients (23.1%) reported no change and one patient (3.8%) reported 
deterioration following the treatment. 

Blood pressure and heart rate 

Cannabis treatment for 3 months was associated with a reduction in 
systolic and diastolic blood pressure, as well as heart rate and RPP. 

Fig. 2 shows that both systolic and diastolic blood pressures were 

lower after cannabis treatment for 3 months throughout most hours of 
the day and night. The mean differences in 24-hours systolic and dia
stolic blood pressures were 5.0 mmHg and 4.5 mmHg, respectively. 

The effect on systolic blood pressure was slightly more prominent on 
daytime, whereas on diastolic blood pressure it was on nighttime 
(Table 3). 

The nadir for the blood pressure and heart rate was achieved at 3 
hours post-administration (Fig. 3A). To account for the dipping effect, 

Fig. 1. Flowchart of the study and the analysis.  

Table 1 
Baseline characteristics of the patients.  

Variable All patients (N=26) 

Age (years, mean ± SD) 70.42 ± 5.37 
Female (n, %) 14 (53.8%) 

Comorbidities (n, %)  
Dyslipidemia 17 (65.4%) 
Diabetes Mellitus 12 (46.2%) 
Parkinson’s Disease 8 (30.8%) 
Osteoporosis 7 (26.9%) 
Obesity 5 (19.2%) 
Benign Prostatic Hyperplasia 4 (15.4%) 
Fibromyalgia 4 (15.4%) 
Asthma 3 (11.5%) 
Peripheral vascular disease 3 (11.5%) 
Chronic Kidney disease 2 (7.7%) 
Chronic obstructive pulmonary disease 2 (7.7%) 

Chronic Medications (number of patients, %)  
Anti-platelets 15 (57.7%) 
Beta blockers 11 (42.3%) 
Thiazides 7 (26.9%) 
ACEI / ARB 15 (57.7%) 
Calcium channel blockers 8 (30.8%) 
Glucose lowering drugs 10 (38.5%) 
Statins 16 (61.5%) 
Ezetimibe 5 (19.2%) 
Fibrates 1 (3.8%) 

Marital Status (n, %)  
Married 20 (76.9%) 
Widowed 3 (11.5%) 
Divorced 3 (11.5%) 

Education (n, %)  
Academic 12 (46.2%) 
High school 11 (42.3%) 
Less than high school 3 (11.5%) 

ACEI – angiotensin converting enzyme inhibitor, ARB - angiotensin II receptor 
blocker. 

Table 2 
Characteristics of cannabis use.  

Variable All patients 
(N=26) 

Cannabis way of administration  
Oil 20 (76.9%) 
Smoking 4 (15.4%) 
Oil & smoking 2 (7.7%) 

CBD and THC composition of cannabis products at treatment 
initiation (n, %)  
THC 5% / CBD 10% 9 (29%) 
THC 10% / CBD 2% 8 (25.8%) 
THC 10% / CBD 10% 7 (22.6%) 
THC 1% / CBD 20% 3 (9.7%) 
THC 3% / CBD 15% 2 (6.5%) 
THC 15% / CBD 3% 1 (3.2%) 
THC 20% / CBD 1% 1 (3.2%) 

Cannabis dosing  
Cannabis administration once a day (n, %) 9 (34.6%) 
Cannabis administration twice a day (n, %) 9 (34.6%) 
Cannabis administration ≥3 day (n, %) 8 (30.8%) 
Total THC dose per day (mg, median, IQR) 21.1 (12.75 – 

41.45) 
Total CBD dose per day (mg, median, IQR) 21.3 (7.75 – 

43.83) 
Indication for cannabis (n, %)  

Neuropathic pain 9 (34.6%) 
Parkinson’s Disease associated pain 8 (30.8%) 
Hematologic malignancy associated pain 4 (15.4%) 
Other indication 5 (19.2%) 

Cannabis adverse events (number of patients, %)  
Any adverse event 21 (80.8%) 
Dizziness 9 (34.6%) 
Dry mouth 3 (11.5%) 
Fatigue 2 (7.7%) 
Palpitations 2 (7.7%) 
Constipation 2 (7.7%) 
Psycho-active sensation 2 (7.7%) 
Severe adverse event 0 (0%) 

THC – tetrahydrocannabinol, CBD – cannabidiol, IQR - interquartile range. 
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separate analysis of cannabis use before bedtime and during the day 
showed a nadir after 2 hours during the day, as opposed to after 3 hours 
at night (Figs. 3B-3C). 

Analysis of the dipping patterns revealed that the proportion of 
normal dippers changed from 27.3% before treatment to 45.5% after the 
3 months of cannabis use (Table 3). This change was unrelated to the 
timing of cannabis administration. 

Blood tests and metabolic parameters 

No significant changes were seen in the different metabolic param
eters assessed by blood tests or anthropometric measurements. Analysis 
of fasting plasma glucose by sex showed difference between males and 
females – in males there was a mean decrease of 15.58 ± 24.36 mg/dL 
after treatment, while in females there was an increase of 5.36 ± 13.91 
mg/dL after treatment. The difference between the sexes was not 
evident in any of the other parameters assessed (Table 4). 

ECG and arrhythmias 

No significant changes were seen in the different parameters of the 
ECG exam and no new sustained arrhythmias developed (Table 5). One 
participant developed inversion of T waves and visited the emergency 
department complaining of chest pain but was discharged without 
treatment or further follow-up. 

Discussion 

In this prospective cohort study of older adults with hypertension, we 
have shown that cannabis treatment for 3 months was associated with a 
reduction in both systolic and diastolic blood pressure values, as 
measured by consequent 24-hours ABPM tests. No significant changes 
were found in blood lipids profile, HbA1C, fasting insulin, C-reactive 
protein, kidney function tests, electrolytes, anthropometric measure
ments, and ECG parameters. Fasting plasma glucose was significantly 
decreased only among men. 

A number of placebo controlled studies have shown an increase in 
systolic blood pressure after cannabis use [35–37], while others, also 
placebo controlled, did not show any effect or showed a decrease in 
diastolic blood pressure [38]. These studies were conducted on younger 
individuals and analyzed the immediate or short-term effects of 
cannabis on blood pressure, as opposed to the longer-term effects eval
uated in our study. A previous study determined that the threshold for 
blood pressure reduction resulting in decreased composite cardiovas
cular endpoints was 4.6 mmHg for systolic blood pressure and 2.2 for 
diastolic blood pressure [39]. Thus, the effect observed in our study was 
statistically and clinically significant both during daytime and in 
nighttime but was more pronounced during the latter. It was proposed 
that cannabinoids have a biphasic effect on blood pressure with lower 
doses causing sympathetic stimulation while higher doses resulting in 
parasympathetic stimulation [40]. Our results did not imply that there is 
a dose-response relationship between either CBD or THC to blood 
pressure. Chronic pain is associated with hypertension [41], and the 
analgesic effect of cannabis is another possible explanation for the 
observed reduction in blood pressure as most of the participants in the 
study were satisfied with the therapeutic effect of cannabis. However, 
analgesia is expected to decrease both heart rate and blood pressure, and 
we did not see an accompanying decrease in heart rate. It should be 
noted that most of the patients were treated for hypertension and 
therefore had normal or near normal blood pressure values, especially 
the diastolic blood pressure. It is unknown whether this effect of 
cannabis on blood pressure will be the same with substantially elevated 
values of blood pressure. 

It seems there is also a temporal relationship between cannabis 
administration and blood pressure – the most meaningful reduction in 
blood pressure values was 3 hours after cannabis administration. 

Fig. 2. Mean hourly systolic and diastolic blood pressure of all patients (N=26) 
as determined by 24-h ambulatory blood pressure monitor comparing values 
before and after 3 months of cannabis treatment. SBP – Systolic blood pressure; 
DBP – Diastolic blood pressure. 

Table 3 
Blood pressure, heart rate and dipping patterns before and after cannabis 
treatment.  

Variable Before 
treatment 

After 
treatment 

P-value 

24-h mean 
Systolic blood pressure (mmHg, mean 
± SD) 

135.73 ±
24.33 

130.76 ±
21.48 

<0.001 

Diastolic blood pressure (mmHg, 
mean ± SD) 

69.48 ± 13.34 65.03 ±
12.73 

<0.001 

Heart rate (beats per minute, mean ±
SD) 

72.06 ± 11.67 70.82 ±
11.55 

0.02 

Mean arterial pressure (mmHg, mean 
± SD) 

91.57 ± 15.65 86.95 ±
14.16 

<0.001 

Pulse pressure (mmHg, mean ± SD) 66.25 ± 17.9 65.73 ±
16.63 

0.49 

Rate pressure product (HR X SBP, 
mean ± SD) 

9827 ± 2474 9295 ± 2214 <0.001  

Daytime mean    
Systolic blood pressure (mmHg, mean 
± SD) 

138.57 ±
22.54 

133.21 ±
20.25 

<0.001 

Diastolic blood pressure (mmHg, 
mean ± SD) 

71.6 ± 11.62 67.78 ±
12.37 

<0.001 

Heart rate (beats per minute, mean ±
SD) 

73.93 ± 11.03 72.95 ±
11.04 

0.15  

Nighttime mean 
Systolic blood pressure (mmHg, mean 
± SD) 

129.86 ±
26.81 

125.7 ±
23.09 

0.03 

Diastolic blood pressure (mmHg, 
mean ± SD) 

65.1 ± 15.49 59.33 ±
11.55 

<0.001 

Heart rate (beats per minute, mean ±
SD) 

68.18 ± 12.05 66.42 ±
11.38 

0.01  

Dipping pattern (n, %)    
Normal dippers (night/day BP ratio 
<0.9 and >0.8) 

6 (27.3%) 10 (45.5%) 0.79 

Non-dippers (night/day BP ratio <1 
and >0.9) 

10 (45.5%) 6 (27.3%) 0.48 

Risers (night/day BP ratio ≥1) 5 (22.7%) 5 (22.7%) 0.82 
Extreme dippers (night/day BP ratio 
<0.8) 

1 (4.5%) 1 (4.5%) 0.87 

HR – Heart rate; SBP – Systolic blood pressure; BP – Blood pressure. 
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Cannabis oil was used by 76.9% of the participants in our study; the 
pharmacokinetic studies of oral cannabis administration reported slow 
and erratic absorption, with usual maximal plasma concentrations that 
were observed 1-2 hours after administration [32]. These effects have to 
be taken in the context of older adults with reduced metabolism which 
may behave differently than the young healthy adults on which the 
pharmacokinetic data are based [42]. Additionally, cannabinoids have 
an effect on CYP metabolism enzymes which might cause a change in the 
levels of a variety of drugs, including anti-hypertensives [43]. The 
clinical meaning of this effects remains to be elucidated. The effects of 
cannabis administration between daytime and nighttime were similar. 
The deeper nadir in Fig. 3C is explained by the dipping effect as all 
measurements that are 3 hours or more after cannabis administration 
were actually at nighttime. 

Cannabis, and specifically THC, has a well proven tachycardic effect 
[44], but it has been shown that tolerance to this effect develops within 
days to weeks [35,45]. In accordance with the development of tolerance, 
the results in our study did not show an increase in heart rate after 3 
months of cannabis use. 

The rate of adverse effects in our study is substantial and is signifi
cantly higher than in most studies, including in a large cohort of older 
adults published by our group [46]. Dizziness, the most common 
adverse event in our study, might be attributed to one of the charac
teristics of our cohort – hypertension. Patients with persistent elevated 
blood pressure might perceive the reduction in blood pressure as more 
meaningful, which can cause a sensation of dizziness. This explanation is 
supported by a study that showed a marked decrease in blood pressure 
and cerebral blood velocity following cannabis administration, leading 
to severe dizziness [47]. A different possible explanation for the high 
rate of adverse effects is the multiple comorbidities of most of the par
ticipants in our study, which might cause them to be more susceptible to 
adverse effects of cannabis. 

Several studies reported increased rates of arrhythmias among 
cannabis users [19,20]. Generally, our study showed that the prevalence 
of arrhythmias did not change significantly after 3 months of cannabis 
use. Nevertheless, the rhythm assessment (two ECG recordings) used in 
the study has a low sensitivity in detecting arrhythmias [48]. Contin
uous methods for monitoring, such as 24-hours ECG monitoring or 
longer, and a larger sample size are needed to better determine changes 
in rates of cardiac arrhythmias. 

Several studies reported that cannabis use is associated with lower 
levels of low-density lipoprotein (LDL) cholesterol, fasting insulin, 

fasting plasma glucose, homeostasis model assessment of insulin resis
tance (HOMA-IR), HbA1C, body mass index (BMI) and waist circum
ference [49–51]. It is known that the endocannabinoid system 
modulates lipogenesis via cannabinoid receptors type 1 on adipocytes 
and in various other mechanisms [52]. We found no significant differ
ence in any of the metabolic parameters assessed, except for fasting 
plasma glucose in men. This might be explained by inadequate sample 
size and further research is needed to clarify the relationship of 
cannabis, blood lipids and sugar metabolism. 

Strengths and limitations 

The strengths of this study include the focus on older adults, a pop
ulation with increasing rates of cannabis treatment, but with little 
research focusing on the cardiovascular implications. Blood pressure 
and heart rate were assessed by 24-hour ambulatory blood pressure 
monitoring, which is superior to single office measurements. This was a 
"real-world" study that included participants with multiple comorbid
ities and very few exclusion criteria. 

However, this study also had several limitations. First, this study had 
no control group, and the reported changes could be spontaneous. 
Second, we did not use blood samples to measure THC, CBD or other 
cannabinoids and levels of active substances. Nevertheless, the con
centrations of THC and CBD use were reported for all patients and we 
calculated exact dosages for each patient. Third, we aimed to assess the 
medium-term effect of cannabis and therefore there was no evaluation of 
the immediate effects of initiating cannabis treatment in older adults; 
this time frame might be after development of tolerance to some car
diovascular effects. Fourth, sample size was calculated for changes in 
blood pressure and might have been inadequate to assess cardiac ar
rhythmias and changes in metabolic parameters. Fifth, not all partici
pants used the same kind, same dose, and same composition of cannabis. 
However, adjustment for THC and CBD dosing did not seem to alter the 
results. Sixth, some of the effects might be attributed to the subjective 
effect of using cannabis due to the unblinded nature of the study. 

Conclusions 

Amongst older adults with hypertension, cannabis treatment for 3 
months was associated with a clinically meaningful reduction in 24- 
hours systolic and diastolic blood pressure values with a nadir at 3 
hours after cannabis administration. This drop is possibly associated 

Fig. 3. Changes in blood pressure and heart rate following cannabis administration. A – all patients (n=23); B – only patients who administrated cannabis 2 hours 
prior to bedtime (n=12); C – only patients who administrated cannabis during daytime (n=16). 
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with a higher rate of dizziness. Cannabis treatment was not associated 
with a change in metabolic, anthropometric measurements, and ECG 
parameters. Further larger randomized trials are needed to evaluate the 
safety of cannabis use in older adults and its possible efficacy for hy
pertension management. 
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Table 4 
Blood tests and metabolic parameters before and after cannabis treatment.  

Variable Reference Range Before 
treatment 

After 
treatment 

P- 
value 

Urea (mg/dL, mean ±
SD) 

17-43 45.48 ±
21.74 

48.91 ±
24.88 

0.10 

Uric acid (mg/dL, 
mean ± SD) 

3.5-7.2 (male) 
2.6-6 (female) 

5.54 ± 1.33 5.77 ±
1.67 

0.22 

Creatinine (mg/dL, 
mean ± SD) 

0.67-1.17 (male) 
0.51-0.95 
(female) 

1.11 ± 1.01 1.14 ±
1.15 

0.67 

Sodium (mEq/L, 
mean ± SD) 

135-145 139.77 ±
2.16 

139.38 ±
2.68 

0.66 

Potassium (mEq/L, 
mean ± SD) 

3.5-5.1 4.54 ± 0.49 4.8 ± 0.96 0.23 

Chloride (mEq/L, 
mean ± SD) 

98-106 102.76 ±
3.49 

102.85 ±
3.26 

0.80 

Calcium (mg/dL, 
mean ± SD) 

8.5-10.5 9.39 ± 0.78 9.25 ±
0.63 

0.12 

Total cholesterol 
(mg/dL, mean ±
SD)  

158.81 ±
48.93 

160.81 ±
41.11 

0.74 

Non-HDL Cholesterol 
(mg/dL, mean ±
SD)  

106.92 ±
44.8 

108.77 ±
34.61 

0.60 

LDL cholesterol (mg/ 
dL, mean ± SD)  

77.28 ±
32.68 

85 ± 32.79 0.13 

HDL cholesterol (mg/ 
dL, mean ± SD)  

52.5 ±
16.91 

52.12 ±
14.02 

0.84 

LDL/HDL Ratio  1.56 ± 0.69 1.67 ±
0.61 

0.43 

Triglycerides (mg/dL, 
mean ± SD)  

124.65 ±
62.25 

118.77 ±
39.78 

0.93  

Fasting plasma glucose (mg/dL, mean ± SD) 
All patients 70-100 116.23 ±

27.38 
111.92 ±
30.55 

0.32 

Males  115.33 ±
29.22 

99.75 ±
24.18 

0.05 

Females  117.0 ±
26.78 

122.36 ±
32.34 

0.17 

Hemoglobin A1C (%, 
mean ± SD) 

4-5.7 6.11 ± 1.01 6.07 ±
1.07 

0.78 

Fasting insulin (mU/ 
ml, mean ± SD) 

5-25 13.17 ±
8.86 

12.04 ±
8.96 

0.18 

HOMA-IR  3.99 ± 3.12 3.46 ±
2.79 

0.15 

C-reactive protein 
(mg/dL, mean ±
SD) 

0.02-0.5 0.77 ± 0.86 1.06 ±
1.48 

0.87 

Body mass index  29.25 ±
5.98 

28.76 ±
5.79 

0.06 

Waist-to-hip ratio – 
males  

0.98 ± 0.07 0.97 ±
0.06 

0.15 

Waist-to-hip ratio – 
females  

0.91 ± 0.06 0.96 ±
0.09 

0.21 

HOMA-IR – Homeostasis Model Assessment of Insulin Resistance; LDL – Low- 
Density Lipoprotein; HDL – High-Density Lipoprotein. 

Table 5 
ECG parameters before and after cannabis treatment.  

Variable Before 
treatment 

After treatment P- 
value 

Heart rate, bpm (mean ± SD) 70.85 ± 12.49 68.23 ± 8.94 0.17 
Normal heart rate (n, %) 21 (80.8%) 23 (88.5%) 0.63 
Rhythm – irregular (n, %) 2 (7.7%) 1 (3.8%) 1.0 
Atrial fibrillation/flutter (n, %) 1 (3.8%) 1 (3.8%) 1.0 
PR Segment, ms (mean ± SD) 168.67 ± 25.43 167.5 ± 26.64 0.72 
Prolonged PR Segment (n, %) 4 (16.0%) 3 (12.0%) 1.0 
2nd or 3rd degree AV block (n, %) 1 (3.8%) 0 (0%) – 
QRS complex, ms (mean ± SD) 105.50 ± 22.16 104.73 ±

22.98 
0.95 

Abnormal QRS complex (n, %) 7 (26.9%) 6 (23.1%) 1.0 
Left ventricular hypertrophy (n, 

%) 
1 (3.8%) 0 (0%) – 

Left bundle branch block (n, %) 0 (0%) 0 (0%) – 
Right bundle branch block (n, %) 6 (23.1%) 5 (19.2%) 1.0 
VPBs/APBs (n, %) 2 (7.7%) 0 (0%) 1.0 
Abnormal T wave (n, %) 9 (34.6%) 8 (30.8%) 1.0 
Abnormal ST segment (n, %) 3 (11.5%) 3 (11.5%) 1.0 
QTc interval, ms (mean ± SD) 432.42 ± 24.9 429.42 ±

21.67 
0.42 

Prolonged QTc interval (n, %) 6 (23.1%) 4 (16.0%) 0.63 

Ms – milliseconds; bpm – beats per minute; VPB – ventricular premature beat; 
APB – atrial premature beat; AV – atrioventricular. 
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