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ABSTRACT

Objective: In the general population cannabis use is associated with better cardiometabolic 
outcomes. Patients with severe mental illness (SMI) frequently use cannabis, but also pre-
sent increased cardiometabolic risk factors. We explore the association between cannabis 
use and cardiometabolic risk factors in SMI patients.

Methods: 3169 SMI patients from a Dutch cohort were included in the study. The associ-
ation of cannabis use with Body Mass Index (BMI), waist circumference, blood pressure, 
cholesterol, triglycerides, glucose, glycated haemoglobin and PANSS was examined with se-
parate univariate AN(C)OVA. Changes in  metabolic risk factors and PANSS were examined 
after a follow-up interval of 9-24 months, for patients who continued, discontinued, started 
or were never using cannabis between the two assessments. 

Results: Cannabis users at baseline had lower BMI, smaller waist circumference, lower di-
astolic blood pressure, and more severe psychotic symptoms than non-users. Patients who 
discontinued their cannabis use after the first assessment had a greater increase in BMI, 
waist circumference, diastolic blood pressure and triglyceride concentrations than other 
patients, and the severity of their psychotic symptoms had decreased more compared to 
continued users and non-users.

Discussion: Extra attention should be paid to the monitoring and treatment of metabolic 
parameters in patients who discontinue their cannabis use.
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INTRODUCTION

Cardiovascular diseases are the main cause of premature mortality in people with seve-
re mental illness (SMI), such as psychoti c disorders, depression and bipolar disorder, and 
shorten their life-expectancy by 13-30 years.9,10 Anti psychoti c medicati on may have a nega-
ti ve impact on cardiometabolic risk factors. Pati ents using anti psychoti c medicati on oft en 
experience an increase in waist circumference, dyslipidaemia and hyperglycaemia.129,204,205 
Together with hypertension and hypertriglyceridemia, these symptoms consti tute the meta-
bolic syndrome.117 Other factors contributi ng to the risk of developing cardiovascular disea-
ses are unhealthy lifestyle habits, such as a poor diet, physical inacti vity, smoking, excessive 
alcohol intake and substance abuse.64 The prevalence of cannabis use is twice as high among 
people with SMI compared to the general populati on.206 Moreover, pati ents oft en have less 
access to physical health care, whereas the health care they do receive oft en is of poorer 
quality.9

Interesti ngly, there are indicati ons of an inverse relati on between cannabis use and cardio-
metabolic risk in the general populati on, but the fi ndings of diff erent studies are inconclusi-
ve.207-211 Several large populati on studies found that current cannabis use was independently 
associated with lower Body Mass Index (BMI), less obesity, lower concentrati ons of fasti ng 
insulin, higher concentrati ons of high-density lipoprotein cholesterol (HDL-C) and a smaller 
waist circumference, aft er correcti ng for confounders.207-210 However, another large popu-
lati on study found that these associati ons were no longer signifi cant aft er controlling for 
confounders, such as smoking, alcohol intake and physical acti vity.211

The role of cannabis with regard to the increased cardiometabolic risk in people with SMI 
has not been clarifi ed yet. Previous studies addressing cannabis use in people with psychoti c 
disorders mostly focused on eff ects on psychoti c symptoms.84,206 They showed that the use 
of cannabis can trigger psychoses and can lead to persistence of psychoti c symptoms.83,85 
Only one study reported on the eff ect of cannabis use on cardiometabolic risk factors in 
people with psychoti c disorders, showing that pati ents using cannabis had signifi cantly 
higher blood glucose levels than non-users as well as more severe psychoti c symptoms.148 
Furthermore, pati ents admitt ed to a hospital who conti nued to use cannabis showed a gre-
ater increase in body weight and their psychoti c symptoms were more persistent. The au-
thors did not report other metabolic parameters, nor controlled for other lifestyle factors.

Aims
We will explore the associati on between cannabis use and cardiometabolic risk factors in 
people with SMI, controlling for the potenti al confounding eff ects of smoking, alcohol intake 
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and antipsychotic medication. After a follow-up interval of 9-24 months, we will examine 
whether changes in metabolic risk factors are different for continued cannabis users, dis-
continuers, starters and non-users. Furthermore, we will examine the association between 
cannabis use and the severity of psychotic symptoms in a subsample of patients with psy-
chotic disorders, expecting that psychotic symptoms will be more severe in cannabis users 
compared to non-users.

MATERIAL AND METHODS

Study design
This study used data from the Pharmacotherapy Monitoring and Outcome Survey (PHA-
MOUS), an ongoing Dutch cohort study that started in 2006 in four mental health insti-
tutions in the northern Netherlands.212 Patients with SMI were invited to participate in 
annual screenings for health evaluation purposes, where a trained nurse examined their 
mental and physical health. Assessments were carried out in accordance with the Declara-
tion of Helsinki and patients participated on a voluntary basis. Of note, the comprehensive 
assessments included several interviews, measurements and questionnaires. Patients did 
not always complete each assessment, in which case we used pairwise exclusion. Patients 
were eligible for the current study when they i) were diagnosed with a psychotic disorder 
(i.e. schizophrenia, schizoaffective disorder, schizophreniform disorder, delusional disorder, 
substance induced psychosis or psychosis NOS) or mood disorder (i.e. depressive disorder, 
bipolar disorder); ii) had two consecutive assessments with an interval between 9 and 24 
months. The intention of PHAMOUS is to screen patients every year, but the screenings 
are rarely exactly 12 months apart and therefore an interval between 9 and 24 months 
was chosen; iii) had disclosed whether or not they were currently using cannabis; iv) had a 
physical assessment and/or laboratory test data were available, more specific if information 
about at least one of the metabolic outcomes (i.e. BMI, waist circumference, blood pressu-
re [BP], cholesterol, HDL-C, low-density lipoprotein cholesterol [LDL-C], glucose or glycated 
haemoglobin [HbA1c]) was available. 

Data of all eligible patients with SMI were used in the analyses for the associations between 
cannabis use and metabolic risk factors. For the association between cannabis use and the 
severity of psychotic disorders we used the subsample of the patients with psychotic disor-
ders, meaning that patients with depressive and bipolar disorders (9.6% of the complete 
sample) were excluded from these analyses.
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Outcome measurements
Psychiatric diagnoses and the year of fi rst psychoti c episode were provided by the pati ents 
and were verifi ed by their psychiatrist, in the medical fi le record. Pati ents were asked about 
their daily consumpti on of regular meals, fruit and snacks, and about the amount of vege-
table intake per week.

Cannabis, alcohol and cigarett e use 
Cannabis use was determined during an interview on health behaviours. Pati ents were as-
ked whether they used cannabis and the current users were asked how much they used in 
number of joints per week. All pati ents were asked whether they smoked cigarett es and 
used alcohol. If applicable, their alcohol intake in glasses per week was assessed. 

Physical assessment
To determine Body Mass Index (kg/m2), the pati ents’ height and body weight were measu-
red. Waist circumference (centi metres) was measured exactly between the lower rib and 
the upper edge of the hip bone by using a fl exible measuring tape. Pati ents were instructed 
to keep their feet fl at on the ground, approximately 30 centi metres apart. The tape was read 
at the end of a regular exhalati on.
 
Pati ents were seated for the determinati on of systolic and diastolic blood pressure (SBP and 
DBP; mmHg). BP was measured aft er the pati ents had rested for several minutes. A second 
BP measurement took place aft er an interval of at least 15 seconds. The mean average of 
the two SBP and DBP measurements was used in this study.

Laboratory tests
Blood was taken from the pati ents to measure the concentrati ons of total cholesterol 
(mmol/l), HDL-C (mmol/l), LDL-C (mmol/l), triglycerides (mmol/l), glucose (mmol/l) and 
HbA1c (mmol/l). Parti cipants were asked to fast for at least 8 hours before their blood sam-
ple was taken. 

Psychoti c symptom severity
A shortened Positi ve And Negati ve Syndrome Scale (PANSS), based on the remission cri-
teria according to Andreasen et al. (2005), was used to assess the severity of the psycho-
ti c symptoms.132,133 It consists of three items of the Positi ve Symptom Scale (i.e. delusions, 
conceptual disorganizati on and hallucinati ons), three items of the Negati ve Symptom Scale 
(i.e. blunted aff ect, social withdrawal and lack of spontaneity) and two items of the General 
Psychopathology Scale (i.e. mannerisms and posturing, and unusual thought content). Each 
item is scored on a 7-point Likert-scale: a score of 1 means the symptom is absent, whereas 
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scores 2-7 indicate increasing symptom severity, with a score of 7 indicating extreme seve-
rity. Scores are calculated for the separate subscales, with a higher total score representing 
greater psychotic symptom severity.

Data analysis
Chi-square tests and Independent Sample t-tests were used to compare baseline differences 
between cannabis users and non-users.

Separate ANOVA models were fit with baseline BMI, waist circumference, SBP, DBP, total 
cholesterol, HDL-C, LDL-C, triglycerides, glucose, HbA1c and the PANSS (remission criteria) as 
continuous dependent variables, and cannabis status as independent variable. Next, sepa-
rate univariate ANCOVA models were performed, adjusted for age, sex, type of prescribed 
antipsychotic drug (i.e. clozapine, olanzapine, risperidone, quetiapine, aripiprazole, halope-
ridol and other; each type of antipsychotic drugs was included as dichotomous variable), 
dosage antipsychotic drug (in chlorpromazine equivalents), smoking status (yes/no) and al-
cohol intake (yes/no), which were a priori selected as potential confounders. Patients with 
only depressive or bipolar disorder were excluded from all analyses with psychotic symptom 
severity as dependent outcome.

To examine the longitudinal effects of cannabis use, the participants were divided into four 
groups: continuers (using cannabis at both assessments), discontinuers (using cannabis at 
the first, but not using cannabis at the second assessment), starters (not using cannabis at 
the first, but using cannabis at the second assessment) and non-users (not using cannabis 
at both assessments). With separate univariate AN(C)OVA models we examined whether 
the changes in BMI, waist circumference, SBP, DBP, total cholesterol, HDL-C, LDL-C, trigly-
cerides, glucose, HbA1c and the PANSS (remission criteria) at the second assessment diffe-
red between these groups. In the ANCOVA models the associations were adjusted for the 
previously mentioned a priori selected confounders. Alcohol and smoking were included in 
the same manner as cannabis (continued smoking/drinking alcohol, discontinued smoking/
drinking alcohol, started smoking/drinking alcohol, not smoking/drinking alcohol at either 
assessment). When the overall result was significant, simple and repeated contrast analyses 
were used for a detailed examination of the extent of the differences. Cohen’s d was calcu-
lated as measure of effect size (ES).213 Patients with only depressive or bipolar disorder were 
excluded from all analyses with psychotic symptom severity as dependent outcome. Since 
we have no available outcome measures on the severity of depressive and bipolar symp-
toms, we are unable to describe how cannabis may influence the course of these specific 
symptoms. All data were analysed using IBM SPSS Statistics version 22.0.
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 Total
n=3167

Cannabis
n=358

No cannabis
n=2809 p

Age, years M (SD) 42.60 (12.06) 36.88 (10.19) 43.33 (12.08) <0.001**

Sex % male (n) 61.8 (n=1957) 85.5 (n=306) 58.8 (n=1651) <0.001**

Illness durati on, years M (SD) 14.77 (10.75) 12.07 (8.76) 15.13 (10.94) <0.001**

Ethnicity % (n) n=3162 n=358 n=2804 0.059

Caucasian 90.7 (n=2868) 87.7 (n=314) 91.1 (n=2554) 0.050

African European 3.4 (n=107) 5.3 (n=19) 3.1 (n=88) 0.032*

Asian 2.3 (n=74) 2.0 (n=7) 2.4 (n-67) 0.612

Other 3.6 (n=113) 5.0 (n=18) 3.4 (n=95) 0.114

Diagnosis % (n) n=2268 n=264 n=2004 0.013*

Schizophrenia 57.8 (n=1312) 65.5 (n=173) 56.8 (n=1139) 0.005**

Schizophreniform disorder 2.1 (n=48) 1.1 (n=3) 2.2 (n=45) 0.265

Schizoaff ecti ve disorder 12.8 (n=291) 13.3 (n=35) 12.8 (n=256) 0.683

Substance-induced psychosis 0.8 (n=18) 1.9 (n=5) 0.6 (n=13) 0.027*

Psychosis NOS 13.1 (n=296) 12.1 (n=32) 13.2 (n=264) 0.778

Depressive disorder 7.0 (n=158) 3.0 (n=8) 7.5 (n=150) 0.011*

Bipolar disorder 6.4 (n=145) 3.0 (n=8) 6.8 (n=137) 0.024*

Anti psychoti c drug use % (n) n=3167 n=358 n=2809 0.833

Not using anti psychoti c drugs 25.9 (n=819) 27.4 (n=98) 25.7 (n=721) 0.487

Clozapine 15.9 (n=505) 14.5 (n=52) 16.1 (n=453) 0.436

Olanzapine 18.8 (n=594) 19.3 (n=69) 18.7 (n=525) 0.790

Risperidone 12.1 (n=384) 10.3 (n=37) 12.4 (n=347) 0.271

Queti apine 9.6 (n=304) 9.8 (n=35) 9.6 (n=269) 0.904

Aripiprazole 4.6 (n=147) 6.1 (n=22) 4.4 (n=125) 0.151

Haloperidol 1.8 (n=56) 1.7 (n=6) 1.8 (n=50) 0.888

Other 2.2 (n=70) 2.2 (n=8) 2.2 (n=62) 0.973

Alcohol status % yes (n) 39.1 (n=1222) 65.4 (n=233) 35.7 (n=989) <0.001**

Alcohol, glasses per week M (SD)# 12.15 (21.67) 15.08 (27.48) 11.45 (20.02) 0.171

Smoking status % yes (n) 64.0 (n=2026) 94.4 (n=338) 60.1 (n=1688) <0.001**

Using other drugs % (n) 3.9 (n=125) 18.2 (n=62) 2.3 (n=63) <0.001**

BMI classifi cati on n=3099 n=358 n=2809 <0.001**

Underweight (BMI < 18.5) 2.1 (n=65) 4.5 (n=16)% 1.7 (n=49) 0.001**

Normal weight (BMI 18.5-24.9) 32.0 (n=1013) 43.3 (n=155) 30.5 (n=858) <0.001**

Overweight (BMI 25-29.9) 34.4 (n=1087) 31.8 (n=114) 34.6 (n=973) 0.294

Obese (BMI ≥ 30) 29.5 (n=934) 19.3 (n=69) 30.8 (n=865) <0.001**

Tabel 1: Baseline diff erences and characteristi cs between cannabis users and non-users 

SD=standard deviati on. N=number of pati ents in analysis.*Signifi cant with alpha set at 0.05. **Signifi cant with 
alpha set at 0.01. #Calculated among pati ents who reported drinking alcohol.
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Post hoc analyses
Food intake was not reported for all patients. In post hoc ANCOVA analyses the number of 
meals per day and the amount of fruit and vegetable intake were included as additional co-
variates in the model. Because of missing data, multiple imputations were used to replace 
missing data for the amount of alcohol intake, the amount of cannabis intake and all of 
the metabolic outcomes. Fifteen imputed datasets were generated using predictive mean 
matching.214 Post hoc AN(C)OVA analyses were performed with the pooled estimates of the 
imputed variables.

RESULTS

Sample characteristics
Of the 6340 patients that participated in PHAMOUS, a total of 3169 patients fulfilled the in-
clusion criteria for the current study. Laboratory data was missing in 22-36% of the included 

Cannabis users
M (SD)

No cannabis
M (SD)

F P Df1 Df2

Anthropometric measurements

BMI (kg/m2) 26.15 (5.47) 28.06 (5.85) 33.93 <0.001* 1 3097

Waist circumference (cm) 97.28 (15.17) 102.09 (15.93) 26.91 <0.001* 1 2857

Blood pressure

Systolic BP (mm Hg) 126.12 (16.88) 127.05 (17.10) 0.93 0.334 1 3100

Diastolic BP (mm Hg) 80.04 (11.56) 82.25 (11.49) 11.58 0.001* 1 3100

Laboratory tests

Cholesterol (mmol/L) 5.10 (1.54) 5.03 (1.46) 0.56 0.455 1 2465

HDL-C (mmol/L) 1.16 (0.51) 1.21 (0.55) 2.14 0.143 1 2446

LDL-C (mmol/L) 3.26 (1.25) 3.19 (4.20) 0.06 0.805 1 2401

Triglycerides (mmol/L) 1.81 (1.21) 1.82 (1.30) 0.03 0.873 1 2443

Glucose (mmol/L) 5.52 (1.81) 5.54 (1.78) 0.03 0.858 1 2455

HbA1c (mmol/L) 5.81 (1.88) 5.63 (1.31) 3.24 0.072 1 2071

PANSS (remission criteria)#

Positive Symptom Scale 6.68 (3.17) 5.93 (2.81) 17.97 <0.001** 1 2470

Negative Symptom Scale 6.56 (2.98) 6.70 (3.24) 0.45 0.505 1 2440

General Psychopathology Scale 3.65 (1.65) 3.34 (1.53) 10.17 0.001** 1 2309

 Total score 16.90 (5.71) 16.02 (6.01) 5.23 0.022* 1 2237

M=Mean. SD=standard deviation. PANSS= Positive And Negative Symptom Scale. Df= degrees of freedom. 
*Significant with alpha set at 0.05. **Significant with alpha set at 0.01. #Patients with depressive of bipolar 
disorder excluded from analyses.

Table 2: Unadjusted ANOVA models for baseline cardiovascular risk factors and psychotic 
symptom severity
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pati ents and 23% of these pati ents had missing PANSS data. At baseline, 11.3% of the pa-
ti ents reported to use cannabis. Of these, 42.2% smoked less than one joint per day, 24.6% 
smoked one or more joints per day and 33.2% did not disclose the quanti ty of their cannabis 
use. The mean follow-up ti me between the two assessments was 14.0 months (SD=4.50).
  
Several diff erences in baseline characteristi cs regarding demographics, medicati on and sub-
stance use were found between the cannabis users and the non-users (for an overview see 
Table 1). In additi on, cannabis users reported to eat less regular meals per day (t=-7.70, 
p<0.001), less fruit (t=-4.78, p<0.001) and less vegetables (t=-4.67, p<0.001) compared to 
non-users. There were no diff erences in the daily snacks consumpti on (t=1.37, p=0.180). 

Associati ons with metabolic risk
Cannabis users had signifi cantly lower BMI, smaller waist circumference and lower DBP (see 
Table 2). When adjusti ng the models for age, sex, type of prescribed anti psychoti c drug, 
dosage anti psychoti c drug, smoking and alcohol, the associati ons between cannabis use and 
BMI (F(1,3045)=8.30, p=0.004), waist circumference (F(1,2810)=13.83, p<0.001) and DBP 
(F(1,3049)=5.20, p=0.023) remained stati sti cally signifi cant. 
  
At the second assessment, signifi cant diff erences between the four pati ent groups were 
observed in changes in BMI, waist circumference, DBP and triglyceride concentrati ons (see 
Table 3 and Fig. 1a-d). Aft er adjusti ng for covariates the diff erences in BMI (F(3,2940)=2.46, 
p=0.050), waist circumference (F(3,2599)=2.85, p=0.036), DBP (F(3,2953)=2.85, p=0.036) 
and triglyceride concentrati ons (F(3,1961)=3.27, p=0.020) remained stati sti cally signifi cant. 
More specifi cally: disconti nuers showed a greater increase in BMI compared non-users 
(ES=0.27, 95% CI 0.07-0.46) and starters (ES=0.29, 95% CI -0.01-0.59), as well as a greater 
increase in waist circumference compared to conti nuers (ES=0.30, 95% CI 0.06-0.54), non-
users (ES=0.28, 95% CI 0.08-0.48) and starters (ES=0.25, 95% CI -0.05-0.55). Disconti nuers 
also had a greater increase in DBP than starters (ES=0.36, 95% CI 0.06-0.66). Triglycerides 
concentrati ons had increased less in non-users compared to conti nuers (ES=-0.18, 95% CI 
-0.64--0.21).

Associati ons with psychoti c symptoms
Psychoti c symptoms were more severe in cannabis users compared to non-users (see 
Table 2). The eff ects remained stati sti cally signifi cant aft er adjusti ng the models for age, 
sex, type of prescribed anti psychoti c drug, dosage anti psychoti c drug, smoking and al-
cohol (F(1,2195)=7.31, p=0.007). Cannabis use was related to both positi ve symptoms 
(F(1,2424)=17.39, p<0.001) and general psychopathology (F(1,2266)=13.81, p<0.001), but 
not to negati ve symptoms (F(1,2440)=0.45, p=0.505, unadjusted). 
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Changes in psychoti c symptom severity from the fi rst to the second assessment diff ered sig-
nifi cantly between the four pati ent groups (see Table 3 and Fig. 1e). The diff erences in total 
PANSS scores remained stati sti cally signifi cant aft er adjusti ng for age, sex, type of prescri-
bed anti psychoti c drug, dosage anti psychoti c drug, smoking and alcohol (F(3,1777)=4.29, 
p=0.005). Cannabis disconti nuers showed a greater decrease of psychoti c symptom severity 
(ES=-0.43, 95% CI -0.64--0.22), and specifi cally in positi ve symptoms (ES=-0.38, 95% CI -0.60-
-0.17), compared to conti nuers. Cannabis disconti nuers also showed a greater decrease 
of psychoti c symptom severity (ES=-0.29, 95% CI -0.48--0.10), and specifi cally in positi ve 
symptoms (ES=-0.36, 95% CI -0.55--0.17), compared to and non-users. 

Post hoc analyses
Including the amount of regular meals and fruit and vegetables intake as additi onal co-
variates besides the a priori selected confounders, did not change the implicati ons of the 
results (see Supplementary Table S1). Replacing alcohol (yes/no) with the pooled esti mate 
of the imputed number of glasses alcohol intake per week as conti nuous covariate did not 
change the implicati ons of the results (see Supplementary Table S2), neither did using the 
amount of cannabis intake (number of joints per week) as independent variable by catego-
rizing the pati ents into three groups: no joints, ≤1 joint per day and >1 joints per day (see 
Supplementary Table S3).

DISCUSSION

In this study we found that pati ents using cannabis had a lower BMI, a smaller waist circum-
ference and a lower DBP, but that their psychoti c symptoms were more severe than in non-
users. Pati ents using cannabis were more oft en of normal weight or underweight, whereas 
non-users were more oft en obese. Pati ents who had disconti nued their cannabis use aft er 
the fi rst assessment showed a greater increase in BMI, waist circumference, DBP and trig-
lyceride concentrati ons than other pati ents, and a greater reducti on of psychoti c symptom 
severity compared to conti nued users and non-users. The eff ects were small to moderate 
and the associati ons remained signifi cant aft er controlling for age, sex, type of prescribed 
anti psychoti c drug, smoking status and alcohol intake. Although disconti nuers of cannabis 
showed the greatest increase in metabolic risk, the non-users sti ll had the greatest overall 
metabolic risk at the second assessment.
  
These fi ndings are in line with studies in the general populati on, in which cannabis users 
have a lower BMI, a smaller waist circumference and suff er from obesity less oft en than 
non-users.207-210 These fi ndings are substanti ated by our follow-up analyses, showing a gre-
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   ater increase in metabolic risk in discontinuers compared to continuers, starters and non-
users. Interestingly, Rodondi et al (2006) found no relation between cannabis use and car-
diometabolic risk, despite an increased caloric intake and greater alcohol consumption in 
cannabis users.211 

   
The prevalence of cannabis use in the last month of the Dutch population between the ages 
of 15-64 is 4.2%.215 Given the fact that cannabis use in people with psychotic disorders is twi-
ce as high compared to the general population,206 a prevalence of 11.3% patients currently 
using cannabis was to be expected. Another Dutch study found a slightly higher prevalen-
ce with 16.3% of their patients with psychotic disorders currently using cannabis, but this 
sample was much younger with a mean age of 27 years.216 Cannabis users in this study were 
more often diagnosed with schizophrenia than non-users. This is consistent with previous 
studies that suggest there is a stronger association between cannabis use and schizophrenia 
than between cannabis use and other psychotic disorders.217 

Users
(n=230)
M diff (SD)

Non-users
(n=2540)
M diff (SD)

Discontinuers
(n=107)
M diff (SD)

Starters
(n=84)
M diff (SD)

F P

Anthropometric measurements

BMI (kg/m2) 0.24 (2.23) 0.22 (2.47) 0.89 (2.91) 0.10 (2.51) 2.63 0.049*

Waist circumference (cm) 0.13 (7.71) 0.48 (7.74) 2.67 (9.78) -0.23 (13.40) 2.69 0.045*

Blood pressure

Systolic BP (mm Hg) 1.14 (14.64) 0.96 (16.48) 2.63 (18.81) -0.43 (15.89) 0.59 0.623

Diastolic BP (mm Hg) 0.65 (10.82) 0.27 (11.55) 2.78 (13.15) -1.98 (13.29) 2.84 0.037*

Laboratory tests

Cholesterol (mmol/L) -0.04 (1.46) -0.17 (1.69) -0.10 (1.94) 0.27 (1.98) 1.20 0.307

HDL-C (mmol/L) 0.07 (0.47) 0.00 (0.67) -0.04 (0.89) 0.07 (0.56) 0.80 0.495

LDL-C (mmol/L) -0.05 (1.11) -0.10 (1.18) -0.16 (1.23) 0.40 (1.34) 2.35 0.071

Triglycerides (mmol/L) 0.15 (1.70) -0.10 (1.30) 0.23 (1.54) 0.20 (0.92) 3.04 0.028*

Glucose (mmol/L) 0.14 (1.48) 0.01 (2.45) 0.00 (2.15) 0.50 (2.25) 0.63 0.597

HbA1c (mmol/L) -0.30 (1.23) -1.19 (2.07) -0.44 (1.77) 0.45 (1.53) 1.11 0.343

PANSS (remission criteria)#

Positive Symptom Scale -0.04 (2.64) -0.24 (2.37) -1.11 (3.08) -0.66 (2.91) 3.67 0.012*

Negative Symptom Scale 0.16 (2.79) -0.12 (2.77) -0.29 (3.05) -0.59 (3.31) 1.29 0.275

Gen. Psychopathology Scale 0.06 (1.47) -0.12 (1.42) -0.29 (1.71) -0.18 (2.00) 1.23 0.298

 Total score 0.26 (4.83) -0.46 (4.75) -1.84 (4.96) -1.81 (6.24) 4.47 0.004**

Table 3: Unadjusted ANOVA changes in BMI, cardiometabolic risk factors and PANSS 
(remission criteria) from first to second assessment

PANSS= Positive And Negative Symptom Scale. M diff= mean difference between first and second assessment. 
SD=standard deviation.*Significant with alpha set at 0.05. **Significant with alpha set at 0.01. #Patients with de-
pressive of bipolar disorder excluded from analyses.
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The fi nding that metabolic risk factors are less severe in cannabis users compared to non-
users could be explained by the interacti on of cannabis with the endocannabinoid system 
via the cannabinoid type 1 (CB1) and cannabinoid type 2 (CB2) receptor. Over-acti vity of the 
endocannabinoid system is associated with an increased risk of developing abdominal obe-
sity, hyperglycaemia and dyslipidaemia.218,219 The main psychoacti ve consti tuent of cannabis 
(−)-trans-Δ9-tetrahydrocannabinol (THC) is a CB1 receptor agonist, which increases appeti te 
and food intake and sti mulates the storage of body fat.220,221 However, cannabis is a mixture 
of compounds, with a variety of eff ects. Naturally occurring CB1 receptor antagonists, such 
as cannabidiol and tetrahydrocannabivarin are also present in cannabis.220 These CB1 recep-
tor antagonisti c properti es could diminish appeti te and food intake and therefore lead to 
metabolic improvements.222 Randomised controlled trials with rimonabant, a selecti ve CB1 
receptor antagonist, advocate this theory: rimonabant was shown to reduce waist circum-
ference, fasti ng glucose, HbA1c and triglyceride concentrati ons, and to increase HDL-C.223,224 

The presence of both CB1 receptor agonists and antagonists in the natural cannabis used 
by pati ents could explain, at least in part, why cannabis use can both increase and decrease 
cardiometabolic risk. 

The endocannabinoid system may also be associated with dopamine events: cannabis use 
increases dopamine release, whereas rimonabant appears to decrease cannabis-indu-
ced dopamine release by disrupti ng endocannabinoid signalling.225 A greater experienced 
pleasure of eati ng has been associated with increased dopamine release as well.226 Pati ents 
disconti nuing cannabis use may att empt to mimic the feeling of cannabis-induced dopami-
ne release by overeati ng or by eati ng unhealthy ‘comfort food’, which can cause weight gain 
and increase their metabolic risk. In this study, eati ng behaviour was reported only globally 
and not assessed by standardised food diaries or food frequency questi onnaires. However, 
our fi nding that pati ents using cannabis eat less healthy food, such as fruits and vegetables, 
than non—users does seem to support this possible explanati on.
  
An important fi nding is that the use of cannabis in pati ents with psychoti c disorders was 
associated with more severe psychoti c symptoms, which is in accordance with a wide body 
of literature.83,84,227-229 Notably, pati ents who disconti nued the use of cannabis showed gre-
ater reducti ons of psychoti c symptoms than conti nuers and non-users, parti cularly positi ve 
symptoms such as hallucinati ons and delusions. Thus, disconti nuati on of cannabis use re-
mains an important treatment goal as this will presumably reduce the severity of psychoti c 
symptoms. At the same ti me, physicians should be aware of possibly increasing metabolic 
risk. Special att enti on should be paid to the monitoring and treatment of metabolic risk 
factors in pati ents who disconti nue cannabis use, in order to prevent the development of 
cardiovascular diseases and premature cardiovascular mortality.
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Limitations
Cannabis use was determined in an interview, where patients were only asked about the 
number of joints they would smoke on a weekly basis. No information was available about 
the size of the joints, the amount of cannabis in grams, or the compound of the cannabis 
plants. 
  
At the second assessment information cannabis use was again determined in an interview, 
but no information was available about the duration of cannabis use when patients had 
started using between the assessments, or the duration of abstinence in case patients had 
discontinued using cannabis.
  
Physical inactivity could have influenced the relation between cannabis use and cardiome-
tabolic risk,185 because physical activity is negatively associated with both cardiometabolic 
risk and cannabis use.230 Unfortunately, information about the patients’ physical activity was 
not obtained at the first assessment.
  
Socioeconomic status could also be of importance, because both poor socioeconomic cir-
cumstances during childhood and adolescence and own educational level are associated 
with an increased chance of cannabis use,231,232 as well as an increased risk of obesity and 
the metabolic syndrome.233,234 However, we had no available information on patients’ edu-
cational level nor on their socioeconomic circumstances while growing up. 
  
It has been shown that cannabis users have lower levels of fasting insulin and insulin re-
sistance than non-users.208 These are important outcome measures, given the high preva-
lence of diabetes type 2 in people with a psychotic disorder,235 but insulin levels were not 
assessed in this study. 
  
Future studies on cannabis use and cardiometabolic risk factors in people with psychotic 
disorders should examine the influence of physical activity and socioeconomic circumstan-
ces on this association, and include levels of THC and cannabinoids. Measures of insulin and 
insulin resistance could be valuable additional outcome variables of cardiometabolic risk. 
Regarding psychotic symptom severity, future studies may focus on the effects of cannabis 
use on volumetric or shape measurements of subcortical structures of the brain,236 since this 
was found to be associated with increased psychotic symptom severity.237

Conclusion
Cannabis use is associated with a lower BMI, a smaller waist circumference and a lower DBP 
in people with SMI. Although non-users of cannabis present the greatest overall metabolic 
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risk, the greatest increase in BMI, waist circumference, DBP and triglyceride concentrati ons 
was shown in pati ents who disconti nued their cannabis use. However, although some pa-
ti ents menti on they use cannabis as a form of self-medicati on,33 cannabis use appears to 
have a negati ve impact on psychoti c symptoms. Therefore, encouraging pati ents to discon-
ti nue the use of cannabis is sti ll an important treatment goal as it will reduce the severity 
of psychoti c symptoms. Nonetheless, the eff ects of disconti nuing cannabis use on pati ents’ 
physical health should not be underesti mated and physicians should be aware of the incre-
ased metabolic risk this disconti nuati on may entail. 
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SUPPLEMENTARY TABLES 

F P Df1 Df2

Anthropometric measurements

BMI (kg/m2) 10.98 0.001** 1 2181

Waist circumference (cm) 13.39 <0.001** 1 2019

Blood pressure

 Diastolic BP (mm Hg) 4.28 0.039* 1 2183

Supplementary table S1: Post hoc ANCOVA including amount of meals, fruit and vegeta-
ble intake as additional covariates

Df= degrees of freedom. *Significant with alpha set at 0.05. **Significant with alpha set at 0.01. Independent vari-
able: cannabis use (yes/no). Covariates included in the model: age, sex, alcohol (yes/no), smoking (yes/no), type of 
antipsychotic drugs, number of meals per day, amount of fruit and vegetable intake.

F P Df1 Df2

Anthropometric measurements

BMI (kg/m2) 11.42 0.001** 1 3060

Waist circumference (cm) 20.07 <0.001** 1 3060

Blood pressure

Systolic BP (mm Hg) 0.21 0.647 1 3060

Diastolic BP (mm Hg) 5.38 0.020* 1 3060

Laboratory tests

Cholesterol (mmol/L) 1.49 0.223 1 3060

HDL-C (mmol/L) 1.96 0.165 1 3060

LDL-C (mmol/L) 0.12 0.736 1 3060

Triglycerides (mmol/L) 2.66 0.104 1 3060

Glucose (mmol/L) 0.59 0.444 1 3060

 HbA1c (mmol/L) 5.43 0.033* 1 3060

Supplementary table S2: Post hoc pooled estimate imputed variable amount of alcohol 
intake

Df= degrees of freedom. *Significant with alpha set at 0.05. **Significant with alpha set at 0.01. Independent 
variable: cannabis use (yes/no). Covariates included in the model: age, sex, amount of alcohol, smoking (yes/no) 
and type of antipsychotic drugs.
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Supplementary table S3: Post hoc pooled esti mate imputed variable amount of cannabis 
intake

F P Df1 Df2

Anthropometric measurements

BMI (kg/m2) 10.37 0.001** 1 3060

Waist circumference (cm) 17.81 <0.001** 1 3060

Blood pressure

Systolic BP (mm Hg) 0.53 0.463 1 3060

Diastolic BP (mm Hg) 4.54 0.033* 1 3060

Laboratory tests

Cholesterol (mmol/L) 0.67 0.411 1 3060

HDL-C (mmol/L) 1.04 0.309 1 3060

LDL-C (mmol/L) 0.42 0.517 1 3060

Triglycerides (mmol/L) 2.25 0.135 1 3060

Glucose (mmol/L) 0.62 0.433 1 3060

 HbA1c (mmol/L) 5.52 0.019* 1 3060

Df= degrees of freedom. *signifi cant with alpha set at 0.05. **signifi cant with alpha set at 0.01. Independent va-
riable: amount of cannabis intake (no joints per day, ≤1 joint per day, >1 joint per day). Covariates included in the 
model: age, sex, alcohol (yes/no), smoking (yes/no) and type of anti psychoti c drugs.
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