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ABSTRACT

Background: Growing evidence shows cannabis use is associated with lower rates of metabolic dysregulation.
Despite cannabis impacting each sex differently, few studies have examined the metabolic profile of male and
female cannabis users separately. Our aim was to investigate sex differences in the impact of cannabis use on
metabolic syndrome in adults with psychotic illness.

Method: Data from 1078 men and 735 women interviewed in the second Australian national survey of
psychosis were analyzed using multiple logistic regression to model separately, for each sex, the influence of no,
occasional and frequent past-year cannabis use on metabolic syndrome, adjusting for potential covariates in-
cluding antipsychotic medication, smoking, and physical activity.

Results: The proportion of women and men with metabolic syndrome was 58.1% and 57.6% respectively.
Unadjusted analyses showed frequent cannabis use was associated with significantly lower odds of metabolic
syndrome for both sexes. In adjusted analyses, the association between metabolic syndrome and frequent can-
nabis use remained significant for men (AOR = 0.49, 95% CI = 0.31-0.78), but not for women (AOR = 0.68,
95% CI = 0.37-1.24). Frequent cannabis use was associated with lower odds of abdominal obesity, hypertension

and elevated triglyceride levels in men only.

Conclusions: The differences we found suggest cannabinoid regulation of energy balance may be sex-de-
pendent and highlight the importance of examining cannabis use in men and women separately. At the same
time, the negative association between cannabis and psychosis onset and relapse should not be dismissed.

1. Introduction

Globally, cannabis is the most used illicit drug (United Nations
Office on Drugs and Crime, 2015). With a worldwide trend towards
legalizing cannabis, it is expected that the number of people using it
will rise, making it increasingly important to better understand the
health impacts associated with regular cannabis use. Although the acute
effects of cannabis are known and have been well-documented, much of
the literature on the effects of chronic use remains inconsistent. There
is, however, a growing body of evidence from adult general population
and mental health samples showing that cannabis use is associated with
better cardiometabolic health (Bruins et al., 2016; Hayatbakhsh et al.,
2010; Le Strat and Le Foll, 2011; Liemburg et al., 2016; Ngueta et al.,
2015; Penner et al., 2013; Rajavashisth et al., 2012; Scheffler et al.,
2018; Vidot et al., 2016; Waterreus et al., 2016). In particular, cannabis

users have been shown to have smaller waist circumferences and a
lower body mass index than non-users (Moreira et al., 2018). Our
previous research on a representative sample of people with a psychotic
disorder found the mean waist circumference of frequent users was
8.8 cm smaller than non-users. We also observed the proportion of
participants meeting the threshold for elevated glucose, blood pressure,
and triglycerides and reduced high-density lipoprotein (HDL) all de-
creased with increasing frequency of cannabis use (Waterreus et al.,
2016).

While an increasing number of animal studies have investigated sex
differences in cannabis induced-effects including its impact on the en-
docannabinoid system (Calakos et al., 2017; Craft et al., 2013; Fattore
and Fratta, 2010; Ketcherside et al., 2016), few studies of cannabis in
humans have examined sex differences. Wetherington (2007) argues
that by omitting to stratify results by sex risks drawing erroneous
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conclusions including reporting that an effect exists for everyone when
it exists for only one sex or finding there is no effect when it exists for
one sex only. Two general population studies which have examined the
cardiometabolic profile of male and female cannabis users and non-
users separately (Moreira et al., 2018; Thompson and Hay, 2015); both
reported significantly lower body mass index and waist circumference
in current cannabis users compared to non-users for their samples as a
whole, but when analyses were stratified by sex, significant effects re-
mained for male cannabis users only.

Despite high rates of past-year cannabis use by men and women
with a psychotic illness (Green et al., 2005), we are unaware of any
studies investigating sex differences in the cardiometabolic profile of
cannabis users in people with psychotic disorders. With Wetherington’s
advice that adopting a sex-based approach to analysis would guard
against ‘serious conclusion errors’ fresh in our minds, we decided to re-
visit our earlier findings where we reported a significant association
between metabolic syndrome and frequent cannabis use (AOR = 0.56,
95% CI 0.39-0.80), but not with occasional use (AOR = 0.75, 95% CI
0.49-1.13) in a nationally representative sample of 1813 men and
women with a psychotic disorder.

The aim of the current study was to re-examine the association
between metabolic syndrome and cannabis use in a large sample of
people with a psychotic illness to determine whether this association
varies by sex and to examine sex differences in the impact of cannabis
use on the individual components of metabolic syndrome.

2. Method
2.1. Study population

The Survey of High Impact Psychosis (SHIP) was conducted in 2010
within seven catchment sites in five states across Australia, covering a
population of some 1.5 million people aged 18-64 years, approximately
10% of the Australian population in this age group. The main aims were
to estimate the treated prevalence of psychosis for people aged 18 — 64
years and to describe their characteristics and use of services. A two-
phase design was used. In Phase 1, screening for psychosis took place in
public mental health services and non-government organizations sup-
porting people with mental illness in the census month (March 2010). A
psychosis screener was used to identify individuals likely to meet cri-
teria for formal diagnosis (Jablensky et al., 2000). In addition, admin-
istrative records were scanned to identify people with a recorded di-
agnosis of psychosis and in contact with public specialized mental
health services in the 11- months prior to census but not the census
month and who resided in the catchment. In Phase 2, people who were
screened positive for psychosis were randomly selected, stratified by
catchment site and age group (18-34 and 35-64 years), for interview by
trained mental health professionals. A total of 1825 participants gave
written informed consent and were interviewed: 1813 participants
(99.3%) provided data on past-year cannabis use and were included in
this current study. The Institutional Human Research Ethics Commit-
tees at all sites approved the study. Details of the full survey metho-
dology, assessment procedures, and the previous metabolic study have
been published elsewhere (Morgan et al., 2014, 2012; Waterreus et al.,
2016).

2.2. Assessments

2.2.1. Past year cannabis use

Participants were classified into three groups based the on self-re-
ported frequency of cannabis use in the 12-months prior to the inter-
view. ‘Non-users’ had never used or not in the past year, ‘occasional
users’ reported using cannabis less than once a week and ‘frequent
users’ had used at least once a week over the past year. No data was
available on the potency of cannabis or total duration of use.
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2.2.2. Cardiometabolic risk factors

Blood pressure, weight, and waist circumference were measured at
the time of interview and fasting blood samples were taken from con-
senting participants at accredited pathology laboratories for assays of
HDL, triglycerides, and plasma glucose. Full details of testing proce-
dures can be found in the supplementary methods in Morgan et al.,
2014. The International Diabetes Federation thresholds were used
which includes elevated blood pressure (systolic =130 mmHg, diastolic
=85 mmHg or antihypertensive medication), elevated triglycerides
(=1.7mmol/l or hypertriglyceridemia medication), elevated fasting
glucose (=5.6mmol/l or anti-glycaemic medication), lowered HDL
(< 1.03mmol/1 for men, < 1.29 mmol/]1 for women or lipid-lowering
medication) and elevated waist circumference including ethnic specific
thresholds (=90 cm or =94 cm for men, =80 cm for women). The
presence of any three of the five risk factors indicated that the criteria
for metabolic syndrome had been met (Alberti et al., 2009).

2.2.3. Covariates

The Diagnostic Interview for Psychosis (Castle et al., 2006), a semi-
structured clinical interview which uses the OPCRIT computer algo-
rithm (McGuffin et al., 1991) to classify psychotic illness according to
ICD-10 criteria, was administered by trained interviewers. The Digit
Symbol Coding Test from the Repeatable Battery for the Assessment of
Neuropsychological Status (Randolph et al., 1998) assessed current
cognitive processing efficiency. Raw scores were grouped into terciles,
with a fourth category for those who did not complete the task. Past-
year alcohol use was assessed using the Alcohol Use Disorders Identi-
fication Test (Saunders et al., 1993) and the derived AUDIT-C score
(Bush et al., 1998) was used to create a binary variable indicating ha-
zardous drinking in the previous 12-months (yes/no). Physical activity
undertaken in the previous seven days was measured using the inter-
viewer-administered International Physical Activity Questionnaire
short form (Craig et al., 2003) and categorized into three levels (low,
moderate or high) using scoring guidelines. Smokers were defined as
anyone who reported smoking tobacco in the four weeks prior to the
interview. All antipsychotic medication taken for at least the previous
four weeks was recorded (Waterreus et al., 2012). Socioeconomic status
(SES) was categorized using Australian Bureau of Statistics Socio-Eco-
nomic Indexes for Areas, Index of Relative Socio-Economic Dis-
advantage, based on postcode of residence at the time of interview
(Australian Bureau of Statistics, 2008).

2.3. Statistical analysis

Logistic regression was used to examine, separately for men and
women, the association between the frequency of cannabis use and
meeting the criteria for metabolic syndrome and each of the five in-
dividual components. All covariates used in our previous work were
included in the adjusted analysis: age, socioeconomic status, diagnosis,
smoking status, alcohol use, level of physical activity, cognition, and
antipsychotic medication use (Waterreus et al., 2016). Sample weights
were used to correct for differential selection probabilities. The number
of participants with at least one missing covariate was low: 20 men and
14 women. These were excluded from adjusted analyses which were
conducted with SPSS (version 24) and Stata /IC (version 15.1).

3. Results

The characteristics of the 735 women and 1078 men are summar-
ized in Table 1. Men were more likely to be using cannabis, tobacco,
alcohol and antipsychotic medication and have a diagnosis of schizo-
phrenia. Women were on average slightly older than men and more
likely to be in the highest tercile for cognitive function. The proportion
of participants who did not provide a fasting blood sample (and so for
whom metabolic syndrome could not be determined) did not differ
across the three cannabis groups, nor did the proportion of participants
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Table 1
Characteristics of the SHIP participants by sex.
Men Women P value
N = 1078 N =735
Age (years), mean (SD) 37.4 (10.9) 39.7 (11.4) < 0.001
Socioeconomic disadvantage, mean (SD) 979.8 (70) 979.5 (71) 0.94
Diagnosis, % < 0.001
schizophrenia 56.0 333
schizoaffective disorder 14.6 18.4
bipolar, mania 13.1 24.1
depressive psychosis 3.1 6.5
delusional disorders & other 5.9 3.5
non-organic psychosis
other’ 7.3 14.1
Cognitive function, % < 0.001
lowest tercile 32.2 24.5
middle tercile 28.6 26.5
highest tercile 26.9 39.7
did not do task 12.3 9.3
Cannabis use past-year, % < 0.001
non-user 61.1 75.6
occasional 15.4 11.2
frequent 23.5 13.2
Age first used cannabis, mean (SD) 16.3 (4.7) 17.1 (5.5) 0.004
Antipsychotic use, % < 0.001
no 15.6 22.4
yes but not clozapine 64.7 66.1
yes clozapine 19.7 11.4
Current smoker, % 71.3 58.9 < 0.001
Hazardous alcohol use, % 48.5 38.4 < 0.001
Physical activity, % 0.03
low 45.7 49.0
moderate 36.5 38.5
high 16.3 11.3
not known 1.4 1.2
Metabolic syndrome, % 0.97
no 31.4 31.2
yes 42.7 43.3
insufficient measures 26.0 25.6
Meeting threshold for individual criteria®
Waist circumference, % (n) 76.4 (805) 91.3 (639) < 0.001
Blood pressure, % (n) 55.0 (581) 49.3 (347) 0.02
HDL, % (n) 55.7 (440) 58.8 (316) 0.26
Triglycerides, % (n) 56.2 (447) 49.5 (268) 0.02
Glucose, % (n) 34.6 (273) 31.0 (165) 0.17

HDL = high density lipoproteain.

* Other = screen-positive for psychosis but did not meet full criteria for ICD-
10 psychosis.

? = includes only people who had measurement taken.

with at least one missing covariate.
3.1. Cannabis

In the past year, 419 (38.9%) men and 179 (24.4%) women had
used cannabis but, although the rate of past-year cannabis use was
lower for women, within the group of users, frequency of use was si-
milar for both sexes: 60.4% of men and 54.2% of women were using
cannabis on a frequent basis. The mean age of first cannabis use was
also similar for both sexes: males 16.3 years and females 17.1 years (see
Table 1).

3.2. Metabolic syndrome

A total of 798 (74.0%) men and 547 (74.4%) women had sufficient
information to determine whether they met the criteria for metabolic
syndrome. The prevalence of metabolic syndrome was 57.6% in men
and 58.1% in women. Unadjusted bivariate analysis showed the odds of
metabolic syndrome decreased with increasing frequency of cannabis
use in both sexes (Table 2). When adjusted analyses were run, both
occasional and frequent cannabis use in men remained associated with
significantly lower odds of metabolic syndrome compared to non-use
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(AOR = 0.58, 95% CI 0.34-0.99 occasional, AOR = 0.49, 95% CI 0.31-
0.80 frequent). However, there was no longer a significant reduction in
odds of metabolic syndrome for frequent cannabis-using women. The
unadjusted and adjusted odds ratios for the association of cannabis use
and all other covariates with metabolic syndrome in men and women
with a psychotic illness are provided in the Supplementary table.

3.3. Individual metabolic components

Abdominal obesity was the criterion most commonly met by both
sexes, with 91.3% of women and 76.4% of men meeting the threshold
for elevated waist circumference. There were sex differences with the
blood pressure and triglyceride components, with a greater proportion
of men than women meeting the threshold criteria (see Table 1). When
the mean results for each of the five components were compared across
the three cannabis groups for each sex, male frequent cannabis users
showed a better cardiometabolic profile than non-users for each of the
individual metabolic syndrome components (Table 3). In particular, the
mean waist circumference of frequent cannabis users was 10.2cm
smaller than that of non-users. In adjusted analyses, the odds of meeting
the threshold for abdominal obesity, hypertension, and elevated tri-
glycerides were all significantly reduced in male frequent cannabis
users relative to non-users (Table 2). Lower, but non-significant, odds
ratios were also observed for HDL and glucose.

A similar analysis of data for women showed frequent cannabis
users had, on average, smaller waist circumferences and a lower fasting
plasma glucose than non-users. No differences in the other cardiome-
tabolic measures were seen across cannabis groups. The adjusted odds
ratios for meeting the threshold for each of the five metabolic compo-
nents were not significantly different across the cannabis groups for
women, although there was a trend toward lower odds in frequent users
relative to non-users in all components.

4. Discussion

This is the first study we are aware of to examine the relationship
between the frequency of past-year cannabis use and metabolic syn-
drome separately in men and women with a psychotic disorder. Our
data suggest that men who use cannabis (of any frequency) are less
likely than non-users to meet the threshold for metabolic syndrome,
even after adjusting for a range of potential confounders, including
lifestyle factors, cognitive function, and antipsychotic medication use.
This was not the case for women. Sex differences were also seen in the
relationship between the frequency of cannabis use and the components
of metabolic syndrome, most noticeably waist circumference. Only
male frequent cannabis users were less likely to meet the threshold for
abdominal obesity than non-users, although frequent cannabis use by
both sexes was associated with a smaller average waist circumference
compared to non-users. Our finding of a better metabolic profile in
cannabis users seems counterintuitive since it is well known that can-
nabis use stimulates the appetite for sweet and high-fat content food.
None the less, our findings support previous reports of lower prevalence
of obesity associated with cannabis use (Bruins et al., 2016;
Hayatbakhsh et al., 2010; Le Strat and Le Foll, 2011; Liemburg et al.,
2016; Ngueta et al., 2015; Penner et al., 2013; Rajavashisth et al., 2012;
Scheffler et al., 2018; Vidot et al., 2016) and point to complex under-
lying mechanisms.

Regular use of cannabis may disrupt the complex signaling path-
ways of the endocannabinoid system (Ceccarini et al., 2015; D’Souza
et al., 2008; Hirvonen et al., 2011; Lichtman and Martin, 2005), which
plays a role in regulating metabolism and appetite (Pagotto et al.,
2006). The main psychoactive component in cannabis, delta-9-tetra-
hydrocannabinol (THC), has been shown to bind to cannabinoid re-
ceptors (CB; and CB,), and to act as a receptor partial agonist as well as
an antagonist (Pertwee, 2008). Of particular relevance is the research
showing that blocking receptors with a CB; receptor antagonist, such as
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Table 2
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Association between cannabis use and metabolic syndrome and its individual components, in men and women with a psychotic illness. Odds ratios” (unadjusted (OR)

and adjusted (AOR)) and 95% confidence intervals (CI).

Men Women

N OR 95% CI AOR 95% CI N OR 95% CI AOR 95% CI
Metabolic syndrome
non-user 499 ref ref 415 ref ref
occasional 117 0.58 0.37-0.89 0.58 0.34-0.99 59 0.76 0.42-1.36 1.15 0.56-2.32
frequent 182 0.42 0.29-0.61 0.49 0.31-0.80 73 0.54 0.32-0.92 0.68 0.37-1.24
Abdominal obesity
non-user 640 ref ref 526 ref ref
occasional 164 0.77 0.49-1.20 1.04 0.62-1.72 79 0.70 0.28-1.74 1.14 0.45-2.89
frequent 249 0.29 0.21-0.41 0.42 0.28-0.62 95 0.58 0.29-1.15 0.95 0.39-2.31
Hypertension
non-user 646 ref ref 530 ref ref
occasional 164 0.71 0.49-1.02 0.82 0.54-1.24 80 0.66 0.40-1.10 0.85 0.47-1.54
frequent 247 0.52 0.38-0.71 0.66 0.46-0.95 94 0.62 0.39-1.00 0.65 0.36-1.16
HDL
non-user 493 ref ref 405 ref ref
occasional 114 0.87 0.56-1.34 0.88 0.53-1.47 59 1.10 0.60-2.01 1.17 0.57-2.41
frequent 183 0.60 0.42-0.86 0.65 0.42-1.00 73 0.95 0.55-1.63 0.96 0.50-1.82
Triglycerides
non-user 495 ref ref 409 ref ref
occasional 117 0.81 0.52-1.24 0.76 0.46-1.25 59 0.58 0.31-1.06 0.79 0.38-1.68
frequent 183 0.55 0.38-0.79 0.57 0.37-0.89 73 0.65 0.37-1.14 0.92 0.48-1.75
Glucose
non-user 486 ref ref 404 ref ref
occasional 119 0.51 0.31-0.84 0.54 0.30-0.96 58 0.74 0.38-1.42 1.03 0.44-2.39
frequent 183 0.67 0.45-0.99 0.82 0.51-1.34 70 0.33 0.15-0.72 0.51 0.22-2.21

Bold values correspond to odds ratios that are statistically significant (P < 0.05).

* Weighted to account for differential sampling probabilities and adjusted for age, SES, smoking, alcohol, cognition, diagnosis, physical activity, antipsychotic

medication.
Table 3
Components of metabolic syndrome across cannabis groups, for men and women with a psychotic illness. Means™ and standard deviations (sd).
Waist Systolic BP Diastolic BP (mmHg) HDL Triglycerides Glucose
(cm) (mmHg) (mmol/1) (mmol/1) (mmol/1)
mean (sd) mean (sd) mean (sd) mean (sd) mean (sd) mean (sd)
Men
non-user 110.4 (17.5) 126.2 (16.6) 84.3 (11.3) 1.1 (0.3) 2.2 (1.5) 5.6 (1.2)
occasional 105.6 (18.0) 125.6 (17.4) 83.7 (11.6) 1.1 (0.6) 2.4 (2.0) 5.3 (1.0)
frequent 100.2 (17.8) 122.2 (14.5) 80.6 (11.2) 1.2 (0.5) 1.9@1.4) 5.4 (1.1)
Women
non-user 107.0 (20.2) 119.3 (16.9) 83.2 (11.7) 1.3 (0.4) 1.8 (1.1) 5.4 (1.2)
occasional 99.7 (18.3) 116.6 (15.6) 82.1 (13.7) 1.3 (0.6) 1.6 (1.0) 5.2 (1.3)
frequent 99.9 (16.7) 120.2 (17.2) 82.8 (14.2) 1.3 (0.3) 1.7 (0.9) 5.0 (0.9)

* Weighted to account for differential sampling probabilities.

rimonabant, resulted in a loss of body weight and body fat, and an
improvement in glycaemic and lipid profile (Gelfand and Cannon,
2006; Pi-Sunyer et al., 2006; Van Gaal et al., 2005). Alternatively, other
cannabinoids identified in cannabis including cannabidiol or tetra-
hydrocannabivarin, alone or in combination, may have therapeutic
metabolic effects, as has been shown in vivo (Maccarrone et al., 2017;
Russo and Guy, 2006; Wargent et al., 2013; Weiss et al., 2006). This
does not, however, explain our lack of findings in female cannabis
users.

Documented evidence from animal studies suggests that gonadal
hormones are involved in the cannabinoid regulation of energy balance
(Borgquist et al., 2014; Brown and Clegg, 2010; Riebe et al., 2010;
Wagner, 2016) and may also influence cannabinoid receptor density
and distribution in a sex-dependent manner (Antinori and Fattore,
2017; Cooper and Craft, 2018). If the sensitivity of the CB receptors to
exogenous cannabinoids are differentially modulated by testosterone
and estrogen, this may explain the sex differences we observed. Existing
literature highlights differences in male and female sensitivity to a
number of cannabis-induced effects including hyperphagia, pain relief

and dizziness (Cooper and Craft, 2018; Cooper and Haney, 2016; Craft
et al., 2013; Diaz et al., 2009). Therefore, it is possible that men are
more sensitive than women to the cardiometabolic effects of cannabis,
which may explain the greater differences we saw in the cannabis-using
men.

The possible role of leptin, an adipocyte-secreted hormone which is
associated with a reduced appetite and is regulated by the en-
docannabinoid system, should also be considered (Zhang et al., 1994).
A disruption to the endocannabinoid system by cannabis may affect
leptin. Previous investigations into the effects of cannabis on leptin
have produced conflicting results but, as pointed out by Moreira et al.,
(2018), none of these studies examined their data by sex. Their analysis,
stratified by sex, found lower leptin levels in male but not female
cannabis users compared to non-users. Finally, there has been growing
interest in the role played by gut microbiota in health and disease,
including cardiovascular diseases and metabolism (Cani et al., 2014;
Tang et al., 2017). New evidence suggests that THC may exert an effect
on gut microbiota which prevents weight gain (Cluny et al., 2015).
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4.1. Strengths and limitations

The strength of our study lies in its sampling design. The large re-
presentative sample of women (who are often under-represented in
cannabis studies), as well as men, ensure that our findings are gen-
eralizable to adults with a broad spectrum of psychotic disorders in
contact with public mental health services. Additionally, the use of
biochemical and standardized anthropometric measurements collected
at the time of interview by trained health professionals ensured our
physical health assessments were well calibrated as they did not rely on
self-reported or retrospective measures. Although we were able to ad-
just for a broad range of potential influencing factors, we were unable
to take into account, the amount and the potency of cannabis used. Due
to the lack of data on the daily amount of cannabis used, we were
unable to examine the possibility that the sex differences we observed
may be due to men consuming cannabis in greater amounts than fe-
males. Furthermore, although we had a large sample of women can-
nabis users, we may have lacked statistical power to show any differ-
ences across the three female cannabis groups. Finally, since this is a
cross-sectional study, longitudinal data are needed to establish caus-
ality in the association we found.

Our data indicate that, for men only, cannabis use may have car-
diometabolic protective effects, which highlights the importance of
looking at cannabis use in men and women separately. The challenge
now is two-fold: i) to understand the precise role cannabis plays in
modulating metabolism in men and why the effect is apparently less in
women, and ii) to translate these findings into clinical practice to im-
prove the health of people with a psychotic illness. Finally, we note
that, although cannabis may appear to represent a possible new phar-
macological treatment for cardiometabolic diseases for men, its nega-
tive association with psychosis onset and relapse should not be dis-
missed(Gage et al., 2016; Schoeler et al., 2016).
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