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Cannabis use and clinical outcome in people with first-episode 
schizophrenia spectrum disorders over 24 months of treatment 

Freda Scheffler a,*, Lebogang Phahladira a, Hilmar Luckhoff a, Stefan du Plessis a, Laila Asmal a, 
Sanja Kilian a, Marta Di Forti c, Robin Murray b, Robin Emsley a 

a Department of Psychiatry, Faculty of Medicine and Health Sciences, Stellenbosch University, Cape Town, South Africa 
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A R T I C L E  I N F O   

!eywords% 
Psychosis 
Substance use 
Treatment outcome 
Antipsychotics 

A B S T R A C T   

Cannabis use is associated with an unfavourable course of illness in schizophrenia, although several factors may 
confound this association. In this longitudinal study, we explored the influence of cannabis use on baseline 
symptom severity and treatment outcomes in 98 patients with first-episode schizophrenia spectrum disorders 
treated with a long acting injectable antipsychotic over 24 months. Using mixed models for repeated measures, 
we compared visit-wise changes in psychopathology, social and occupational functioning and quality of life 
between recent/current cannabis users (n=45) and non-users (n=53). There were no significant group by time 
interactions for any of our outcomes, and with the exception of poorer functionality in cannabis users at baseline, 
no significant differences in these domains at baseline or month 24. Also, remission rates were similar. However, 
more cannabis users met our operationally defined relapse criteria compared to non-users, and more frequent 
cannabis use over the course of treatment, as assessed by positive urine toxicology testing, predicted relapse. Our 
results suggest that cannabis users do not have poorer treatment response than non-users in terms of symptom 
reduction over the 24 months of treatment. However, dose-related risk of relapse remains with ongoing cannabis 
use, possibly by directly reducing the threshold for psychotic breakthrough.   

1. Introduction 

Cannabis use in schizophrenia and other psychotic disorders is 
associated with more severe symptomatology (Ringen et al., 2016; 
Auattrone et al., 2018) and poorer overall outcome (Large, et al., 2014). 
Particularly, ongoing cannabis use after the onset of psychosis is asso-
ciated with a more complicated course of illness, poor adherence to 
medication (Miller et al., 2009; Colizzi et al., 2016; Schoeler et al., 
201Ba), more severe psychopathology, and lower levels of functioning 
(van der Meer, et al., 2015; Abdel-Baki et al., 201B). Additionally, an 
association between cannabis use and risk of relapse is well documented 
(Malla et al., 2008; Schoeler et al., 2016a; Schoeler et al., 201Bb), and a 
dose-response relationship is suggested by the finding that continued 
use of cannabis after the onset of psychosis has been reported as a direct 
risk modifier for relapse in a study comparing periods of use with 
non-use over 2 years (Schoeler et al., 2016b). However, the poorer 
outcome in cannabis users may, at least in part, be explained by other 
factors such as alcohol or other illicit substance use, and most 

importantly, by non-adherence to treatment (Cammit et al., 2008; Col-
izzi et al., 2016). Studies have consistently found an increased risk of 
non-adherence to antipsychotic medication in cannabis users compared 
to non-users (Foglia et al., 201B), and non-adherence is in turn a major 
determinant of poorer outcome in multiple domains (Haddad et al., 
2014). Therefore, at least part of the association between cannabis use 
and poor outcome may be attributable to non-adherence. Indeed, a 
prospective analysis of longitudinal data from a first-episode psychosis 
sample found that medication non-adherence mediated the effect of 
continued cannabis use on relapse, although a considerable proportion 
of the risk remained unexplained (Schoeler et al., 201Bb). 

Many of the studies to date did not assess the role of factors that 
could potentially confound the association between cannabis use and 
treatment outcome. Analyses were often performed on retrospectively 
collected data (e.g. Schoeler et al., 201Bb) or from studies conducted in 
naturalistic settings (e.g. Schoeler et al., 2016b). Details of cannabis use 
mostly relied on self-report or clinician-rated measures rather than 
objective measures (Large et al., 2014), and used dichotomous rather 
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than continuous measures to assess cannabis use patterns (Foglia et al., 
201B). Few assessed clinical outcomes in multiple domains with stand-
ardised instruments, and proxy measures were often employed for 
important outcomes such as hospital admission as an indicator of relapse 
(Schoeler et al., 2016b). Furthermore, the confounding effects of alcohol 
and other illicit substance use were not always taken into account 
(Grech et al., 2005; Foti et al., 2010). This may be important, as the use 
of substances such as methamphetamine is also associated with poor 
treatment outcomes in patients with a psychotic disorder (Hisdom et al., 
2011; Glasner-Edwards and Mooney, 2014; Suetani et al., 201B). 

To address some of these uncertainties, we conducted an analysis of 
data from a prospective, longitudinal study in which patients with a first 
episode of a schizophrenia spectrum disorder were treated for 24 
months according to a standardised protocol, with a long-acting 
injectable antipsychotic. Regular, comprehensive clinical assessments 
enabled us to assess the treatment outcome in multiple domains over 
time, and the outcomes of relapse and remission were operationally 
defined. Also, repeated urine screening for cannabis allowed objective 
assessment of frequency of cannabis use over the treatment period. The 
aim of the present study was to investigate the influence of cannabis use 
on illness severity and treatment outcomes in patients with first-episode 
schizophrenia spectrum disorders, when treatment adherence was 
assured. He hypothesized that cannabis users would experience more 
severe symptoms and a poorer outcome in the domains of psychopa-
thology, functionality and quality of life, and have lower remission and 
higher relapse rates. He also hypothesised that the effects of cannabis 
would be most apparent in those with more frequent positive urine 
cannabis tests during the study. 

2. Methods 

()*) Study desi"n and ethical approval 

The over-arching aim of this study was to investigate factors 
affecting the treatment outcome over the first two years of treatment. 
Ethics approval for this prospective, longitudinal, single-site cohort 
study was obtained from the Health Research Ethics Committee (HREC) 
at the Faculty of Medicine and Health Sciences, Stellenbosch University 
(S1B/03/04B). Patients and/or their legal guardians provided written, 
informed consent. 

()() Selection of study participants 

Patients were recruited during their first admissions to psychiatric 
hospitals and community clinics within a well-defined catchment area in 
Cape Town and surrounding districts in the Hestern Cape Province of 
South Africa. Inclusion criteria wereD in- or outpatients, 16 to 45 years of 
age, meeting the Diagnostic and Statistical Manual of Mental Diseases, 
Fourth Edition (DSM-II) (First et al., 1994) criteria for schizophrenia, 
schizoaffective disorder or schizophreniform disorder. Patients were 
excluded if they had a lifetime exposure to antipsychotics of more than 
four weeks, were previously treated with a long-acting injectable anti-
psychotic, had a serious or unstable medical condition, intellectual 
disability, or a current diagnosis of substance abuse or dependence, or 
substance induced psychotic disorder (DSM II). Each participant un-
derwent a thorough physical examination. 

()+) Clinical assessments 

Diagnosis was confirmed with the Structured Clinical Interview for 
DSM-II (SCID) (First et al., 1994). Duration of untreated psychosis 
(DUP) was estimated from the onset of continuous positive symptoms 
(>1 week duration) to initiation of study treatment, expressed in weeks. 
Psychopathology was assessed by physicians using the Positive and 
Negative Syndrome Scale (PANSS) (Kay et al., 198B). Rater training was 
conducted and inter-rater reliability testing was performed periodically 

for the PANSS (intra-class correlation 0.B or higher). PANSS 
factor-analysis derived positive, negative and disorganised domains 
were calculated as previously described (Emsley et al., 2003). He also 
assessed depressive symptoms using the Calgary Depression Scale for 
Schizophrenia (CDSS) (Addington and Addington, 1993); overall level 
of functioning using the Social and Occupational Functioning Assess-
ment Scale (SOFAS) (American Psychiatric Association, 1994); and 
patient-rated quality of life using the global item score of The Horld 
Health Organisation HHOAOL-BREF Auality of Life Scale (HHO, 1998). 
Remission status was determined according to the Remission in 
Schizophrenia Horking Group (RSHG) consensus criteria (Andreasen 
et al., 2005), and relapse was operationally defined as a 25J increase in 
PANSS total scores from the previous visit, a greater than 10 point in-
crease if the total score was less than 40, or a score of “much worse” or 
“very much worse” on the Clinical Global Impressions (CGI) scale 
(Csernansky et al., 2002). 

(),) Study treatment 

The treatment protocol consisted of a seven day lead-in period of oral 
flupenthixol 1 to 3mg per day, followed by long-acting flupenthixol 
decanoate injections every 2 weeks for 24 months, starting with 10 mg 
2-weekly, with 6-weekly increments of 10 mg if necessary, to a 
maximum of 30 mg 2 weekly. Additional oral flupenthixol tablets were 
allowed for acute exacerbation of psychotic symptoms between visits. 
Permitted concomitant medication included medication for general 
medical conditions, lorazepam for sedation, orphenadrine or biperiden 
for extra-pyramidal symptoms and propranolol for akathisia. However, 
no benzodiazepines, propranolol or anticholinergics were permitted in 
the twelve hours prior to assessment. Other antipsychotics, mood sta-
bilizers and psychostimulants were prohibited. 

To assess the total cumulative antipsychotic dose received by each 
patient we summed the number and dose of each flupenthixol injection 
plus each dose of oral flupenthixol received. The flupenthixol injection 
dose was converted to flupenthixol milligram equivalents, according to 
consensus-derived guidelines for dose equivalencies (Gardner et al. 
2010). 

()-) Substance use determination 

He determined substance use status by patient and carer report, and 
with repeated urine toxicology testing for cannabis and methamphet-
amine (the most frequently used illicit substances in our catchment area) 
at baseline and at months 3, 6, 12, 18 and 24. Participants were grouped 
as cannabis users if they or their carers reported cannabis use within the 
three months prior to the study, or if they tested positive for cannabis on 
any occasion. Furthermore, to investigate the effect of persistent use 
during the study, we created a discrete variable according to the number 
of positive urine tests. Non-users would therefore have a score of zero, 
while users would score ranging between one and six, based on the 
number of urine positive screens over the 24 months of treatment. 

().) Statistical analysis 

Our analysis sample comprised the intent to treat population (i.e. all 
entered patients who had at least a baseline assessment, including urine 
toxicology screen). Statistical analyses were performed using the SPSS 
v26 and R v3.5.2 software packages. Categorical data were compared 
between cannabis users and non-users using a Chi-squared test, while 
normally distributed numerical data were compared between the two 
groups using a student’s t-test. Mann-Hhitney U non-parametric tests 
were used for non-normally distributed variables. 

PANSS total scores were considered our primary outcome measure; 
secondary measures included factor-analysis derived PANSS domain 
scores (positive, negative and disorganized symptoms), depressive 
symptoms (CDSS), social and occupational functioning (SOFAS), and 
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patient-rated global quality of life (single item on the HHOAOL-BREF 
scale). To assess the changes in symptom severity over time at the 
fixed assessment points we compared visit-wise differences and changes 
over time were compared between cannabis users and non-users using 
mixed models for repeated measures (MMRM), controlling for age, sex, 
and methamphetamine use as covariates. Time-points were 0, 6, 12 and 
24 months. He applied Bonferroni correction for multiple comparisons 
(alpha= 0.05/6 = 0.008). As additional outcome measures, rates of 
remission and relapse were compared between the two study groups 
(observed cases analysis). Finally, to assess the impact of ongoing 
cannabis use during the study, we constructed logistic regression models 
to explore whether the frequency of positive testing for cannabis use 
independently predicted relapse. 

3. Results 

+)*) 0aseline characteristics of study participants 

Of 234 patients who were assessed for eligibility 108 did not meet 
the study criteria or refused to consent to participate. Of these, 11 met 
substance abuse criteria and 15 were diagnosed as having a substance- 
induced psychotic disorder. Compared to the study participants, those 
excluded were older (26.32±B.89 vs. 24.0B±6.59, p=0.02), more likely 
to be female (n=51, 45J vs. n=33, 26.2J, p=0.002) and more likely to 
have used other illicit substances during the past three months (n=29, 
52.BJ vs. n=25, 35.2J, p=0.049), although cannabis use was similar 
(n=45, 45.9J vs. n=34, 56.BJ, p=0.2) as was years of schooling (9.B2 
± 2.16 vs. 9.0 ± 2.55, p=0.62). Thus, 126 participants initially entered 
into the study, of whom 98 had baseline assessments including urine 
toxicology screening, and were included in our analysis. At baseline, 36 
were admitted to hospital, whereas 9 were admitted to hospital over the 
course of the two years of treatment. The average length of admission 
was 8.82 weeks with a minimum of 1 day and a maximum of 19 weeks. 
Of the 98 entered, B0 completed the study. Reasons for dropout (n=28) 
were consent withdrawal (n=12), lost to follow-up (n=5), poor efficacy 
(n=3), relocation (n=3), medication side-effects (n=2), and other (n=3). 
Of those who dropped out, 15 were cannabis users and 13 were non- 
users. 

The socio-demographic and clinical characteristics of cannabis users 
(n=45; 46J) versus non-users (n=53; 54J) were compared, as shown in 
Table 1. Cannabis users were significantly younger (p=0.004) as well as 
more likely to be male (p=0.001), and to test positive for metham-
phetamine use (p10.001) compared to non-users. Patterns of alcohol 
use were similar between the groups (p=0.5). The duration of untreated 
psychosis was similar between cannabis users and non-users. Docu-
mented treatment adherence was high in the study, and did not differ 
between the cannabis users and non-users. Cannabis users were pre-
scribed a slightly higher modal dose of antipsychotic medication 
compared to non-users (p=0.04), although there was no difference in 
cumulative exposure to antipsychotic medication over the 24 months of 
treatment (p=0.1). The number of weeks spent in the study also did not 
differ between the two groups (p=0.2). 

+)() 2n/uence of cannabis use on clinical outcome measures over (, 
months 

Results of the MMRM analyses investigating the changes in clinical 
outcome measures between cannabis users and non-users over the 
course of the study are provided in Table 2. For the primary outcome 
measure (PANSS total scores), the group (cannabis users versus non- 
users) by time interaction effect was not significant 3F=0.448, p=0.B) 
(Fig. 1), and there were no group differences at either baseline or month 
24. There was a significant fixed effect for age (p=0.004), but not for 
gender (p=0.5), or methamphetamine use (p=0.0B). Similarly, for the 
secondary outcome measures of positive, negative, disorganised and 
depressive symptoms and quality of life, there were no significant group 

by time interactions and no significant differences at either baseline or 
month 24. He did, however, find significantly poorer social and occu-
pational functioning in cannabis users versus non-users at baseline 
(p=0.008) and at uncorrected significance level at month 24 (p=0.02), 
despite similar rates of improvement over 24 months of treatment (F=
0.3B4, p=0.8). 

+)+) 2n/uence of cannabis use on remission and relapse rates over (, 
months 

The rates of remission were similar between the cannabis using 
(n=34; B5.6J) and non-using (n=44; 83J) patients (p=0.361). How-
ever, a greater proportion of cannabis users (n=10; 22.2J) compared to 
non-users (n=4, B.5J) relapsed during this time (p=0.039). Also, our 
logistic regression model (4(=0.95, F(4,93)=2.439, p=0.05) indicated 
that the frequency of positive cannabis urine toxicology screens signif-
icantly predicted relapse (ß=0.4B, t=2.2B3, p=0.03), adjusting for age 
(p=0.B), sex (p=0.02), and methamphetamine use (p=0.8). 

4. Discussion 

This is the first study to investigate the association between cannabis 
use and treatment outcome in psychosis when antipsychotic adherence 
was objectively accounted for, and antipsychotic exposure accurately 
quantified. He also addressed other potential confounding factors that 

Table 1 
Demographic, clinical and treatment characteristics of the cannabis users* 
compared to the non-users.  

Patient Characteristic CannabisUsersn=45 Cannabis 
Non- 
Usersn=53 

Unadjusted 
p-value 

Age in years, mean (SD) 22.1 (4.15) 25.9 (1.03) 0.004 
Sex, Males (J) 40 (88.8J) 32 (60.4J) 0.001 
Highest grade of school 

completed, mean (SD) 
9.4 (1.B) 10.4 (2.1) 0.03 

Ethnicity, n (J)   0.4 
Mixed Ancestry 3B (82.2J) 38 (B1.BJ)  
African 5 (11.1J) 8 (15.1J)  
Hhite 3 (6.6J) B (13.2J)  
Diagnosis, n (J)   0.6 
Schizophrenia 30 (66.6J) 36 (6B.9J)  
Schizophreniform 15 (33.3J) 16 (30.2J)  
Schizoaffective - 1 (1.8J)  
Duration of untreated 

psychosis in weeks, 
mean (SD) 

35.3 (51.1) 34.1 (39.1) 0.90 

Number of positive 
cannabis tests, mean 
(SD) 

2.93 (1.96)   

Number of positive 
methamphetamine tests, 
n (J) 

28 (62.2J) 4 (B.5J) p<0.001 

Alcohol, n (J)   0.3 
History of excessive 

alcohol use 
6 (13.3J) 3 (5.BJ)  

Occasional alcohol use 32 (B1.1J) 32 (60.4J)  
Duration of study 

treatment in weeks, 
mean (SD) 

82.9 (29.4) 88.46 (28.8) 0.2 

Modal flupenthixol 
decanoate dose, mg IM/ 
2 weeks, mean (SD) 

12.9 (3.9) 11.2 (3.2) 0.04 

Cumulative antipsychotic 
dose, mg flupenthixol 
equivalents, mean (SD) 

1989.11 (853.B1) 1B23.45 
(B31.63) 

0.1 

Treatment adherence, J 
(SD) of prescribed 
injections received 

9B.4J (3.B) 98.5J (4.5) 0.2  

* Cannabis users were those with a history of use in the 3 months prior to the 
study or who had a positive urine cannabis test at any time-point during the 
study. 
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limit interpretation of many previous studies, including illness chro-
nicity, effects of previous treatment, and other substance use. Our 
findings suggest that different mechanisms may account for the effects of 
cannabis on symptom reduction and on relapse risk during antipsychotic 
treatment. In contrast to several previous studies (Harrison et al., 2008; 
Baeza et al., 2009; Foti et al., 2010; Kuepper et al., 2011; van der Meer 
et al., 2015), we found little evidence of an association between 
cannabis use and greater illness severity prior to treatment or blunted 
symptom reduction with treatment, although our sample size may not 
have been sufficient to detect more subtle effects. Hhile the slightly 
higher mean modal antipsychotic dose prescribed to the cannabis users 
could indicate some degree of reduced response, we found no group 
differences in any of the outcome trajectories over time, and with the 

exception of social and occupational functioning, no differences be-
tween the groups at baseline or month 24. Social and occupational 
functioning was significantly poorer at baseline in cannabis users 
compared to non-users but the lack of a significant group x time effect in 
the MMRM indicated a similar improvement trajectory over the treat-
ment period. Also, remission rates were similar between the groups. 
These findings therefore suggest that, on the one hand, baseline symp-
tom severity and treatment response in terms of symptom reduction are 
not adversely affected by cannabis use when antipsychotic adherence is 
assured, and point to an important mediating role for antipsychotic 
non-adherence in the previously reported association between cannabis 
use and poorer treatment outcomes in psychosis in terms of symptom 
reduction, depression and psychosocial functioning (Seddon et al., 

Table 2 
MMRM derived baseline and month 24 least squares means and 95J confidence intervals and group by time interactions for the outcome measures for the cannabis 
users* vs. non-users.   

Baseline    Month 24  
CannabisUsing CannabisNon-Using p** CannabisUsing CannabisNon-Using p** p***         

PANSS Total, mean(CI) 95.5 (91.5 – 99.B) 95.6 (91.6 – 99.6) 0.9B6 45.B (40.B – 50.B) 44.9 (40.5 – 49.3) 0.811 0.B2 
PANSS Positive Factor, mean(CI) 1B.1B (16.24 – 18.11) 1B.56 (16.65 – 18.46) 0.56B 5.BB (4.61 – 6.94) 5.05 (4.04 – 6.06) 0.365 0.32 
PANSS Negative Factor, mean(CI) 20.2B (18.B2 – 21.8) 20.0B (18.54 – 21.6) 0.85B 9.B2 (B.91 – 11.5) 10.53 (8.89 – 12.2) 0.526 0.B9 
PANSS Disorganised Factor, mean(CI) 12.5B (11.81- 13.33) 11.B9 (11.05 – 12.54) 0.15B 6.35 (5.46 – B.24) 5.56 (4.B5 – 6.36) 0.204 0.8B 
SOFAS, mean(CI) 40.1 (36.B – 43.4) 46.6 (43.3 – 49.9) 0.008 62.0 (58.0 – 66.0) 68.4 (64.8 – B2.0) 0.022 0.BB 
CDSS, mean(CI) 3.2B (2.3 – 4.23) 4.22 (3.29 – 5.15) 0.168 1.0B (-0.1 – 2.25) 1.10 (0.08 – 2.13) 0.969 0.24 
HHOAoL, Patient-Rated overall AoL, mean(CI) 3.06 (2.65 – 3.4B) 3.01 (2.59 – 3.43) 0.855 3.40 (2.91 – 3.89) 3.60 (3.16 – 4.05) 0.539 0.51 

*Cannabis users were those with a history of use in the 3 months prior to the study or who had a positive urine cannabis test at any time-point during the study. 
** = Fishers least significant difference test comparing recent/current cannabis users vs non-users at baseline and month 24 respectively 
*** = P-values for the group (cannabis users vs non-users) by time interaction effect over the 24 months of treatment 
PANSS = Positive and Negative Syndrome Scale 
SOFAS = Social and Occupational Functioning Assessment Scale 
CDSS = Calgary Depression Scale for Schizophrenia 
HHOAoL = The Horld Health Organisation HHOAOL-BREF Auality of Life Scale. 

Fig. 1. Least Square Means of PANSS Total over 24 months of treatment.  
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2016). 
On the other hand, the one important aspect of outcome that did 

differ between cannabis users and non-users was that of risk of relapse, 
with relapse events occurring more than twice as frequently in cannabis 
users. This is in keeping with the findings of systematic reviews of lon-
gitudinal studies of consistent links between cannabis use and relapse 
(Cammit et al., 2008). Furthermore, our finding that more frequent 
positive cannabis urine testing predicted relapse suggests a dose-risk 
effect, and that continued use, rather than an enduring effect of past 
use, is the critical factor (Schoeler et al., 2016a; Schoeler et al., 2016b). 
Hhile some did not find a relationship between cannabis dose and risk of 
relapse (Barrowclough et al 2013; Barrowclough et al 2014), others did. 
Schoeler et al. (201Bb) found a greater risk of relapse during periods of 
cannabis use vs. no use, and path analysis of their data indicated an 
effect of cannabis use on subsequent risk of relapse rather than an effect 
of relapse on subsequent cannabis use. In another study the same group 
reported that patients who continued to use high-potency cannabis after 
the onset of psychosis were at greatest risk of relapse and of experiencing 
more frequent and earlier relapses than those who did not continue 
cannabis use (Schoeler et al., 201Ba), and in a further study they re-
ported that continued cannabis use predicted poor outcome, including 
increased risk of relapse (Schoeler et al., 2016c). 

Previous studies have emphasised the role of non-adherence in 
mediating increased relapse risk in cannabis using individuals with 
psychosis, given the association between cannabis use and non- 
adherence and the finding that discontinuation of antipsychotic treat-
ment is the greatest risk of relapse by far (Foglia et al., 201B). In a 
systematic review that included 15 observational studies, Foglia and 
colleagues (201B) reported an increased odds ratio of non-adherence of 
2.5 for cannabis use at baseline, increasing to 5.B9 for ongoing cannabis 
use. Schoeler and colleagues (201Bb) estimated that between 20J and 
36J of the adverse effects of cannabis use on outcome might be medi-
ated through its effects on medication adherence. However, these 
studies relied on retrospective case notes and patient report for assessing 
adherence and none used objective measures (Foglia et al., 201B). As 
such, they were not able to address whether cannabis use directly or 
indirectly affects relapse rates. It has nevertheless been suggested that 
the cannabis use may directly increase the risk of relapse by reducing the 
effectiveness of antipsychotics (Schoeler et al., 201Bb). Our results 
indicate that, with assured treatment adherence, cannabis use increases 
the risk of relapse, but without other evidence of a poorer treatment 
response in terms of symptom reduction. Therefore, our findings suggest 
that cannabis use directly reduces the threshold for psychotic break-
through without blunting the symptom reduction effects of antipsy-
chotic treatment. A possible role for delta-9-tetrahydrocannabiniol 
(THC), the main psychoactive ingredient in cannabis, should be 
considered, given its psychotogenic propensity and its demonstrated 
effects on the dopamine system (Bloomfield et al., 201B). Indeed, rat 
studies report that chronic treatment with THC gives rise to supersen-
sitivity of D2/3 signalling, that is fully reversible following drug 
discontinuation (Tournier et al., 2016) – consistent with our observed 
dose-risk effect. 

The present study has several strengths. First, restricting our sample 
to first-episode patients who were minimally treated at baseline reduced 
the confounding effects of illness chronicity and prior treatment. Sec-
ond, repeated toxicology screening provided an objective measure of 
cannabis use over time. Additionally, our ability to adjust for metham-
phetamine use was important, given its frequency of use in our catch-
ment area and its reported association with poorer treatment outcome 
(Hisdom et al., 2011; Glasner-Edwards and Mooney, 2014; Suetani 
et al., 201B). Third, comprehensive clinical assessments at multiple 
time-points with standard instruments allowed us to assess the treat-
ment changes longitudinally, and in multiple outcome domains. Fourth, 
determining relapse according to operationally defined criteria avoided 
the inaccuracies of proxy measures such as hospitalisation. Finally, 
providing treatment according to a standard protocol avoided possible 

differential effects of multiple antipsychotics on outcome, and the use of 
a depot formulation allowed us to objectively assess adherence and to 
quantify antipsychotic exposure with precision. 

There are also study limitations that should be considered. First, 
considering the relatively small sample size, we conducted a post-hoc 
power analysis and found that our study was sufficiently powered to 
detect a small effect size of between 0.1 and 0.15. Our finding of no 
group differences between cannabis users and non-users in terms of 
PANSS total psychopathology scores is therefore fairly clear cut. How-
ever, it should be noted that, for a single site study, the sample is rela-
tively large. Further, the disadvantages of a limited sample size should 
be balanced against the advantages of a single site, prospective, longi-
tudinal study in which pre-specified outcome domains were assessed by 
raters who underwent regular training and inter-rater reliability testing. 
Second, we were not able to address questions regarding the type and 
precise frequency of cannabis use, as this information was not captured. 
He were also not able to compare baseline cannabis users who became 
abstinent during the study with those who continued use, as only seven 
fell into the former category. This might be important, as evidence 
suggests that stopping cannabis use is associated with better outcomes, 
perhaps even than those who had never used cannabis (Schoeler et al., 
2016a). Also, we categorised patients according to current or recent 
(past 3 months) of cannabis use. It is possible that some of those clas-
sified as non-users could have had enduring effects from cannabis use in 
the past. However, we were able to assess the effect of frequency of 
positive cannabis urine testing on relapse, as an indication of continuous 
use. Third, our results cannot necessarily be generalised to patients 
receiving antipsychotic medications other than flupenthixol. Fourth, by 
excluding patients with substance abuse or dependence, or substance 
induced psychotic disorder, our sample excluded those patients with the 
most severe effects of substance use. Fifth, we did not have complete 
data on tobacco use in our patients, which could reduce levels of anti-
psychotic medication by CKP1A2 induction (e.g. Carvalho Henriques 
et al., 2020; Lesche et al., 2020). Sixth, as with the majority of longi-
tudinal studies in in patients with psychotic disorders, the relatively 
high attrition rate is a limiting factor. Finally, the longer-term effects of 
cannabis beyond the first two years of treatment were not assessed. 

5. Conclusions 

In conclusion, we found that cannabis use increases the risk of 
relapse but does not obviously blunt the treatment response when 
medication adherence is assured in schizophrenia spectrum disorders. 
Although a higher rate of relapse events occurred in cannabis users the 
overall response trajectory was similar, indicating that those who 
experienced relapses subsequently responded to treatment and the 
overall trajectory did not differ between users and non-users. However, 
given the potentially grave consequences of illness recurrence (Emsley 
et al., 2013), prioritising relapse prevention may be particularly 
important in patients with schizophrenia spectrum disorders who 
continue to use cannabis. In addition to psychosocial interventions 
aimed at improving adherence, long-acting antipsychotics may be an 
effective option for patients with psychosis and comorbid substance use 
requiring maintenance antipsychotic treatment. Future studies should 
further explore the role of mediating factors relating to cannabis use as 
well as other factors such as tobacco smoking, alcohol use, and type of 
antipsychotic medication prescribed in the association between 
cannabis use and relapse. 
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Background:Both schizophrenia and cannabis use are associatedwith structural brain changes. The hippocampus
is a region of particular interest due to its role inmemory and select cognitive functions, impairment of which is a
core feature of schizophrenia and has also been observed in substance abuse. This study aimed to explore the ef-
fects of recent/current cannabis use on hippocampal subfield volumes inmale patients with first-episode schizo-
phrenia spectrum disorders and matched controls.
Methods: This cross-sectional, case-control study included 63 patients and 58 controls scanned on 3T MRI scan-
ners, with hippocampal segmentation performed using recently validated Freesurfer v6.0 software. Cannabis use
status was determined by self and carer report together with urine toxicology screening, and patients were
categorised as recent/current users or non-users. We used multivariate analysis of covariance (MANCOVA)
with age, scan sequence, scan quality, and total intracranial volume as covariates, with subsequent analysis of
variance (ANOVA) to test the effects of diagnosis and cannabis use status on individual hippocampal subfields.
Results:We found a group (patient/control) by cannabis use interaction effect in the subiculum, with decreased
volumes observed in the cannabis non-using patients compared to the cannabis using patients, and decreased
volumes in the cannabis using controls compared to the cannabis non-using controls.
Conclusion: The increased subiculumvolume in cannabis using patients compared to cannabis non-using patients
raises important questions regarding the pathophysiology of schizophrenia and the role of cannabis use therein.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

The high prevalence of cannabis use among schizophrenia spectrum
disorder patients is well-documented (Malchow et al., 2013a), particu-
larly amongmales (vanDijk et al., 2012). In patientswith schizophrenia,
cannabis use is associated with earlier disease onset (Donoghue et al.,
2014; Novick et al., 2016), greater severity of psychopathology
(Abdel-Baki et al., 2017), and poorer treatment outcomes (Crocker
and Tibbo, 2018). Importantly, cannabis use in the general population
(Schlaepfer et al., 2006) as well as in schizophrenia (van Haren et al.,
2013) is associated with brain structural differences. However, the in-
fluence of cannabis use on brain structure in schizophrenia remains un-
clear. While some studies have reported that grey matter volume
reductions are more pronounced in patients with schizophrenia who
use cannabis (Rais et al., 2008), others have reported larger volumes
of certain subcortical regions including the putamen (Koenders et al.,
2015) in cannabis users compared to their non-using counterparts. In
contrast, others still have failed to find an association between cannabis

use and subcortical brain volumes in either schizophrenia (James et al.,
2011; Wobrock et al., 2009) or otherwise healthy controls (Gillespie
et al., 2018).

A region of particular interestwhen considering the effects of canna-
bis use on the brain in schizophrenia is the hippocampus. This structure
plays an integral part in cognitive functioning including working mem-
ory, known to be affected in both schizophrenia (Osborne et al., 2017;
Ott Vintergaard et al., 2019) and cannabis use disorder (Kutlu and
Gould, 2016). Indeed, the hippocampus is rich in cannabinoid receptors
(Hill et al., 2009), and exogenous intake of tetrahydrocannabinol
(THC) and cannabidiol (CBD) is known to affect functioning of the
endocannabinoid system (Bhattacharyya et al., 2009; Aguilar et al.,
2016). Post-mortem studies further support the involvement of
cannabinoid receptor density in the hippocampus as a determinant of
morphological differences evident between users and non-users
(Villares, 2007; Szűcs et al., 2016). Importantly, both schizophrenia
(Wobrock et al., 2009; Malchow et al., 2013b; Arnold et al., 2014; Ho
et al., 2017; Brambilla et al., 2018; Haukvik et al., 2018) and cannabis
use in the general population (Demirakca et al., 2011; Pagliaccio et al.,
2015; Yücel et al., 2015; Koenders et al., 2016; Lorenzetti et al., 2018;
Gilman et al., 2018) have been associatedwith hippocampal volume re-
ductions, although some studies have failed to replicate these findings
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(Jager et al., 2007; Welch et al., 2011; Cousijn et al., 2012; Koenders
et al., 2017). In patients with schizophrenia, the effects of cannabis use
on hippocampus structure are less clear-cut, with some studies
reporting larger (Kumra et al., 2012), others smaller (Bangalore et al.,
2008; Solowij et al., 2013), and others still no difference (Wobrock
et al., 2009; James et al., 2011) in volumes between patients who use
cannabis and their non-using counterparts. Therefore, the inter-
relationships between schizophrenia, cannabis use and hippocampus
structure remain incompletely understood and warrant further inquiry.

Inconsistencies in existingfindingsmay be ascribed to failure to con-
sider important confounders, including illness severity, chronicity, and
medication use, when exploring the influence of cannabis use on hippo-
campal volumes in schizophrenia patients (Haukvik et al., 2018). Impor-
tantly, discrepancies in the literature may also be ascribed to cannabis
exerting a detrimental effect on specific hippocampal subfields, rather
than the structure as a whole. Indeed, several prior studies have
shown that cannabis use in the general population is associated with
volumetric changes in certain hippocampal subfields, for example in
the CA1, 3, and 4 as well as the molecular layer and the granular cell
layers of the dentate gyrus (Li et al., 2018), the subicular complex
(Beale et al., 2018), and the fimbria (Mandelbaum and de la Monte,
2016) but not others. There is therefore a need to explore the effects
of cannabis use on specific hippocampal subfield volumes, in both pa-
tients with schizophrenia and healthy controls. In particular, the use of
a first-episode sample would be considered advantageous, as this
would exclude confounding effects of illness chronicity and long-term
antipsychotic medication, which could have affected results in prior
studies.

In response to this knowledge gap, the aim of the present cross-
sectional study was to investigate the association between cannabis
use and hippocampal subfield volumes in minimally treated male pa-
tients with a first episode of a schizophrenia spectrum disorder (FES)
and matched healthy controls. This study furthermore addresses some
of the previously reported confounds by excluding polysubstance
users as well as accounting for additional medication use effects. Firstly,
we hypothesised that, compared to healthy controls, FES patientswould
have smaller hippocampal volumes. Secondly, we hypothesised that, in
both patients and controls, cannabis users would have smaller hippo-
campal subfield volumes than non-users.

2. Materials and methods

2.1. Study design and ethical approval

This is a single-site, cross-sectional, case-control study. Ethics ap-
proval was obtained from the Human Research Ethics Committee
(HREC) of Stellenbosch University (SU) Faculty of Medicine and Health
Sciences (S17/03/047).

2.2. Selection of study participants

Participants were recruited to our Schizophrenia Research Unit be-
tween 2007 and 2017 from first-admissions to psychiatric hospitals and
community clinics within our catchment areas in Cape Town. Patients
and/or their legal guardians provided written, informed consent. Eligible
participants were in- or outpatients, aged 16 to 45 years, meeting Diag-
nostic and Statistical Manual of Mental Diseases, Fourth Edition (DSM-
IV) (First et al., 1994) criteria for a schizophrenia spectrum disorder, in-
cluding schizophreniform disorder, schizophrenia or schizoaffective dis-
order. Patients were excluded if they had, during their lifetime, been
exposed to >4 weeks of antipsychotic medication, been treated with a
long-acting injectable antipsychotic, had a serious or unstable medical
condition, intellectual disability, or substance-induced psychosis. Medica-
tion for generalmedical conditions, lorazepam for sedation, orphenadrine
or biperiden for extrapyramidal symptoms and propranolol for akathisia
were permitted concomitantmedications. In the 12 hprior to assessment,

no benzodiazepines, propranolol or anticholinergics were permitted.
Oher antipsychotics, mood stabilizers and psychostimulants were not
permitted.

For this study, we selected males only due to the low rate of sub-
stance use among the females in our sample. The healthy control
group consisted of neighbourhood contacts of the families of patients
recruited by means of advertisements that were placed in community
centres in the same catchment area as described above. Controls were
excluded if they had a first-degree relative with a psychotic disorder
or if they had a DSM-IV axis I or II disorder as determined by the
SCID-Non-Patient Edition interviews. Controls were matched for age,
ethnicity, and level of education. Furthermore, each participant was
carefully screened with a thorough physical examination and review
of history, ECG, urine toxicology screen and structured assessment of
symptoms to verify that inclusion criteria were met.

2.3. Clinical assessments

Diagnosis was assessed using the Structured Clinical Interview for
DSM-IV (SCID) (First et al., 1994). Psychopathology was assessed
using the Positive and Negative Syndrome Scale (PANSS) (Kay et al.,
1987). Depressive symptoms were assessed using the Calgary Depres-
sion Scale for Schizophrenia (CDSS) (Addington and Addington,
1993).We also used the Clinical Global Impression (CGI) scale for sever-
ity of illness (Guy, 1976), and the Social and Occupational Functioning
Assessment Scale (SOFAS) (American Psychiatric Association, 1994) to
asses overall functionality.

Registered psychiatrists undertook diagnostic and clinical assess-
ments, and inter-rater reliability testing was conducted periodically
for the PANSS (intraclass correlation 0.7 or higher). Duration of un-
treated psychosis (DUP) was estimated from the onset of continuous
positive psychotic symptoms to initiation of adequate treatment, de-
fined as the start of structured treatmentwith antipsychoticmedication.

2.4. Cannabis use assessments

Substance usewas determined by patient and carer report and urine
toxicology screening for the most commonly used substances in our
population, i.e. cannabis, methamphetamine, benzodiazepines, and
methaqualone. We excluded participants who tested positive for any
of the substances other than cannabis, as this may have confounded
the results. Participants were classified as cannabis users on the basis
of either self-report of use in the past three months or positive urine
toxicology screening at baseline, or at any subsequent toxicology
screening during follow up treatment. Those who reported no use in
the three months prior to the study and tested negative for cannabis
with toxicology screening were classified as cannabis non-users, even
if they had a lifetime history of cannabis use.

2.5. MRI acquisition

T1-weighted high-resolution datawas acquired for 52 patients and 47
controls on a research-dedicated 3T Siemens Allegra MRI brain scanner
(Erlangen, Germany) at the Combined Universities Brain Imaging Centre
(CUBIC) with a MPRAGE sequence (2080 ms repetition time; 4.88 ms
echo time, Field of view: 230 mm, 176 slices, 0.9 mm × 0.9 mm × 1 mm
voxel size). An additional 11 patients and 8 controls were scanned on
the same scanner using an updated T1 ME-MPRAGE weighted structural
sequence (TR = 2530 ms; TE1 = 1.53 ms TE2 = 3.21, ms, TE3 =
4.89 ms, TE4 = 6.57 ms, flip-angle: 7 degrees,FoV: 256 mm, 128 slices,
1 isotropic voxel size). A further 11 patients and 13 controlswere scanned
with a 3T Siemens Skyra full-body scanner (Erlangen, Germany) using a
T1 ME-MPRAGE weighted structural sequence (TR = 2530 ms; TE1 =
1.63 ms TE2= 3.47 ms, TE3 = 5.31 ms, TE4 = 7.15 ms, flip-angle: 7 de-
grees, FoV: 280 mm, 128 slices, 1 isotropic voxel size). All scans were
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screened for intracranial pathology by a radiologist and inspected formo-
tion artefacts and overall quality by trained research assistants.

2.6. MRI processing

Scans were processed and analysed using FreeSurfer stable re-
lease version 6.0. (http://surfer.nmr.mgh.harvard.edu/) which has
been reported to be reliable across scanners from the samemanufac-
turer (Han et al., 2006). Details of these procedures have been previ-
ously described (Dale et al., 1999). Briefly, slices were resampled to a
three- dimensional image with 1 mm isotropic voxels followed by
non-uniform intensity normalisation. Images were registered to the
Montreal Neurological Institute (MNI) space. A second normalisa-
tion step was performed with a different algorithm in which control
points were automatically identified and normalised to a standard
intensity value. Next, an automated skull-strip procedure was per-
formed. Global brain anatomy was then delineated into cortical and
subcortical labels. Reconstructions were performed with custom
batching scripts, on the Centre for High Performance Computing,
Rosebank, Cape Town, Sun Intel Lengau cluster (http://www.chpc.
ac.za/). All data were visually inspected for errors in Talairach
transformation, skull-stripping, final segmentations, as well as the
within-subject registrations. Detailed quality assessment was con-
ducted according to the ENIGMA consortium QC protocol (www.
enigma.ini.usc.edu), which consisted of visual inspections of the
cortical and subcortical segmentation sets for each individual. Any
errors in processing were corrected manually and re-inspected.
Scans that did not meet the threshold for reasonable quality or
could not be processed successfully were excluded from all analyses.
Furthermore, we checked for systematic differences over time in
scan image quality by correlating our quality assessment scores
with scan age (i.e. current date minus date of MRI scan) which was
non-significant (p = 0.617), suggesting that time does not correlate
with image quality in our dataset. Of the 171 male participants who
underwentMRI scanning, 50 were excluded due to poor scan quality,
intracranial pathology, excessive motion artefacts, or missing data.
The final sample (n = 121) consisted of 63 patients and 58 controls.

FreeSurfer processing generated subfield volume variables (see for
e.g. Iglesias et al., 2015) which were imported into SPSS version 26
(SPSS Inc.) for statistical analyses. All hippocampal subfield volume
measures were inspected for deviations from normality assumption. A
scan quality metric (acceptable or good, as a categorical variable) was
included in the main model to account for the variation in scan quality
over the period of acquisition. We therefore included a total of 24
hippocampal subfields as dependent variables with age, estimated
total intracranial volume, scan quality, and scanner sequence included
as covariates.

2.7. Statistical analysis

The characteristics of the patient and control groups, as well as can-
nabis using and non-using patients, were compared using independent
samples Mann-Whitney U nonparametric tests and independent sam-
ples t-test for non-normally and normally distributed continuous vari-
ables respectively. As the subfield volumes are highly correlated, we
usedmultivariate analysis of covariance (MANCOVA) with age, scan se-
quence, scan quality, and estimated total intracranial volume as covari-
ates to investigate a potential interaction effect between diagnosis and
cannabis use. Following a significant interaction effect, post hoc analysis
of variance (ANOVA)would be utilised to examine the effects of diagno-
sis and cannabis use status on individual hippocampal subfields. We
used Bonferroni correction for multiple comparisons with an adjusted
significance level of p < 0.006 in the post hoc analyses. Lastly, partial
correlational analyses were used to explore the relationship between
cannabis use and non-use, differences in hippocampal subfield volumes,
and select clinical parameters in the total group of patients.

3. Results

3.1. Characteristics of study sample

There were no significant differences between patients and controls
regarding age, education, ethnicity and urine cannabis test status
(Table 1). Patients and controls also did not differ in terms of current to-
bacco use, BMI (as a proxy for nutritional status) alcohol use, or age
when first used cannabis. However, a significantly higher proportion
of cannabis usingpatients used cannabis daily, compared to control can-
nabis users (p = 0.002). The clinical characteristics of cannabis using
compared to non-using patients are presented in Table 2. Cannabis
using patientswere significantly younger (p=0.005) and scored signif-
icantly lower on the SOFAS (p= 0.03) compared to non-using patients.
For the patients who had received antipsychotics prior to study entry,
therewere nodifferences for cannabis users and non-users respectively,
in the number of days on antipsychotic medication (6.2 ± 8.5 days vs.
4.2 ± 7.6 days) nor in total dose of antipsychotic medication
(1152.5 ± 1030.7 mg vs. 1642.7 ± 1617.1 mg Chlorpromazine
equivalence).

3.2. Effects of cannabis use and diagnosis on hippocampal subfield volumes

MANCOVA revealed a significant interaction between group (pa-
tient/control) and cannabis use (F(24,90)=2.301, p=0.003) adjusting
for age (F = 0.628, p = 0.9), scanner sequence (F = 6.081, p < 0.001),
scan quality (F = 1.104, p = 0.4), and estimated total intracranial vol-
ume (F = 5.608, p < 0.001) as covariates. Post hoc ANOVA analyses
are provided in Table 3 and revealed a significant group by cannabis
use interaction for the left and right subiculum, of which only the left
subiculum survived Bonferroni correction for multiple comparisons at
p = 0.002 based on 24 comparisons. Fig. 1 illustrates the interaction ef-
fectwherein cannabis non-using patients had decreased subiculumvol-
umes compared to cannabis using patients, while cannabis using
controls had decreased subiculum volumes compared to cannabis
non-using controls. Fig. 2 illustrates the volume comparisons for all of

Table 1
Demographic characteristics of study sample.

Patients
n = 63

Controls
n = 58

p

Age in years, mean (SD) 24.6 (6.7) 24.03 (7.1) 0.7
Education, mean (SD)a 9.9 (2.09) 10.31 (1.6) 0.5
BMI, mean (SD) 21.8 (3.67) 22.8 (4.9) 0.5
Tobacco current, n (%) 29 (46%) 27 (46.6%) 0.9
Alcohol use, n (%) 36 (57%) 47 (81%) 0.1
Alcohol use occasional 29 (46%) 44 (69.8%)
Alcohol dependence 1 (1.6%) 0
Alcohol abuse 6 (9.5%) 3 (5.2%)
Ethnicity, n (%) 0.5
Mixed ancestry 47 (74.6%) 45 (77.6%)
African 11 (17.5%) 7 (12.1%)
White 4 (6.4%) 6 (10.3)
Asian 1 (1.6%)

Recent/current cannabis use, n (%) 18 (28.6%) 16 (27.6%) 0.9
Lifetime history of cannabis use, n (%) 37 (58.8%) 29 (50%) 0.3
Age when first used cannabis, mean (SD) 15.8 (2.8) 17.4 (2.96) 0.6
Frequency of most use, n (%)b 0.002
Daily use 23 (36.5%) 6 (10.3%)
4/week 1 (1.6%) 0
3/week 2 (3.2%) 1 (1.7%)
Weekly 2 (3.2%) 1 (1.7%)
2-Weekly 0 1 (1.7%)
Occasional 1 (1.6%) 9 (15.5%)
Once 1 (1.6%) 5 (8.6%)

Reported no use but tested positive, n (%) 7 (11.1%) 6 (10.3%)
a Education = highest grade of school completed.
b Frequency reported for the time when cannabis was used actively, or frequency at

time of most use.
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the subfields between patient and control cannabis users and non-
users. Althoughwe also found a significant diagnosis by cannabis use ef-
fect in other subfields, these did not survive Bonferroni correction.

Additionally, we conducted a partial correlation analysis to assess
the effect of frequency of cannabis use on hippocampal subfield vol-
umes in the total group of 121 participants. We found that frequency
of cannabis use correlated positively with left CA 3 (r = 0.282, p =
0.043) when controlling for group (patient versus control) but not
with any of the other subfield volumes.

To further explore the relationships between hippocampal subfield
volumes and cannabis use, we conducted partial correlational analyses
in the total patient group (n = 63) for the hippocampal subfields and
the PANSS Total score, Positive, Negative, and General subscale scores
as well as the SOFAS and CDSS scores, controlling for age and cannabis
use (Table 4). There were significant negative correlations between

both the left (r2 = −0.262; p = 0.043) and right (r2 = −0.280; p =
0.030) subiculum and the PANSS Negative subscale. In addition, there
were significant correlations between the PANSS Negative subscale
and the right (r2 = −0.287; p = 0.026) presubiculum, the left (r2 =
−0.256; p = 0.048) and right (r2 = −0.261; p = 0.044) HATA, left
(r2 = 0.260; p = 0.045) fissure, right (r2 = −0.264; p = 0.042)
GCMLDG, and right (r2 = −0.272; p = 0.036) molecular layer. The
left (r2 = 0.263; p = 0.042) CA 3 and right (r2 = −0.369; p = 0.004)
fimbria correlated with the PANSS General subscale, whereas the right
(r2 = −0.285; p = 0.027) parasubiculum, right (r2 = −0.284; p =
0.028) HATA, and left (r2 = −0.368; p = 0.004) fissure correlated
with the SOFAS.

Lastly, in order to determine whether our findings were specific to
the hippocampal structures, orwhether theywere part of amore gener-
alised whole brain effect, we conducted an ANOVAwith total grey mat-
ter volume, adjusting for age, scanner sequence, and total intracranial
volume. A significant group (patient/control) by cannabis use interac-
tion effect was indeed observed (F(1,97) = 4.208, p = 0.04). We also
ran an ANOVA with subcortical volume, adjusting for age, scanner se-
quence, and total intracranial volume, and again found a significant in-
teraction effect for group by cannabis use (F(1, 97) = 4.105, p = 0.05)
neither of which survived correction for multiple comparisons.

4. Discussion

In this study, we examined the effect of cannabis use on hippocam-
pal subfield volumes in male patients with a first episode of a schizo-
phrenia spectrum disorder and matched healthy controls. Most
importantly, we found that cannabis use has differential effects on hip-
pocampal subfield volumes in patients with schizophrenia spectrum
disorder versus healthy controls. More specifically, our post hoc
analyses indicated that this interaction was observable in a number of
subfields, namely the left CA 4, left and right presubiculum, left
parasubiculum, right fimbria, left and right HATA, left GCMLDG, and
the left and right molecular layer, although our strongest finding was
in the subiculum, which remained significant after Bonferroni
correction. We also found some suggestion of a dose effect for cannabis
frequency of use on hippocampal volumes, although this was not

Table 2
Comparison of clinical characteristics between cannabis using and non-using patients
with schizophrenia spectrum disorders.

Cannabis using
n = 18

Cannabis non-using
n = 45

p

Age in years, mean(SD) 21.2 (4.03) 25.9 (7.1) 0.002
Diagnosis, n(%) 0.1
Schizophrenia, n(%) 12 (19%) 38 (60%)
Schizophreniform, n(%) 6 (10%) 7 (11%)
DUP weeks, mean(SD) 52.03 (79.1) 39.87 (44.02) 0.09
Treatment naïve, n(%) 9 (50%) 30 (66.6%) 0.2
Total days of AP use, mean(SD) 6.2 (8.5) 4.2 (7.6) 0.4
Total dose of AP in mg, mean(SD)a 1152.5 (1030.8) 1642.7 (1617.1) 0.4
PANSS Total, mean(SD) 90.6 (16.99) 89.7 (17.6) 0.9
PANSS Positive Total, mean(SD) 22.7 (4.6) 23.8 (5.1) 0.4
PANSS Negative Total, mean(SD) 27.3 (5.7) 23.8 (7.3) 0.08
PANSS General Total, mean(SD) 40.6 (10.3) 42.09 (8.7) 0.6
CGI Severity of Illness, mean(SD) 4.8 (0.9) 4.7 (0.8) 0.7
SOFAS, mean(SD) 41.1 (9.95) 48.04 (11.4) 0.03
CDSS, mean(SD) 2.6 (2.97) 2.4 (2.8) 0.8
a Chlorpromazine equivalent dose; DUP = duration of untreated psychosis in weeks;

AP = antipsychotic medication; PANSS = Positive and Negative Syndrome Scale;
CGI = Clinical Global Impressions; SOFAS = Social and Occupational Functioning Assess-
ment Scale; CDSS = Calgary Depression Scale for Schizophrenia.

Table 3
Comparison of hippocampal subfield volumes between cannabis using and non-using patients and controls.

Subfield SZ using SZ non-using HC using HC non-using F η2 pa

Left subiculum 436.545778 (47.6018429) 412.902778 (44.3141132) 396.356375 (42.0099841) 446.928595 (48.7024037) 14.596 0.114 p < 0.001
Right subiculum 434.231278 (45.7217642) 413.349756 (47.6796896) 405.391312 (49.7404226) 446.916071 (51.8874138) 9.204 0.075 0.003
Left CA 1 616.200056 (77.6242830) 612.283244 (77.5874863) 618.759625 (61.3585841) 647.020143 (74.3533835) 0.435 0.004 0.511
Right CA 1 646.720444 (68.1199121) 642.995844 (83.5532046) 622.024938 (63.1960528) 675.111548 (77.7045902) 2.208 0.019 0.140
Left CA 3 208.749889 (35.2483436) 204.489578 (26.9421217) 204.022875 (22.2787964) 218.091690 (27.6810956) 1.575 0.014 0.212
Right CA 3 236.632722 (44.3641146) 228.167756 (31.6244740) 218.118562 (27.9985800) 233.395810 (32.4850603) 2.441 0.021 0.121
Left CA 4 252.550667 (35.1986060) 248.023644 (25.1149022) 238.389750 (24.1733097) 261.018643 (25.7502191) 5.015 0.042 0.027
Right CA 4 271.692111 (46.3104370) 263.389667 (30.0168702) 252.179312 (30.9220844) 272.082976 (33.1679917) 3.721 0.032 0.056
Left presubiculum 302.829000 (40.0552327) 283.352756 (39.0262062) 287.505188 (31.5793864) 310.327500 (36.0466502) 6.142 0.052 0.015
Right presubiculum 293.745833 (31.1752965) 272.821956 (35.3990386) 284.765000 (34.9224284) 302.216762 (38.5385566) 6.343 0.053 0.013
Left parasubiculum 61.593672 (9.1178731) 54.436676 (10.3561038) 58.653719 (10.6541189) 62.020995 (9.6745701) 4.579 0.039 0.035
Right parasubiculum 61.128133 (8.9229681) 55.564429 (9.0331270) 56.843888 (10.1267424) 60.621343 (11.0551164) 3.526 0.030 0.063
Left fimbria 87.244883 (17.6646356) 80.082849 (19.9419939) 73.500219 (21.4474416) 84.114376 (18.1743360) 3.827 0.033 0.053
Right fimbria 77.314900 (16.4630466) 75.774707 (20.6736335) 61.780275 (14.7587192) 83.253817 (22.2147334) 7.401 0.061 0.008
Left HATA 64.261400 (9.6778744) 59.818811 (9.6298836) 60.792550 (6.8876663) 64.813762 (8.6882474) 4.199 0.036 0.043
Right HATA 67.836500 (11.2605704) 63.259136 (9.4260503) 60.104319 (7.5394879) 68.079807 (10.8540152) 8.523 0.070 0.004
Left hippocampal tail 534.582000 (61.4170255) 520.497089 (80.1219420) 515.111937 (48.3351332) 548.834476 (65.6124377) 2.209 0.019 0.140
Right hippocampal tail 567.404556 (82.9536099) 551.444778 (70.9722666) 574.955000 (67.8245803) 597.144357 (78.7446187) 1.476 0.013 0.227
Left fissure 151.439722 (23.8953600) 154.012469 (34.0036234) 166.819456 (39.5665273) 157.178779 (28.3498300) 1.528 0.013 0.219
Right fissure 154.145889 (22.8399615) 150.334111 (26.9540951) 152.568513 (31.9619591) 155.891269 (34.4450055) 0.351 0.003 0.555
Left GCMLDG 295.557833 (37.0224386) 288.947089 (29.5136216) 279.583188 (29.4153608) 305.559071 (29.0331410) 6.149 0.052 0.015
Right GCMLDG 312.906167 (49.1042510) 305.137267 (34.1233007) 293.648438 (33.5692568) 315.898310 (38.0599147) 3.376 0.029 0.069
Left molecular layer HP 558.049889 (56.4043035) 547.987489 (59.0711071) 543.607625 (49.0224496) 587.969214 (54.9829523) 4.513 0.038 0.036
Right molecular layer HP 581.721278 (62.8092840) 568.991378 (65.1304574) 555.073938 (54.4289854) 602.266952 (61.0582581) 4.836 0.041 0.030

HATA = hippocampal-amygdaloid transition area.
GCMLDG= granule cell layer of the dentate gyrus.

a Values not corrected for multiple comparisons.
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significant at the corrected alpha level. The similar pattern that we ob-
served for total grey matter volumes and subcortical grey matter vol-
umes was not significant at adjusted levels, suggesting that cannabis
has more pronounced effects on the hippocampus than other brain
areas. This may have important clinical implications for patients with
schizophrenia and related disorders. The significant correlations that
we found between the hippocampal volumes and the PANSS subscale
scores are in accordance with previous reports (Kühn et al., 2012;
Brambilla et al., 2018; Mamah et al., 2016), particularly with the
PANSS negative subscale (Kawano et al., 2015). This suggests that can-
nabis use may be associated with more severe psychopathology in
schizophrenia, and that its effects on hippocampal structures may
mediate this.

Our results in the cannabis non-using patients are consistent with
previous studies reporting reduced hippocampal volumes in schizo-
phrenia and other psychotic disorders compared with controls
(Wobrock et al., 2009; Malchow et al., 2013b; Arnold et al., 2014;
Brambilla et al., 2018). Moreover, the reduced subiculum volumes in
cannabis using compared to cannabis non-using controls are also con-
sistent with previous findings in general population samples with and
without cannabis use (Demirakca et al., 2011; Pagliaccio et al., 2015;
Yücel et al., 2015; Koenders et al., 2016; Gilman et al., 2018; Lorenzetti
et al., 2018). However, our finding of increased subiculum volumes in
cannabis using patients compared to cannabis non-using patients was
somewhat unexpected, given the previously reported finding of greater

grey matter volume reductions and ventricular enlargements in schizo-
phrenia patients who use cannabis compared to non-users (Rais et al.,
2008). On the other hand, our findings of increased subiculum volumes
in cannabis using patients are consistent with previous reports of in-
creases in other subcortical structure volumes such as the putamen in
patients with schizophrenia who use cannabis compared to non-users
(Koenders et al., 2015).

While it is difficult to relate structural imagingmeasures to underly-
ing cellular and molecular events, the increased volumes may reflect
structural plasticity which could involve remodelling of neuronal
processes rather than neurogenesis, or a potentially compensatory
increase in the number of non-neuronal cells (Zatorre et al., 2013).
The larger subiculum volumes in cannabis using patients could reflect
exacerbation of underlying hippocampal dysfunction in schizophrenia.
One possible mechanism is that of inflammation. There is accumulating
evidence that neuroinflammation plays a role in schizophrenia (Kahn
and Sommer, 2014), particularly in the acute phase of the illness
(Pasternak et al., 2016). Hippocampal subfields are differentially
affected by pro-inflammatory factors (Raz et al., 2015). Cannabis use
may aggravate this inflammatory response. Cannabis use has differen-
tial effects on inflammation, depending on the relative concentration
of its two main compounds. THC has pro-inflammatory effects, while
CBD has anti-inflammatory effects (Radhakrishnan et al., 2017). There-
fore, neuroinflammation could explain increased volumes in the early
stage of the illness, as this is associated with increased local blood

Fig. 1. The cannabis use by diagnosis interaction effect in the left and right subiculum.
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flow and vascular permeability, cytokine production, activation of mi-
croglia and infiltration of mobile cells of the immune system (Graeber
et al., 2011). In the longer term, chronic inflammation may however
be associated with volume reductions, as activated microglia produce
neurotoxic substances, including free radicals and proinflammatory cy-
tokines, whichmay damage neuronal and glial cells (Kahn and Sommer,
2014). This notion is consistent with findings reported by Rais et al.
(2008) who demonstrated more pronounced grey matter volume re-
ductions and greater ventricular increases in cannabis users with
schizophrenia over five years.

While we found a significant Bonferroni corrected difference in the
subiculum, uncorrected significance was also observed in the left CA 4,
left and right presubiculum, left parasubiculum, right fimbria, left and
right HATA, left GCMLDG, and the left and right molecular layer. Our
findings may therefore relate predominantly, but not exclusively, to
the subiculum. The subiculum is a major output structure of the hippo-
campus, receiving primary projection from CA1 and projecting out to a

number of cortical and subcortical targets (O'Mara, 2005; O'Mara et al.,
2001). Mammalian animal studies implicate the subiculum in the inhi-
bition of the hypothalamic-pituitary-adrenal (HPA) axis, suggesting
that it plays a key role in limiting HPA axis response to stress (O'Mara,
2005). Another proposed key function of the subiculum is processing
of information regarding space, movement, and memory (O'Mara,
2005). More recent publications suggest that the entorhinal cortex
layer five plays a crucial role inmemory formation; specifically with re-
call, memory updating, and retrieval-driven instinctive fear responses
(Roy et al., 2017).

Furthermore, the ventral subiculum has been implicated in fear
responses, stress, anxiety, and generation of motivated behaviour,
particularly in reward response (O'Mara et al., 2009). Reward process-
ing is known to be affected in both schizophrenia (Deserno et al.,
2016; Segarra et al., 2016) and in cannabis use (Lawn et al., 2016;
Volkow et al., 2017). Indeed, the subiculum may provide important
clues regarding the link between psychosis and cannabis use. The

Table 4
Partial correlations between clinical parameters and hippocampal subfield volumes in the total patient group.

Subfielda PANSS Positive PANSS Negative PANSS General CGI Severity SOFAS CDSS

LH subiculum r2 = −0.212;
p = 0.105

r2 = −0.262;
p = 0.043⁎⁎

r2 = −0.036;
p = 0.785

r2 = −0.163;
p = 0.214

r2 = −0.022;
p = 0.870

r2 = 0.090;
p = 0.496

RH subiculum r2 = −0.221;
p = 0.090

r2 = −0.280;
p = 0.030⁎⁎

r2 = 0.043; p = 0.745 r2 = −0.175;
p = 0.181

r2 = −0.069;
p = 0.601

r2 = 0.101;
p = 0.442

LH CA 1 r2 = 0.008;
p = 0.951

r2 = −0.173;
p = 0.187

r2 = 0.121; p = 0.356 r2 = −0.036;
p = 0.784

r2 = −0.179;
p = 0.170

r2 = −0.005;
p = 0.969

RH CA 1 r2 = −0.128;
p = 0.329

r2 = −0.183;
p = 0.162

r2 = 0.047; p = 0.724 r2 = −0.081;
p = 0.539

r2 = −0.122;
p = 0.353

r2 = 0.043;
p = 0.741

LH CA 3 r2 = −0.039;
p = 0.765

r2 = −0.033;
p = 0.802

r2 = 0.263;
p = 0.042⁎⁎

r2 = −0.103;
p = 0.433

r2 = −0.039;
p = 0.765

r2 = 0.035;
p = 0.792

RH CA 3 r2 = −0.074;
p = 0.572

r2 = −0.187;
p = 0.152

r2 = 0.213; p = 0.102 r2 = −0.141;
p = 0.282

r2 = −0.054;
p = 0.684

r2 = 0.145;
p = 0.268

LH CA 4 r2 = −0.038;
p = 0.775

r2 = −0.131;
p = 0.317

r2 = 0.154; p = 0.241 r2 = −0.130;
p = 0.321

r2 = −0.030;
p = 0.819

r2 = 0.033;
p = 0.802

RH CA 4 r2 = −0.084;
p = 0.525

r2 = −0.223;
p = 0.086

r2 = 0.192; p = 0.142 r2 = −0.141;
p = 0.281

r2 = −0.042;
p = 0.752

r2 = 0.107;
p = 0.415

LH presubiculum r2 = −0.117;
p = 0.375

r2 = −0.237;
p = 0.068

r2 = −0.082;
p = 0.535

r2 = −0.001;
p = 0.995

r2 = −0.148;
p = 0.258

r2 = 0.118;
p = 0.367

RH presubiculum r2 = −0.172;
p = 0.189

r2 = −0.287;
p = 0.026⁎⁎

r2 = 0.039; p = 0.765 r2 = −0.110;
p = 0.401

r2 = −0.058;
p = 0.661

r2 = 0.164;
p = 0.210

LH parasubiculum r2 = 0.015;
p = 0.912

r2 = −0.084;
p = 0.524

r2 = 0.006; p = 0.964 r2 = 0.009;
p = 0.943

r2 = −0.219;
p = 0.093

r2 = 0.074;
p = 0.576

RH parasubiculum r2 = 0.176;
p = 0.178

r2 = −0.044;
p = 0.737

r2 = 0.143; p = 0.275 r2 = 0.188;
p = 0.150

r2 = −0.285;
p = 0.027⁎⁎

r2 = 0.094;
p = 0.476

LH fimbria r2 = −0.048;
p = 0.716

r2 = −0.157;
p = 0.231

r2 = −0.094;
p = 0.477

r2 = 0.122;
p = 0.351

r2 = −0.136;
p = 0.299

r2 = 0.058;
p = 0.659

RH fimbria r2 = −0.077;
p = 0.557

r2 = −0.201;
p = 0.123

r2 = −0.369;
p = 0.004⁎⁎

r2 = 0.074;
p = 0.574

r2 = −0.093;
p = 0.482

r2 = −0.110;
p = 0.403

LH HATA r2 = 0.062;
p = 0.636

r2 = −0.256;
p = 0.048⁎⁎

r2 = −0.061;
p = 0.642

r2 = 0.012;
p = 0.929

r2 = −0.182;
p = 0.164

r2 = 0.110;
p = 0.404

RH HATA r2 = 0.156;
p = 0.233

r2 = −0.261;
p = 0.044⁎⁎

r2 = −0.095;
p = 0.469

r2 = 0.121;
p = 0.359

r2 = −0.284;
p = 0.028⁎⁎

r2 = 0.050;
p = 0.705

LH hippocampal tail r2 = −0.122;
p = 0.353

r2 = −0.125;
p = 0.340

r2 = −0.106;
p = 0.419

r2 = −0.161;
p = 0.218

r2 = 0.057; p = 0.663 r2 = −0.077;
p = 0.559

RH hippocampal tail r2 = 0.005;
p = 0.970

r2 = −0.155;
p = 0.237

r2 = 0.175; p = 0.180 r2 = −0.005;
p = 0.969

r2 = −0.133;
p = 0.310

r2 = −0.092;
p = 0.482

LH fissure r2 = 0.110;
p = 0.404

r2 = 0.260;
p = 0.045⁎⁎

r2 = 0.197; p = 0.132 r2 = 0.194;
p = 0.138

r2 = −0.368;
p = 0.004⁎⁎

r2 = −0.081;
p = 0.539

RH fissure r2 = 0.018;
p = 0.889

r2 = 0.214; p = 0.101 r2 = 0.233; p = 0.073 r2 = −0.077;
p = 0.559

r2 = −0.158;
p = 0.227

r2 = −0.019;
p = 0.883

LH GCMLDG r2 = −0.035;
p = 0.788

r2 = −0.182;
p = 0.164

r2 = 0.124; p = 0.344 r2 = −0.085;
p = 0.521

r2 = −0.092;
p = 0.485

r2 = 0.051;
p = 0.700

RH GCMLDG r2 = −0.103;
p = 0.434

r2 = −0.264;
p = 0.042⁎⁎

r2 = 0.159; p = 0.224 r2 = −0.134;
p = 0.309

r2 = −0.067;
p = 0.611

r2 = 0.101;
p = 0.441

LH molecular layer
HP

r2 = −0.115;
p = 0.380

r2 = −0.229;
p = 0.078

r2 = 0.091; p = 0.491 r2 = −0.104;
p = 0.430

r2 = −0.088;
p = 0.506

r2 = 0.045;
p = 0.731

RH molecular layer
HP

r2 = −0.165;
p = 0.208

r2 = −0.272;
p = 0.036⁎⁎

r2 = 0.073; p = 0.581 r2 = −0.156;
p = 0.235

r2 = −0.059;
p = 0.655

r2 = 0.078;
p = 0.556

LH & RH = left and right hemisphere.
HATA = hippocampal-amygdaloid transition area.
GCMLDG= granule cells of the dentate gyrus.

a Values not corrected for multiple comparison.
⁎⁎ Values significant at unadjusted p-value of p < 0.05.
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ventral subiculum is an important component in the neurobiology of
psychotic symptoms in schizophrenia, as it plays a key role in regulating
the firing of dopamine neurons, and adjusting the responsivity of the
dopamine system according to environmental cues and the needs of
the organism. It has been proposed that this function may be disrupted
in schizophrenia, with resultant overdrive of the dopamine system
(Grace, 2010). Cannabis use also impacts the dopamine system. THC,
the main psychoactive ingredient of cannabis, increases dopamine re-
lease and neuron activity in the short term,while long-term use is asso-
ciated with blunting of the dopamine system (Bloomfield et al., 2016).

Our study has several important limitations that restrict the
generalisability of our findings. First, this study focused on cannabis
use only, as it is themost common substance of illicit use in our popula-
tion (Dada et al., 2018). Resultantly, we could not address the effects of
polysubstance use in our sample. Secondly, we only included male par-
ticipants, as there were too few cannabis positive females in either our
patient 3(3.9%) or control 3(3.9%) groups. Thirdly, tobacco smoking
has been reported to affect hippocampal volume (El Marroun et al.,
2016), as has alcohol abuse (Mole et al., 2016). We did not consider to-
bacco smoking status in the primary analysis because all of the cannabis
users were also tobacco smokers; however, the distribution of smokers
and non-smokers was equal between patients and controls. Similarly,
the role of alcohol consumption was not considered in the present
study. The distribution of alcohol use was similar between patients
and controls (p= 0.1, Table 1) and only a small number of the cannabis
using patients (n = 5; 7.9%) and the cannabis using controls (n = 2;
3.4%) did not use alcohol. We did however conduct a partial correlation
analysis with alcohol use ever and hippocampal subfield volumes, con-
trolling for group (patient or control), and found no significant correla-
tions between any of the subfield volumes and alcohol use (p> 0.05). It
is therefore unlikely that alcohol use was the driver of our results.

Importantly, our ability to assess a dose effect for cannabis use on
hippocampal volumes is limited by the small subgroup numbers, and
the lack of detailed information on duration of use and potency of can-
nabis. Cannabis use during adolescence is associated with earlier onset
of a FES (Casadio et al., 2011; Myles et al., 2016) as well as a deleterious
effect on brain volumes (Epstein and Kumra, 2015; Alpár et al., 2016).
Higher levels of exposure are also associated with smaller hippocampal
volumes (Yücel et al., 2008; Cousijn et al., 2012; Yücel et al., 2015;
Lorenzetti et al., 2016; Lorenzetti et al., 2018). Finally, our categorisation
of cannabis users into recent/current and non-users meant that we
were unable to assess any enduring effects of previous cannabis use.

The strength of our study lies in the well-characterised nature of the
sample. Selection of first-episode patients whowere treatment-naïve or
minimally treated addressed the confounding effects of illness chronic-
ity andmedication status on hippocampal subfield volumes in cannabis
using compared to non-using patients. Also, inclusion of healthy con-
trols from the same catchment area allowed us to assess the illness spe-
cific effects of cannabis use. Finally, urine toxicology screening for
cannabis and other substances, together with patient- and carer- report
provided both objective and subjectivemeasures of our primary predic-
tor variable. This is important, given the potential risk of bias associated
with self-report only (Wilcox et al., 2013; Clark et al., 2016). Further-
more, our data regarding frequency of use, age when first used, as
well as the concordance of self and carer-report and urine toxicology
screening provide adequate history of use for the purposes of this
manuscript.

5. Conclusions

Our finding of differences in hippocampal subfield volumes in
cannabis using and non-using patients and controls highlight the
importance of considering the impact of cannabis use in both patient
and control populations. Specifically, the broad inclusion definition of
cannabis use employed by this study highlights the fact that even
occasional and discontinued use potentially has an impact on the

hippocampal structure. Furthermore, the increased subiculum volume
in cannabis using patients compared to cannabis non-using patients as
well as the clinical correlates with subfield volumes raises important
questions regarding the pathophysiology of schizophrenia and the role
of cannabis use therein. Further research is needed to explore thepoten-
tial mediating effects of cannabis use on hippocampal structure in the
pathophysiology and treatment outcome of FES patients. Future studies
should also investigate the effects of frequency, potency and composi-
tion of cannabis, aswell asmoderating genetic and other environmental
effects such as alcohol and tobacco use, on hippocampal subfields infirst
episode schizophrenia. Lastly, future longitudinal studies should also
look at changes in hippocampal subfield volumes over time, how
these are impacted by cannabis use, and how they relate to psychopa-
thology and clinical outcome.
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While acute cannabis use stimulates appetite, general population studies suggest that chronic use is associated
with reduced risk of obesity and other cardiometabolic risk factors. In this study we investigated changes in
bodymass index (BMI), fasting blood glucose and lipids, and rates ofmetabolic syndrome risk factors in cannabis
users vs. non-users in 109 minimally treated patients with first-episode schizophrenia, schizophreniform or
schizo-affective disorder who were treated according to a standardized treatment regime with depot antipsy-
chotic medication over 12 months. Participants underwent repeated urine toxicology tests for cannabis and
those testing positive at any time during the study (n= 40), were compared with those who tested negative
at all time points (n=69). There was a significant group*time interaction effect (p=0.002) with the cannabis
negative group showing a greater increase in BMI than the cannabis positive group, after adjusting for age, sex,
methamphetamine use andmodal dose of antipsychotic. Therewere no group*time interaction effects for fasting
blood glucose or lipids. Post hoc tests indicated significant increases in fasting blood glucose and triglycerides and
a decrease in high-density lipoprotein cholesterol for the cannabis negative group, with no significant changes in
the cannabis positive group. Rates of metabolic syndrome did not differ significantly between groups, although
more cannabis negative patients had elevated waist-circumference at endpoint (p = 0.003). It may be that
chronic cannabis use directly suppresses appetite, thereby preventing weight gain in users. However, other indi-
rect effects such as dietary neglect and smoking may be contributory and could explain our findings.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Acute cannabis use stimulates appetite and increases food intake
(Kirkham, 2009), and as such has been proposed as a treatment for
weight-loss in persons with cancer and HIV infection (Sansone and
Sansone, 2014). On the other hand, there is emerging evidence that
chronic cannabis use is associated with lower bodymass and fewer car-
diometabolic risk factors in general population samples, at least in
adults (Penner et al., 2013;Le Strat and Le Foll, 2011;Hayatbakhsh et
al., 2010;Smit and Crespo, 2001;Ngueta et al., 2015;Thompson and
Hay, 2015;Vidot et al., 2016). The situation may be different in adoles-
cents, where an associationwas reported between cannabis use and in-
creased body mass index (BMI) in two studies (Huang et al., 2013;Ross
et al., 2016), in younger girls only in another (Farhat et al., 2010), while

no association was found in two other studies (Jin et al., 2017;Rodondi
et al., 2006).

A link between cannabis use, body mass and cardiometabolic risk
factors is of particular interest in individuals with schizophrenia, given
both the high rates of cannabis use (Green et al., 2005) and the in-
creased risk of cardiometabolic comorbidities (Correll et al., 2017) asso-
ciatedwith this illness. Two known studies have addressed this possible
link. In the first, the association between cannabis use and changes in
metabolic syndrome risk factors over 9 to 24months of treatment was
investigated using data obtained from a treatment monitoring and out-
come survey in a Dutch cohort with severe mental illness (N=3169).
Patients were chronically ill (mean illness duration 14.4 [10.7] yrs)
and three-quarters were on antipsychotic medication prior to the
study. Cannabis users (determined by patient interview) had lower
BMI, smaller waist circumference, lower diastolic blood pressure, and
more severe psychotic symptoms than non-users at baseline. Patients
who stopped using cannabis after the first assessment had a greater in-
crease in BMI, waist circumference, diastolic blood pressure and triglyc-
eride concentrations than both the ongoing users and non-users. The
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authors concluded that extra attention should be paid to themonitoring
and treatment of metabolic measures in patients who discontinue their
cannabis use (Bruins et al., 2016). In the second study, an analysis of
data derived from an Australian psychosis survey reported that, in
adults with psychotic illness (N=1825), frequent cannabis usewas as-
sociated with reduced risk for individual metabolic syndrome criteria
(increased waist circumference, elevated blood pressure, triglycerides
and glucose and low HDL) (Waterreus et al., 2016).

In the present study, we compared longitudinal changes in BMI and
metabolic measures in patients with schizophrenia spectrum disorder
who tested positive versus thosewho tested negative for cannabis, dur-
ing the first 12 months of treatment. By selecting patients who were
previously never treated or minimally treated, and with a first-episode
of illness, we were able to minimise the effects of previous treatment
and disease chronicity. Furthermore, we treated the patients with a
long-acting injectable antipsychotic, thereby removing a confounding
effect of non-adherence and at the same time allowing accurate estima-
tion of treatment dose and duration.

2. Methods

This was a single-site cohort study. We obtained approval from the
Human Research Ethics Committee of Stellenbosch University Faculty
of Medicine and Health Sciences. The study was conducted in accor-
dance with the International Conference on Harmonization (1996)
guidelines on good clinical practice (GCP) and was registered at the
South African National Clinical Trials Register (DOH-27-0710-1957),
URL: www.sanctr.gov.za/SAClinicalTrials/tabid/169/ Default.aspx.

2.1. Participants

We recruited patients from first-admissions to psychiatric hospitals
and community clinics within the Cape Town region between April
2007 and March 2011. The patients and/or their legal guardians pro-
vided written, informed consent. Eligible participants were men and
women, in- or out- patients, aged 16 to 45 years, meeting Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV)
(APA, 1994) diagnostic criteria for schizophreniform disorder, schizo-
phrenia or schizo-affective disorder. Patients were excluded if they
had, during their lifetime, been exposed to N4 weeks of antipsychotic
medication, been treated with a long-acting injectable antipsychotic,
had a serious or unstable medical condition, intellectual disability or if
the psychotic episode was considered to be related to acute substance
intoxication.

2.2. Assessments

A physical examination was conducted at the start and completion
of the study. For the bodymass andwaist circumferencemeasurements,
patients removed all surplus clothing including shoes and socks. They
were weighed on a regularly calibrated electronic scale. Waist circum-
ference was measured between the lowest rib and the iliac crest with
patients standing upright and breathing normally. BMI was calculated
as the weight in kilograms divided by the square of height in meters.
Metabolic assessments comprised fasting glucose, high-density lipopro-
tein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, tri-
glycerides and total cholesterol. Patients fasted for at least 8 h
overnight and rested for 10 min prior to venepuncture. We recorded
BMI andmetabolic assessments at baseline andmonths 3, 6 and 12. Sys-
tolic and diastolic blood pressure were recorded at baseline and end-
point. Patients were categorised as meeting the metabolic syndrome
criteria, adapted from the Adult Treatment Panel (ATP III-A) as pro-
posed by the American Heart Association (Alberti et al., 2009). These
criteria comprise elevated blood pressure (systolic N130mmHg and/or
diastolic N85mmHg, or antihypertensive drug treatment), elevated tri-
glycerides (≥1.7 mmol/l or drug treatment for elevated triglycerides),

loweredHDL (≤1 mmol/l formen, ≤1.3 mmol/l forwomen or drug treat-
ment for reduced HDL), elevated fasting glucose (≥5.5 mmol/l or drug
treatment for elevated glucose), and central obesity as measured by
waist circumference according to population-specific definitions. We
made two adaptations to these criteria. First, we used awaist circumfer-
ence cut-off for central obesity of ≥90 cm for men and ≥80 cm for
women, as recommended by Matsha et al. (Matsha et al., 2013) based
on a study conducted in a similar population, in our catchment area.
Second, we used a threshold score of ≥6.1 mmol/l for defining impaired
fasting glucose, as recommended by the World Health Organisation
(World Health Organisation, 2006). Metabolic syndrome was defined
as abnormal values for any three of the five criteria. We assessed psy-
chosis symptom severity with the Positive and Negative Syndrome
Scale (Kay et al., 1987). Alcohol use was assessed using a self-report
questionnaire based on the CAGE criteria (Ewing, 1984). Urine toxicol-
ogy screening for cannabis and methamphetamine was conducted at 9
time-points over the 12 months of treatment (screening, weeks 0 and
2 and months 1, 2, 3, 6, 9 and 12). Patients were grouped as cannabis
positive if any of the post-screening tests were positive and as cannabis
negative if all of the post-screening tests were negative.

2.3. Treatment

We treated the patients according to a fixed protocol, with a long-
acting injectable antipsychotic, flupenthixol decanoate. Flupenthixol is
a high potency thioxanthene, whose receptor binding profile of D1-5
dopamine, 5-HT2, H1 histamine and alpha-1 adrenergic-antagonism is
not dissimilar to several second generation antipsychotics (de Wit,
2010). It has been associatedwith significant increases in BMI, waist cir-
cumference and triglycerides, and a decrease in HDL in patients with
first-episode schizophrenia (Chiliza et al., 2015). Flupenthixol
decanoate is widely available and remains a popular choice of psychia-
trists for treating psychosis (Shen et al., 2012). There was a one week
lead-in period with oral flupenthixol 1 to 3 mg/day followed by long
acting flupenthixol decanoate injections every two weeks for the
duration of the study. The starting dosewas 10 mg2-weekly. Additional
oral flupenthixol was prescribed at the discretion of the investigator.
Permitted concomitant treatment included lorazepam for sedation,
orphenadrine or biperiden for extrapyramidal symptoms, propranolol
for akathisia and medication for general medical conditions. Medica-
tions not permitted included other antipsychotics, mood stabilizers
and psychostimulants.

2.4. Statistical analyses

All participants with a baseline and at least one post-baseline mea-
sure were included in the analyses. For baseline demographic and clin-
ical group comparisons, we used independent samples t-tests for
continuous variables and chi-square test for categorical variables. Linear
mixed effect models for continuous repeated measures (MMRM) were
constructed to assess the changes in BMI and metabolic measures over
time. The model included fixed terms of age, sex, modal flupenthixol
dose, methamphetamine positive test, group (cannabis users vs canna-
bis non-users), time, and the interaction terms “gender*time” and
“group*time”. Where data were not normally distributed, the data
were log transformed. All tests were 2-tailed, with a significance level
of 0.05. Within analyses Fisher's Least Significant Difference (LSD)
tests were used for post-hoc multiple comparisons.

3. Results

Of 126 participants entered into the study, 109 had at least one post-
baseline assessment and were included in the analysis. Forty (37%)
tested positive for cannabis at least once after screening, and 69 (63%)
tested negative for cannabis at all post-screening assessments. Table 1
provides the baseline demographic, clinical and laboratory details for
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the two groups. The cannabis positive group was significantly younger
and included more men and more methamphetamine users, but the
groups did not differ in terms of BMI and metabolic measures. There
were also no significant group differences regarding the mean modal
flupenthixol dose and the duration of study treatment.

Fig. 1 shows the least squares mean BMI by MMRM over the 12
month treatment period for the cannabis positive and cannabis
negative groups. There was a significant group*time effect (F(3,
271) = 5.21, p = 0.001) with the cannabis negative group showing

a greater increase in BMI. There were no significant effects for age
(p = 0.2), sex (p = 0.9), modal flupenthixol dose (p = 0.5), meth-
amphetamine-positive test (p=0.09) and no significant gender*time
interaction (p=0.2). Additional MMRM analyses indicated that there
were no group*time effects for fasting blood glucose (F(3,273) = 0.98,
p= 0.4), HDL (F(3, 273) = 0.56, p=0.6), LDL (F(3, 273) = 0.61, p=
0.6), total cholesterol (F(3, 273)= 0.62, p=0.6) and triglycerides (F(3,
273)= 0.25, p=0.9). However, post hoc LSD tests (Table 2) indicated
significant baseline to month 12 increase in fasting blood glucose (p=
0.004), decrease in HDL (p= 0.0001) and increase in triglycerides in
the cannabis negative group (p=0.0005), with no significant changes
in the cannabis positive group.

The numbers (%) of patients from the two groupsmeeting individual
and full criteria for themetabolic syndrome are provided in Table 3. The
only significant group difference was that more cannabis negative pa-
tients (n = 25 [36%]) than cannabis positive patients (n = 4 [10%])
had elevated waist circumference values at endpoint (p=0.003).

4. Discussion

The present study is, as far as we are aware, the first to investigate
longitudinally the relationship between cannabis use and body mass
and metabolic measures in a first-episode schizophrenia cohort, and
the first in a relatively antipsychotic naïve group. Obesity and its
accompanying cardiometabolic complications are very common in
schizophrenia, with multiple factors potentially contributing to this in-
creased risk, including sedentary lifestyle (Brown et al., 1999) and
poor diet (Strassnig et al., 2003). Most importantly, antipsychotics are
major contributors, via their adipogenic and dysmetabolic effects
(Gohlke et al., 2012). Young people with limited exposure to antipsy-
chotic medication are particularly susceptible to these effects
(Alvarez-Jimenez et al., 2008), so that studying this population provides
a good opportunity to investigate underlyingmechanisms (Correll et al.,
2011).

The most important finding in this study was that patients with
schizophrenia who tested positive for cannabis during their first year
of treatment gained significantly lessweight than thosewho tested neg-
ative for cannabis. This finding was not explained by differences in sex,
age, comorbidmethamphetamine or alcohol use, treatment dose or du-
ration. In addition, because patients received long acting injectable anti-
psychotic treatment, we were able to rule out the possibility that non-
adherence among cannabis users could account for lack of weight gain.

Table 1
Demographic, clinical and laboratory characteristics of the cannabis positive and cannabis
negative groups with first-episode schizophrenia spectrum disorders.

Cannabis
positive
n = 40 (37%)

Cannabis
negative
n = 69 (63%)

p

Age in years, mean(SD) 22.03(4.31) 25.19(7.20) 0.01
Men, n(%) 35(88%) 44(69%) 0.007
Ethnicity, n(%) 0.46

Mixed ancestry 33(82%) 51(74%)
Black 5(13%) 10(14%)
White 2(5%) 8(12%)

DUP in weeks, mean(SD) 36.35(53.69) 30.53(35.53) 0.49
Diagnosis, n(%) 0.6

Schizophrenia 26 48
Schizophreniform 14 20
Schizoaffective 0 1

PANSS total score, mean(SD) 94.48(17.59) 95.96(15.83) 0.65
Methamphetamine positive, n(%) 21(53%) 12(17%) 0.0001
Alcohol abuse 1(3%) 3(4%) 0.6
Blood pressure (mmHg), mean(SD)

Systolic 121.25(12.65) 121.57(14.28) 0.9
Diastolic 78.0(9.85) 80.31(10.39) 0.25

BMI (kg/m2), mean(SD) 21.18(3.68) 22.09(3.97) 0.24
Glucose (mmol/l), mean(SD) 4.66(0.52) 4.84(0.78) 0.17
HDL (mmol/l), mean(SD) 1.10(0.49) 1.21(0.58) 0.29
LDL (mmol/l), mean(SD) 2.63(0.92) 2.72(0.91) 0.60
Triglycerides (mmol/l), mean(SD) 0.89(0.49) 0.88(0.53) 0.95
Cholesterol (mmol/l), mean(SD) 3.99(1.20) 4.36(1.00) 0.09
Waist circumference (cm), mean(SD) 75.45(11.64) 78.18(9.76) 0.26
Duration of study treatment in weeks,
mean(SD)

43.35(9.04) 40.38(12.53) 0.19

Modal flupenthixol dose, mean(SD) 12.88(4.06) 11.45(3.75) 0.07

DUP= duration of untreated psychosis; PANSS= Positive and Negative Syndrome Scale;
BP = blood pressure; BMI = body mass index; HDL= high density lipoprotein choles-
terol; LDL= low density lipoprotein cholesterol.
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Fig. 1. Least squares means BMI by mixed model repeated measures over the 12month treatment period for the cannabis positive and cannabis negative groups.
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Our findings are consistent with reports of reduced prevalence of
obesity in cannabis users in general adult population samples (Penner
et al., 2013;Le Strat and Le Foll, 2011;Hayatbakhsh et al., 2010;Smit
and Crespo, 2001;Ngueta et al., 2015;Thompson and Hay, 2015). Our
findings are also consistent with the reports of lower BMI in severely
mentally ill patients who use cannabis (Bruins et al., 2016). Further-
more, while there were no significant group*time effects for any of the
metabolic measures, the post-hoc tests suggested deteriorating profiles
in the cannabis negative group insofar as blood glucose and triglyceride
levels increased and HDL levels decreased, while the cannabis positive
group showed no significant changes. Finally, although there were no
significant differences in rates of metabolic syndrome, more of the can-
nabis negative group had elevated waist circumference at endpoint.
These results are consistent with the report of fewer metabolic
syndrome risk factors in psychotic patients who used cannabis
(Waterreus et al., 2016).

There are several possible explanations for our findings. First, it may
be that cannabis users neglect their diet. Indeed, cannabis use is associ-
ated with poor dietary intake among first episode psychosis samples
(Hahn et al., 2014). This may be particularly relevant in socio-econom-
ically disadvantaged communities such as the one from which our par-
ticipants were recruited where healthy food options are less accessible.

Second, the effects of other substances may be important as many
individuals who use cannabis use other substances as well (Jones et
al., 2017). In this regard, methamphetamine and tobacco smoking
may be important, given their appetite-suppressant effects (Heal et al.,
2013;Chiolero et al., 2008). Indeed, methamphetamine use is very com-
mon in the Cape Town area (Watt et al., 2014). In addition, alcohol con-
sumption is associatedwith reduced body-mass (Dumesnil et al., 2013).
We did not find an effect for methamphetamine use and only a few of
our patients reported abusing alcohol. However, we were unable to
rule out a role for tobacco smoking as we did not have reliable data. To-
bacco smoking has been reported to modify the association between
cannabis use and adiposity in young men (Dube et al., 2015), although
studies failed to find an effect for tobacco smoking in the relationship

between cannabis use and body mass in the general population (Le
Strat and Le Foll, 2011), as well as in psychiatric populations
(Waterreus et al., 2016;Bruins et al., 2016).

Third, it may be that, as reported by Bruins et al. (Bruins et al., 2016),
patients who discontinued cannabis use after the initiation of treatment
had low baseline BMI and subsequently a greater increase in BMI. We
assessed this possibility post-hoc by comparing the patients who re-
ported cannabis use in the 3months prior to the study but tested nega-
tive throughout the study (n= 8) with those who tested positive for
cannabis during the study (n=40). There were no differences in base-
line BMI (21.2[3.8] vs 21.2 [3.68]) or endpoint BMI (20.9 [3.0] vs. 22.7
[4.8]) respectively, between these groups.

Another possible factor is genetic susceptibility, whichmay mediate
the effect of cannabis use on BMI and metabolic syndrome risk. For ex-
ample, the AKT1 risk allele increases the risk of psychosis in cannabis
users, and carriers are also at greater risk of developing metabolic syn-
drome (Di Forti et al., 2012). However, another study found that AKT1
does not appear to mediate the effect of cannabis on BMI (Liemburg et
al., 2016).

Finally, the possibility that cannabis use reduces food intake by ap-
petite suppression should be considered. Such an association is consis-
tent with studies reporting reduced weight gain in diet-induced obese
rats fed a cannabis extract (Levendal et al., 2012;Cluny et al., 2015),
and animal and human studies indicating that endocannabinoids, acting
via cannabinoid (CB)1 receptors, help to regulate energy balance by
modulating hypothalamic circuits controlling food intake and energy
expenditure, thereby influencing glucose uptake, lipoprotein lipase
activity, lipogenesis and adipogenesis (Vettor and Pagano, 2009). How-
ever, the association between cannabis use and body weight is complex
andmay be influenced by neuroadaptive changes, insofar as it has been
reported that CB1 receptor downregulation and desensitisation in corti-
cal brain regions occurs in chronic cannabis users (Hirvonen et al.,
2012). Another possibility is that the cannabinoids obtained from
Cannabis sativa interact with CB1 and CB2 receptors in different ways.
For example, tetrahydrocannabinol (THC), the principal psycho-active
constituent of cannabis, is a CB1 and CB2 receptor partial agonist, and
cannabidiol, despite its low affinity for the CB1 receptors, has indirect ef-
fects against CB1 agonists via inverse agonism (Thomas et al., 2007).
Therefore, depending on both the cannabinoid composition and the
dose of the cannabis used, the overall effect may be either orexigenic
or anorexigenic.

Strengths of this study include the well-characterised sample of
first-episode patients with minimal exposure to previous antipsychotic
treatment, the longitudinal nature of the study, the frequent toxicology
screening tests, repeated assessments of BMI and metabolic measures
and the standardized, assured antipsychotic treatment. There are a
number of study limitations. First, we did not assess the frequency or
type of cannabis used, nor the effect of lifetime duration of cannabis
use. The latter may be important, given the finding that each year in-
crease in marijuana use was significantly associated with increased
risk of metabolic syndrome and hypertension (Yankey et al., 2016).
Thus, we could not evaluate any dose-related differences or

Table 2
Changes from baseline tomonth 12 for BMI andmetabolicmeasures for the cannabis pos-
itive and cannabis negative groups.

Cannabis negative Cannabis positive

Change mean (CI) pa Change mean (CI) pa

BMI (kg/m2) 3.97 (3.37, 4.56) 0.0001 1.3 (0.15, 2.75) 0.08
Glucose (mmol/l) 0.39 (0.12, 0.66) 0.005 0.05 (−0.7, 0.6) 0.9
HDL (mmol/l) −0.22 (−0.33,−0.11) 0.0001 −0.16 (−0.43, 0.1) 0.2
LDL (mmol/l) 0.07 (−0.1, 0.24) 0.4 −0.14 (−0.71, 0.43) 0.5
Triglycerides (mmol/l) 0.31 (0.13, 0.48) 0.0005 0.17 (−0.25, 0.58) 0.4
Cholesterol (mmol/l) −0.05 (−0.26, 0.15) 0.6 −0.13 (−0.77, 0.51) 0.5
Waist circumference
(cm)

8.47 (4.36,12,58) 0.0001 3.2 (−2.69, 9.1) 0.3

BMI= body mass index; HDL= high density lipoprotein cholesterol; LDL= low density
lipoprotein cholesterol.

a LSD tests.

Table 3
Number (%) of patients meeting individual and full metabolic syndrome criteriaa at baseline and at endpoint.

Baseline Endpoint

Cannabis+ Cannabis− Cannabis+ Cannabis−

Elevated WC (males ≥90 cm females ≥80 cm) 3 (8%) 10 (14%) 4 (10%) 25 (36%)⁎

Elevated triglycerides (≥1.7 mmol/l) 5(13%) 3 (4%) 7 (18%) 11 (16%)
Reduced HDL (males b1.0 mmol/l females b1.3 mmol/l) 24 (60%) 38 (55%) 27 (68%) 44 (64%)
Elevated BP (≥130 &/or ≥85 mmHg) 17 (43%) 31 (45%) 18 (45%) 31 (45%)
Elevated glucose (≥6.1 mmol/l) 1 (3%) 3 (4%) 1 (3%) 3 (4%)
Metabolic syndrome full criteria (meeting at least 3 criteria) 3 (8%) 8 (12%) 7 (18%) 14 (20%)

WC=waist circumference; HDL= high density lipoprotein cholesterol; BP= blood pressure.
a Metabolic syndrome criteria adapted from the Adult Treatment Panel (ATP III-A) criteria proposed by the American Heart Association (Alberti et al., 2009).
⁎ Chi-square p=0.003 for difference between cannabis positive and cannabis negative endpoint WC.
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cannabinoid composition variation which may have contributed to dif-
ferential effects. Second, the potential confounding effects of lifestyle,
diet and tobacco smoking were not assessed. However, in the Bruins
et al. study (Bruins et al., 2016), the association between metabolic
risk and cannabis use remained significant after correcting for both
baseline tobacco use and changes in tobacco use. Third, our findings
with flupenthixol decanoate may not necessarily be generalisable to
other antipsychotics. On the other hand, most antipsychotics are associ-
atedwithweight gain (Leucht et al., 2013) and flupenthixol is no excep-
tion (Chiliza et al., 2015). The sample was also relatively small. Thus,
while it was sufficiently powered to detect changes in BMI between
the groups it may not have been able to detect smaller scale changes
in lipid and glucose levels. Finally, longer term effects of cannabis be-
yond the first year of treatment were not assessed.

In conclusion, patients with schizophrenia spectrum disorders using
cannabis gained less weight than those not using cannabis during the
first year of antipsychotic treatment. Future longitudinal studies should
assess possible differential effects of dose and composition of cannabis
and a possible role for genetic susceptibility, as well as confounding ef-
fects of lifestyle, diet and comorbid substance use, in larger samples and
over a longer follow-up period. Given the concerns regarding its delete-
rious effects on mental health (Murray et al., 2016) and medical health
(National Academies of Science, 2017), cannabis is unlikely to be suit-
able as ameans of preventingweight gain associatedwith antipsychotic
treatment. However, determining the mechanisms by which cannabis
reduces weight gain may offer insight into developing suitable, safe ad-
juncts to antipsychotic treatment to address the cardiometabolic risk as-
sociated with schizophrenia.
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