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Background: There are inconsistencies in findings as to 
whether cannabis use has a negative impact on clinical out-
comes for people with established psychosis. Effects may be 
more evident on patients with recent onset psychosis. Aim: 
To investigate the relationship between cannabis use and 
clinical outcome, including whether change in cannabis use 
affects psychotic symptoms, affective symptoms, functioning 
and psychotic relapse in a sample of people in early psycho-
sis with comorbid cannabis abuse or dependence. Methods: 
One hundred and ten participants were examined prospec-
tively with repeated measures of substance use antecedent to 
psychopathology at baseline, 4.5, 9, and 18 months. We used 
random intercept models to estimate the effects of cannabis 
dose on subsequent clinical outcomes and whether change 
in cannabis use was associated with change in outcomes. 
Results: There was no evidence of a specific association 
between cannabis use and positive symptoms, or nega-
tive symptoms, relapse or hospital admissions. However, a 
greater dose of cannabis was associated with subsequent 
higher depression and anxiety. Change in the amount of 
cannabis used was associated with statistically significant 
corresponding change in anxiety scores, but not depression. 
Additionally, reductions in cannabis exposure were related to 
improved patient functioning. Conclusions: Reducing canna-
bis may be directly associated with improvements in anxiety 
and functioning, but not other specific symptoms.

Key words: psychosis/cannabis/substance use/dual 
diagnosis

Introduction

People with a schizophrenia diagnosis have higher rates of 
cannabis use than the general population: a meta-analysis 
of 35 studies from 16 countries reports a median lifetime 
rate of cannabis use disorders of 27.1% compared with 
the general population rate of only 8%.1 The possible 

detrimental effect of such widespread drug use in this pop-
ulation has been a major focus of research interest. There 
is now consistent evidence that cannabis is an independent 
risk factor for the development of psychosis,2 and that 
cannabis use is associated with earlier onset of psychotic 
illness,3 but the findings as to whether cannabis expo-
sure has a negative impact on clinical outcomes for those 
who have already developed a psychosis are less in agree-
ment. To examine causative effects, the systematic review 
of Zammit and colleagues4 focused exclusively on studies 
with longitudinal designs and where cannabis consump-
tion was assessed prior to the timing of the clinical out-
comes. Findings indicated that the most consistent links 
were between cannabis use and psychotic relapse,5–8 with 
2 studies also showing that cannabis use was associated 
with an increase in hospitalizations.7,9 However, evidence 
for associations between cannabis and psychotic or other 
specific symptoms is less robust. Three studies included 
in the Zammit et al review6,10,11 and a further 3 with lon-
gitudinal designs since published12–14 found reductions in 
cannabis status/use were associated with improved posi-
tive psychotic symptoms, while 2 studies from the review7,15 
and a further 3 recent studies16–18 failed to find associations.

The methodological issues that may contribute to these 
inconsistent findings have previously been noted.4,16 Most 
critically, many studies did not adjust for potential con-
founds known to be associated both with cannabis use 
and poorer clinical outcome, such as gender, sociodemo-
graphics, and medication adherence4; nor did they take 
account of other illicit drug use and alcohol consumption 
and baseline illness severity. In an earlier study of people 
with established psychosis,16 we controlled for these fac-
tors, employing a longitudinal design with time-lagged 
measures of psychopathology, use of cannabis and other 
substances, and adjusted for a wide range of confounds.16 
Additionally, we examined the frequency and amount of 
cannabis consumed in relation to outcomes, since if  there 
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is a relationship between cannabis and psychotic symp-
toms, it is likely to be dose related. Moreover, by cova-
rying previous cannabis use and previous symptoms, we 
were able to examine whether change in cannabis use pre-
dicted change in outcomes. We found that cannabis use 
had no effect on positive or negative or general psychotic 
symptoms, hospital admissions or relapses. We did find 
that greater cannabis exposure was associated with worse 
functioning, albeit with a small effect size.

The participants in our previous study were people with 
long established psychosis in contrast with the young, recent 
onset groups seen in the majority of studies cited above. We 
suggest that cannabis might have had a detrimental effect 
in the early stages of the illness but that further increases in 
consumption have no detectable impact, with consequences 
no longer reversible and/or ceiling effects operating such that 
further increases in consumption are not evident. A recent 
meta-analysis found that giving up substance use was asso-
ciated with significant improvement in symptoms and dis-
ability in early stage psychosis but not for later stages.19 
Hence the current study employs an 18-month longitudinal 
design and aims to examine the possibility that cannabis has 
an impact on clinical outcomes in young people with recent 
onset psychosis. We attempt to address the shortcomings 
of previous studies by not only examining cannabis dose, 
but also assessing the type of cannabis used to give a bet-
ter indication of consumption of ∆-9-tetrahydrocannabinol 
(THC), the primary psychoactive ingredient of cannabis.20 
Higher potency cannabis types containing higher levels of 
THC and lower cannabidiol (sinsemilla, “skunk”) are asso-
ciated with an increased risk of psychosis and an earlier 
psychosis onset.21,22 Furthermore, in addition to examining 
the impact of cannabis on psychotic symptoms, relapse, and 
functioning, we also examine its relationship to affective 
symptoms. In nonpsychotic samples, there is now increasing 
evidence that regular cannabis use is associated with anxi-
ety23 and may be associated with an increased risk for devel-
oping depressive disorders.24 While to date, 3 prospective 
studies of people with psychosis11,14,18 have found cannabis 
misuse was not associated with change in depression scores, 
the relationship of cannabis use to anxiety is less clear.

In summary, we examined the longitudinal relationships 
of cannabis use to a range of clinical outcomes in a large 
sample of people who were within 3 years of a psychosis 
diagnosis. We tested the specific hypotheses that greater can-
nabis dose (taking into account the estimate of THC con-
tent) would be associated with higher positive and anxiety 
symptoms; and that reduction in cannabis dose would be 
associated with reduction in these symptoms, after adjusting 
for potential confounds and antecedent symptom severity.

Methods

Participants and Design

One hundred and ten participants who met diagnostic cri-
teria for nonaffective psychotic disorder with comorbid 

cannabis abuse or dependence (DSM IV) were recruited 
from 5 Early Intervention Services in the North West of 
England, UK. Participants were initially recruited as part 
of a randomized controlled single blind trial of a psycho-
logical intervention25 where participants were allocated to 
receive either brief  (12 session) motivational interview-
ing with cognitive behavioral therapy (MICBT, n = 38); 
long (24 session) MICBT (n = 37), or treatment as usual 
(n  =  35). The current study reports secondary analyses 
of the data obtained from that trial. Additional inclusion 
criteria were as follows: aged 16–35; history of cannabis 
use of at least 1 day per week in at least half  the weeks in 
the 3 months preceding assessment; having stable accom-
modation (not street homeless or roofless); possessing 
sufficient English to reliably complete assessments; no 
significant history of organic factors implicated in the eti-
ology of psychotic symptoms and able to give informed 
consent.

After a complete description of the study, written 
informed consent was obtained by trained research assis-
tants. Diagnostic and substance use eligibility was con-
firmed using the Structured Clinical Interview for DSM 
IV Axis 1 disorders (SCID).26 A substance use checklist 
was used to determine frequency and amount of sub-
stance use, including alcohol. After screening, partici-
pants completed baseline assessment measures. Follow-up 
assessments were conducted at 4.5, 9, and 18 months and 
were conducted by trained assessors who were blind to 
treatment allocation. Ethical approval was granted by the 
North West Lancaster Research Ethics Committee (08/
H1015/82).

Measures

Cannabis Use. Frequency (percentage days used) and 
average daily weight per cannabis using day (grams) was 
assessed for the 3 months preceding baseline, 4.5-, 9-, 
and 18-month follow-up assessments using the Timeline 
Followback (TLFB) method.27 At each assessment, par-
ticipants were asked to report all cannabis use that had 
taken place during the previous 90 days. The TLFB has 
good reliability and validity in dual diagnosis popula-
tions,28,29 including in the current sample where hair anal-
ysis showed good agreement with self-reports.25 Prior to 
detailing cannabis use, participants were asked to state 
the type of cannabis used most frequently, describing its 
appearance (color and texture) and strength. Responses 
were categorized into high potency cannabis (skunk vari-
ants) or low potency (resin and hashish) based on potency 
data obtained from the UK Home Office Potency Study.30 
Participants were also asked to detail route of consump-
tion (eg, “joints” or “bongs”) and to estimate how much 
cannabis (in grams) went into each receptacle. For par-
ticipants whose use was described in joints and who could 
not provide an estimate of grams used we used the aver-
age amount for the sample: 0.3 g per joint. We took into 
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account the potency of the cannabis smoked by multiply-
ing the weight of the more potent types by 1.5 since the 
average THC content of skunk/sinsemilla found in the 
UK Home Office Potency Study was 15%, compared with 
5% for resin.

Other Substances. Frequency of use of all substances 
(percentage days used) was also calculated from the 
TLFB. Participants reported units of alcohol consumed 
in the 90  days prior to assessment and recounted con-
sumption of other illicit substances. Two binary variables 
were created from these data and entered as time-depen-
dent covariates (baseline, 4.5, 9, and 18 months) to adjust 
for use of substances other than cannabis: alcohol use 
above safe limits (exceeding 4 UK standard units on aver-
age per drinking day for men; 3 for women (1 unit = 10 ml 
pure ethanol) and any other illicit drug use.

Clinical Assessments. The Positive and Negative 
Syndrome Scales (PANSS)31 were used to assess positive, 
negative, and general psychopathology symptoms in the 
previous week. Global functioning was assessed using 
the Global Assessment of Functioning Scale (GAF).32 
Anxiety was assessed using the Beck Anxiety Inventory 
(BAI)33 and Depression using the Calgary Depression 
Scale for Schizophrenia (CDSS).34

Data on relapse and hospitalization was obtained 
from psychiatric case notes. Frequency and duration of 
relapses and hospitalization in the 9 months before base-
line and during the 18-month intervention and follow-up 
period was recorded. Relapse was defined as an exacerba-
tion of psychotic symptoms that lasted for longer than 2 
weeks and resulted in a change in patient management 
(increased observation by the clinical team; increase in 
antipsychotic medication or both). The start and end date 
of each relapse was recorded along with verbatim extrac-
tions from the notes detailing changes in symptoms and 
clinical management. Start and end date of all hospital 
admissions for psychiatric purposes were also recorded. 
Admissions for preplanned changes in medication were 
not included.

Case note review was also used to determine antipsy-
chotic medication at baseline (type and dose) and this 
information was transformed into chlorpromazine equiv-
alents in milligrams.

Assessors rated 10 “gold standard” video-recorded 
PANSS interviews before conducting trial assessments. 
Mean intraclass correlations coefficients (ICCs) indicated 
excellent interrater reliability: positive subscale 0.87; neg-
ative 0.86; general 0.87; total 0.89; and for the GAF: 0.94. 
Ratings were monitored throughout the trial and ICCs 
remained high: positive subscale 0.90; negative 0.85; gen-
eral 0.90; total 0.95. Assessors extracted hospitalization 
and relapse data from 6 test cases prior to accessing par-
ticipant case notes. Interrater reliability across assessors 
was excellent with 100% agreement on admission (yes/

no); number of admissions and numbers of weeks in 
admission. ICCs for relapse variables were also high with 
0.86 obtained for relapse (yes/no) and 0.97 for number of 
relapses.

Additional Covariate Assessments. Demographic infor-
mation (age, gender, living arrangements, ethnicity, 
education, employment, socioeconomic status) was col-
lected at baseline via self-report. Additionally, the Drug 
Attitude Inventory (DAI) was used as a proxy measure 
for compliance with prescribed antipsychotic medica-
tion.35 The DAI has been criticized on validity grounds, 
but does correlate well with a more recent self-report 
compliance measure.36

Data Analysis

All statistical analyses used Stata version 13.0 using the 
“xtlogit” or “xtreg” commands with mle option. We used 
the measurement of cannabis consumption in the previ-
ous 90 days (grams per cannabis using day) derived from 
the TLFB (figure  1) to estimate the effect of cannabis 
use on subsequent clinical outcomes for symptoms and 
functioning.

Random intercept models were used to produce an 
average estimate of the linear correlation between canna-
bis use and each outcome across all 4 time periods (base-
line, 4.5, 9, and 18  months) taking the within-subject 
correlation into account. For relapses and hospital admis-
sions (yes/no between 0–9 months, and 9–18 months), the 
effect of cannabis use in the 90  days prior to the start 
of the relevant time period was examined, and random 
intercept logistic models were used to combine the effects 
observed at both time points.

For the analysis to assess whether change in cannabis 
use was associated with change in symptoms, we excluded 
the measures at 4.5 months and calculated change scores 
between baseline and 9 months, and 9 and 18 months so 
that the change was over a constant period. Change in 
outcome was then included as the dependent variable in 
the random intercept models, with change in cannabis 
use as the explanatory variable.

All analyses were performed first without adjusting for 
covariates and then with adjustment for the following set 
of baseline and time-varying covariates: treatment group, 
age, gender, stable living, ethnicity, higher education, 
employment, socioeconomic status, drug attitude inven-
tory, alcohol use above safe levels (at each time point), 
any other substance use (at each time point). In addition, 
when considering relapse and admissions as outcomes, 
we adjusted for baseline measures of these.

Random intercept models were used because cannabis 
use and the clinical outcomes were repeated measures 
and therefore not independent within each person. The 
regression coefficients from these models can be inter-
preted as in a standard linear or logistic regression, where 
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having a 1 unit increase in the cannabis use variables is 
associated on average with having higher or lower out-
comes corresponding to the coefficients reported in the 
tables below. Table 1 shows how a 1 g increase (approxi-
mately 3 joints) in the average daily amount of cannabis 
is associated on average with having higher or lower out-
comes corresponding to the coefficients reported.

Using maximum likelihood as our estimation approach 
uses all available data, which allows for nonmonotonic miss-
ingness under a missing at random assumption, conditional 
on the variables in the model. The total number of observa-
tions in the model becomes the total number of observed 
outcomes and predictors on all participants at each study 
assessment point and so varies according to outcome being 
analyzed. In addition, the adjusted analysis has fewer obser-
vations when there is also additional missingness in the 
independent variables. The number of participants and 
observations included in the unadjusted and adjusted mod-
els are shown with the results in tables 1 and 3.

Results

Participants

A total of 110 participants were included in the analyses. 
Data on cannabis use was collected for 83 participants 
(75.5%) at 4.5 months, 79 (71.8%) at 9 months, and 75 
(68.2%) at 18  months. Table  2 presents demographic, 
psychiatric, and substance use information obtained 
from participants at baseline. Participants were largely 
male, aged in their mid-20s and unemployed. Mean his-
tory of psychosis was less than 18 months and history of 
cannabis use was approximately 10 years. The majority 
met criteria for cannabis use dependence. Eighteen were 
using alcohol above safe limits (with 10 of these meeting 
abuse or dependence criteria according to the SCID) and 
20 were using other substances in addition to cannabis 
and alcohol (namely cocaine; stimulants; sedatives; and 
hallucinogens).

Amount and Stability of Cannabis Use

The mean frequency of cannabis use was 65% of days 
in the preceding 90 days (SD 30%) equating to 4–5 days 
use per week. Average amount of cannabis used per using 
day (uncorrected) was 1.3 g, equating to approximately 
4 joints per day. Corrected for type of cannabis, average 
daily use was 2.3 g, equivalent to 7–8 “standard” joints 
per day. Reductions in average daily cannabis consumed 
were found in 55.4% (46/83) of participants at 4.5 months 
follow-up, 59.5% at 9  months (47/79), and 63.2% at 
18 months (48/76).

Is Cannabis Use Related to Clinical Outcomes?

Average daily weight of cannabis use was associated 
with PANSS negative and general symptoms, depression, 
and anxiety in the unadjusted analyses such that greater 
amounts of cannabis use were associated with more severe 
symptoms. After adjustment for covariates, relationships 
between cannabis dose and PANSS general symptoms, 
depression and anxiety remained (table 1). There were no 
significant associations between cannabis use and posi-
tive symptoms; functioning; relapse; or admission.

Does Change in Cannabis Use Predict Change in 
Clinical Outcomes?

Change in cannabis use did not significantly predict 
change in PANSS symptom measures in either the unad-
justed or adjusted analyses (table 3). In the adjusted but 
not the unadjusted analyses, changes in anxiety and func-
tioning were associated with changes in cannabis use: an 
increase in cannabis use predicted greater anxiety and 
poorer functioning.

We additionally explored whether abstinence from 
cannabis was associated with change in clinical outcomes 
by examining whether there was a significant difference 
between the abstinent group and the still using group by 

Fig. 1. Repeated assessment of cannabis use, outcomes, and covariates. Adapted from Barrowclough et al.16 
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including this variable as the cannabis use variable in the 
above models. There were 24 occasions when participants 
were abstinent (20 participants) for the 90 days preceding 

clinical assessment. Abstinence from cannabis on these 
occasions was related to improved global functioning 
in both the unadjusted and adjusted analyses (adjusted 
coefficient = 4.95, 95% CI = 0.46–9.44, P < .05).

Discussion

Contrary to our prediction, in this sample of people with 
recent onset psychosis, we found no evidence of a specific 
association between cannabis use and positive symptoms. 
The analyses took account of an estimate of THC content 
consumed and we did find associations between a greater 
amount of cannabis used and more affective symptoms 
for both observer rated affective symptoms (PANSS 
general symptoms) and self-reports of both depression 
and anxiety. There was a significant relationship between 
dose of cannabis and subsequent severity of these symp-
toms over the 18-month period of study. Increase in the 
amount of cannabis used was associated with a statisti-
cally significant increase in anxiety scores, but not depres-
sion. We also found that reductions in cannabis exposure 
were associated with increased patient functioning. There 
were no relationships between cannabis use and relapse 
or admissions, and the positive association between nega-
tive symptoms and cannabis was not evident once covari-
ates were taken into account.

Our finding that cannabis dose was not related to posi-
tive symptoms is consistent with the results of our previ-
ous study,16 which used the same analyses strategies but 
was conducted with a sample of somewhat older psycho-
sis patients (means 35 vs 24) who had a history of psy-
chosis of over 10 years. In the current sample of younger 
patients, the length of illness was typically just over 1 year, 
but inspection of the profiles of the participants in the 2 
studies indicates that there were few differences in terms 
of symptomatic, substance use, or other demographic 
variables. Thus, our findings do not provide support for 
the contention that cannabis might have a more detri-
mental effect on positive symptoms in the early stages of 
the illness. Six previous longitudinal studies with time-
lagged designs and recent onset samples found changes 
in cannabis status/use associated with positive psychotic 
symptoms6,10–14 and 3 failed to find associations.7,15,17 Two 
further studies including people with more established 
illness16,18 showed no association between cannabis use 
and severity of psychotic symptoms. We have previously 
noted that methodological differences may be responsible 
for the inconsistencies in findings in this area, including 
failure to adequately examine the impact of dose and 
type of cannabis, the limited adjustment of potential 
confounds in some studies, and differences in statisti-
cal methodologies.16 Moreover, the sample of cannabis 
users in our current study was larger than the majority 
of previous studies, and for previous larger sample stud-
ies, only 2 assessment points were included.12,13 It should 
be noted, that while our results do not demonstrate 

Table 2. Demographic, Psychiatric History, and Baseline 
Substance Use Variables

N (%)

Age in years, mean (SD) 24.2 (5.0)
Gender: male 98 (89.1)
Living arrangements
 Alone/house-share/hostel 44 (40.0)
 With partner or family 66 (60.0)
Ethnicity
 White 102 (92.7)
 Black and minority ethnic 8 (7.3)
Attended higher education 56 (50.9)
Employment
 Unemployed/retired 89 (80.9)
 Employed/self-employed 8 (7.3)
 Student 13 (11.8)
History of psychosis (months),  

median (range)
15.4 (1.4–59.8)

Duration of untreated psychosis  
<4 months

40 (36.4)

Antipsychotic medication  
(CPZ equivalence), median (range)

200 (0–800)

Compliant with medication (DAI) 85 (77.3)
Baseline diagnosis (SCID-I)
 Schizophrenia 54 (49.1)
 Schizophreniform 9 (8.2)
 Schizoaffective 13 (11.8)
 Delusional disorder 9 (8.2)
 Substance-induced psychosis 6 (5.5)
 Psychotic disorder not otherwise specified 19 (17.3)
PANSS, mean (SD)
 Positive 15.0 (4.2)
 Negative 14.1 (4.8)
 General 34.1 (7.1)
Depression (CDS), mean (SD) 7.0 (4.7)
Anxiety (BAI), mean (SD) 17.4 (11.9)
Global functioning (GAF), mean (SD) 37.3 (9.0)
Relapsed (9 months pre-baseline) 51 (46.4)
Admitted (9 months pre-baseline) 23 (20.9)
History of cannabis use (years), mean (SD) 10.0 (5.1)
Substance use disorder (SCID-I)
 Cannabis abuse 10 (9.1)
 Cannabis dependence 100 (90.9)
 Alcohol abuse 7 (6.4)
 Alcohol dependence 3 (2.7)
Substance use, mean (SD)
 Percentage days cannabis use in last 90 65.2 (30.5)

Average amount of cannabis  
used per using day (grams), uncorrected

1.7 (1.5)

 Percentage days of use of all substances 71.8 (27.0)
Alcohol use above safe limits 18 (16.4)
Polysubstance use (use of substances other 

than alcohol or cannabis)
20 (18.2)

Note: CPZ, chlorpromazine; DAI, Drug Attitude Inventory; 
SCID, Structured Clinical Interview for DSM IV Axis 1; PANSS, 
Positive and Negative Syndrome Scale; CDS, Calgary Depression 
Scale; BAI, Beck Anxiety Inventory; GAF, Global Assessment of 
Functioning Scale.
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any ongoing associations between cannabis and posi-
tive symptoms, they do not rule out the possibility that 
cannabis had already had a negative impact on these 
symptoms, either directly or indirectly, with irreversible 
consequences. In contrast to the negative findings regard-
ing positive symptoms, our study found that there were 
associations between the absolute levels of cannabis con-
sumed and both anxiety and depression symptoms over 
the 18 months of the study. Using the measurement lag 
in the continuous cannabis measure to predict symptom 
severity at each time point and averaging the effects over 
the 3 assessment time points, we found that when can-
nabis levels were higher, people were experiencing subse-
quent higher affective symptoms. While in non-psychotic 
samples, there is now increasing evidence that regular 
cannabis use is associated with depression,24,37–39 3 pre-
vious studies that have examined longitudinal relation-
ships between cannabis use and depression in people with 
psychosis had negative findings.11,14,18 One study18 had a 
relatively small sample of cannabis users (n = 68); one14 
used a simple binary classification of cannabis use in 
participants (users vs nonusers) to predict future symp-
toms using varying time intervals; and another11 did not 
account for the dose of cannabis. Moreover, none of 
the studies accounted for the difference in potencies of 
cannabis type. Hence, we would argue that our results 
regarding the association of cannabis use with depres-
sion are more valid than the findings of previous studies. 
The change analysis indicated that reducing cannabis is 
unlikely to lead to an improvement in depressive symp-
toms, and this is consistent with current evidence of links 
between cannabis and mood. There is little research evi-
dence supporting the biological hypothesis that canna-
bis use causes changes in neurotransmitter systems that 
are linked to depressed mood, and better support for the 
effects of cannabis on mood being socially mediated by 
a complex range of factors.37 Hence, reduction in canna-
bis alone would be unlikely to resolve depressed mood 

in people with psychosis, who often face many social 
problems. On the other hand, although the relationship 
between cannabis and anxiety is complex and dose and 
type related, THC induces anxiety.23 Thus, when control-
ling for consumption of THC, we are more likely to see 
reduction in cannabis associated with an improvement in 
anxiety symptoms, as seen in this study.

Cannabis use was associated with an improvement in 
general functioning, a finding that was also evident in 
our earlier study with a sample of patients with longer 
illness history.16 The GAF is a measure of overall psycho-
social functioning. We have previously suggested that the 
association of cannabis use with this general function-
ing measure may indicate that the impacts of cannabis 
on people with psychosis are quite complex and variable. 
While not all the cannabis-related effects are detectable in 
specific symptom measures when examining population-
level effects, cannabis may contribute to poorer function-
ing by a variety of mechanisms at the individual level.

One major advantage of the current study is that we 
were able to take account of the differing THC content in 
the types of cannabis participants reported. We were also 
able to analyze both the weight and frequency of can-
nabis used and had measures which supported the valid-
ity of the self-reports of consumption. Hence, we were 
able to take account of cannabis dose much more accu-
rately than previous studies. Additionally, as previously 
emphasized, our study took account of a wide range 
of potential confounds and conducted both associative 
and change time-lagged analyses. In terms of limitations, 
we note that we examined only the relatively long-term 
and durable consequences of cannabis use. The transient 
impacts of cannabis on both psychotic symptoms and 
anxiety have been demonstrated in experimental stud-
ies.40,41 Our sample size of cannabis users was relatively 
large compared with previous studies, but may have had 
insufficient power to detect significant effects on clini-
cal outcomes from drug use where these were small. The 

Table 3. Association Between Change in Cannabis Use and Change in Clinical Outcomes

Dependent Variable

Coefficient of Cannabis Measure for Average Daily Weight (g)

Unadjusted (95% CI); N (obs)a Adjusted (95% CI); N (obs)a

PANSS positive −0.09 (−0.43, 0.25); 69 (130) −0.12 (−0.45, 0.22); 65 (123)
PANSS negative 0.31 (−0.02, 0.64); 69 (130) 0.28 (−0.04, 0.61); 65 (123)
PANSS general 0.46 (−0.21, 1.13); 69 (130) 0.54 (−0.12, 1.19); 65 (123)
PANSS delusions −0.08 (−0.21, 0.05); 69 (130) −0.10 (−0.23, 0.04); 65 (123)
PANSS hallucinations 0.04 (−0.08, 0.16); 69 (130) 0.05 (−0.07, 0.18); 65 (123)
Depression −0.06 (−0.48, 0.37); 70 (132) 0.09 (−0.32, 0.51); 66 (125)
Anxiety 1.07 (−0.03, 2.16); 73 (135) 1.27 (0.12, 2.42); 68 (127)*
Functioning −1.01 (−2.07, 0.06); 70 (131) −1.29 (−2.33, −0.23); 66 (124)*

Note: PANSS, Positive and Negative Syndrome Scale.
aN refers to the number of participants included in the model, obs refers to the number of observations included in the model (repeated 
within participant).
*P < .05.
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calculation of the THC content was only a best estimate, 
gauged from self-report of both the amount and type 
of cannabis consumed. Future research should seek to 
determine the exact content of the cannabis consumed.

In conclusion, the findings from this methodologically 
robust study indicate that cannabis has no direct impact 
on the positive symptoms of psychosis in the early phase 
of psychosis. However, during this recent onset period, 
greater exposure to cannabis is associated with higher 
levels of depression, possibly mediated by social factors; 
and reducing cannabis may lead to direct improvements 
in anxiety symptoms and better functioning. Future stud-
ies with larger samples are required to replicate and take 
forward this clinically important area of study.
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