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Background
Substance use is more prevalent among unemployed subjects compared to employed
ones. However, quantifying the risk subsequent of job loss at short-term according to substance use remains underexplored as well as examining if this association persist across
various sociodemographic and occupational positions previously linked to job loss. We
examined this issue prospectively for alcohol, tobacco, cannabis use and their combination,
among a large population-based sample of men and women, while taking into account age,
gender, overall health status and depressive symptoms.
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Methods

Copyright: © 2019 Airagnes et al. This is an open
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Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

From the French population-based CONSTANCES cohort, 18,879 working participants
were included between 2012 and 2016. At baseline, alcohol use disorder risk according to
the Alcohol Use Disorders Identification Test (mild, dangerous, problematic or dependence),
tobacco (non-smoker, former smoker, 1–9, 10–19, >19 cigarettes/day) and cannabis use
(never, not in past year, less than once a month, once a month or more) were assessed.
Employment status at one-year (working versus not working) was the dependent variable.
Logistic regressions provided Odds Ratios(OR(95%CI)) of job loss at one-year, adjusting
for age, gender, self-reported health and depressive state (measured with the Center
of Epidemiologic Studies Depression scale). Stratified analyses were performed for education, occupational grade, household income, job stress (measured with the Effort-Reward
Imbalance), type of job contract, type of work time and history of unemployment. In sensitivity analyses, employment status over a three-year follow-up was used as dependent
variable.

Data Availability Statement: Personal health data
underlying the findings of our study are not
publicly available due to legal reasons related to
data privacy protection. However, the data are
available upon request to all interested researchers
after authorization of the French "Commission
nationale de l’informatique et des libertés". The
persons to contact are Dr. Marie Zins (rf.
mresni@sniz.eiram) or Pr. Marcel Goldberg (rf.
mresni@grebdlog.lecram).
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Marijuana use trends among college students in states
with and without legalization of recreational use: initial
and longer-term changes from 2008 to 2018
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ABSTRACT

Background and aims Young adult college students in the United States are likely to be affected by marijuana liberalization trends. However, changes in students’ marijuana use following recreational marijuana legalization (RML) have not
been examined in more than one RML state at a time, or beyond 1–2 years post-legalization. Design Cross-sectional National College Health Assessment survey administered twice yearly from 2008 to 2018. Setting A total of 587 4-year
colleges and universities in 48 US states. Participants Undergraduates aged 18–26 years attending college in US states
that did (n = 234 669 in seven states) or did not (n = 599 605 in 41 states) enact RML between 2008 and 2018.
Measurements Self-reported marijuana use (past 30 days) and individual and contextual covariates, institutionprovided institutional and community covariates and publicly available dates when states enacted RML.
Findings Adjusting for covariates, state differences and state-speciﬁc linear time trends (accounting for pre-RML trends),
prevalence of 30-day marijuana use increased more among students exposed to RML [odds ratio (OR) = 1.23, 95% conﬁdence interval (CI) = 1.19–1.28, P < 0.001] than among non-RML state students throughout the same time-period; the
results were similar for frequent use (≥ 20 days) (OR = 1.18, 95% CI = 1.10–1.27, P < 0.001). Interaction models supported stronger RML effects among students who were female, residing off-campus and aged 21 years and older; sexual
orientation did not moderate RML effects. In the earliest states to enact RML (2012) there were increases in use prevalence
in the second through the sixth year post-RML compared to pre-RML. In the second legalization group (2015) there were
increases in the ﬁrst and second year post-RML, and greater increases in the third year. In the later states (2016–17), increases were observed in both years after RML. Conclusions In US states that enacted recreational marijuana legislation
from 2012 to 2017 there was evidence for a general trend towards greater increases in marijuana use by college students
and differential impact by gender, legal using age and campus residence.
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INTRODUCTION
Seven years after states ﬁrst passed recreational marijuana legalization (RML) in the United States, the effects
of these laws on the prevalence of marijuana use are not
well understood. There is particular interest in how RML
may be impacting adolescents and young adults. During
this developmental period, experimentation, onset of regular use and escalation to problem use often occur and
show peak prevalence [1–3]. Additionally, the negative
academic and employment consequences of marijuana
© 2019 Society for the Study of Addiction

use can be observed in these age groups [4–6], perhaps
because brain areas and functions sensitive to cannabis
are still rapidly maturing [7]. Young people may be particularly susceptible to the policy environment, as genetic
factors account for fewer than half of the variations in
marijuana and other substance use in early adulthood
[8] and are attenuated by legislative, institutional and interpersonal controls [9]. The impact of the marijuana
policy context is evident, for example, in the observation
that the prevalence of marijuana use among young people varies markedly by US region, is higher in states that
Addiction
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a b s t r a c t
The laws governing cannabis are evolving worldwide and associated with changing patterns of use. The main
psychoactive drug in cannabis is Δ9-tetrahydrocannabinol (THC), a partial agonist at the endocannabinoid CB1
receptor. Acutely, cannabis and THC produce a range of effects on several neurocognitive and pharmacological
systems. These include effects on executive, emotional, reward and memory processing via direct interactions
with the endocannabinoid system and indirect effects on the glutamatergic, GABAergic and dopaminergic systems. Cannabidiol, a non-intoxicating cannabinoid found in some forms of cannabis, may offset some of these
acute effects. Heavy repeated cannabis use, particularly during adolescence, has been associated with adverse effects on these systems, which increase the risk of mental illnesses including addiction and psychosis. Here, we
provide a comprehensive state of the art review on the acute and chronic neuropsychopharmacology of cannabis
by synthesizing the available neuroimaging research in humans. We describe the effects of drug exposure during
development, implications for understanding psychosis and cannabis use disorder, and methodological considerations. Greater understanding of the precise mechanisms underlying the effects of cannabis may also give rise to
new treatment targets.
© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Abbreviations: ACC, Anterior cingulate cortex; ASL, Arterial spin labelling; BOLD, Blood-oxygen-level dependent; CBD, Cannabidiol; CBF, Cerebral blood ﬂow; CB1R, Endocannabinoid
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Objectives: Liberalization of marijuana laws in Colorado contributed to increases in cannabis-related adverse events
over time. We examined characteristics of patients with healthcare encounters possibly related to cannabis and
assessed the temporal association between legalization of recreational marijuana and healthcare encounters possibly
attributed to cannabis.
Methods: Annual encounter rates possibly related to cannabis and alcohol were compared using negative binomial
regression. Two-time intervals, pre/post-recreational marijuana legalization (January 2009 to December 2013 and
January 2014 to December 2015, respectively) were used to examine changes in monthly rates of emergency encounters
and hospitalizations possibly related to cannabis. Level and trend changes on encounter rates by legalization period
were assessed using interrupted time series analyses. Encounters possibly related to alcohol were used as a comparator
group.
Results: Most encounters identified during the study period had alcohol-related International Classification of Diseases
Diagnosis and Procedural Codes (ICD-9/10-CM) codes (94.8% vs 5.2% for cannabis). Patients with encounters possibly
related to cannabis were younger, more likely to be hospitalized and more likely to be admitted to the psychiatric unit
than patients with encounters possibly related to alcohol. Initial and sustained effects of encounter rates possibly
related to cannabis demonstrated an increased trend in slope before and after recreational marijuana legalization. The
slope became more abrupt following legalization with a significant increase in trend during the post-legalization period
(β = 2.7, standard error = 0.3, ρ < 0.0001). No significant change was noted for encounters possibly related to alcohol.
Conclusions: Additional research should identify patients at highest risk of an adverse health event related to cannabis
and quantify costs associated with cannabis-related healthcare delivery.
Department of Medicine, Division of Hospital Medicine, Denver Health Medical Center, Denver (SLC, AK, MLH);
Department of Medicine, Division of General Internal Medicine (SLC); Department of Family Medicine (SLC);
Department of Psychiatry (CJH); Department of Medicine, Division of Hospital Medicine, University of Colorado
Anschutz Medical Campus, Aurora, CO (AK).
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Dopaminergic Function in Cannabis Users
and Its Relationship to Cannabis-Induced
Psychotic Symptoms
Michael A.P. Bloomﬁeld, Celia J.A. Morgan, Alice Egerton, Shitij Kapur,
H. Valerie Curran, and Oliver D. Howes
Background: Cannabis is the most widely used illicit drug globally, and users are at increased risk of mental illnesses including
psychotic disorders such as schizophrenia. Substance dependence and schizophrenia are both associated with dopaminergic
dysfunction. It has been proposed, although never directly tested, that the link between cannabis use and schizophrenia is mediated
by altered dopaminergic function.
Methods: We compared dopamine synthesis capacity in 19 regular cannabis users who experienced psychotic-like symptoms when
they consumed cannabis with 19 nonuser sex- and age-matched control subjects. Dopamine synthesis capacity (indexed as the inﬂux
rate constant Ki cer ) was measured with positron emission tomography and 3,4-dihydroxy-6-[18F]-ﬂuoro-l-phenylalanine ([18F]-DOPA).
Results: Cannabis users had reduced dopamine synthesis capacity in the striatum (effect size: .85; t36 ¼ 2.54, p ¼ .016) and its
associative (effect size: .85; t36 ¼ 2.54, p ¼ .015) and limbic subdivisions (effect size: .74; t36 ¼ 2.23, p ¼ .032) compared with control
subjects. The group difference in dopamine synthesis capacity in cannabis users compared with control subjects was driven by those
users meeting cannabis abuse or dependence criteria. Dopamine synthesis capacity was negatively associated with higher levels of
cannabis use (r ¼ .77, p ⬍ .001) and positively associated with age of onset of cannabis use (r ¼ .51, p ¼ .027) but was not associated
with cannabis-induced psychotic-like symptoms (r ¼ .32, p ¼ .19).
Conclusions: These ﬁndings indicate that chronic cannabis use is associated with reduced dopamine synthesis capacity and question
the hypothesis that cannabis increases the risk of psychotic disorders by inducing the same dopaminergic alterations seen in
schizophrenia.
Key Words: Addiction, dependence, dopamine, drugs, imaging,
psychosis

C

annabis is the most widely used illicit drug globally (1), and
the prevalence of cannabis abuse or dependence in the
United States is 4.4% (2). Cannabis can induce transient
psychotic symptoms in healthy individuals (3,4), and there is
consistent epidemiologic evidence that cannabis dosedependently increases the risk of psychotic disorders (5,6).
Dopaminergic dysfunction is linked to drug dependence (7–11)
and psychosis (12–17). Increased dopamine synthesis capacity and
release have been reported in psychotic patients (18–26), drugs that
increase dopamine release can induce or worsen psychosis (15,27,28),
and elevated dopamine synthesis capacity has been reported in
people who subsequently develop a frank psychotic disorder (29–32).
Patients with cannabis-induced psychosis have elevated peripheral
dopamine metabolites (33), and a case report found striatal
From the Psychiatric Imaging Group (MAPB, AE, ODH), Medical Research
Council Clinical Sciences Centre, Institute of Clinical Sciences, Hammersmith Hospital, Imperial College London; Clinical Psychopharmacology
Unit (CJAM, HVC), Division of Psychology and Language Sciences,
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(King’s Health Partners), London, United Kingdom.
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M.R.C.Psych., Psychiatric Imaging Group, Francis Fraser Laboratories,
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London W12 0NN United Kingdom; E-mail: oliver.howes@csc.mrc.ac.uk.
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dopamine release and symptom exacerbation in a schizophrenic
patient following cannabis use (34). Thus, cannabis has been
proposed to increase psychosis risk by causing striatal hyperdopaminergia (32).
Supporting this, preclinical studies indicate acute administration of Δ9-tetrahydrocannabinol (THC), the main psychoactive
ingredient of cannabis (35), increases mesolimbic dopaminergic
neuron ﬁring rates via endocannabinoid CB1 receptor agonism
(36). CB1 agonists inhibit striatal dopamine reuptake (37), selectively increase tyrosine hydroxylase expression (38), and increase
dopamine release (39) and synthesis (40) in the majority of,
although not all, studies (41).
Dopaminergic sensitisation to THC occurs in animals (42),
suggesting that dopaminergic effects are greater with regular
cannabis exposures. Studies in recently abstinent and ex-cannabis
users have not found abnormal striatal dopamine release (43) or D2/3
receptor availability (44,45), but this may be due to normalization of
dopaminergic function with abstinence, as has been observed with
alcohol (46). One study reported reduced dopamine transporter
availability in cannabis users (47), although this was related to
concurrent tobacco use, rather than cannabis. However, to our
knowledge, no study has examined dopamine synthesis capacity in
cannabis users or whether acute psychotic response to cannabis is
related to dopaminergic function.
We therefore sought to study presynaptic dopaminergic
function in active cannabis users who experienced cannabisinduced psychotic-like symptoms because these individuals are
most at risk of psychosis (48). We hypothesized that regular
cannabis users sensitive to cannabis’ psychotogenic effects would
exhibit elevated dopamine synthesis capacity compared with
nonuser control subjects, and this would be directly related to
cannabis-induced psychotic-like symptom severity.
BIOL PSYCHIATRY 2013;]:]]]–]]]
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Cannabis with high Δ9-THC contents affects perception and visual selective attention
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a b s t r a c t
Objective: Cannabis intake has been reported to affect cognitive functions such as selective attention. This
study addressed the effects of exposure to cannabis with up to 69.4 mg Δ9-tetrahydrocannabinol (THC) on
Event-Related Potentials (ERPs) recorded during a visual selective attention task. Methods: Twenty-four
participants smoked cannabis cigarettes with four doses of THC on four test days in a randomized, double
blind, placebo-controlled, crossover study. Two hours after THC exposure the participants performed a visual
selective attention task and concomitant ERPs were recorded. Results: Accuracy decreased linearly and
reaction times increased linearly with THC dose. However, performance measures and most of the ERP
components related speciﬁcally to selective attention did not show signiﬁcant dose effects. Only in relatively
light cannabis users the Occipital Selection Negativity decreased linearly with dose. Furthermore, ERP
components reﬂecting perceptual processing, as well as the P300 component, decreased in amplitude after
THC exposure. Only the former effect showed a linear dose–response relation. Conclusions: The decrements
in performance and ERP amplitudes induced by exposure to cannabis with high THC content resulted from a
non-selective decrease in attentional or processing resources. Signiﬁcance: Performance requiring
attentional resources, such as vehicle control, may be compromised several hours after smoking cannabis
cigarettes containing high doses of THC, as presently available in Europe and Northern America.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction
Cannabis, also known as marijuana, is the plant material of the
Cannabis sativa L. It is one of the most commonly used recreational
drugs in the Western world. The main reasons for its abuse are its
reinforcing (Justinova et al., 2005), relaxing, euphoric and psychedelic
effects. Cannabis exerts its psychoactive effects mainly through Δ9tetrahydrocannabinol (THC). THC is an agonist of Cannabinoid type 1
(CB1) receptors. These receptors are vastly present all over the cortex
(Herkenham et al., 1990; Eggan and Lewis, 2007). They typically
reside on presynaptic neurons and are inhibited by retrograde
transmission of endogenous cannabinoids (Wilson and Nicoll, 2001).
Numerous studies have shown that acute exposure to cannabinoids has detrimental effects on cognitive functioning, including
psychomotor and memory performance (for reviews, see Ameri,
1999; Lichtman et al., 2002; Iversen, 2003; Ramaekers et al., 2004;
Lundqvist, 2005; Ranganathan and D'Souza, 2006). Acute exposure to

⁎ Corresponding author. Department of Psychopharmacology, Faculty of Science,
Utrecht University, Sorbonnelaan 16, NL-3584 CA Utrecht, The Netherlands. Tel.: + 31
30 253 3383; fax: + 31 30 253 7387.
E-mail address: K.B.E.Bocker@uu.nl (K.B.E. Böcker).
1
KB and JG are presently at Turing Institute Almere, Almere, The Netherlands.
0091-3057/$ – see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.pbb.2010.04.008

THC and cannabis also affects selective attention (Hooker and Jones,
1987; for a review Pope et al., 1995; more recently Curran et al., 2002)
and executive functions such as planning, psychomotor inhibition and
performance monitoring (Ramaekers et al., 2006).
In recent years the average THC content of (sinsemilla or “skunk”)
cannabis cigarettes has increased to about 50 mg in Western Europe
(61 mg cf. Niesink et al., 2004; 42 mg cf. Potter et al., 2008) and to
63 mg in the United States of America (El Sohly, 2004). In contrast
acute effects in laboratory tests have been studied up to doses of about
40 mg THC (Hart et al., 2001; Ramaekers et al., 2006). The present
study assessed the effects of exposure to cannabis cigarettes containing doses up to 69.4 mg THC in regular non-daily cannabis users.
Intermediate doses studied were 29.3 and 49.1 mg, next to placebo.
The present article focuses on the effects of these doses on non-spatial
visual attention and concurrent ERP recordings. Elsewhere we
reported that these high doses of THC are detrimental to processing
speed and accuracy on a number of psychomotor tasks (Hunault et al.,
2009) that were dependent on sustained attention, working memory
and motor control.
Six ERP components were recorded at various latencies and scalp
positions in the present non-spatial visual attention task. These
included manifestations of 1) perception of the stimulus features that
deﬁned relevant and irrelevant stimuli (the exogenous Spatial-
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Cannabis use and later life outcomes
David M. Fergusson & Joseph M. Boden
University of Otago, Christchurch School of Medicine and Health Sciences, New Zealand

ABSTRACT
Aim To examine the associations between the extent of cannabis use during adolescence and young adulthood and
later education, economic, employment, relationship satisfaction and life satisfaction outcomes. Design A longitudinal study of a New Zealand birth cohort studied to age 25 years. Measurements Measures of: cannabis use at ages
14–25; university degree attainment to age 25; income at age 25; welfare dependence during the period 21–25 years;
unemployment 21–25 years; relationship quality; life satisfaction. Also, measures of childhood socio-economic disadvantage, family adversity, childhood and early adolescent behavioural adjustment and cognitive ability and adolescent
and young adult mental health and substance use. Findings There were statistically significant bivariate associations
between increasing levels of cannabis use at ages 14–21 and: lower levels of degree attainment by age 25 (P < 0.0001);
lower income at age 25 (P < 0.01); higher levels of welfare dependence (P < 0.0001); higher unemployment
(P < 0.0001); lower levels of relationship satisfaction (P < 0.001); and lower levels of life satisfaction (P < 0.0001).
These associations were adjusted for a range of potentially confounding factors including: family socio-economic
background; family functioning; exposure to child abuse; childhood and adolescent adjustment; early adolescent
academic achievement; and comorbid mental disorders and substance use. After adjustment, the associations between
increasing cannabis use and all outcome measures remained statistically significant (P < 0.05). Conclusions The
results of the present study suggest that increasing cannabis use in late adolescence and early adulthood is associated
with a range of adverse outcomes in later life. High levels of cannabis use are related to poorer educational outcomes,
lower income, greater welfare dependence and unemployment and lower relationship and life satisfaction. The findings
add to a growing body of knowledge regarding the adverse consequences of heavy cannabis use.
Keywords

Cannabis use, education, life satisfaction, longitudinal study, mental health, unemployment, welfare.
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INTRODUCTION
In recent years, there have been growing concerns and
debates about the effects of cannabis use on the health
and wellbeing of young people. These concerns have been
motivated by evidence of growing cannabis use in young
people [1,2], changes in the nature and strength of cannabis [3,4] and by growing evidence linking cannabis to
mental health and other problems [1,5–9]. While the role
of cannabis in encouraging psychosocial problems in
young people remains controversial, there is growing evidence from both epidemiology and neuroscience that
cannabis may be more harmful than believed previously
[10,11].
An aspect of these concerns that requires further
attention is the extent to which the use, and in particular

heavy use, of cannabis may have adverse consequences
for a number of important life-course outcomes, including educational achievement, income, welfare dependence, unemployment, relationship satisfaction and life
satisfaction. Specifically, there have been frequent references in the literature on cannabis to suggest that cannabis use may reduce educational achievement [12–14],
increase welfare dependence [15], reduce income [16]
and lead to impaired interpersonal relationships [17].
While there is some evidence of statistical linkage with
these outcomes, it may be suggested that the apparent
associations between cannabis use and these life-course
outcomes may reflect the presence of uncontrolled
sources of confounding [18].
In this study, we use data gathered over the course of
a 25-year longitudinal study to examine the linkages

© 2008 The Authors. Journal compilation © 2008 Society for the Study of Addiction
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Abstract
Background The Christchurch Health and Development
Study is a longitudinal study of a birth cohort of 1265
children who were born in Christchurch, New Zealand, in
1977. This cohort has now been studied from birth to the
age of 35.
Scope of this review This article examines a series of
findings from the CHDS that address a range of issues
relating to the use of cannabis amongst the cohort. These
issues include: (a) patterns of cannabis use and cannabis
dependence; (b) linkages between cannabis use and adverse educational and economic outcomes; (c) cannabis
and other illicit drug use; (d) cannabis and psychotic
symptoms; (e) other CHDS findings related to cannabis;
and (f) the consequences of cannabis use for adults using
cannabis regularly.
Findings In general, the findings of the CHDS suggest
that individuals who use cannabis regularly, or who begin
using cannabis at earlier ages, are at increased risk of a
range of adverse outcomes, including: lower levels of
educational attainment; welfare dependence and unemployment; using other, more dangerous illicit drugs; and
psychotic symptomatology. It should also be noted, however, that there is a substantial proportion of regular adult
users who do not experience harmful consequences as a
result of cannabis use.
Conclusions Collectively, these findings suggest that
cannabis policy needs to be further developed and
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evaluated in order to find the best way to regulate a widelyused, and increasingly legal substance.
Keywords Cannabis  Cannabis dependence  Education 
Unemployment  Welfare dependence  Gateway theory 
Psychosis

Introduction
Over the last two decades there have been ongoing debates
about the extent to which the use of cannabis/marijuana has
harmful effects upon users [1–4]. These debates have
tended to polarize into two groups; first, those who tend of
minimize the potential harmful effects of cannabis and
argue strongly for the liberalization of cannabis laws and
permitting access to legal cannabis [5–7]; and second,
those who view cannabis as a harmful drug for which
continued prohibition is the correct approach [8, 9].
One of the inevitable features of research into the
harmful effects of cannabis is that research has been conducted in different settings, using different research designs
and measurement methods. While this heterogeneity has
benefits for examining the generality of findings about
cannabis, it also has some limitations, as the results from
different studies may make it difficult to provide a clear
picture of the ways in which cannabis use may influence
the health and wellbeing of a particular population.
Against this background the aims of this paper are to
provide an overview of the findings of a large longitudinal
study in which the use of cannabis has been studied from
mid-adolescence (age 14) to mature adulthood (age 35).
This study is the Christchurch Heath and Development
Study, which is a longitudinal study of a birth 1265 cohort
of children born in the Christchurch (New Zealand) area in
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Abstract
This study analyzes data on 7,661 individuals who participated in the 1979 National Longitudinal
Survey of Youth (NLSY79) to estimate trajectories of employment and marijuana-use over a 17year period. Bivariate random intercept and slope modeling is applied to examine concurrently the
cross-correlation between the two concurrent longitudinal trajectories from age 23 to 39.
Parameter estimates indicate baseline level (at age 23) of employment to be negatively correlated
with marijuana, suggesting marijuana-use is associated with lower workforce productivity at age
23. The longitudinal employment slope is positively correlated with employment intercept for both
males and females, indicating that survey participants with higher levels of employment at age 23
are more likely to have a positive impact on employment trajectory over time. For males,
however, the employment slope is also significantly correlated with marijuana intercept (r =
−0.07), indicating marijuana-use in early adulthood may uniquely lower workforce productivity
over age.
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1 Introduction
The adverse consequences of illicit drug use on users’ physical (Mokdad et al., 2004) and
psychological health (Brook et al., 2002) have been examined extensively. Substance abuse
has been found to be associated with reduced cognitive abilities (Pope & Yurgelun-Todd,
4
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Drug abuse and other psychiatric conditions (e.g., schizophrenia) have been associated with a
diminished neural response to errors, particularly in the anterior cingulate cortex (ACC) thought
critical to error processing. A diminished capacity for detecting errors has been linked to clinical
symptoms including the loss of insight, delusions and perseverative behaviour. Sixteen active
chronic cannabis users and 16 control participants were administered a Go/No-go response
inhibition task during event-related fMRI data collection. The task provides measures of inhibitory
control and error awareness. Cannabis users’ inhibitory control performance was equivalent to that
of the control group, but the former demonstrated a significant deficit in awareness of commission
errors. Cannabis users demonstrated a diminished capacity for monitoring their behaviour that was
associated with hypoactivity in the ACC and right insula. In addition, increased levels of
hypoactivity in both the ACC and right insula regions were significantly correlated with error
awareness rates in the cannabis group (but not controls). These difficulties are consistent with
previous reports of hypoactivity in the neural systems underlying cognitive control and the
monitoring of interoceptive awareness in chronic drug users, and highlight the potential
relationship between cognitive dysfunction and behavioural deficits that have the potential to
contribute to the maintenance of drug abuse.
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INTRODUCTION
Healthy adults are very good at detecting cognitive failures, whereas a common feature of
many psychiatric and neurological conditions is a diminished capacity for performance
monitoring (Ullsperger, 2006). Deficits in error detection have also been found to relate to
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a b s t r a c t
Background: The associations between age of onset of cannabis use and educational achievement were
examined using data from three Australasian cohort studies involving over 6000 participants. The
research aims were to compare ﬁndings across studies and obtain pooled estimates of association using
meta-analytic methods.
Methods: Data on age of onset of cannabis use (<15, 15–17, never before age 18) and three educational
outcomes (high school completion, university enrolment, degree attainment) were common to all studies.
Each study also assessed a broad range of confounding factors.
Results: There were signiﬁcant (p < .001) associations between age of onset of cannabis use and all outcomes such that rates of attainment were highest for those who had not used cannabis by age 18 and
lowest for those who ﬁrst used cannabis before age 15. These ﬁndings were evident for each study and for
the pooled data, and persisted after control for confounding. There was no consistent trend for cannabis
use to have greater effect on the academic achievement of males but there was a signiﬁcant gender by age
of onset interaction for university enrolment. This interaction suggested that cannabis use by males had
a greater detrimental effect on university participation than for females. Pooled estimates suggested that
early use of cannabis may contribute up to 17% of the rate of failure to obtain the educational milestones
of high school completion, university enrolment and degree attainment.
Conclusions: Findings suggest the presence of a robust association between age of onset of cannabis use
and subsequent educational achievement.
© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
There has been increasing research into the relationships
between cannabis use by young people and educational achievement. Findings suggests that young people who use cannabis early
or heavily are at increased risks of educational under-achievement
including: school dropout (Brook et al., 1999; Ellickson et al., 1998;
Fergusson and Boden, 2008; Fergusson et al., 2003, 1996; Lynskey et
al., 2003; Tanner et al., 1999; van Ours and Williams, 2009); failure
to attend tertiary education (Fergusson and Boden, 2008; Fergusson
et al., 2003; Newcomb and Bentler, 1988b; Tanner et al., 1999); and
failure to attain university degrees (Fergusson and Boden, 2008;
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van Ours and Williams, 2009). These associations have been found
to persist following control for confounding social, personal and
related factors (Fergusson et al., 1996; Lynskey and Hall, 2000;
Townsend et al., 2007; van Ours and Williams, 2009).
A limitation of this literature has been that different studies have
used different samples, different methods of assessing cannabis use
and differing assessments of educational outcomes, limiting the
extent to which cross study comparisons can be made (Townsend
et al., 2007). It has often been suggested that these limitations may
be overcome by meta-analytic methods that combine ﬁndings from
different studies (Curran and Hussong, 2009; Hofer and Piccinin,
2009; Mulrow, 1994). However, such analysis may be compromised
by variations in study quality (Blettner et al., 1999; Egger et al.,
1998). In this paper we attempt to overcome these limitations by
conducting a meta-analysis of three Australasian longitudinal studies that have collected similar data on the development of cannabis
use and educational achievement. Overlapping measures include:
(a) the assessment of age of ﬁrst use of cannabis; (b) the use of
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Abstract
Regular use of illegal drugs is suspected to cause cognitive impairments.
Two substances have received heightened attention: 3,4methylenedioxymethamphetamine (MDMA or ‘ecstasy’) and δ9-tetrahydrocannabinol (THC or ‘cannabis’). Preclinical evidence, as well as
human studies examining regular ecstasy consumers, indicated that ecstasy
use may have negative effects on learning, verbal memory and complex
attentional functions. Cannabis has also been linked to symptoms of
inattention and deficits in learning and memory. Most of the published studies
in this field of research recruited participants by means of newspaper
advertisements or by using word-of-mouth strategies. Because participants
were usually aware that their drug use was critical to the research design, this
awareness may have caused selection bias or created expectation effects.
Focussing on attention and memory, this study aimed to assess cognitive
functioning in a community-based representative sample that was derived from
a large-scale epidemiological study. Available data concerning drug use history
allowed sampling of subjects with varying degrees of lifetime drug experiences.
Cognitive functioning was examined in 284 young participants, between
22 and 34 years. In general, their lifetime drug experience was moderate.

Participants completed a neuropsychological test battery, including measures
for verbal learning, memory and various attentional functions. Linear
regression analysis was performed to investigate the relationship between
cognitive functioning and lifetime experience of drug use. Ecstasy and
cannabis use were significantly related to poorer episodic memory function in a
dose-related manner. For attentional measures, decrements of small effect
sizes were found. Error measures in tonic and phasic alertness tasks, selective
attention task and vigilance showed small but significant effects, suggesting a
stronger tendency to experience lapses of attention. No indication for
differences in reaction time was found. The results are consistent with
decrements of memory and attentional performance described in previous
studies. These effects are relatively small; however, it must be kept in mind that
this study focussed on assessing young adults with moderate drug use from a
population-based study.

Key words
alcohol; alertness; cannabis; divided attention; ecstasy; flexibility;
learning; memory; selective attention; vigilance
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This article reviews neuroimaging, neurocognitive, and preclinical findings on the effects of
cannabis on the adolescent brain. Marijuana is the second most widely used intoxicant in
adolescence, and teens who engage in heavy marijuana use often show disadvantages in
neurocognitive performance, macrostructural and microstructural brain development, and
alterations in brain functioning. It remains unclear whether such disadvantages reflect pre-existing
differences that lead to increased substances use and further changes in brain architecture and
behavioral outcomes. Future work should focus on prospective investigations to help disentangle
dose-dependent effects from pre-existing effects, and to better understand the interactive
relationships with other commonly abused substances (e.g., alcohol) to better understand the role
of regular cannabis use on neurodevelopmental trajectories.

Introduction

NIH-PA Author Manuscript

According to the 2011 Monitoring the Future Study, marijuana remains the most commonly
used illicit drug in adolescence in the United States, one of few increasing in prevalence. In
fact, marijuana has been the most commonly used illicit substance for almost 40 years, and
presently 23% of 12th graders in the U.S. report using marijuana in the past month [1].
Marijuana use in adolescence could have implications for academic functioning, as well as
social and occupational functioning extending into later life. Maturational brain changes,
particularly myelination and synaptic pruning, are occurring throughout adolescence, well
into early adulthood [2]. These remodeling processes are purportedly linked to efficient
neural processing, and believed to underlie specialized cognitive processing necessary for
optimal neurocognitive performance.
Cannabinoid receptors (CB1) are widely distributed throughout the brain (e.g.,
hippocampus, prefrontal cortex), and play a role in neurotransmitter release and
concentrations across neural systems (excitatory and inhibitory). It has been suggested that
these receptors increase during adolescence, have a role in genetic expression of neural
development, and that alteration of the endocannabinoid system during adolescence may

*

Corresponding author. Susan F. Tapert, Ph.D., VA San Diego Healthcare System, Psychology Service (116B), 3350 La Jolla Village
Drive, San Diego, CA 92126, USA, 858-552-7563, stapert@ucsd.edu.

Developmental Cognitive Neuroscience 16 (2015) 101–109

Contents lists available at ScienceDirect

Developmental Cognitive Neuroscience
journal homepage: http://www.elsevier.com/locate/dcn

Cortical thickness in adolescent marijuana and alcohol users: A
three-year prospective study from adolescence to young adulthood
Joanna Jacobus a,b , Lindsay M. Squeglia c , Alejandro D. Meruelo b , Norma Castro b ,
Ty Brumback b , Jay N. Giedd b , Susan F. Tapert a,b,∗
a

Veterans Affairs San Diego Healthcare System, La Jolla, CA, USA
University of California San Diego, Department of Psychiatry, La Jolla, CA, USA
c
Medical University of South Carolina, Department of Psychiatry and Behavioral Sciences, Charleston, SC, USA
b

a r t i c l e

i n f o

Article history:
Received 2 January 2015
Received in revised form 17 April 2015
Accepted 18 April 2015
Available online 27 April 2015
Keywords:
Adolescence
Brain
Alcohol
Marijuana
Imaging
Cortical thickness

a b s t r a c t
Studies suggest marijuana impacts gray and white matter neural tissue development, however few
prospective studies have determined the relationship between cortical thickness and cannabis use
spanning adolescence to young adulthood. This study aimed to understand how heavy marijuana use
inﬂuences cortical thickness trajectories across adolescence. Subjects were adolescents with heavy marijuana use and concomitant alcohol use (MJ + ALC, n = 30) and controls (CON, n = 38) with limited substance
use histories. Participants underwent magnetic resonance imaging and comprehensive substance use
assessment at three independent time points. Repeated measures analysis of covariance was used to
look at main effects of group, time, and Group × Time interactions on cortical thickness. MJ + ALC showed
thicker cortical estimates across the brain (23 regions), particularly in frontal and parietal lobes (ps < .05).
More cumulative marijuana use was associated with increased thickness estimates by 3-year followup (ps < .05). Heavy marijuana use during adolescence and into young adulthood may be associated with
altered neural tissue development and interference with neuromaturation that can have neurobehavioral
consequences. Continued follow-up of adolescent marijuana users will help understand ongoing neural
changes that are associated with development of problematic use into adulthood, as well as potential for
neural recovery with cessation of use.
Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Adolescence is a unique developmental period characterized
by major physiological, psychological, and neurodevelopmental
changes. These changes typically coincide with escalation of alcohol and marijuana use (Brown et al., 2008), which continues into
early adulthood (Sartor et al., 2007). The comorbid use of alcohol
and marijuana among teens continues to subtly rise as perception of
harm declines. Fifty-eight percent of alcohol drinking adolescents
report using alcohol and marijuana simultaneously, (Agosti et al.,
2002), 45% of youth endorse a lifetime prevalence of marijuana use
by the 12th grade, and 22% of these youth endorse use in the past
30 days (Johnston et al., 2015).
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The adolescent brain undergoes considerable maturation,
including changes in cortical volume and reﬁnement of cortical
connections (Huttenlocher and Dabholkar, 1997). These neural
transformations (e.g., maturing neural circuitry, cortical thinning
and ﬁber projections) leave the adolescent brain more susceptible
to potential neurotoxic effects of substances (Brown et al., 2000;
Spear, 2000; Spear and Varlinskaya, 2005; Squeglia et al., 2009;
Tapert et al., 2002). Although overall brain volume remains largely
unchanged after puberty, ongoing synaptic reﬁnement and myelination results in reduced gray matter and increased white matter
volume by late adolescence (Casey et al., 2008; Giedd, 2004; Sowell
et al., 2003; Yakovlev and Lecours, 1967).
Cortical gray matter follows an inverted U-shaped developmental course, with cortical volume peaking around ages 12–14
(Giedd, 2004; Giedd et al., 2009; Gogtay et al., 2004; Sowell et al.,
2003). The mechanisms underlying the decline in cortical volume
and thickness are suggested to involve pruning and elimination
of weaker synaptic connections, decreases in neuropil, increases in
intra-cortical myelination, or changes in the cellular organization of
the cerebral cortex (Huttenlocher and Dabholkar, 1997; Paus et al.,

http://dx.doi.org/10.1016/j.dcn.2015.04.006
1878-9293/Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Abstract
Aims—Failure to complete high school predicts substantial economic and social disadvantage in
adult life. The aim was to determine the longitudinal association of mid-adolescent polydrug use
and high school non-completion, relative to other drug use profiles.
Design—A longitudinal analysis of the relationship between polydrug use in three cohorts at
Grade 9 (age 14–15) and school non-completion (reported post high school).
Setting—A State-representative sample of students across Victoria, Australia.
Participants—2287 secondary school students from 152 high schools. The retention rate was
85%.

Author Manuscript

Measurements—The primary outcome was noncompletion of Grade 12 (assessed at age 19–23
years). At Grade 9, predictors included 30 day use of eight drugs, school commitment, academic
failure, and peer drug use. Other controls included socioeconomic status, family relationship
quality, depressive symptoms, gender, age, and cohort.
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Abstract Thirty-six percent of high-school seniors have used
cannabis in the past year, and an alarming 6.5 % smoked
cannabis daily, up from 2.4 % in 1993. Adolescents and
emerging adults are undergoing significant neurodevelopment
and animal studies suggest they may be particularly vulnerable to negative drug effects. In this review, we will provide a
detailed overview of studies outlining the effects of regular (at
least weekly) cannabis use on neurocognition, including studies outlining cognitive, structural, and functional findings. We
will also explore the public health impact of this research.

neuropsychological assessment and structural and functional
neuroimaging will be reviewed. Further, we will identify
potential ‘at-risk’ groups who may experience more severe
neurocognitive consequences of chronic cannabis use, such as
those with early age of cannabis use onset and those with
certain genotypic profiles, and will discuss the clinical and
policy implications of this research.
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FAAH . CNR1 . THC . Cannabidiol . Public health .
Neurotoxic effects of cannabis

Worldwide, most people start experimenting with drugs during
the teenage years [2]. Adolescence is also a dynamic time
marked by significant neurodevelopmental changes; brain regions underlying higher-order thinking and executive functioning, especially the prefrontal (PFC) and parietal cortex, undergo
synaptic pruning into the mid-20s (see [3–6]). Quality and
volume of white matter increase into the early 30s, which are
associated with increased neural efficiency [7, 8]. This period of
ongoing neurodevelopment may be a sensitive period in which
drugs can exert a greater impact on the brain compared with
exposure during adulthood (see [9]).

Introduction
Cannabis is the second most used drug after alcohol, with
22.9 % of high-school seniors and 20 % of college students
using in the past month, and perhaps most alarmingly, one in
every 15 seniors report using daily [1]. Research outlining the
neurocognitive effects of chronic, regular (defined here as at
least weekly) cannabis use in adolescents and young adults is
of great public health concern. This review will summarize
current findings regarding the neurocognitive consequences
of cannabis use during the teenage and emerging adult years
(focusing on ages 15–25 years). Studies utilizing
K. M. Lisdahl (*) : N. E. Wright : C. Medina-Kirchner :
K. E. Maple : S. Shollenbarger
Department of Psychology, University of Wisconsin-Milwaukee,
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Adolescence: A Sensitive Period?

Impacts of Regular Cannabis Use on Neurocognition
in Teens and Young Adults
Cognition
Although controversy exists in the adult literature, evidence is
building to suggest that regular cannabis use during the teenage or emerging adult years (typically ages 15–25 years) is
associated with cognitive deficits [10•]. Two longitudinal
studies that followed adolescents with substance use disorders
over 8 years found that increased cannabis use during the
follow-up period significantly predicted poorer attention
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a b s t r a c t
The aim of the study was to investigate the relationship between chronic cannabis use and visual selective
attention by examining event-related potentials (ERPs) during the performance of a ﬂanker go/nogo task.
Male participants were 15 chronic cannabis users (minimum two years use, at least once per week) and 15
drug naive controls. Cannabis users showed longer reaction times compared to controls with equivalent
accuracy. Cannabis users also showed a reduction in the N2 ‘nogo effect’ at frontal sites, particularly for
incongruent stimuli, and particularly in the right hemisphere. This suggests differences between chronic
cannabis users and controls in terms of inhibitory processing within the executive control network, and
may implicate the right inferior frontal cortex. There was also preliminary evidence for differences in early
selective attention, with controls but not cannabis users showing modulation of N1 amplitude by ﬂanker
congruency. Further investigation is required to examine the potential reversibility of these residual
effects after long-term abstinence and to examine the role of early selective attention mechanisms in
more detail.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
The acute effects of cannabis on cognitive processes are
well documented, and include decrements in working memory,
inhibitory processing, planning and decision making (see Crean,
Crane, & Mason, 2011; Gonzalez, 2007). Chronic cannabis use, or
repeated use over an extended period of time, is associated with
differences in cognitive processing that persist beyond the period
of acute intoxication (Crean et al., 2011). In a recent meta-analysis
(Schreiner & Dunn, 2012), there was a small residual (non-acute)
effect of cannabis use on overall cognitive function (d = −.46 to
−.12), with similar small effects found for most cognitive domains
including memory, attention and executive function. However,
given that the active metabolites of cannabis can be stored in
and subsequently released from adipose tissue for up to months
after use (Grotenhermen, 2003; Huestis, 2007), the residual effects
of cannabis on the CNS may not necessarily represent long-term
neuro-adaptive changes (Schreiner & Dunn, 2012). While some
recent reviews suggest that there may be neurocognitive adaptations which last beyond these residual effects (Crean et al., 2011;
Solowij & Battisti, 2008), other research suggests that some effects

∗ Corresponding author at: School of Psychology, University of Tasmania, Private
Bag 30, Hobart 7000, Australia. Fax: +61 3 6226 2883.
E-mail address: Allison.Matthews@utas.edu.au (A. Matthews).
http://dx.doi.org/10.1016/j.biopsycho.2015.07.013
0301-0511/© 2015 Elsevier B.V. All rights reserved.

are reversible with prolonged abstinence (Schreiner & Dunn, 2012).
There is also evidence that adolescents may be particularly vulnerable to the long-term effects of cannabis on cognitive function (see
Pattij, Wiskerke, & Schoffelmeer, 2008).
It has been suggested that altered cognitive processing in
cannabis users is associated with functional changes in brain
regions rich with cannabinoid CB1 receptors (Pattij et al., 2008).
THC (the main psychoactive component in cannabis) acts on CB1
receptors and these are particularly concentrated in brain regions
known to be involved in executive functioning, reward processing,
attention and memory. These areas include the prefrontal cortex,
anterior cingulate cortex, basal ganglia, hippocampus, and cerebellum (Burns et al., 2007; Herkenham et al., 1990). In a recent
PET study, down-regulation of CB1 receptors was found in cortical but not subcortical areas among long-term daily cannabis users
and these effects were found to reverse in most cortical areas after
approximately 4 weeks of abstinence (Hirvonen et al., 2012).
Of particular interest to the present study are the residual effects
of chronic cannabis use on selective attention. According to the
attentional network model, the attention system of the brain is
composed of distinct networks responsible for alerting, orienting
and executive control (Petersen & Posner, 2012; Posner & Peterson,
1990). While the alerting network is most important for vigilance
and sustained attention, the latter two networks are most relevant to selective attention. The orienting network involves the
interaction between frontal and parietal areas and is argued to
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Cannabis Use and Memory Brain Function
in Adolescent Boys: A Cross-Sectional
Multicenter Functional Magnetic Resonance
Imaging Study
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Objective: Early-onset cannabis use has been associated with later use/abuse, mental health
problems (psychosis, depression), and abnormal development of cognition and brain function.
During adolescence, ongoing neurodevelopmental maturation and experience shape the neural
circuitry underlying complex cognitive functions such as memory and executive control. Prefrontal and temporal regions are critically involved in these functions. Maturational processes leave
these brain areas prone to the potentially harmful effects of cannabis use. Method: We
performed a two-site (United States and the Netherlands; pooled data) functional magnetic
resonance imaging (MRI) study with a cross-sectional design, investigating the effects of adolescent cannabis use on working memory (WM) and associative memory (AM) brain function in 21
abstinent but frequent cannabis– using boys (13–19) years of age and compared them with 24
nonusing peers. Brain activity during WM was assessed before and after rule-based learning
(automatization). AM was assessed using a pictorial hippocampal-dependent memory task. Results: Cannabis users performed normally on both memory tasks. During WM assessment,
cannabis users showed excessive activity in prefrontal regions when a task was novel, whereas
automatization of the task reduced activity to the same level in users and controls. No effect
of cannabis use on AM-related brain function was found. Conclusions: In adolescent
cannabis users, the WM system was overactive during a novel task, suggesting functional
compensation. Inefficient WM recruitment was not related to a failure in automatization but
became evident when processing continuously changing information. The results seem to
confirm the vulnerability of still developing frontal lobe functioning for early-onset cannabis
use. J. Am. Acad. Child Adolesc. Psychiatry, 2010;49(6):561–572. Key Words: cannabis,
adolescence, early-onset, fMRI, memory

E

arly initiation of cannabis use increases the
risk of later use/abuse of other drugs and
drug dependence, and is associated with
mental health problems such as psychosis and
depression. The strength of this association appears
to be dependent on the age when cannabis use
begins.1 A major concern that has only recently
gained attention is the effect of early-onset cannabis
use on adolescent brain function and neurodevelopment.

Supplemental material cited in this article is available online.

The still-developing adolescent brain differs
anatomically and neurochemically from the adult
brain2,3 and is likely more susceptible to druginduced adaptive neuronal plasticity.
Animal studies on the neural consequences of
chronic cannabis exposure during the peri-adolescent period report changes in brain structure
(predominantly limbic brain regions) and altered
emotional and cognitive performance in later
life.4 However, these effects were mostly observed at relatively high doses of synthetic cannabinoids (Win 55,212-2; CP 55,940) and therefore may not be comparable to the human
situation.
Studies in cannabis-using human adolescents
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Cannabis and social welfare assistance:
a longitudinal study
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ABSTRACT
Aims To investigate associations between cannabis use and subsequent receipt of social welfare assistance. Design,
setting and participants The Young in Norway Longitudinal Study. A population-based Norwegian sample
(n = 2606) was followed-up from adolescence to late 20s. Self-report data were merged with data from national
registers. Measurements Data were extracted on the use of alcohol, tobacco and cannabis and other illegal substances. Information was also retrieved on socio-demographic and family factors, academic achievement, conduct
problems and mental health. National registers provided data on social welfare assistance, educational level and crime
statistics. Findings We observed prospective bivariate associations between increasing levels of cannabis use and
subsequent social welfare assistance (P < 0.0001). The associations were reduced after adjusting for a range of potentially confounding factors, but remained significant. Frequent cannabis users were at highly increased risk for subsequently receiving social welfare assistance. At 28 years, those with 50+ times cannabis use during the previous 12
months and had an odds ratio of 9.3 (95% confidence interval: 4.3–20.1) for receiving social welfare assistance in the
following 2-year span. Users of cannabis also had longer periods of receiving social welfare assistance than others
(P < 0.0001) and were less likely to leave the welfare assistance system (P < 0.0001). Conclusions In Norway the use
of cannabis is linked with subsequent receipt of social welfare assistance whether the consequences are related to use
of the substance per se, or to cultural factors and the illegal status of the cannabis. Future research should attempt to
understand the interactions of factors behind these associations.
Keywords

Alcohol, cannabis, illegal drugs, longitudinal, marijuana, welfare assistance.
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INTRODUCTION
A number of studies indicate that individuals with substance use-related problems are susceptible to repeat
patterns of on-and-off welfare use, or ‘welfare cycling’
[1,2]. However, there are few population-based prospective studies in this area. At the same time, a growing body
of evidence suggests that use of cannabis may have
adverse social outcomes related to educational achievement [3,4], unemployment, reduced income and welfare
dependency [5,6]. This study investigates the prospective
associations between cannabis use and subsequent
receipt of social welfare assistance in the context of a
Nordic welfare state.
Many of the longitudinal reports on the consequences
of cannabis use are based on populations with a high
© 2011 The Author, Addiction © 2011 Society for the Study of Addiction

prevalence of cannabis use, such as the United States [5]
and Australia [7]. The New Zealand Christchurch Study
(CHDS) has formed the basis for the bulk of longitudinal
reports [6,8,9]. However, in the CHDS, more than 70%
of subjects had used cannabis before the age of 21, and
many had a very high frequency of cannabis use [6]. In
Norway, the prevalence of cannabis use is much lower,
thereby making it an interesting case for contrast.
Furthermore, many studies of the consequences of
substance use and abuse with regard to receipt of social
welfare assistance have been conducted in areas with
high levels of poverty and where welfare systems are not
well developed [2,10]. By contrast, Norway is classified as
a social democratic welfare regime, with currently the
lowest unemployment rate in Europe [11], a high standard of living and a universal pension system [12]. The
Addiction, 106, 1636–1643

Addictive Behaviors 47 (2015) 42–47

Contents lists available at ScienceDirect

Addictive Behaviors

Marijuana use, craving, and academic motivation and performance
among college students: An in-the-moment study
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Craving predicted use in college students who frequently use marijuana.
Craving was negatively associated with academic effort and motivation.
Average minutes spent smoking marijuana was negatively related to GPA.
Greater academic self-efﬁcacy positively predicted GPA.
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a b s t r a c t
Introduction: Marijuana is the most commonly used illicit substance in the U.S., with high rates among young adults
in the state of Colorado. Chronic, heavy marijuana use can impact cognitive functioning, which has the potential to
inﬂuence academic performance of college students. It is possible that craving for marijuana may further contribute
to diminished cognitive and affective functioning, thus leading to poor outcomes for students.
Methods: College student marijuana users (n = 57) were recruited based on heavy use and completed ecological
momentary assessment (EMA) via text-messaging. The association between marijuana use and craving in a college
setting was explored, as well as how these variables might relate to academic motivation, effort and success. The
participants were sent text messages for two weeks, three times per day at random times.
Results: A temporal association between craving and marijuana use was found, where momentary craving positively
predicted greater marijuana use. Similarly, as craving levels increased, the number of minutes spent studying decreased at the next assessment point. A negative association between momentary craving for marijuana and academic motivation was found in the same moment. Greater academic self-efﬁcacy positively predicted cumulative
GPA, while average minutes spent smoking marijuana was negatively related.
Conclusions: Using EMA, marijuana craving and use were signiﬁcantly related. These ﬁndings provide further
evidence that heavy marijuana use is negatively associated with academic outcomes.
© 2015 Elsevier Ltd. All rights reserved.

1. Introduction
Marijuana is the most commonly used illicit drug in the U.S., with over
7% of the general population and 19% of 18–25 year olds reporting use of
marijuana within the last month (Substance Abuse & Mental Health
Services Administration [SAMHSA], 2014). In the state of Colorado, rates
of marijuana use are among the highest in the nation, with 25% of
18–25 year olds reporting use within the last month (SAMHSA, 2012).
Approximately one-third of college students report use of marijuana
⁎ Corresponding author. Tel.: +1 970 351 2428.
E-mail addresses: kristina.phillips@unco.edu (K.T. Phillips), michael.phillips@unco.edu
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annually (Johnston, O'Malley, Bachman, Schulenberg, & Miech, 2014;
Mohler-Kuo, Lee, & Wechsler, 2003) and a signiﬁcant portion (25%) of
past-year cannabis users meet criteria for a cannabis disorder (Caldeira,
Arria, O'Grady, Vincent, & Wish, 2008).
Chronic marijuana users experience signiﬁcant consequences as a result of their use, including a range of cognitive deﬁcits. Acute intoxication
effects include deﬁcits in psychomotor functioning (e.g., speed, accuracy),
attention (including sustained selective, focused and divided attention
problems), pre-attentive sensory memory, and short-term/working
memory (problems in verbal learning/memory, immediate and delayed
free recall; see Solowij & Pesa, 2010 for a review). When examining
long-term deﬁcits, studies have consistently shown problems with attention, inhibition, working memory, executive functioning, verbal memory,
and time estimation in heavy, chronic users (Solowij & Pesa, 2010). Of
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Abstract
Background—There is concern that medical marijuana laws (MMLs) could negatively affect
adolescents. To better understand these policies, we assess how adolescent exposure to MMLs is
related to educational attainment.

Author Manuscript

Methods—Data from the 2000 Census and 2001–2014 American Community Surveys were
restricted to individuals who were of high school age (14–18) between 1990 to 2012 (n =
5,483,715). MML exposure was coded as: (i) a dichotomous “any MML” indicator, and (ii)
number of years of high school age exposure. We used logistic regression to model whether
MMLs affected: (a) completing high school by age 19; (b) beginning college, irrespective of
completion; and (c) obtaining any degree after beginning college. A similar dataset based on the
Youth Risk Behavior Survey (YRBS) was also constructed for confirmatory analyses assessing
marijuana use.
Results—MMLs were associated with a 0.40 percentage point increase in the probability of not
earning a high school diploma or GED after completing the 12th grade (from 3.99% to 4.39%).
High school MML exposure was also associated with a 1.84 and 0.85 percentage point increase in
the probability of college non-enrollment and degree non-completion, respectively (from 31.12%
to 32.96% and 45.30% to 46.15%, respectively). Years of MML exposure exhibited a consistent
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Abstract
Despite the increasing use of cannabis among adolescents, there are little and often contradictory studies on the long-term neurobiological
consequences of cannabis consumption in juveniles. Adolescence is a critical phase for cerebral development, where the endocannabinoid system
plays an important role influencing the release and action of different neurotransmitters. Therefore, a strong stimulation by the psychoactive
component of marijuana, delta-9-tetrahydrocanabinol (THC), might lead to subtle but lasting neurobiological changes that can affect adult brain
functions and behaviour.
The literature here summarized by use of experimental animal models, puts forward that heavy cannabis consumption in adolescence may induce
subtle changes in the adult brain circuits ending in altered emotional and cognitive performance, enhanced vulnerability for the use of more harmful
drugs of abuse in selected individuals, and may represent a risk factor for developing schizophrenia in adulthood.
Therefore, the potential problems arising in relation to marijuana consumption in adolescence suggest that this developmental phase is a
vulnerable period for persistent adverse effects of cannabinoids.
© 2008 Elsevier Ireland Ltd. All rights reserved.
Keywords: Cannabinoids; Adolescence; Emotional profile; Cognition; Psychosis; Gateway hypothesis

1. Introduction
Cannabis is the most commonly used illicit substance among
adolescents and young adults. In 2004, 46% of 12th graders in
the USA reported having tried cannabis at some point in their
lifetime, 34% reported having used within the past month, and
5.6% reported having smoked cannabis daily (Johnston et al.,
2004). Initiation into cannabis use typically begins in adolescence, as youths aged 12–17 constitute about two thirds of the
new cannabis users (SAMHSA, 2004). Approximately 14% of
adolescent-onset cannabis users develops cannabis dependence,
a rate roughly twice that reported for adult-onset users (Chen
et al., 1997; Chen and Anthony, 2003). Cannabis dependence is
defined in the Diagnostic and Statistical Manual of Mental Disorder (4th edition, text revision, DSM-IVTR) as having at least
three out of seven symptoms within one year. Moreover, very
recently, record numbers of teenagers were requiring drug treatment as a result of smoking skunk, the highly potent cannabis

∗ Corresponding author at: DBSF, Pharmacology Section and Neuroscience
Center, University of Insubria, via A. da Giussano 10, 21052 Busto Arsizio (VA),
Italy. Tel.: +39 0331 339417; fax: +39 0331 339459.
E-mail address: daniela.parolaro@uninsubria.it (D. Parolaro).

0303-7207/$ – see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.mce.2008.02.003

strain containing 25 times more delta-9-tetrahydrocannabinol
(THC, the psychoactive ingredient) than the resin sold a decade
ago.
Despite the constantly spreading use of cannabis among adolescents, there is little information about its neurobiological
long-term consequences. The adolescent brain is particularly
sensitive to internal and external variables such as drug exposure, environment and gonadal hormones, since in this period
several active neural changes take place (Spear, 2000). In fact,
adolescence is characterized by strong neuronal plasticity, with
sprouting and pruning of synapses, myelinization of nerve fibers,
changes in neurotransmitter concentrations and their receptor
levels in brain areas essential for behavioural and cognitive
functions (Rice and Barone, 2000). The receptor for cannabinoids (CB1) belongs to the Gi/Go-protein coupled receptor
family, and, in mammalian brain, is densely diffused in regions
involved in the processing of emotional inputs, rewarding stimuli, habit formation, and higher cognitive functions (Herkenham
et al., 1990). Endogenous cannabinoids modulate neurotransmitter release in many brain regions via CB1 receptors (Morisset
and Urban, 2001; Wilson and Nicoll, 2001, 2002; Wilson et
al., 2001). Accumulating evidence indicates that their peculiar mechanism of action as retrograde messengers is able
to strongly influence both short-term and long-term forms of
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Background Debate continues about the consequences of adolescent cannabis use. Existing data are limited in
statistical power to examine rarer outcomes and less common, heavier patterns of cannabis use than those already
investigated; furthermore, evidence has a piecemeal approach to reporting of young adult sequelae. We aimed to
provide a broad picture of the psychosocial sequelae of adolescent cannabis use.
Methods We integrated participant-level data from three large, long-running longitudinal studies from Australia and
New Zealand: the Australian Temperament Project, the Christchurch Health and Development Study, and the
Victorian Adolescent Health Cohort Study. We investigated the association between the maximum frequency of
cannabis use before age 17 years (never, less than monthly, monthly or more, weekly or more, or daily) and seven
developmental outcomes assessed up to age 30 years (high-school completion, attainment of university degree,
cannabis dependence, use of other illicit drugs, suicide attempt, depression, and welfare dependence). The number
of participants varied by outcome (N=2537 to N=3765).
Findings We recorded clear and consistent associations and dose-response relations between the frequency of
adolescent cannabis use and all adverse young adult outcomes. After covariate adjustment, compared with individuals
who had never used cannabis, those who were daily users before age 17 years had clear reductions in the odds of highschool completion (adjusted odds ratio 0·37, 95% CI 0·20–0·66) and degree attainment (0·38, 0·22–0·66), and
substantially increased odds of later cannabis dependence (17·95, 9·44–34·12), use of other illicit drugs
(7·80, 4·46–13·63), and suicide attempt (6·83, 2·04–22·90).
Interpretation Adverse sequelae of adolescent cannabis use are wide ranging and extend into young adulthood.
Prevention or delay of cannabis use in adolescence is likely to have broad health and social beneﬁts. Eﬀorts to reform
cannabis legislation should be carefully assessed to ensure they reduce adolescent cannabis use and prevent
potentially adverse developmental eﬀects.
Funding Australian Government National Health and Medical Research Council.

Introduction
Marked shifts have taken place in attitudes to cannabis
use.1 Moves to decriminalise or legalise cannabis use in
several US states and Latin American countries are a sign
of such changes in public opinion.2 These shifts have
happened while debate continues about the long-term
health and social sequelae of adolescent cannabis use.3,4
Additionally, in some countries adolescents are initiating
cannabis use earlier than have those in previous years5
and more adolescents are using cannabis heavily.6–8 In
England, 4% of 11–15 year olds are past-month cannabis
users;7 about 7% of US high-school seniors are daily or
near-daily cannabis users;8 and in Australia, less than 1%
of 14–19 year olds use daily and 4% use weekly.6 This
prevalence is particularly concerning because adolescence
seems to be a vulnerable developmental period for the
consequences of cannabis exposure,9 and evidence
suggests that early use of cannabis is associated with
increased risk of adverse developmental outcomes.10–14
Persisting questions about the long-term eﬀects of
adolescent cannabis use have clouded debate.12,15,16 The

existing evidence has limitations, including limited
statistical power to examine rarer outcomes and less
common, more regular patterns of cannabis use than
those already assessed; insuﬃcient control for confounding; and a tendency to examine only one outcome
or domain. As such, the picture of adolescent cannabis
use and its putative health consequences is fractured. We
address this issue through the integration of data from
three large, long-running longitudinal studies from
Australia and New Zealand: the Australian Temperament
Project (ATP),17 the Christchurch Health and Development Study (CHDS),18 and the Victorian Adolescent
Health Cohort Study (VAHCS).19
In this integrative meta-analysis, we examined the
long-term sequelae of adolescent cannabis use on
important domains of wellbeing during the transition to
adulthood. Speciﬁcally, we aimed to develop similar
measures of cannabis use and each outcome across all
cohorts; examine the association between patterns of
use before age 17 years and each outcome in combined
data; and adjust the associations reported for a wide
www.thelancet.com/psychiatry Vol 1 September 2014
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a b s t r a c t
Background: The relative contributions of cannabis and alcohol use to educational outcomes are unclear.
We examined the extent to which adolescent cannabis or alcohol use predicts educational attainment in
emerging adulthood.
Methods: Participant-level data were integrated from three longitudinal studies from Australia and New
Zealand (Australian Temperament Project, Christchurch Health and Development Study, and Victorian
Adolescent Health Cohort Study). The number of participants varied by analysis (N = 2179–3678) and
were assessed on multiple occasions between ages 13 and 25. We described the association between
frequency of cannabis or alcohol use prior to age 17 and high school non-completion, university nonenrolment, and degree non-attainment by age 25. Two other measures of alcohol use in adolescence were
also examined.
Results: After covariate adjustment using a propensity score approach, adolescent cannabis use (weekly+)
was associated with 1½ to two-fold increases in the odds of high school non-completion (OR = 1.60,
95% CI = 1.09–2.35), university non-enrolment (OR = 1.51, 95% CI = 1.06–2.13), and degree non-attainment
(OR = 1.96, 95% CI = 1.36–2.81). In contrast, adjusted associations for all measures of adolescent alcohol use
were inconsistent and weaker. Attributable risk estimates indicated adolescent cannabis use accounted
for a greater proportion of the overall rate of non-progression with formal education than adolescent
alcohol use.
Conclusions: Findings are important to the debate about the relative harms of cannabis and alcohol use.
Adolescent cannabis use is a better marker of lower educational attainment than adolescent alcohol use
and identiﬁes an important target population for preventive intervention.
© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
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Successfully completing high school and attaining a university
degree are critical developmental milestones linked to better health
(Cutler and Lleras-Muney, 2010) and greater economic productivity (US Bureau of Labor Statistics, 2014). Alcohol and cannabis
are commonly used by young people in the school-age years.
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I

N THE CURRENT CLIMATE OF DEBATE

about marijuana laws and interest in
marijuana as medicine,1 one issue remains unresolved: Does heavy, frequent, or prolonged use of cannabis lead
to a deterioration in cognitive function
that persists well beyond any period of
acute intoxication? Is the functioning of
the brain altered in the long term? With
over 7 million people using cannabis
weekly or more often in the United States
alone2 and the potential for increased
physician recommendations for select patients to use cannabis therapeutically,1
answers to these questions are of significant public health concern.3,4 Scientific
evidence from past research clearly
showed that gross impairment related to
chronic cannabis use did not occur but
was inconclusive with regard to the presence of more specific deficits.5,6 Recent
studies with improved methods have
demonstrated changes in cognition and
brain function associated with longterm or frequent use of cannabis. Specific impairments of attention, memory,
and executive function have been found
For editorial comment see p 1172.

Context Cognitive impairments are associated with long-term cannabis use, but the
parameters of use that contribute to impairments and the nature and endurance of
cognitive dysfunction remain uncertain.
Objective To examine the effects of duration of cannabis use on specific areas of
cognitive functioning among users seeking treatment for cannabis dependence.
Design, Setting, and Participants Multisite retrospective cross-sectional neuropsychological study conducted in the United States (Seattle, Wash; Farmington, Conn;
and Miami, Fla) between 1997 and 2000 among 102 near-daily cannabis users (51
long-term users: mean, 23.9 years of use; 51 shorter-term users: mean, 10.2 years of
use) compared with 33 nonuser controls.
Main Outcome Measures Measures from 9 standard neuropsychological tests that
assessed attention, memory, and executive functioning, and were administered prior
to entry to a treatment program and following a median 17-hour abstinence.
Results Long-term cannabis users performed significantly less well than shorterterm users and controls on tests of memory and attention. On the Rey Auditory Verbal Learning Test, long-term users recalled significantly fewer words than either shorterterm users (P=.001) or controls (P=.005); there was no difference between shorterterm users and controls. Long-term users showed impaired learning (P=.007), retention
(P = .003), and retrieval (P = .002) compared with controls. Both user groups performed poorly on a time estimation task (P⬍.001 vs controls). Performance measures
often correlated significantly with the duration of cannabis use, being worse with increasing years of use, but were unrelated to withdrawal symptoms and persisted after
controlling for recent cannabis use and other drug use.
Conclusions These results confirm that long-term heavy cannabis users show impairments in memory and attention that endure beyond the period of intoxication and
worsen with increasing years of regular cannabis use.
www.jama.com

JAMA. 2002;287:1123-1131

in cannabis users in the unintoxicated
state (and in children exposed to cannabis in utero7) in controlled studies using brain event-related potential techniques6,8-10 and neuropsychological
assessments11-15 including complex tasks.
Brain imaging studies of cannabis users have demonstrated altered function, blood flow, and metabolism in prefrontal and cerebellar regions.16-19 Studies
failing to detect cognitive decline associated with cannabis use20 may reflect insufficient heavy or chronic use of cannabis in the sample or the use of
insensitive assessment instruments. Impairments appear to increase with duration and frequency of cannabis use; how-

©2002 American Medical Association. All rights reserved.

ever, the parameters of use that are
associated with short- or long-lasting cognitive and brain dysfunction have not
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Abstract
Rationale Long-term heavy cannabis use can result in
memory impairment. Adolescent users may be especially
vulnerable to the adverse neurocognitive effects of cannabis.
Objectives and methods In a cross-sectional and prospective neuropsychological study of 181 adolescents aged
16–20 (mean 18.3 years), we compared performance
indices from one of the most widely used measures of
learning and memory—the Rey Auditory Verbal Learning
Test—between cannabis users (n=52; mean 2.4 years of
use, 14 days/month, median abstinence 20.3 h), alcohol
users (n=67) and non-user controls (n=62) matched for
age, education and premorbid intellectual ability (assessed
prospectively), and alcohol consumption for cannabis and
alcohol users.
Results Cannabis users performed significantly worse than
alcohol users and non-users on all performance indices. They

recalled significantly fewer words overall (p<0.001), demonstrating impaired learning (p<0.001), retention (p<0.001)
and retrieval (p<0.05) (Cohen’s d 0.43–0.84). The degree of
impairment was associated with the duration, quantity,
frequency and age of onset of cannabis use, but was
unrelated to alcohol exposure or other drug use. No gender
effects were detected and the findings remained after
controlling for premorbid intellectual ability. An earlier age
of onset of regular cannabis use was associated with worse
memory performance after controlling for extent of exposure
to cannabis.
Conclusions Despite relatively brief exposure, adolescent
cannabis users relative to their age-matched counterparts
demonstrated similar memory deficits to those reported in
adult long-term heavy users. The results indicate that
cannabis adversely affects the developing brain and
reinforce concerns regarding the impact of early exposure.
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ABSTRACT

Aims To investigate the relationship between cannabis and tobacco use by age 15 and subsequent educational outcomes. Design Birth cohort study. Setting England. Participants The sample was drawn from the Avon
Longitudinal Study of Parents and Children; a core sample of 1155 individuals had complete information on all the variables. Measurements The main exposures were cannabis and tobacco use at age 15 assessed in clinic by computerassisted questionnaire and serum cotinine. The main outcomes were performance in standardized assessments at 16
[Key Stage 4, General Certiﬁcate of Secondary Education (GCSE)] in English and mathematics (mean scores), completion
of ﬁve or more assessments at grade C level or higher and leaving school having achieved no qualiﬁcations. Analyses were
sequentially adjusted for multiple covariates using a hierarchical approach. Covariates considered were: maternal
substance use (ever tobacco or cannabis use, alcohol use above recommended limits); life course socio-economic position
(family occupational class, maternal education, family income); child sex; month and year of birth; child educational
attainment prior to age 11 (Key Stage 2); child substance use (tobacco, alcohol and cannabis) prior to age 15 and child
conduct disorder. Findings In fully adjusted models both cannabis and tobacco use at age 15 were associated with
subsequent adverse educational outcomes. In general, the dose–response effect seen was consistent across all educational
outcomes assessed. Weekly cannabis use was associated negatively with English GCSE results [grade point difference
(GPD), –5.93, 95% conﬁdence interval (CI) = –8.34, –3.53] and with mathematics GCSE results (GPD, –6.91, 95%
CI = –9.92, –3.89). Daily tobacco smoking was associated negatively with English GCSE (GPD, –11.90, 95%
CI = –13.47, –10.33) and with mathematics GCSE (GPD, –16.72, 95% CI = –18.57, –14.86). The greatest attenuation
of these effects was seen on adjustment for other substance use and conduct disorder. Following adjustment, tobacco
appeared to have a consistently stronger effect than cannabis. Conclusions Both cannabis and tobacco use in
adolescence are associated strongly with subsequent adverse educational outcomes. Given the non-speciﬁc patterns of
association seen and the attenuation of estimates on adjustment, it is possible that these effects arise through non-causal
mechanisms, although a causal explanation cannot be discounted.
Keywords

ALSPAC, cannabis use, cotinine, education, English, GCSE, mathematics, school dropout, smoking.
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INTRODUCTION
Cannabis use, particularly among young people, is still relatively common [1–3]. UK cannabis use has been reportedly declining since its peak, although 2012/13 ﬁgures
estimate that 30.9% of 16-24 year olds have ever used cannabis and 13.5% have smoked cannabis in the last year [4].
Various adverse psychosocial outcomes have been reported
to be associated with cannabis use; however, the causal

basis for these associations is often unclear. Lower educational attainment, for example, is associated consistently
with higher use of cannabis. Evidence that this association
is causal, such that preventing cannabis use among young
people would increase their educational attainment, would
have important implications for policy. A recent co-twin
control study found that cannabis does not cause adverse
education outcomes, but both traits are inﬂuenced by the
same family environmental factors [5]. The available

© 2014 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction.
Addiction, 110, 658–668
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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Abstract
Cannabis is one of the most used drugs of abuse. It affects the brain reward system in animals,
and has proven rewarding and addictive potential in humans. We used functional MRI to measure
brain activity during reward anticipation in a monetary reward task. Long-term cannabis users
were compared to healthy controls. An additional control group consisting of nicotine users was
included. Cannabis users showed attenuated brain activity during reward anticipation in the
nucleus accumbens compared to non-smoking controls, but not compared to smoking controls.
Cannabis users showed decreased reward anticipation activity in the caudate nucleus, compared
to both non-smoking and smoking controls. These data suggest that nicotine may be responsible
for attenuated reward anticipation activity in the accumbens, but that differences in the
caudate are associated with the use of cannabis. Our findings imply that chronic cannabis use as
well as nicotine, may cause an altered brain response to rewarding stimuli.
© 2009 Elsevier B.V. and ECNP. All rights reserved.

1. Introduction
Cannabis is one of the most widely used drugs since ancient
times. Nowadays, it is commonly accepted that the drug has
addictive potential. In the Dutch population cannabis use has
⁎ Corresponding author. Rudolf Magnus Institute of Neuroscience,
Department of Neurology and Neurosurgery, University Medical
Center Utrecht, P.O. Box 85500, room G.03.223, 3508 GA Utrecht,
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increased in the past decade, and although daily use has
become less frequent, a growing group of (daily) users seeks
treatment to be able to deal with their heavy use (for a
review see EMCDDA, 2007). This may be associated with the
fact that the potency of cannabis has increased significantly
in recent years (Pijlman et al., 2005; TNDM, 2006).
Cannabis has an effect on the reward system, as is clearly
shown in animal studies (Gardner, 2002; Tanda and Goldberg, 2003; Wise, 1996). The rewarding effects of cannabis
might be responsible for its addictive properties. Like most
other drugs of abuse, prolonged cannabis exposure decreases

0924-977X/$ - see front matter © 2009 Elsevier B.V. and ECNP. All rights reserved.
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a b s t r a c t
In this paper we use individual level data from the Australian National Drug Strategy Household Survey to study the relationship between initiation into cannabis use and educational
attainment. Using bivariate duration analysis we ﬁnd that those initiating into cannabis use
are much more likely to dropout of school, and that the reduction in years of education
depends on the age at which initiation into cannabis occurs. We also ﬁnd that the impact
of cannabis uptake is larger for females than males.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction
One of parents’ greatest fears is that their child will become involved with drugs. Underlying this fear is the belief that
drug use could lead to poor educational attainment, subsequent failure in the labor market, and without a good job to anchor
their lives, an unhappy future. Viewed within a human capital framework, this scenario may ﬁnd resonance. For example,
drug use could lead teenagers to substitute time spent under the inﬂuence of drugs for time spent studying, resulting in poor
academic achievement and an early exit from education. This is particularly a concern with cannabis because initiation into
its use typically occurs during the teenage years, coinciding with the timing of critical decisions about investment in formal
education, both at the extensive and intensive margins. There is, therefore, potential for youthful cannabis use to have a long
lasting affect through its impact on the individual’s stock of human capital. This paper investigates the extent to which this
is the case by examining how the age of initiation into cannabis use effects subsequent educational attainment.
There is substantial evidence that early cannabis use is associated with lower levels of education (Macleod et al., 2004).
What is less well understood is the extent to which this association reﬂects the causal impact of cannabis use on education
outcomes. Associations will not reﬂect causal effects if, for example, those who self-select into cannabis use differ from
those who do not use cannabis in ways that also impact on their academic achievement (selection on unobservables). For
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Regional Brain Abnormalities Associated
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Context: Cannabis is the most widely used illicit drug
in the developed world. Despite this, there is a paucity
of research examining its long-term effect on the human brain.
Objective: To determine whether long-term heavy cannabis use is associated with gross anatomical abnormalities in 2 cannabinoid receptor–rich regions of the brain,
the hippocampus and the amygdala.
Design: Cross-sectional design using high-resolution

(3-T) structural magnetic resonance imaging.
Setting: Participants were recruited from the general
community and underwent imaging at a hospital research facility.
Participants: Fifteen carefully selected long-term (⬎10

years) and heavy (⬎5 joints daily) cannabis-using men
(mean age, 39.8 years; mean duration of regular use, 19.7
years) with no history of polydrug abuse or neurologic/
mental disorder and 16 matched nonusing control subjects (mean age, 36.4 years).
Main Outcome Measures: Volumetric measures of
the hippocampus and the amygdala combined with mea-
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sures of cannabis use. Subthreshold psychotic symptoms and verbal learning ability were also measured.
Results: Cannabis users had bilaterally reduced hippocampal and amygdala volumes (P = .001), with a relatively (and significantly [P=.02]) greater magnitude of
reduction in the former (12.0% vs 7.1%). Left hemisphere hippocampal volume was inversely associated with
cumulative exposure to cannabis during the previous 10
years (P=.01) and subthreshold positive psychotic symptoms (P⬍ .001). Positive symptom scores were also associated with cumulative exposure to cannabis (P=.048).
Although cannabis users performed significantly worse
than controls on verbal learning (P ⬍ .001), this did not
correlate with regional brain volumes in either group.
Conclusions: These results provide new evidence of exposure-related structural abnormalities in the hippocampus and amygdala in long-term heavy cannabis users and
corroborate similar findings in the animal literature. These
findings indicate that heavy daily cannabis use across protracted periods exerts harmful effects on brain tissue and
mental health.
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HERE IS CONFLICTING

evidence regarding the
long-term effects of regular cannabis use. Although
growing literature suggests that long-term cannabis use is associated with a wide range of adverse health
consequences,1-4 many people in the community, as well as cannabis users themselves, believe that cannabis is relatively
harmless and should be legally available.
With nearly 15 million Americans using
cannabis in a given month, 3.4 million
using cannabis daily for 12 months or
more, and 2.1 million commencing use every year,5 there is a clear need to conduct
robust investigations that elucidate the
long-term sequelae of long-term cannabis use.
The strongest evidence against the notion that cannabis is harmless comes from
the animal literature6-9 in which long-
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term cannabinoid administration has been
shown to induce neurotoxic changes in the
hippocampus, including decreases in neuronal volume, neuronal and synaptic density, and dendritic length of CA3 pyramidal neurons. Although such work suggests
that exposure to cannabinoids may be neurotoxic in animals, much less is known
about the neurobiologic consequences of
long-term cannabis exposure in humans.
Only a handful of brain imaging studies have been conducted in human cannabis users, with inconsistent findings reported. Early cannabis research using
pneumoencephalography10 reported cerebral atrophy in a small sample (N=10)
of cannabis users, but further studies using
computed tomography11-13 did not detect
any abnormalities, despite the potential
confounds of polydrug use, comorbid neurologic/psychiatric diagnoses, and a lack
of appropriate comparison groups. More
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