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MTA Neuroimaging Group1

Abstract
Background—Attention-deficit/hyperactivity disorder (ADHD) and cannabis use are each
associated with specific cognitive deficits. Few studies have investigated the neurocognitive
profile of individuals with both an ADHD history and regular cannabis use. The greatest cognitive
impairment is expected among ADHD Cannabis Users compared to those with ADHD-only,
Cannabis use-only, or neither.

Methods—Young adults (24.2±1.2 years) with a childhood ADHD diagnosis who did (n=42)
and did not (n=45) report past year ≥ monthly cannabis use were compared on neuropsychological
measures to a local normative comparison group (LNCG) who did (n=20) and did not (n=21)
report past year regular cannabis use. Age, gender, IQ, socioeconomic status, and past year alcohol
and smoking were statistical covariates.

Results—The ADHD group performed worse than LNCG on verbal memory, processing speed,
cognitive interference, decision-making, working memory, and response inhibition. No significant
effects for cannabis use emerged. Interactions between ADHD and cannabis were non-significant.
Exploratory analyses revealed that individuals who began using cannabis regularly before age 16
(n=27) may have poorer executive functioning (i.e., decision-making, working memory, and
response inhibition), than users who began later (n=32); replication is warranted with a larger
sample.

Conclusions—A childhood diagnosis of ADHD, but not cannabis use in adulthood, was
associated with executive dysfunction. Earlier initiation of cannabis use may be linked to poor
cognitive outcomes and a significantly greater proportion of the ADHD group began using
cannabis before age 16. Regular cannabis use starting after age 16 may not be sufficient to
aggravate longstanding cognitive deficits characteristic of ADHD.

Keywords
ADHD; cannabis; executive functioning; early onset

1. INTRODUCTION
Executive functioning (EF) plays a role in the development and maintenance of substance
use disorders (SUD; Almeida et al., 2008). EF includes processes such as planning,
organization, decision-making, set shifting and maintenance, working memory, and the like
(Lezak et al., 2004). Individuals with poor EF have difficulty engaging in future goal-
oriented behavior and incorporating experience to modify behavior. A defining
characteristic of SUD is intense desire to use substance(s) regardless of short and long term
consequences. Significant substance use can dramatically affect how an individual handles
the reinforcing properties of substances as well as influence control mechanisms and quality
of responses to decisions (Almeida et al., 2008). It is not surprising both that (a) regular
substance use is associated with deficits in EF (Grant et al., 2012; Piechatzek et al., 2009)
and (b) etiological models include cognitive dysfunction as a risk factor for developing SUD
(Chassin et al., 2004).

A population with inherent EF difficulties includes individuals with attention-deficit/
hyperactivity disorder (ADHD; Hervey et al., 2004; Willcutt et al., 2005). Patients with
ADHD have particular deficits in the domains of attention and response inhibition (Malloy-
Diniz et al., 2007), working memory (Andersen et al., 2012; Schweitzer et al., 2006), risky
decision-making (Malloy-Diniz et al., 2007; Toplak et al., 2005), and planning and shifting
(Rohlf et al., 2012; van Mourik et al., 2005). Not surprisingly, childhood ADHD is
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associated with increased risk of later substance use, abuse, or dependence in adolescence
and adulthood (Charach et al., 2011; Lee et al., 2011). In addition, individuals with SUD
frequently have comorbid ADHD (Wilens, 2007). It is not clear whether individuals with
ADHD are at risk for more adverse cognitive consequences of substance use than
individuals without ADHD. The minimal research on this topic is mixed. Some studies do
not find a relationship between substance use and EF in individuals with ADHD (Wilens et
al., 2011a, 2011b). Others suggest substance use uniquely predicts EF deficits even after
controlling for Diagnostic and Statistical Manual (DSM) disorders, including ADHD (Fried
et al., 2005).

In the current study, we evaluated EF performance for young adults with and without
ADHD histories crossed with cannabis use. We aimed to ascertain whether any aspects of
EF deficits are specific to ADHD or to cannabis use, and whether co-occurring ADHD and
cannabis use have an additive effect on EF deficits. Our focus on cannabis is relevant
because it is the most commonly used illicit drug in individuals with ADHD (Lee et al.,
2011; Molina et al., 2013) and cannabinoids significantly impact on EF (Pattij et al., 2008).
We anticipated individuals with a history of ADHD would perform more poorly than
demographically similar age-mates without ADHD histories on response inhibition,
decision-making, working memory, verbal memory including acquisition, recall, and
recognition, and processing speed. The cognitive functioning literature is mixed for cannabis
use, but we predicted that cannabis users would perform more poorly than non-users on
decision-making (Fridberg et al., 2010; Whitlow et al., 2004), verbal memory (Gonzalez et
al., 2012; McHale and Hunt, 2008), and cognitive interference (Battisti et al., 2010).
Although no studies to our knowledge have specifically examined the interaction of ADHD
and cannabis use, we anticipated the most severe cognitive deficits for cannabis users with
ADHD.

It is also possible that early onset of cannabis use may disrupt healthy neurodevelopment,
which is of concern in cases of ADHD given reports of developmental lags in brain
maturation among individuals with this disorder (Shaw et al., 2007). Adolescence is a
dynamic time when brain regions associated with EF (e.g., prefrontal cortex, parietal cortex,
and cerebellum) undergo gray matter synaptic pruning which continues into the mid-20s
(Lenroot and Giedd, 2006; Sowell et al., 2004). Maturation of white matter tracts, yielding
more efficient neural conductivity, also continues into the early-30s (Barnea-Goraly et al.,
2005; Nagel et al., 2006). During adolescence, the limbic system develops earlier than the
prefrontal cortex (Casey et al., 2008); development of top-down control of the limbic system
(resulting in improved inhibitory control and affective processing) is therefore a gradual
process (Casey et al., 2008; Liston et al., 2006; Monk et al., 2003). Adolescence may be a
sensitive period associated with increased neurocognitive deficits resulting from substance
use. Indeed, research has shown an association between initiation of cannabis use prior to
the age of 16 and enduring deficits on attention (Ehrenreich et al., 1999) and short-term
memory (Schwartz et al., 1989) even after 28 days of monitored abstinence (Pope et al.,
2003). Therefore, we also conducted exploratory analyses investigating whether regular
cannabis use prior to age 16 was a stronger predictor of EF deficits than contemporaneous
use. We anticipated that cannabis users who engaged earlier in cannabis use would
demonstrate poorer EF performance.

2. METHOD
The study was approved by each site’s Institutional Review Board and informed consent
was obtained from all participants prior to any procedures.
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2.1 Participants
Participants were recruited from the longitudinal follow-up of the Multimodal Treatment
Study of ADHD (MTA) to participate in the current study. Recruitment took place at either
the 14- or 16-year follow-up assessments (i.e., 14 or 16 years after study enrollment in
childhood). Original MTA participants included 579 children aged 7.0 to 9.9 years
diagnosed in childhood with ADHD Combined Type. The MTA procedures for diagnosis,
treatment specifics, and sample demographics have been described elsewhere (MTA
Cooperative Group, 1999). A local normative comparison group (LNCG, n=289) was
recruited 24 months after baseline assessment to reflect the local populations from which the
ADHD sample was drawn. ADHD and LNCG participants have been followed
longitudinally with visits at 36-months, and 6, 8, 10, 12, 14, and 16 years after baseline
assessment of the ADHD group.

Participants in the current study included 87 ADHD (42 Cannabis Users and 45 Non-users)
and 41 LNCG (20 Cannabis Users and 21 Non-users; i.e., 128 participants total; mean age
24.2±1.4; 80.5% male; see Table 1) based on their self-report of cannabis in the past year. A
participant was classified as a Cannabis User if he or she reported using cannabis monthly or
more frequently during the previous year, and as a Cannabis Non-user if they had used
cannabis <4 times during the previous year. It should be noted that the majority of
participants in the Cannabis User group reported weekly or daily use in the past year.
Participants were excluded if they self-reported binge drinking (drinking ≥5 drinks in a
single session ≥1 time/week) as well as monthly or greater recreational use of other
substances (e.g., cocaine, narcotics, hallucinogens, etc.). Other exclusionary criteria included
any characteristic that would contraindicate magnetic resonance imaging (MRI) exposure
(e.g., orthodontic braces), or a history of traumatic brain injury with loss of consciousness or
that occurred in the past year. Participants taking psychotropic medications other than for
ADHD were also excluded. It should be noted that few participants reported currently taking
stimulant medication to manage their ADHD (see Table 1) which is generally consistent
with longitudinal studies reporting that young adults who were medicated in childhood often
discontinue treatment with stimulant medication in early adulthood (Barkley et al., 2008).

2.2 Design and Procedure
Coordinators reviewed participant responses to the Substance Use Questionnaire (Molina et
al., 2013; Molina and Pelham, 2003) obtained at the year 14 or 16 MTA follow-up visit and
approached potential participants about the current study. Those interested were presented
with the study description and additional screening questionnaires (e.g., brain injury screen
(Bogner and Corrigan, 2009)). Eligible participants returned for a single session during
which neuropsychological measures were completed, followed by an MRI scan (results to be
presented elsewhere). All participants observed a 36-hour washout period for illicit drugs
and alcohol, and a 1-hour washout period for nicotine and caffeine prior to the
neuropsychological battery. All participants also observed a 24-hour washout for any other
prescribed or over-the-counter medications. Neuropsychological assessment instruments
were administered in the following order: Hopkins Verbal Learning Task (HVLT), Iowa
Gambling Task, Trail Making Test, HVLT Recall, Go/NoGo, Delis-Kaplan Color-Word
Interference Task, and Paced Auditory Serial Addition Test.

2.3 Measures
Substance Use Questionnaire (SUQ) (Molina et al., 2013; Molina and Pelham,
2003)—The SUQ assesses past 12-month use of alcohol, tobacco products, cannabis, and
other drugs. The measure was modeled after similar substance use measures that rely on
confidential youth self-report (Molina et al., 2013). An NIH Certificate of Confidentiality
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strengthened assurance of privacy. For purposes of this study, participants also completed an
adapted version reporting on their substance use in the past month.

Hopkins Verbal Learning Task (HVLT) (Brandt, 1991)—The HVLT, a measure of
verbal learning and memory, involves learning 12 words that represent 3 semantic
categories. The list is presented 3 times and then, after a 20-minute delay, participants recall
as many words as they can remember. Finally, the participant is provided cues and asked to
recall if the word was on the original list. For this study, we utilized the score for trial 1
(immediate recall), total recall, and delayed recall as dependent variables.

Go/NoGo Response Inhibition Task (GNG)—The GNG assesses response inhibition.
The computerized GNG task requires participants to press the spacebar in response to a
variety of non-target stimuli (i.e., letters) while inhibiting their response to a specific target
stimulus (i.e., “X”). Stimuli appear individually for 250 msec. followed by a fixation cross
for the duration of the interstimulus interval. Participants completed 360 trials. A ratio of
10% target and 90% non-target stimuli was maintained. For the current study, the dependent
variables were percent commission errors and tau, an ex-Gaussian estimate of response
variability (Leth-Steenson et al., 2000). Because reaction time (RT) distributions are
typically skewed we utilized RTSYS (http://www.newcl.org) to separate the normal curve
component of the RT distribution from the exponential component. Tau is the statistic that
describes the exponential component. Greater tau represents more skew and more extreme
RTs scattered throughout task performance. Tau is the indicator of RT variability that seems
to be most sensitive to ADHD-related patterns of increased variability in RTs (Epstein et al.,
2011).

Iowa Gambling Task (IGT) (Bechara et al., 1994)—The 100-trial computerized IGT
assesses decision-making. Participants were provided a “loan” of $2,000 and directed to win
as much money as possible by choosing cards from any of 4 decks one at a time. All of the
cards carried an immediate reward, but some also carried a penalty. Two decks were
disadvantageous resulting in net losses. Two decks were advantageous resulting in net gains.
For the current study, a net score was calculated by subtracting disadvantageous card
choices from the advantageous card choices.

Delis-Kaplan Executive Function System Color Word Interference Task (D-
KEFS-CWI) (Delis et al., 2001)—The D-KEFS-CWI, a measure of cognitive
interference, includes 4 conditions: Color Naming, Word Reading, Inhibition, and
Inhibition/Switching. The Color Naming task is a test of how quickly the participant can
name colors. The Word Reading task evaluates how quickly the participant can read words
(e.g., red, green). The Inhibition Task requires the participant to name the color ink a word is
printed in, sometimes the same and sometimes different. The Inhibition/Switching Task
requires the participant to switch back and forth between naming and reading. For the
current study, the time it took the participant to complete the Inhibition condition was the
dependent variable.

Paced Auditory Serial Addition Test (PASAT)—The PASAT was included to assess
working memory (Spreen and Strauss, 1998). Individuals are presented with single-digit
numbers one at a time every 3000 msec. and are asked to add the most recent number to the
previously presented number and so on. Percent accuracy was the dependent variable.

Trail Making Task (TMT)—The TMT was included to assess processing speed (Lezak et
al., 2004). The test includes 2 conditions, both with 25 circles distributed over a sheet of
paper. In Part A, the circles are numbered 1–25, and the participant draws lines to connect
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the numbers in ascending order. In Part B, the circles include both numbers and letters; the
participant draws lines to connect the circles in an ascending pattern but with the added task
of alternating between the numbers and letters (i.e., 1-A-2-B-3-C, etc.). The participant is
instructed to connect the circles as quickly as possible. For the current study, time to
complete Part B was the dependent variable.

2.4 Statistical Approach
Before computing our statistical analyses we compared the 4 groups on demographic and
baseline characteristic variables using one-way ANOVAs for the continuous variables and
the χ2 test for categorical variables. Associations between the dependent variables and age,
gender, IQ, race, alcohol use in the past year, smoking use in the past year, maternal
education (proxy for socioeconomic status (Abramson et al., 1982)), and nicotine
withdrawal were conducted to determine whether they should be included as covariates. If
any covariate was significantly associated (p<.05) with any neuropsychological variable,
that covariate was included. We did not include current medication status as a potential
covariate because no participants took medication on the day of assessment so we did not
anticipate immediate pharmacological effects from stimulant medication.

A 2 (Diagnosis: ADHD, LNCG) x 2 (use status: Cannabis User, Non-user) MANCOVA
(two-tailed), controlling for age, gender, IQ, socioeconomic status, and frequency of alcohol
use and tobacco use in the past year was conducted for the dependent variables. Significant
findings were followed up by investigating univariate effects. Effect sizes were also
calculated. Exploratory analyses were conducted to investigate whether age of onset of
cannabis use moderated the neuropsychological findings. Cannabis Users were divided into
those who initiated use prior to age 16 and those who initiated after age 15 because research
shows that cannabis use prior to the age of 16 leads to enduring EF deficits (Ehrenreich et
al., 1999; Pope et al., 2003; Schwartz et al., 1989). We selected the youngest age a
participant reported using cannabis monthly or more from the SUQ reports at each MTA
assessment beginning at the 6-year follow-up. A 2 (Diagnosis: ADHD, LNCG) x 2
(Cannabis Use Age of Onset: Early, Late) MANCOVA, controlling for age, IQ, race, and
frequency of alcohol use and tobacco use in the past year was conducted for the dependent
variables. Effect sizes (Cohen’s d; Cohen, 1992) were also calculated; effect sizes from .20
to .49 were considered small, from .50 to .79 moderate, and >.80 large.

3. RESULTS
The LNCG were younger than the ADHD participants, and Cannabis Users were more
likely to be male and smokers than Non-users (see Table 1). Groups did not differ
significantly with respect to ethnicity/race, IQ, or medication status. Individuals with ADHD
reported first using cannabis regularly at an earlier age (M=15.2, SD=2.9) than LNCG
participants [M=17.1, SD=2.6; F(1,62)=5.6, p=.021]. It should be noted that 5 individuals in
the ADHD Non-user group reported prior cannabis use (reported age of onset M=15.6,
SD=2.4) but reported no use in the past year.

Age, gender, socioeconomic status, IQ, frequency of tobacco use in the past year, and
frequency of alcohol use in the past year correlated significantly (p<.05) with one or more of
the neuropsychological variables and, thus, were included in the models as covariates. Race/
ethnicity was not significantly associated with any neuropsychological variable.

The 2 (Diagnosis: ADHD, LNCG) x 2 (Cannabis user status: User, Non-user) MANCOVA
controlling for the aforementioned covariates revealed a main effect for diagnosis
[F(9,120)=3.37, p=.001] but not User status [F(9,120)=1.22, p=.288] or their interaction
[F(9,120)=.80, p=.620]. Univariate analyses following up the main effect of diagnosis
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revealed statistically significant ADHD main effects for HVLT Immediate (d=.46) and Total
Recall (d=.52) variables, D-KEFS Inhibition Time (d=.47), IGT Net Score (d=.48), PASAT
Accuracy (d=.66), and GNG commission errors (d=.68) (see Table 2). The ADHD group
performed more poorly than the LNCG with near-medium to medium effect sizes across
these measures. No main effects were observed for ADHD diagnosis on the HVLT Delayed
Recall (d=.56), TMT (d=.54), or GNG tau (d=.22) variables. There was also a significant
effect of cannabis use for the IGT Net Score (d=.22) with the cannabis users performing
more poorly than non-cannabis users.

The exploratory 2 (Diagnosis: ADHD, LNCG) x 2 (Cannabis Use Age of Onset: Early
[<16], Late [≥16]) MANCOVA controlling for the aforementioned covariates was not
significant for diagnosis [F(9,59)=2.08, p=.054], cannabis use age of onset [F(9,59)=.89, p=.
539], or their interaction [F(9,59)=.38, p=.939]. Because some cell sizes for this exploratory
analysis were exceedingly small (n=6 for LNCG early onset cannabis use), we opted to
review effects sizes for cannabis age of onset. These were of medium size for GNG percent
commission (d=.67) and IGT net score (d=.52), and small for HVLT immediate recall (d=.
20), HVLT total recall (d=.24), TMT Part B time (d=.39), D-KEFS inhibition time (d=.33),
PASAT percent accuracy (d=.43), and GNG tau (d=.44). In all cases, early onset cannabis
users performed more poorly than late onset cannabis users.

4. DISCUSSION
To our knowledge, this is the first study investigating the combined effects of ADHD and
cannabis use on EF. We predicted childhood-diagnosed ADHD and cannabis use would be
related to worse EF. Instead, for almost all tasks we observed a clear effect for ADHD but
not for cannabis use, either contemporaneous or historical. The strongest negative effects of
ADHD were on impulsivity, working memory, and verbal memory. Although we also
expected individuals with a childhood history of ADHD who used cannabis regularly would
demonstrate particularly poor EF performance, we found no significant ADHD by cannabis
use interactions.

As expected, the ADHD group made significantly more errors of commission and
demonstrated worse working memory, verbal memory, decision making, and cognitive
interference than the LNCG. We also observed non-significant impacts on delayed recall
and processing speed with medium effect sizes (d≥.5). Interestingly, we did not observe the
expected effect of ADHD on tau. Since reaction time variability is particularly characteristic
of ADHD (Tamm et al., 2012), at least in children, we were surprised no effect was
observed. Some literature suggests reaction time variability is less evident as individuals
with ADHD develop (Drechsler et al., 2005) so the non-significant finding may be due to
maturation.

We did not have information to investigate whether participants in the current study still met
diagnostic criteria for ADHD. However, at the 8-year follow-up, the original ADHD group
in the larger MTA sample demonstrated greater impairment even though only 30% met
current ADHD diagnostic criteria (Molina et al., 2009) suggesting a childhood diagnosis of
ADHD is risk factor for continued EF deficits, which is consistent with other studies
(Fischer et al., 2005; Halperin et al., 2008; Hinshaw et al., 2012). We did not observe
significant effects of cannabis use except for a small significant effect of cannabis use on
decision-making, which should be interpreted with caution given the overall MANCOVA
did not indicate a significant main effect for cannabis use. However, the direction of the
finding is consistent with the literature (Fridberg et al., 2010; Grant et al., 2012; Whitlow et
al., 2004) and provides modest support suggesting that cannabis use is associated with
poorer performance on decision making tasks. Cannabis users may have deficits in the
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ability to balance rewards and punishments that contribute to drug-taking behavior. This
could be cause or effect. Interestingly, this task assesses a ‘hot’ executive function, i.e., one
that involves incentives and motivation (Zelazo and Muller, 2002), which may play a more
critical role in the process of addiction than ‘cool’ or more abstract executive functions
(Moreno-Lopez et al., 2012). It should be noted that studies suggest that dose, persistence,
and chronicity of use may impact the effect of cannabis on EF (Almeida et al., 2008; Meier
et al., 2012). Cannabis use in our study ranged from monthly to daily over the past year and
all were abstinent on the day of testing, which may have affected our ability to detect effects
of cannabis use on EF due to recovery of function.

Our exploratory analyses investigating age of onset of cannabis use were not significant,
potentially because of the much smaller sample size for these analyses. However, review of
effect sizes revealed that earlier use of cannabis was associated with poorer performance on
cognitive tasks assessing decision-making, working memory, impulsive errors, and response
variability than late onset of use. These tasks involve visual attention, which is negatively
influenced by early-onset cannabis use (Ehrenreich et al., 1999). Individuals who initiate use
of cannabis before age 16 may be at higher risk for developing persistent
neuropsychological deficits because their brain is still developing (Fontes et al., 2011),
especially the prefrontal cortex (Ellgren et al., 2008) which is associated with several
executive functions including planning, verbal fluency, complex problem-solving, and
impulse control, each with its own developmental trajectory (Fuster, 2006). Thus,
adolescence is a particularly vulnerable time for neurocognitive effects of substance use
(Monti et al., 2005). Still, we clearly found that ADHD diagnosis had a much larger impact
on EF than cannabis use. Because ADHD is associated with developmental delays,
particularly in the prefrontal cortex (Shaw et al., 2007), it is possible that the cognitive
consequences of ADHD were sufficient that additional impact on EF from cannabis use was
difficult to detect. It should be noted that a higher proportion of individuals with ADHD
initiated cannabis use early, which may make it difficult to disentangle the independent
impact of cannabis on cognition, given larger effect sizes of ADHD. Furthermore, there may
be an interaction whereby early onset cannabis use exacerbates ADHD symptomatology
through negatively impacting EF. Further investigation is clearly warranted.

Our findings must be interpreted in light of several limitations. Sample sizes were small,
particularly for the exploratory age of onset analyses. The cross-sectional design makes it
difficult to determine causality although the ADHD diagnosis did precede cannabis use for
all participants (Molina et al., 2007). The measure of cannabis use was based on self-report,
which is not the most objective method compared to biological measures. Our results may
not generalize to more persistent chronic cannabis users. Excluding regular binge drinkers
may also limit generalizability given the high co-occurrence of alcohol and cannabis use
(e.g., McCurley and Snyder, 2008). Although we requested participants abstain from
prescribed medication and illicit drug and alcohol use prior to the assessment, we did not
verify their compliance with this directive. The concern about participants not complying
with this directive for cannabis use is somewhat mitigated by the fact that we did not
observe an effect of cannabis; if participants indeed did not comply with the requested
washout period, we may have observed a false-positive finding based on the negative effects
of cannabis on cognitive functioning (Azorlosa et al., 1992). It is also possible that
discontinuation of stimulant medication may have impaired performance on the cognitive
tasks (Wang et al., 2013); however, with such a small proportion (<7%) of our ADHD
sample taking stimulant medication “sometimes” or “always”, it is unlikely that such
discontinuation effects would have led to the ADHD group differences..

There are a number of issues needing further investigation. It will be imperative to
investigate the effects of regular cannabis use in young adults who continue to meet
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diagnostic criteria for ADHD, particularly because some studies suggest persistent ADHD is
associated with poorer EF (Halperin et al., 2008) and higher rates of comorbid SUD
(Sullivan and Rudnik-Levin, 2001). It will also be important to investigate whether having a
diagnosed cannabis SUD results in more dramatic impact on EF than the regular use
defining this sample of users. Another issue that may impact EF outcomes is the age of onset
of cannabis use. Future research will need to examine whether there is a critical
developmental window when cannabis use more severely affects neuropsychological
functioning. Other areas of investigation might include an analysis of whether EF deficits in
childhood predict poorer cognitive outcomes, and whether early deficits interact with
cannabis use with and without ADHD. Our results should not be taken to indicate that
cannabis use carries no risk for cognitive function, only that further investigation is needed.
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