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Marijuana (MJ) remains the most widely abused illicit substance in the United States, and in recent years,
a decline in perceived risk of MJ use has been accompanied by a simultaneous increase in rates of use
among adolescents. In this study, the authors hypothesized that chronic MJ smokers would perform
cognitive tasks, specifically those that require executive function, more poorly than control subjects and
that individuals who started smoking MJ regularly prior to age 16 (early onset) would have more
difficulty than those who started after age 16 (late onset). Thirty-four chronic, heavy MJ smokers
separated into early and late onset groups, and 28 non-MJ smoking controls completed a battery of
neurocognitive measures. As hypothesized, MJ smokers performed more poorly than controls on several
measures of executive function. Age of onset analyses revealed that these between-group differences
were largely attributed to the early onset group, who were also shown to smoke twice as often and nearly
3 times as much MJ per week relative to the late onset smokers. Age of onset, frequency, and magnitude
of MJ use were all shown to impact cognitive performance. Findings suggest that earlier MJ onset is
related to poorer cognitive function and increased frequency and magnitude of MJ use relative to later
MJ onset. Exposure to MJ during a period of neurodevelopmental vulnerability, such as adolescence, may
result in altered brain development and enduring neuropsychological changes.
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Within the United States, marijuana (MJ) remains the most
widely used illicit substance. In 2009, 16.7 million Americans
aged 12 and older reported at least one instance of use in the past
month, and MJ use within youths aged 12–17 rose to 7.3%, a
significant increase from 2008 (Substance Abuse and Mental
Health Services Administration [SAMHSA], 2010). Relatively
few studies have examined the direct relationship between age of
onset of MJ use and cognitive performance, despite the alarming
number of adolescent consumers. National survey data suggest that
attentional problems exist in young smokers, with 71.7% of ado-
lescents who used MJ at least once a week reporting trouble
concentrating compared to 50.8% of nonsmokers (SAMHSA,
1998). Additionally, surveys have shown that perceived risk and

perceived disapproval are linked to increased rates of MJ use
among adolescents, with current MJ use much less prevalent
among youths who perceived strong parental disapproval for try-
ing MJ than for those who did not (4.8% vs. 31.3%; SAMHSA,
2010). In recent years, a decline in perceived risk of MJ has been
accompanied by a simultaneous increase in rates of use among
adolescents (Johnston, O’Malley, Bachman, & Schulenberg,
2011). As rates of perceived risk decline and MJ use among
adolescents increases, age of onset of first regular MJ use has also
dropped significantly (Copeland & Swift, 2009; Degenhardt et al.,
2008; SAMHSA, 2010). Adolescence is a time of neuromatura-
tion, with increasing evidence that the adolescent brain may be
more vulnerable to the effects of drugs and alcohol than the adult
brain (Monti et al., 2005), and those who are at the greatest risk for
adverse consequences appear to represent a growing population of
consumers of MJ (Schneider, 2008).

Previous studies focused on neurocognitive function have re-
ported significantly altered frontal– executive function in MJ
smokers. Pope and Yurgelun-Todd (1996) reported lower perfor-
mance scores on tests designed to measure frontal–executive func-
tion in MJ smokers relative to control subjects, and Solowij et al.
(2002) reported significantly worse performance on a battery of
neurocognitive measures that included attention, memory, and
executive function in heavy MJ smokers relative to both lighter
smokers and non-smoking controls. Studies of the cognitive effects
of MJ following a brief abstinence period have also reported that
heavy MJ use is associated with deficits in cognitive tasks medi-
ated by the frontal system (Fletcher et al., 1996; Harvey, Sellman,
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Porter, & Frampton, 2007; Pope & Yurgelun-Todd, 1996). Bolla,
Brown, Eldreth, Tate, and Cadet (2002) reported that heavy MJ
smokers had persistent, dose-related cognitive decrements on a
battery of neurocognitive tasks, including frontal–executive mea-
sures, despite a full 28-day abstinence period. Harvey et al. (2007)
administered a battery of cognitive tests to adolescent MJ users
after 12 hr of abstinence, also finding significant cognitive deficits
in smokers, specifically on tasks of verbal learning and spatial
working memory. In a study of chronic MJ smokers abstinent for
24 hr, McHale and Hunt (2008) reported deficits in executive
function in the smoking cohort as compared to both a non-smoking
and a former smoking cohort. A recent review concluded that MJ
use impairs memory, attention, inhibitory control, executive func-
tion, and decision making and that these effects can persist beyond
acute intoxication, lasting days, weeks, or more, with long-term
heavy MJ use resulting in longer lasting cognitive abnormalities
(Solowij & Pesa, 2010). Further, the authors of this review found
that greater adverse effects are associated with MJ use commenc-
ing in early adolescence.

This finding is consistent with those from studies of brain
structure, which used growth-mapping techniques and indicated
that the prefrontal cortex matures more slowly than other regions
of the brain and that the development of this region parallels the
improvements in both cognitive control and behavioral inhibition
that emerge during the transition into adulthood (Blakemore &
Choudhury, 2006; Casey et al., 2005). Sowell and colleagues
reported that the largest maturational changes observed between
12 to 16 and 23 to 30 years occurred in dorsal, medial, and lateral
regions of the frontal lobes, as compared to parietal and occipital
lobes (Sowell et al., 1999). One structural imaging study reported
that the dorsolateral prefrontal cortex does not reach its full vol-
ume until the early 20s (Giedd et al., 2004), a finding of particular
importance given that many complex executive processes continue
to develop well into the early adult years (Hogan et al., 2005).
Functional imaging studies have confirmed this finding and sug-
gest a pattern of age-related activity within prefrontal areas during
inhibitory tasks; heavier dependence on this region is noted in
children as compared to adults, and during adolescence, the net-
work recruited for this task is modified until adulthood when a
more focal region is used to perform the same task (Barker,
Andrade, Morton, Romanowski, & Bowles, 2010; Blakemore &
Choudhury, 2006). Given this dynamic process, it is likely that the
neuromaturational changes that occur during adolescence, which
result in cognitive and emotional changes, may be adversely af-
fected by early exposure to marijuana.

Perhaps it is not surprising that studies that have examined the
relationship between age of onset of MJ use and cognitive function
in adults have reported alterations on a range of tasks. Ehrenreich
et al. (1999) reported that early onset MJ use (prior to age 16)
predicted significantly longer reaction times on a task of visual
scanning and attention, whereas those who began use at age 16 or
later performed similarly to controls. Pope et al. (2003) analyzed
cognitive data from long-term heavy MJ users following a 28-day
period of abstinence, and compared early onset users (prior to age
17) with late onset users (use at age 17 or later). After adjusting for
age, gender, ethnicity, and family background, late onset MJ users
were no different from control subjects, however, early onset users
demonstrated reduced performance relative to control subjects on
measures of verbal learning, fluency, and overall verbal IQ (VIQ).

The authors concluded that this difference may reflect an innate
difference between groups in cognitive ability preceding first MJ
use, an actual neurotoxic effect of MJ on the developing brain, or
poorer learning of conventional cognitive skills by young MJ users
who avoid academics. More recently, Novaes et al. (2008) reported
that MJ smokers who started smoking before age 15 performed
significantly worse on a battery of neurocognitive tasks that re-
quire executive function and sustained attention relative to late
onset MJ smokers and nonsmoking controls. In an electrophysiol-
ogy study of auditory selective attention in MJ smokers and
controls, Kempel, Lampe, Parnefjord, Henning, and Kunert (2003)
reported that MJ smokers had shorter latency negative components
relative to controls. Within the MJ smokers, the early onset users
(prior to age 16) exhibited greater impairment on the task than late
onset MJ users. A more recent neurophysiology study using a
modified Stroop task reported that chronic MJ smokers demon-
strated increased errors on the interference condition relative to
control subjects and that poorer performance was predicted by
earlier age of onset of MJ use (Battisti et al., 2010).

Given these findings and our own reports of altered brain
function in MJ smokers relative to nonsmoking control subjects
(Gruber, Rogowska, & Yurgelun-Todd, 2009; Gruber & Yurgelun-
Todd, 2005), we explored the relationship between age of onset of
MJ use and cognitive performance, with a focus on executive
function, in chronic, heavy MJ smokers and non-MJ smoking
controls. Further, to determine the specific impact of early onset
MJ use, we directly compared the performance of early onset MJ
smokers, defined as those with regular, heavy MJ use prior to age
16 to late onset MJ smokers, who began regular MJ use after age
16 and control subjects, as few studies thus far have made this
comparison. We hypothesized that overall, MJ smokers would
perform more poorly on tasks of cognitive function than non-MJ
smoking control subjects and that individuals who started smoking
MJ prior to age 16 would have more difficulty on the tasks relative
to those who started later.

Method

Participants

Selected from ongoing neuroimaging studies, 34 (29 male, 5
female) well-characterized, chronic, heavy, MJ smokers (22.8 !
6.57 years) and 28 (19 male, 9 female) non-MJ smoking healthy
control participants (24.3 ! 6.64 years) were included in this
investigation (see Table 1). Subjects were recruited from the
greater Boston area, with participants from both downtown and
suburban locations included. Recruitment sites included local col-
leges and universities, sports clubs and athletic centers, supermar-
kets, community centers, and other public locations. All subjects
received the Structured Clinical Interview for the Diagnostic and
Statistical Manual of Mental Disorders (4th ed.; DSM–IV, Patient
Edition, SCID–P; American Psychiatric Association, 1994) to en-
sure that no Axis I pathology was present and that they did not
meet criteria for current or previous drug or alcohol abuse or
dependence (excluding MJ abuse for the smokers), binge drinking,
or routinely had more than 15 drinks per week. Given that diag-
nostic criteria for both alcohol abuse and dependence are exclusive
of the total number of drinks per week, and our desire to enroll
subjects without excessive alcohol use, we used criteria that is
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Table 1
Controls Versus Marijuana (MJ) Smokers Results

Controls MJ smokers
1-way ANOVA

significance

Demographic data
N 28(19 M, 9 F) 34(29 M, 5 F) —
Handedness 26 R, 2 L 31 R, 3 L —
Age 24.32 ! 6.65 22.76 ! 6.57 ns

WASI (four-factor)
VIQ 122.00 ! 11.45 119.69 ! 14.43 ns
PIQ 118.93 ! 15.08 118.66 ! 14.52 ns

MJ-related variables
Urinary THC/creatinine level (ng/ml) — 414.13 ! 556.11 —
Age of onset — 15.53 ! 2.16 —
Smokes per week — 19.24 ! 19.58 —
Grams per week — 10.86 ! 14.95 —
Duration of use (in years) — 7.24 ! 7.30 —

Clinical data
BDI 2.19 ! 2.86 1.91 ! 3.22 ns
PANAS

Positive 32.59 ! 5.79 32.26 ! 5.58 ns
Negative 11.37 ! 2.12 12.62 ! 3.46 ns

POMS
Vigor 20.56 ! 3.95 19.33 ! 4.40 ns
Anger 3.12 ! 3.91 4.70 ! 4.33 ns
Confusion 4.77 ! 3.94 5.18 ! 2.59 ns
Tension 5.79 ! 5.17 5.48 ! 3.67 ns
Fatigue 4.21 ! 3.40 4.12 ! 2.64 ns
Depression 3.75 ! 3.87 3.21 ! 4.00 ns
Total mood disturbance 1.08 ! 17.72 3.36 ! 15.04 ns

HAM–A 1.81 ! 2.48 2.12 ! 2.16 ns
BIS

Attention 15.32 ! 3.85 16.93 ! 2.36 .062
Motor 19.60 ! 4.89 22.57 ! 4.04 .017
Nonplanning 24.28 ! 4.73 26.77 ! 5.15 .070
Total 59.20 ! 10.28 66.27 ! 8.80 .008

Neurocognitive data
WCST

Deck 1 categories 4.45 ! 1.14 3.87 ! 1.34 ns
Deck 2 categories 4.64 ! 0.58 4.23 ! 1.02 .096
Total categories 9.09 ! 1.38 8.19 ! 2.10 .086
Deck 1 perseverations 3.41 ! 2.84 7.61 ! 6.98 .010
Deck 2 perseverations 2.27 ! 2.21 3.42 ! 3.66 ns
Total perseverations 5.68 ! 3.55 11.03 ! 9.28 .013
Loss of set Deck 1 0.09 ! 0.29 0.19 ! 0.40 ns
Loss of set Deck 2 0.09 ! 0.29 0.39 ! 0.50 .015
Total losses of set 0.18 ! 0.40 0.58 ! 0.72 .022

Stroop Color Word Test
Color Naming % accuracy 93.89 ! 6.04 93.89 ! 6.53 ns
Color Naming commissions 2.00 ! 2.42 2.24 ! 2.24 ns
Word Reading % accuracy 99.08 ! 1.81 98.01 ! 3.11 ns
Word Reading commissions 0.29 ! 0.54 1.45 ! 1.99 .004
Interference % accuracy 96.63 ! 5.61 92.96 ! 11.41 ns
Interference commissions 1.46 ! 2.87 2.64 ! 3.64 ns

Trail Making Test
A time (in seconds) 21.25 ! 5.96 22.50 ! 5.69 ns
A errors 0.11 ! 0.32 0.25 ! 0.51 ns
B time (in seconds) 42.61 ! 14.37 49.66 ! 14.51 .064
B errors 0.21 ! 0.50 0.28 ! 0.46 ns

ROCF
Copy raw score 32.02 ! 3.60 31.32 ! 3.92 ns
Delayed recall raw score 21.46 ! 6.86 20.84 ! 5.79 ns

Digit Span
Forward 9.89 ! 2.06 10.50 ! 4.22 ns
Backward 9.00 ! 2.49 8.78 ! 4.14 ns
Total 18.89 ! 3.97 18.25 ! 4.11 ns

CVLT
Trial 1 correct 7.88 ! 1.56 7.35 ! 2.12 ns
Trials 1–5 correct 57.81 ! 8.71 55.35 ! 8.96 ns
Long delay correct 12.69 ! 2.75 12.57 ! 2.97 ns

(table continues)
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consistent with several of our previous investigations (Gruber et
al., 2009; Gruber, Silveri, Dahlgren, & Yurgelun-Todd, 2011;
Pope, Gruber, Hudson, Huestis, & Yurgelun-Todd, 2001). In ad-
dition, subjects were excluded if they (a) reported more than 15
lifetime uses of any category of illicit drugs or had a positive urine
screen for any illicit drug (excluding MJ for the smokers); (b) were
non-native English speakers; (c) had ever experienced a head
injury with loss of consciousness or associated symptoms or se-
quelae or reported a neurological disorder; or (d) had ever used
psychotropic medications.

In order to qualify for study entry, MJ smokers had to have
smoked MJ a minimum of 2,500 times in their lives, used MJ at
least 5 of the last 7 days, tested positive for urinary cannabinoids,
and met DSM–IV criteria for MJ abuse or dependence. MJ smokers
were required to abstain from smoking for at least 12 hr before
cognitive testing to ensure that they were not acutely intoxicated at
the time of assessment and were told that they would have to give
a urine sample upon arrival at the laboratory. To ensure compli-
ance of the 12-hr abstinence, subjects were led to believe that this
sample would allow us to detect use of MJ within this time frame,
a method we have used previously with success (Gruber et al.,
2011). Urine samples were tested for MJ, amphetamines, opioids,
phencyclidine, barbiturates, benzodiazepines, and cocaine (Tri-
age® Drugs of Abuse Panel: Immediate Response Diagnostics,
San Diego, CA). This procedure was required for three reasons: (a)
to exclude subjects who tested positive for other substances of
abuse; (b) to determine whether subjects had used MJ recently
enough to have a positive urine screen; and (c) to encourage
subjects, as requested, to abstain from MJ from the previous
evening until arriving at the laboratory to ensure subjects were not
acutely intoxicated at the time of the visit. Subjects were repeat-
edly reminded that they would be tested for MJ use upon their
arrival at the lab. A portion of the sample was sent to an outside
laboratory for quantification of urinary cannabinoid concentration
via gas chromatography—mass spectrometry (GC–MS). Prior to
participation, study procedures were explained, and all subjects
were required to read and sign an informed consent form approved
by the McLean Hospital Institutional Review Board, which de-
scribed in detail the procedures of the study and explained that
participation in the study was voluntary.

Assessments and Procedures

All subjects completed a battery of neuropsychological tests
over two visits, which assessed a range of cognitive domains and
which were as follows:

1. Wechsler Abbreviated Scale of Intelligence (WASI): Pro-
vides a measure of general intellectual functioning and
includes verbal and performance IQ estimates from four
subtests (vocabulary, block design, similarities, and ma-
trix reasoning; Wechsler, 1999);

2. Wisconsin Card Sorting Test (WCST): Considered by
many to be the “gold standard” measure of executive
function, the WCST assesses the ability to shift and
maintain set, form abstract concepts, and utilize feed-
back. In this investigation, clarification of the rules was
given to subjects after the completion of Deck 1, which
has been done in previous studies to ensure acquisition of
the rule structure before the presentation of Deck 2 (Stuss
et al., 1983). Primary variables for analyses include total
categories completed (high numbers " better perfor-
mance), total number of perseverations (low numbers "
better performance), and losses of set (low numbers "
better performance; Berg, 1948; Lezak, Howieson, &
Loring, 2004);

3. Stroop Color Word Test: Measures the ability to establish
competing response tendencies, inhibit inappropriate re-
sponses, and resist interference. Variables for analyses
include task accuracy per section and number of com-
mission errors per section; commission errors occur when
a given response is incorrect and therefore serve as an
indicator of impaired inhibitory processing (MacLeod,
1991);

4. Trail Making Test: This measure of executive function-
ing, visual scanning, and cognitive set-shifting abilities
comprises two parts. Trails A measures psychomotor
function and attention, whereas Trails B utilizes an alter-
native set-shifting demand to measure cognitive flexibil-
ity and executive function. Performance on the Trail
Making Test is measured by the time required to com-
plete each subtest, as well as the number of errors made,
which serve as the primary variables for analyses (Lezak
et al., 2004);

5. Rey-Osterrieth Complex Figure (ROCF): This test as-
sesses visuoorganizational ability, visual attention, and
visual memory. The subject is asked to copy a complex
figure, which is then evaluated for strategy, construc-
tional accuracy, and detail reproduction. An immediate

Table 1 (continued)

Controls MJ smokers
1-way ANOVA

significance

COWAT
Corrected total 50.16 ! 9.87 48.00 ! 16.13 ns
Animals 25.84 ! 5.90 23.00 ! 4.50 ns

Note. ANOVA " analysis of variance; M " male; F " female; R " right; L " left; VIQ " Verbal IQ; PIQ "
Performance IQ; THC " tetrahydrocannabinol; HAM–A " Hamilton Anxiety Rating Scale; BDI " Beck
Depression Inventory; PANAS " Positive and Negative Affect Scale; BIS " Barratt Impulsiveness Scale;
POMS " Profile of Mood States; WCST " Wisconsin Card Sorting Test; ROCF " Rey–Osterrieth Complex
Figure; CVLT " California Verbal Learning Test; COWAT " Controlled Oral Word Association Test.
Significant between-group differences (p 0.05) are noted in bold.
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and delayed recall are later administered and scored in
the same manner. Variables for analyses therefore in-
clude copy, immediate recall, and delayed recall scores
(Lezak et al., 2004);

6. Wechsler Adult Intelligence Scale—Revised (WAIS–R)
Digit Span Subtest: This subtest of the WAIS–R primar-
ily measures the efficiency of attention. Subjects are
asked to repeat strings of digits presented out loud by the
experimenter in Part 1 (Forward), and in Part 2 they are
asked to repeat strings of digits in reverse order (Back-
wards; Wechsler, 1955, 1981). Performance is evaluated
by total number of correct trials on each subtest;

7. California Verbal Learning Test (CVLT): The CVLT
assesses verbal learning and memory by using global
measures of performance, which include total recall
across Trial 1 (initial learning), total recall across Trials
1–5 (overall verbal learning), and long-delay free recall
(a measure of delayed verbal memory assessed 20 min
after the initial presentation of material; Delis, Karmer,
Kaplan, & Ober, 1987);

8. Controlled Oral Word Association Test (COWAT): The
COWAT measures the subject’s ability to produce indi-
vidual words under restricted conditions. Words gener-
ated in response to a specific letter (F, A, or S) are
reflective of executive function, whereas those generated
in response to a semantic category (animals) request are
more representative of verbal memory function (Bryan &
Luszcz, 2000; Denckla, 1994). Performance is measured
by an age and education corrected total of the number of
words generated for F, A, and S, whereas a separate score
is given for total number of animals named.

In order to assess clinical state at the time of assessment,
subjects also completed a battery of clinical rating scales, includ-
ing the Positive and Negative Affect Scale (PANAS; Watson,
Clark, & Tellegen, 1988), which provides a score for both positive
and negative affect; the Beck Depression Inventory (BDI; Beck,
Ward, Mendelson, Mock, & Erbaugh, 1961), which provides a
total score for depressive symptoms; the Hamilton Anxiety Scale
(HAM–A; Hamilton, 1959), which provides a total score for
symptoms related to anxiety; and the Profile of Mood States
(POMS; Pollock, Cho, Reker, & Volavka, 1979), which yields
subscores for the individual domains of vigor, anger, confusion,
tension, and depression, as well as a total mood disturbance score.
Subjects also completed the Barratt Impulsiveness Scale (BIS;
Patton, Stanford, & Barratt, 1995), an instrument that measures
impulsivity and provides subscales that cover the domains of
attention, motor, and planning, as well as a total impulsiveness
score. The Fagerström Test for Nicotine Dependence (FTND) was
also administered to all subjects.

To assess the potential impact of age of onset on cognitive
function, the MJ smokers were divided into early onset (regular MJ
use prior to age 16; n " 19) and late onset (regular MJ use at age
16 or older; n " 15) groups. Although no uniformly accepted
definition of early versus late onset exists, a number of studies,
including our own, have used age 16 as a cutoff (Ehrenreich et al.,

1999; Kempel et al., 2003; Gruber et al., 2011). It is important to
note that because groups are created on the basis of age of onset,
and not duration of MJ use, subjects with the same age of onset
may have different duration of use, depending on their chronolog-
ical age. Additionally, to assess differences in current use between
the early and late onset smokers, frequency (smokes per week),
magnitude (grams of MJ used per week), and mode of use were
determined over 5 weeks using a time line follow-back procedure
during weekly check-in visits. Lifetime use was also determined
using the SCID–P.

Results

Demographics

As seen in Tables 1 and 2, all subject groups were well matched
for age and IQ. With regard to clinical state, no significant
between-group differences were detected for the BDI, PANAS,
POMS, or HAM–A, suggesting the samples were well matched for
clinical state at the time of assessment and that they were affec-
tively stable. Results from the SCID–P revealed that despite cur-
rent, heavy regular use of MJ, no MJ smoker met full diagnostic
criteria for MJ dependence, yet all met for MJ abuse. Further, no
subject in either group met criteria for nicotine dependence in
either group based on results from the FTND.

Overall, MJ smokers had higher BIS scores for all domains
relative to the control subjects, which reached statistical signifi-
cance for the motor (p " .017) and total (p " .008) subscores.
Similarly, the late onset smokers had significantly higher BIS
motor subscores than controls, and both the early and late onset
smokers had significantly higher total BIS scores as compared to
controls (motor: p " .04; BIS total: p " .03; see Table 1).

MJ Use Characteristics

It is interesting to note that relative to the late MJ onset group,
the early onset MJ group reported smoking more than twice as
many times per week (24.8 vs. 12.2; p " .06) and used nearly three
times as much MJ per week (14.8 g vs. 5.9 g/week; p " .08), both
of which approached statistical significance. The early onset group
also reported a longer duration of MJ use and had higher urinary
cannabinoid concentration relative to the late onset group, which
did not reach statistical significance. To isolate the specific con-
tribution of age of onset of MJ use on the neurocognitive measures,
we completed analyses of covariance (ANCOVAs), which indi-
vidually covaried for each MJ-use variable that approached statis-
tical significance between the early and late MJ onset groups (i.e.,
frequency [smokes/week] and magnitude [grams/week]).
ANCOVA analyses revealed no significant differences from the
original ANOVA analyses, suggesting that the differences between
the early and late MJ onset groups were not due to the MJ use
differences noted between the groups. Data from the original
ANOVA analyses are therefore reported in Tables 1 and 2.

Neurocognitive Performance

Controls versus MJ smokers. As hypothesized, we detected
several significant between-group differences in neurocognitive
performance between healthy controls and MJ smokers. On the
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Table 2
Three-Way Analysis of Variance (ANOVA) Results

Controls Early MJ onset Late MJ onset
3-way ANOVA

significance

Demographic data
N 28(19 M, 9 F) 19(16 M, 3 F) 15(13 M, 2 F) —
Handedness 26 R, 2 L 17 R, 2 L 14 R, 1 L —
Age 24.32 ! 6.65 22.79 ! 7.22 22.73 ! 5.89 ns

WASI (four-factor)
VIQ 122.00 ! 11.45 115.67 ! 16.76 124.86 ! 8.82 ns
PIQ 118.93 ! 15.08 116.67 ! 16.77 121.21 ! 11.07 ns

MJ-related variables
Urinary THC/creatinine level (ng/ml) — 509.16 ! 674.42 293.75 ! 341.17 ns
Age of onset — 14.11 ! 1.33! 17.33 ! 1.59! <.001
Smokes per week — 24.80 ! 24.33! 12.19 ! 6.87! .061
Grams per week — 14.80 ! 18.80! 5.88 ! 4.97! .084
Duration of use (in years) — 8.68 ! 8.22 5.40 ! 5.68 ns

Clinical data
BDI 2.19 ! 2.86 1.33 ! 2.14 2.64 ! 4.20 ns
PANAS

Positive 32.59 ! 5.79 31.47 ! 6.26 33.27 ! 4.60 ns
Negative 11.37 ! 2.12 12.11 ! 3.26 13.27 ! 3.69 ns

POMS
Vigor 20.56 ! 3.95 18.78 ! 3.08 20.00 ! 5.64 ns
Anger 3.12 ! 3.91 3.89 ! 3.43 5.67 ! 5.18 ns
Confusion 4.77 ! 3.94 4.78 ! 2.37 5.67 ! 2.85 ns
Tension 5.79 ! 5.17 5.06 ! 3.40 6.00 ! 4.02 ns
Fatigue 4.21 ! 3.40 3.67 ! 2.43 4.67 ! 2.87 ns
Depression 3.75 ! 3.87 2.44 ! 2.71 4.13 ! 5.10 ns
Total mood disturbance 1.08 ! 17.72 1.06 ! 11.43 6.13 ! 18.52 ns

HAM–A 1.81 ! 2.48 1.84 ! 1.74 2.50 ! 2.65 ns
BIS

Attention 15.32 ! 3.85 16.87 ! 2.47 17.00 ! 2.32 ns
Motor 19.60 ! 4.89! 21.88 ! 4.65 23.36 ! 3.20! .040
Nonplanning 24.28 ! 4.73 27.56 ! 5.70 25.86 ! 4.47 ns
Total 59.20 ! 10.28!# 66.31 ! 10.42! 66.21 ! 6.89# .031

Neurocognitive data
WCST

Deck 1 categories 4.45 ! 1.14! 3.47 ! 1.42! 4.36 ! 1.08 .039
Deck 2 categories 4.64 ! 0.58! 3.94 ! 1.14! 4.57 ! 0.76 .032
Total categories 9.09 ! 1.38! 7.59 ! 2.32! 8.93 ! 1.59 .029
Deck 1 perseverations 3.41 ! 2.84! 10.29 ! 8.01!# 4.36 ! 3.54# <.001
Deck 2 perseverations 2.27 ! 2.21 4.29 ! 4.30 2.36 ! 2.44 ns
Total perseverations 5.68 ! 3.55! 14.59 ! 10.57!# 6.71 ! 4.97# <.001
Loss of set Deck 1 0.09 ! 0.29 0.29 ! 0.47 0.07 ! 0.27 ns
Loss of set Deck 2 0.09 ! 0.29! 0.53 ! 0.51! 0.21 ! 0.43 .006
Total losses of set 0.18 ! 0.40! 0.82 ! 0.81!# 0.29 ! 0.47# .003

Stroop Color Word Test
Color Naming % accuracy 93.89 ! 6.04 92.82 ! 7.05 95.17 ! 5.82 ns
Color Naming commissions 2.00 ! 2.42 2.39 ! 2.12 2.07 ! 2.43 ns
Word Reading % accuracy 99.08 ! 1.81 97.97 ! 3.33 98.06 ! 2.95 ns
Word Reading commissions 0.29 ! 0.54! 1.56 ! 2.18! 1.33 ! 1.80 .014
Interference % accuracy 96.63 ! 5.61! 90.03 ! 13.22! 96.48 ! 7.83 .041
Interference commissions 1.46 ! 2.87! 3.67 ! 4.10! 1.40 ! 2.61 .054

Trail Making Test
A time (in seconds) 21.25 ! 5.96 22.18 ! 4.85 22.87 ! 6.68 ns
A errors 0.11 ! 0.32 0.29 ! 0.59 0.20 ! 0.41 ns
B time (in seconds) 42.61 ! 14.37 51.06 ! 15.09 48.07 ! 14.16 ns
B errors 0.21 ! 0.50 0.41 ! 0.51 0.13 ! 0.35 ns

ROCF
Copy raw score 32.02 ! 3.60 30.65 ! 4.18 32.14 ! 3.55 ns
Delayed recall raw score 21.46 ! 6.86 19.94 ! 5.44 21.93 ! 6.22 ns

Digit Span
Forward 9.89 ! 2.06 9.94 ! 1.77 11.21 ! 6.12 ns
Backward 9.00 ! 2.49 7.83 ! 2.62 10.00 ! 5.39 ns
Total 18.89 ! 3.97 17.78 ! 3.74 18.86 ! 4.62 ns

CVLT
Trial 1 correct 7.88 ! 1.56 6.94 ! 2.05 7.86 ! 2.18 ns
Trials 1–5 correct 57.81 ! 8.71 54.06 ! 7.63 56.93 ! 10.43 ns
Long delay correct 12.69 ! 2.75 12.75 ! 2.52 12.36 ! 3.50 ns

(table continues)
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WCST, MJ smokers made significantly more perseverative errors
on Deck 1 (p " .01) and the Deck 1 and 2 combined total (p "
.01) relative to control subjects. Additionally, MJ smokers had
significantly more losses of set for Deck 2 (p " .02) and the
combined Deck 1 and Deck 2 total losses of set (p " .02). MJ
smokers made significantly more errors of commission during the
Word Reading subtest of the Stroop test (p " .004) relative to
controls, and although results did not reach statistical significance,
controls had higher task accuracy scores and lower commission
errors relative to MJ smokers on the interference condition of the
test. For the Trail Making Test, despite similar performance on
Trails A, MJ smokers showed a trend for slower completion times
for Trails B (p " .06). No significant differences were noted
between controls and MJ smokers for the remainder of the tasks,
which included the ROCF, Digit Span, CVLT, and COWAT.

Controls, early onset MJ smokers, late onset MJ smokers.
To assess the specific contribution of age of MJ onset on cognitive
performance, we completed analyses comparing controls, early,
and late onset smokers. As seen in Table 2, three-way ANOVA
results revealed significant differences on the performance of the
WCST, including categories completed for Deck 1 (p " .04),
Deck 2 (p " .03), and total (p " .03); perseverative errors for
Deck 1 (p $ .001) and total perseverative errors (p $ .001), losses
of set on Deck 2 (p " .006) and total losses of set (p " .003). Post
hoc analyses using a Bonferroni correction revealed that early
onset smokers performed significantly more poorly than control
subjects on each of these measures. Early onset smokers also made
significantly more perseverative errors for Deck 1, total persevera-
tions, and total losses of set relative to their late onset cohorts. For
the Stroop Color Word Test, the groups performed similarly during
the color naming condition of the task, and a significant between-
groups difference in word reading commission errors was noted
for the controls compared to the early onset smokers (p " .01).
Performance of the interference condition, which measures the
ability to inhibit inappropriate responses, revealed a significant
between-group difference for both accuracy (p " .04) and com-
mission errors (p " .05) for the early onset MJ smokers relative to
the control subjects. Additionally, although no between-group
difference was detected between controls and MJ smokers as a
group on the COWAT, age of onset analyses revealed that early
onset smokers generated significantly fewer words than late onset
smokers (p " .04) despite no significant difference in semantic
category scores. No significant between-group differences were
detected on the Trail Making Test, ROCF, WAIS–R Digit Span
subtest, or CVLT between the three groups.

MJ-Related Variables Affect Task Performance

To determine the potential relationship between MJ use and
cognitive performance, we completed correlation analyses for the
MJ smokers as a group. Earlier MJ onset was significantly asso-
ciated with the completion of fewer categories for Deck 1 (r " .30,
p " .05), Deck 2 (r " .37, p " .02) and the combined deck total
(r " .36, p " .02; see Figure 1A), whereas the relationship
between earlier MJ onset and higher rates of perseverative errors
for both Deck 1 and total approached significance (r " %.25, p "
.08; r " %.25, p " .09; see Figure 1B). Total grams of MJ used
per week was also related to WCST performance; those who
smoked greater amounts of MJ each week completed fewer total
categories (r " %.30, p " .05; see Figure 1C).

Age of MJ onset as well as frequency and magnitude of MJ
use were also related to impairments on the Interference con-
dition of the Stroop test. Earlier age of MJ onset correlated with
increased errors of omission (r " %.32, p " .03) and commis-
sion (r " %.42, p " .007; see Figure 1D) as well as lower
performance accuracy (r " .41, p " .01) on the Interference
condition of the Stroop. Higher grams of MJ used per week was
also associated with poorer performance, including increased
omission (r " .30, p " .05) and commission (r " .66, p $ .001)
errors, as well as lower performance accuracy (r " %.50, p "
.002), and increased MJ smoking episodes per week were
associated with more commission errors (r " .54, p " .001) and
lower performance accuracy (r " %.41, p " .008).

Discussion

As hypothesized, results of this study demonstrate that chronic,
heavy MJ smokers perform more poorly on several measures of
cognitive performance relative to healthy non-MJ smoking control
subjects, specifically on measures of executive function. Further,
we found that individuals who started smoking MJ regularly prior
to the age of 16 performed these tasks significantly more poorly
than controls and smoked twice as often and nearly three times as
much MJ per week than their later smoking counterparts. This is
especially important, given the relationship detected between age
of onset of MJ use, frequency and magnitude of MJ use, and
performance on measures of executive function. Moreover,
whereas differences in frequency and magnitude of MJ use were
noted between early and late onset groups, ANCOVA analyses
confirmed that the observed differences in neuropsychological
performance between the groups remained, even after separately

Table 2 (continued)

Controls Early MJ onset Late MJ onset
3-way ANOVA

significance

COWAT
Corrected total 50.16 ! 9.87 39.38 ! 17.64! 54.90 ! 11.41! .035
Animals 25.84 ! 5.90 22.63 ! 4.93 23.30 ! 4.37 ns

Note. M" male; F" female; R " right; L " left; VIQ " Verbal IQ; PIQ " Performance IQ; THC " tetrahydrocannabinol; HAM–A " Hamilton Anxiety
Rating Scale; BDI " Beck Depression Inventory; PANAS " Positive and Negative Affect Scale; BIS " Barratt Impulsiveness Scale; POMS " Profile
of Mood States; WCST " Wisconsin Card Sorting Test; ROCF " Rey-Osterrieth Complex Figure; CVLT " California Verbal Learning Test; COWAT "
Controlled Oral Word Association Test.
! & ! Indicate significant differences between means using Bonferroni post hoc analyses at p ! .10. Significant between-group differences (p 0.05) are
noted in bold.
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covarying for these MJ use-related variables. Taken together, these
findings suggest that earlier onset of MJ smoking may have lasting
effects on neurocognitive performance as well as the frequency
and magnitude of MJ use, data that have important public policy
implications.

Overall, these findings are in agreement with previously pub-
lished studies which have reported MJ-associated alterations in
frontal function, most notably during tasks that require executive
control, inhibition, and decision making (Eldreth, Matochik, Ca-
det, & Bolla, 2004; Gruber & Yurgelun-Todd, 2005). Tapert et al.
(2007) reported increased brain-processing effort during a go/
no-go task as compared to nonusing controls despite similar task
performance. Further, both earlier age of onset and more lifetime
MJ use episodes were associated with reduced inhibitory response.
Using the same task, Hester, Nestor, and Garavan (2009) reported
that earlier onset MJ use may be associated with poorer inhibitory
control. Becker, Wagner, Gouzoulis-Mayfrank, Spuentrup, and
Dauman (2010) reported a significant association between age of
onset of MJ use and incongruent trial accuracy on a Stroop test,
also suggesting that earlier regular MJ use is related to poorer
inhibitory control.

Findings from this study suggest that MJ smokers have more
difficulty than controls in the ability to inhibit inappropriate re-
sponses and maintain cognitive set, two primary components of
executive function, and that the early MJ onset group performed
more poorly than their later MJ onset smoking counterparts. Spe-

cifically, on the WCST, widely considered a “gold standard” of
executive function, as a group, MJ smokers achieved fewer cate-
gories and made significantly more perseverative errors and losses
of set than control subjects. Once separated by early and late MJ
onset groups, analyses revealed that these differences were pri-
marily attributed to the early onset MJ group, as they completed
significantly fewer categories, made significantly more persevera-
tive errors, and had higher losses of set overall. It is of note that
these differences persisted into Deck 2 of the task, despite an
explanation of the sorting principles used, which was given to
subjects between Decks 1 and 2, suggesting that early onset MJ
smokers were not able to adequately use feedback to improve their
performance. Correlation analyses revealed a significant relation-
ship between age of onset of MJ use and performance on this task,
suggesting that earlier use, in addition to higher frequency and
magnitude of use, compromised task performance. During the
Stroop interference condition, a measure of the ability to inhibit
inappropriate response tendencies and cognitive control, MJ smok-
ers had lower task accuracy scores and higher errors of commis-
sion relative to control subjects, which was statistically significant
when the early onset group was directly compared to control
subjects. This finding suggests that early MJ onset smokers are
significantly more impaired than late MJ onset smokers on this
measure, which is further underscored by the associations detected
between MJ use variables and performance on the task. Although
MJ smokers did not differ from controls in the time required to

Figure 1. Age of onset of marijuana (MJ) use and (A) total categories completed on the Wisconsin Card
Sorting Test (WCST); (B) total perseverations on the WCST; (C) MJ grams per week and total categories
completed on the WCST; and (D) age of onset of MJ use and commission errors on the Stroop Interference
subtest.
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complete Trails A, they took longer to complete Trails B, which
approached statistical significance, suggesting that MJ smokers
have difficulty with the set-shifting demands of Trails B and not
the pure psychomotor component of Trails A. Finally, early onset
smokers generated significantly fewer total words relative to late
onset smokers on the COWAT but had similar semantic category
scores, suggesting difficulty with the executive function compo-
nent of the task relative to late onset smokers. Overall, these
findings confirm our hypothesis of decreased executive function in
MJ smokers relative to control subjects, and significantly worse
performance in those who begin regular, heavy MJ use prior to age
16 as compared to those who begin after age 16.

Although this investigation revealed significant between-group
differences on several measures of executive function, a number of
measures that assess other cognitive domains did not, specifically
those that assessed visuospatial construction and memory, atten-
tion, and verbal memory. These findings are consistent with pre-
vious reports that have demonstrated that not all cognitive domains
are equally impacted by MJ use and highlight the importance of
using a cognitive test battery, which assesses multiple domains of
function (Hart et al., 2010; Pope & Yurelun-Todd, 1996).

It is important to note that data from this investigation revealed
that early onset smokers smoked MJ twice as often and nearly
three times as much MJ per week relative to the late onset group,
a finding that has particular relevance given the trend of a growing
population of younger users. Although this finding approached
statistical significance by using a conservative statistical approach
(ANOVA), correlations between age of onset of MJ use, magni-
tude of MJ used per week, and executive task performance provide
further evidence that age of MJ onset as well as magnitude of use
are associated with compromised ability to perform tasks requiring
cognitive control and inhibition. Taken together, these findings
suggest that earlier onset of MJ smoking is related to poorer
executive function as well as increased frequency and magnitude
of MJ use relative to late onset, an important finding given the
widespread use of MJ within the United States. Although earlier
MJ onset is associated with higher rates of frequency and magni-
tude of current MJ use in this study, analyses controlling for these
variables still show significant task performance differences be-
tween early and late onset groups, suggesting that neuropsycho-
logical deficits are more impacted by age onset of MJ than current
level of MJ usage.

While intriguing, results from this study should be interpreted in
light of several limitations. First, the data sample consisting of 34
and 28 subjects per study group is moderate in size, which may
limit the overall generalizability of the study findings. Further, the
significantly higher BIS scores noted in the MJ smokers relative to
control subjects suggests a relationship between MJ smoking and
impulsivity, however, our study design does not allow us to
determine cause from effect. Larger, longitudinal studies designed
to assess the relationship between age of onset of MJ use, fre-
quency and magnitude of use, behavioral measures, and neurocog-
nitive performance would be an important next step to clarify the
precise impact of early exposure to MJ on the brain. In addition,
although subjects in this investigation were told to abstain from MJ
for a minimum of 12 hr prior to neurocognitive testing and led to
believe that we could determine whether in fact they had smoked
more recently via their urine screen, we cannot be certain that all
subjects fulfilled this requirement. It is unlikely, however, that our

results are due to acute marijuana intoxication. All study subjects
reported being abstinent from marijuana use for a minimum of
12–16 hr prior to their scanning session, were matched for time
since last MJ use, and fully expected that the investigators would
be able to tell if they had used the drug since the previous evening
upon their arrival at the lab, underscoring the likelihood that
subjects were not intoxicated at the time of testing. Indeed, no
subject appeared intoxicated or even vaguely altered at the time of
assessment, and all subjects were able to complete the tasks with
minimal effort. While all of our subjects in the MJ smoking group
were chronic, heavy users of MJ, and were required to smoke daily
or a minimum of 4 of the last 7 days, none of those included in the
current investigation met diagnostic criteria for MJ dependence,
while all met for MJ abuse. Our findings may therefore be limited
to individuals who do not endorse the more negative effects of
marijuana use (i.e., psychological issues, inability to stop or cut
down on use, withdrawal effects) and to those who do not meet for
dependence, despite frequent, heavy use. In addition, although we
did not find any statistically significant difference between the
subject groups on any measure of clinical state or demographic
variable, it is possible that the groups differed on measures that we
did not assess, including social style and personality traits. It is of
note, however, that our sample is comprised of fairly young adults,
all of whom are clinically stable, are functioning at a fairly high
level in either their academic or employment settings, and who
primarily belong to extended social groups, and we therefore do
not believe that our findings are related to differences in social
interactive style between the groups. Finally, both the control and
MJ smoking groups were largely composed of male subjects,
which raises the question of generalizability of findings across
gender. To ensure that findings were not due to the inclusion of
primarily male subjects, we completed analyses with and without
our female subjects and did not see any significant difference in
results.

This study reports decrements in executive functioning in early
onset MJ smokers, which are also associated with increased fre-
quency and magnitude of MJ use. Fundamental neuromaturational
processes have been shown to be regulated by the endocannabi-
noid system (Harkany et al., 2007), and a number of longitudinal
studies have demonstrated that frontal brain regions responsible
for higher order cognitive processes, including cognitive control
and behavioral inhibition are among the last to mature (Blakemore
& Choudhury, 2006; Gogtay et al., 2004; Sowell et al., 2004).
Exposure to MJ during a period of known neurodevelopmental
vulnerability, such as adolescence, may therefore result in altered
brain development and enduring neuropsychological changes.
Given the recent decrease in perceived risk among adolescents and
the increased prevalence of MJ use among adolescents in the
United States, these findings underscore the importance of estab-
lishing effective educational and intervention strategies to prevent
or decrease MJ use during these critical developmental years.
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