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Abstract

OBJECTIVE—Repeated exposure to cannabis in nonpsychotic adolescents is associated with
impairments in executive control of attention, similar to those observed in young adults with first-
episode schizophrenia. To assess the impact of recurrent exposure to cannabis on cognitive
function, this study characterized attention performance in both nonpsychotic adolescents and
adolescents with early-onset schizophrenia (EOS).

METHOD—The Attention Network Test, a standard procedure that estimates the functional state
of neural networks controlling the efficiency of three different attentional behaviors (i.e., alerting,
orienting and executive attention) was administered to four groups of participants: (1) adolescents
with EOS and comorbid cannabis use disorder (EOS+CUD; n = 18), (2) “Pure” schizophrenia
(EOS; n = 34), (3) “Pure” cannabis use disorder (CUD; n = 29), and (4) Healthy controls (HC; n =
53). Task performance was examined with a 2 x 2 design (EOS+ versus EOS- and CUD+ versus
CUD-) using multivariate analysis of covariance. Correlative analyses were conducted between
executive attention performance and measures of surface area in the right anterior cingulate cortex.

RESULTS—A significant EOS x CUD interaction was observed. In the executive attention
network, adolescents with EOS+CUD showed reduced efficiency relative to adolescents with pure
EOS, whereas no group differences were found between adolescents with pure CUD and HC. Less
efficient executive attention was significantly associated with smaller surface area of the right
caudal anterior cingulate cortex in EOS+CUD.

CONCLUSIONS—These preliminary data suggest that the presence of CUD has a moderating
effect on attentional performance in adolescents with schizophrenia compared to nonpsychotic
adolescents. These deficits could have a role in difficulties in self-regulation and predisposition to
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substance misuse in this patient group. The anatomic substrate of this cognitive deficit may be
related to surface area in the right caudal anterior cingulate cortex.
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Schizophrenia; Cannabis; Attention Network Test; Adolescent; Anterior Cingulate

1. Introduction

Attention refers to both the preparedness for and selection of certain aspects of our physical
environment or some ideas in our mind that are stored in our memory (Raz and Buhle,
2006). Current models show that attention is not a unitary function but the result of three
different attention networks (i.e., alerting, orienting and executive attention), which can be
independently evaluated using the Attention Network Test (ANT) (Fan et al., 2002).
Alerting is manifested by achieving and maintaining the alert state; orienting by the ability
to direct attention to sensory events; and executive attention by efficient control of the
attentional mechanism itself (i.e., shifting, disengaging, and alternating attention). In infancy
and toddlerhood, when external cues overwhelmingly guide attention, alerting and orienting
are the predominant systems used. From around age 4, an executive attention network
gradually takes over the alerting and orienting systems and becomes the dominant factor in
cognitive control (Rothbart et al., 2011) as children develop the ability to use rules,
strategies, and plans to guide their behavior (Berger et al., 2007). In parallel, improvement in
cognitive control begins at age 4 with a steep developmental trajectory that gradually
decreases in slope and plateaus at around age 14 to 15 years. In general, self-regulation and
executive attention continue to develop throughout childhood and well into adolescence
(Fjell et al., 2012).

Cannabis use disorder (CUD) is highly prevalent among adolescents with early-onset
schizophrenia (EOS) (Kumra et al., 2012), but the basis of this comorbidity remains unclear.
It is possible that attentional impairment is a common risk factor that predisposes
adolescents to both disorders. To understand the basis of the comorbidity between CUD and
EOS, this study characterized attention performance in both nonpsychotic adolescents and
adolescents with EOS using the ANT (Fan et al., 2002). Applying the ANT to patients with
schizophrenia, Wang and colleagues found a marked deficit in the executive control network
and a less pronounced deficit in the orienting network. Using the ANT, impairments in
executive attention have been described in both nonpsychatic adolescents with CUD
(Abdullaev et al., 2010) and in adults with schizophrenia alone (Breton et al., 2011; Orellana
etal., 2012; Wang et al., 2005). To our knowledge, attention networks in patients suffering
from the schizophrenia-cannabis comorbidity have not been evaluated with the ANT. Based
on these previous reports (Abdullaev et al., 2010; Orellana et al., 2012; Wang et al., 2005),
we hypothesized that the presence of CUD might moderate the association between
impairments in executive attention and EOS. Examining executive attention deficits in both
healthy adolescents and adolescents with EOS is an important topic of inquiry because these
impairments could lead to difficulties in exerting control over thoughts, feelings, and
actions, and predispose these individuals to cannabis misuse.
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As an exploratory aim, we examined whether performance on the executive attention
component of the ANT was associated with surface area in the anterior cingulate cortex, the
central structure of the executive attention network (Fair et al., 2009; Posner, 2012).
Recently, a large multicenter study showed that surface area in the right anterior cingulate
cortex was strongly correlated with a measure of effortful self-control in healthy children
and adolescents (Fjell et al., 2012). We attempted to replicate this finding in healthy
adolescents and in patient groups.

2.1 Participants

The details of the clinical protocol have been described elsewhere (Kumra et al., 2012). In
brief, a total of 141 participants ranging in age from 10 to 23 years were recruited from
clinical programs at the University of Minnesota under an approved Institutional Review
Board protocol. Of the 141 participants (55 HC; 31 CUD; 34 EOS; 21 EOS+CUD) who
completed structural imaging scans, 134 (53 HC; 29 CUD; 34 EQOS; 18 EOS+CUD)
completed the ANT; the characteristics of this subgroup are described in Table 1.

All EOS participants met criteria for schizophrenia (n = 41), schizoaffective (n = 4), or
schizophreniform disorder (n = 7), and reported an onset of psychotic symptoms prior to age
18 years. Thirty-four “pure” EOS patients out of 52 total EOS patients had no past or current
DSM-1V diagnosis for substance or alcohol-use disorders. Eighteen EOS+CUD patients out
of 52 EOS met lifetime criteria for a co-occurring CUD of abuse or dependence. In EOS,
participants with co-occurring CUD were included if a history of psychotic symptoms was
present when there was no evidence of substance misuse or withdrawal. Thirty out of 34
pure EOS patients were taking antipsychotic medication at the time of scanning, which
included quetiapine (n=5), aripriprazole (n=8); risperidone (n=10); clozapine (n=3);
olanzapine (n=2); and ziprasidone (n=2). Fourteen out of 18 EOS+CUD patients were taking
antipsychotic medication at the time of scanning, which included quetiapine (n=5),
aripriprazole (n=3); risperidone (n=4); olanzapine (n=1); and paliperidone (n=1).
Chlorpromazine equivalent (CPZ) dose and lifetime antipsychotic exposure was calculated
using a standardized method (Andreasen et al., 2010).

Nonpsychotic adolescents with CUD (n=29) were recruited from treatment settings for
chemical dependency. Adolescents were selected who reported cannabis as their drug of
choice with significant cannabis exposure by age 17 years (> 50 exposures to cannabis), and
who did not meet lifetime criteria for abuse of or dependence on other illicit drugs with the
exception of alcohol abuse or nicotine dependence. Exclusion criteria for the CUD group
included a lifetime diagnosis of bipolar disorder or schizophrenia-spectrum disorder.
Fourteen of the 31 CUD participants were taking psychotropic medication at the time of
scanning, which included stimulants (n=1), antidepressants (n=12), mood stabilizers (n=1),
and second-generation antipsychotic agents (n=5).

A total of 53 HC were recruited from the same geographic area in response to flyers and by
word of mouth to match the EOS group on age, sex, and handedness. Control participants
were excluded if they had any current or past DSM-1V diagnosis, prior or current treatment
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with psychotropic medications, history of psychological counseling, reported history of
more than five lifetime exposures to any illicit drug, and/or history of schizophrenia or
psychosis in a first-degree relative.

General exclusion criteria for all participants included any contraindication to magnetic
resonance imaging (MRI), positive pregnancy test, history of a DSM-IV diagnosis of mental
retardation, a neurological disorder, head injury with loss of consciousness for more than 30
seconds, or active medical illness that could potentially affect brain structure.

2.2 Clinical Measures

Diagnoses of Axis | disorders including schizophrenia and of substance use disorders were
made using the Schedule for Affective Disorders and Schizophrenia for School-Age
Children-Present and Lifetime Version (<18 years of age) or the Structured Clinical
Interview for DSM-IV Axis | Disorders (SCID) (>=18 years of age) using multiple data
sources. The Wide Range Achievement Test-3d Edition Reading Subtest was administered
to estimate premorbid intellectual ability (Wilkinson, 1993).

2.3 Attention network test (ANT)

One hundred thirty-four participants completed the ANT (53 HC, 29 CUD, 34 EOS, 18 EOS
+CUD). The stimuli and procedures for the ANT followed the experimental procedures that
have been previously described by Fan and colleagues (2002). In brief, participants viewed a
computer screen from a distance of 65 cm and responses were collected via two input keys
on a keyboard that rested on their laps. Stimuli consisted of a row of five visually-presented
horizontal black lines with arrowheads pointing left or right against a gray background. The
central target, a left- or right-pointing arrowhead, was flanked by two arrows on each side;
these four flanker arrows all pointed either in the same direction as the central target
(congruent condition) or in the opposite direction as the central target (incongruent
condition). For the neutral condition, four horizontal lines instead of four arrows flanked the
central target. Participants responded to the direction of the centrally-presented target by
pressing one key for the left direction and a different key for the right direction. Preceding
the presentation of the target, one of four cue conditions was provided: no cue; center cue;
double cue; and spatial cue. These four conditions interact with the flanker task to influence
reaction times (RT). The center cue and double cue conditions provide alerting without
spatial information, while the spatial cue conditions direct attention toward (or away from)
the location where the target will appear.

2.4 MRI Protocol

MRI acquisition parameters and protocol have been described in detail previously (Kumra et
al., 2012).

Image Acquisition: MRI scans were obtained using a Siemens 3T Tim Trio MR System
(Erlangen, Germany) at the Center for Magnetic Resonance Research, University of
Minnesota. After a localizer sequence for orientation, a T1-weighted image (1mm isotropic
MPRAGE sequence: TR=2530ms, TE=3.65ms, TI1=1100ms, Flip angle=7deg, FOV=256mm
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x 176mm, Number of slices=224, IPAT acceleration factor 2, in-plane resolution 1 x 1 mm,
Slice thickness=1 mm) was collected for each patient.

Anatomical images were then processed using the FreeSurfer (Version 4.5) image analysis
suite. We measured surface area in the right rostral and caudal anterior cingulate cortex
because this structural characteristic has been shown to predict effortful self-control in
healthy children and adolescents (Fjell et al., 2012). Correlative analyses between these
surface area measurements and executive attention scores were performed within each group
for exploratory purposes.

3. Statistical Analysis

4. Results

Statistical analyses were performed with SPSS version 18 (SPSS Inc, Chicago, Illinois).

An alerting score was calculated by subtracting the mean RT of the double-cue condition
from the mean RT of the no-cue condition. Orienting was calculated by subtracting the mean
RT of the spatial cue condition from the mean RT of the center cue condition. Executive
attention was calculated by subtracting the mean RT of all congruent flanking conditions,
summed across cue types, from the mean RT of incongruent flanking conditions, summed
across cue types.

To test the hypothesis that a CUD moderated the relationship between EOS and attention
network scores, group differences in ANT performance for all three networks were analyzed
using an omnibus multivariate analysis of covariance (MANCOVA) test with the ANT
network scores as the dependent variables and two factors, Psychosis (EOS+ versus EOS-)
and Cannabis use disorder (CUD+ versus CUD-), as the independent variables. Potential
covariates included age, sex, WRAT reading score, mean RT on the ANT, positive urine
analysis for cannabis, and lifetime antipsychotic exposure in chlorpromazine equivalents. Of
these possible covariates, only age and mean RT were significant and retained in the final
model. Post-hoc pairwise group comparisons using analysis of covariance (ANCOVA) were
conducted with age and mean RT as covariates to clarify any significant main effects or
interactions.

4.1 Demographics and Clinical Characteristics

Demographic and clinical characteristics are summarized in Table 1. There were no
significant differences in age or handedness between the four groups, although there was a
significant difference in gender distribution, with CUD and EOS+CUD having significantly
more males (2 =9.43, p=.04).

All patient groups (CUD, EOS, EOS+CUD) were observed to have lower WRAT reading
scores compared to HC, and EOS+CUD had significantly lower scores than pure EOS
(F(3,135)=5.32, p=.002). In addition, EOS+CUD had a significantly later age of onset of
psychotic symptoms compared with EOS (F(1 50)=6.50, p=.01).

Schizophr Res. Author manuscript; available in PMC 2015 August 01.
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Urine toxicology tests were performed on the day of the MRI scan using the K012B 12
Panel Drug Screen Test (THC sensitivity 50 ng/ml) from Drug Test Systems (Dover, NH).
We imaged 18 participants who tested positive for cannabis on the day of MRI scanning (11
CUD, 7 EOS+CUD).

4.2 Effects of Age

We examined the relationship between ANT network scores with age separately in each
group. In HC, age was found to be significantly correlated with measures of alerting (r= -.
39, n=53, p=.004), orienting (r=—.36, n=53, p<.001), and executive attention (r=—.31, n=53,
p=.02), as well as overall mean RT (r=-.53, n=53, p<.001) and mean accuracy (r = .39, p =.
004). With increasing age, reaction times decrease across all neural networks in HC,
indicating greater efficiency and better performance. This robust age-performance
correlation did not appear in patient groups, with the exception of alerting scores in pure
EOS. In pure EQS, reaction times decreased with increasing age in the alerting network only
(r=-.51, n=34, p=.002). Based on these data, age was included as a covariate in the
subsequent group comparison of ANT performance.

4.3 ANT Behavioral Performance

The general performance on the ANT was measured by two components: mean RT and
accuracy (percent correct). These data, by subject groups, are shown in Table 1. Adolescents
with pure EOS had significantly longer reaction times (F 3 130)=8.05, p<.001) than HC and
CUD, indicating worse performance. Also, pure EOS participants had lower accuracy scores
than HC and CUD (F(3,130)=6.17, p=.01). We included RT as a covariate in the subsequent
group comparison of ANT performance.

4 .4 Efficiencies of the Three Networks

The means and standard deviations of specific attentional networks (alerting, orienting, and
executive attention) are shown in Table 2. The overall MANCOVA showed a significant
main effect of EOS (F (3 126)=2.86, p=.04), a significant main effect of CUD (F 3 126)=5.30,
p=.002), and a significant EOS x CUD interaction (F(3 126)=2.80, p=.04). Covariates of no
interest that were significant (and therefore retained in the final model) were: mean RT on
the ANT (F(3,126)=35.7, p=.001) and age (F(3,126)=3.8, p=.01). Covariates that were not
significant and dropped from the model included: WRAT score, urine toxicology,
cumulative antipsychotic exposure, and sex.

A summary of between-subjects effects is presented in Table 2. For the alerting network,
there was a significant main effect of cannabis status, but no main effect of EOS, and no
EOS x CUD interaction.

For the orienting network, there was a significant main effect of EOS, but no main effect of
CUD, and no EOS x CUD interaction.

For the executive attention (conflict) network, there was no main effect of EOS, a significant
main effect of CUD, and a significant EOS x CUD interaction. As shown in Figure 1, post-
hoc testing indicated that there was reduced efficiency of the executive attention network in
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comorbid patients relative to adolescents with pure EOS (F3 4 = 7.17, p=.01). In contrast,
although the efficiency of the executive attention network was worse in patients with CUD
compared to HC, this difference did not reach statistical significance (F(3 7g)=1.16, p=.28).

To assess the effect of accuracy on executive attention network efficiency, the above
analyses were repeated excluding participants with accuracy less than 80% (0 HC, 3 CUD, 8
EOS, 2 EOS+CUD), since these participants may not have been sufficiently engaged and/or
understood the task. A significant main effect of CUD (F(y,116)=8.87, p=.004), and a
significant EOS x CUD interaction (F(1 116) = 6.05, p = .02) was still observed for the
executive attention network.

4.5 Analysis of Brain Volumes

An ANCOVA was used to examine surface area in the right rostral and right caudal anterior
cingulate cortex, correcting for age. For descriptive purposes, the estimated marginal means
for the regions of interest in which a significant main effect of diagnostic group was
identified are shown in Table 3.

4.6 Brain Structure-function Relationships

Pearson correlations were used to test the hypothesis that measures of surface area in the
right rostral or caudal anterior cingulate cortex were correlated with executive attention
scores on the ANT. In HC, surface area in the right caudal anterior cingulate was
significantly correlated with executive attention (r=—.316, n=53, p=.02); Greater surface area
was associated with a shorter reaction time and better performance. In EOS+CUD, there was
a trend toward a correlation between surface area in the right caudal anterior cingulate and
executive attention (r=—.416, n=18, p=.09). These relationships are depicted in Figure 2.
There were no significant correlations between surface area in the right rostral anterior
cingulate and executive attention scores in any group.

Since age and mean RT were found to be significant covariates of ANT scores, we used
partial correlations to control for these variables. After controlling for age and reaction time,
we found that surface area of the right caudal anterior cingulate cortex was significantly
correlated with performance on the executive attention task of the ANT in the EOS+CUD
group (r=—.66, n = 14, p = .006). This correlation remained significant at a trend level in HC
(r=-.27, n= 49, p = .06). Partial correlations for each group are described in Table 4.

There were no significant relationships found between parameters of antipsychotic
medication dosage at time of MRI scan (as indexed by chlorpromazine equivalent dose at
time of testing or cumulative lifetime antipsychotic exposure), or clinical symptoms (as
measured by BPRS and SANS scores) and ANT performance measures in either EOS group.

To test for the possibility of a dose-response effect of cannabis exposure on conflict scores,
we used partial correlations, correcting for age and mean RT, to test for a relationship
between lifetime cannabis exposure and conflict scores. There was no significant correlation
between these two measures in either CUD (r = .26, n=25, p=.19) or in EOS+CUD (r =.24,
n=14, p=.38).
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4. Discussion

To our knowledge, this study is the first to comprehensively examine alterations in attention
network efficiency associated with recurrent exposure to cannabis in both healthy
adolescents and adolescents with EOS using the ANT. In HC, we found that with increasing
age, reaction time decreased across all networks, indicating improved performance in
healthy subjects. These data, along with the existing literature (Fjell et al., 2012; Jepsen et
al., 2010; Konrad et al., 2005), suggest a protracted developmental trajectory for attentional
networks during adolescence.

Consistent with our hypothesis, there was a significant CUD x EOS interaction across all
attention networks indicating that the effect of CUD on task performance was dependent on
diagnostic grouping. Subsequent analyses suggested that only the executive attention
network, related to resolution of conflict, differed between comorbid adolescents and
adolescents with pure EQS. Although executive attention performance was numerically
worse in pure CUD compared to healthy controls, this did not reach statistical significance.
These data suggest that the presence of CUD moderates the association between EOS and
executive attention.

In this study, we also found a significant relationship between surface area of the right
caudal anterior cingulate cortex and executive attention network scores in EOS+CUD and a
trend-level relationship in healthy participants, after correcting for age and mean RT. These
findings are similar to a recent report from a large normative study of young participants
aged 4-21 years (Fjell et al., 2012). Fjell and colleagues found a stronger correlation
between surface area and performance in younger healthy subjects, suggesting that with age,
improved efficiency of neural circuits may decrease reliance on this brain structure for task
performance. Based on these data, we would speculate that the EOS+CUD patients may use
a less efficient or more immature strategy to perform this task well into adolescence.

Several findings in the present study suggest that performance deficits in executive attention
in EOS+CUD may indicate a pre-existing vulnerability rather than a potential “neurotoxic”
effect of exposure to cannabis. First, there was no evidence of a dose-dependent deleterious
effect of cannabis on executive attention performance. Second, we found a relationship
between anterior cingulate surface area and executive attention performance. Cortical
surface area is determined prenatally, by proliferation of radial unit progenitors, and
decreased surface area may reflect a reduced number of cortical columns (Pontious et al.,
2008; Rakic, 1995). By contrast, cortical thickness changes dynamically across the lifespan,
influenced by development and disease (Frye et al., 2010). Third, deficits in executive
attention have been associated with increased risk for several neuropsychiatric disorders
including schizophrenia, such as 22g11 deletion syndrome (which confers a genetic high
risk for schizophrenia) (Takarae et al., 2009), post-traumatic stress disorder (Aupperle et al.,
2012), and attention-deficit disorder (Mullane et al., 2011). In contrast, a previous study
comparing ANT performance in heavy cannabis users, heavy cannabis + inhalant users, and
healthy controls found no differences in alerting, orienting, or executive attention across the
three groups (Vilar-Lopez et al., 2013). This result was unexpected given the well-described
neurotoxicity of inhalants (Rosenberg et al., 2002; Yucel et al., 2008). However, heavy
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cannabis + inhalant users had significantly more errors across all conditions, suggesting that
accuracy, not efficiency, may be a more sensitive measure of drug neurotoxicity in
adolescents.

5. Strengths and Limitations

Limitations to this study should be noted. The sample size was small and there was a
significant group difference in sex ratios (see Table 1) driven by the higher proportion of
males in EOS+CUD. Although we did not find sex to be a significant predictor of
performance on the ANT, a previous study of patients with schizophrenia showed that
patients had significantly worse conflict ratio scores on the ANT than healthy controls, but
that these differences were driven by worse performances in females with schizophrenia
than in males (Urbanek et al., 2009). This gender effect was in the opposite direction of our
current findings, where the male-heavy EOS+CUD group had the worst performance. A
previous study in healthy participants showed a significant sex difference in orienting, but
not alerting or conflict scores (Liu et al., 2013).

Another potential limitation to this study is the test-retest reliability of the ANT, which has
been questioned in both healthy and clinical populations (Hahn et al., 2011). A longitudinal
study found that patients with schizophrenia had moderate test-retest correlations (across a
7.4 month interval) for mean RT, orienting, and conflict scores. The analysis of accuracy in
patients with schizophrenia revealed very low test-retest correlations. In general, healthy
participants have stronger test-retest correlations than patients, and conflict scores in HC and
patients have consistently stronger test-retest correlations than alerting or orienting scores
(Fan et al., 2002; Fan et al., 2001; Greene et al., 2008; Hahn et al., 2011). Thus, these
findings do not appear to seriously undermine the results of the present study, since conflict
scores and mean RT were found to best discriminate adolescents with EOS versus EOS
+CUD, and these measures have been shown to have acceptable test-retest correlations
across a 7.4 month interval in patients and controls (Hahn et al., 2011). A final limitation of
the present study is its cross-sectional design, which makes it impossible to draw causal
inferences about the effect of cannabis exposure on executive attention performance.

Despite these limitations, the present findings suggest that executive attention may be an
important prognostic factor in adolescents with EOS as well as adolescents at clinical high
risk for developing schizophrenia. Studies of children and adolescents have shown that
executive attention performance in the ANT is related to a temperamental measure of
effortful control from parent reports of child behavior (Rueda et al., 2005). Failures in
effortful control have in turn been related to increased risk-taking behavior in children and
adolescents (Honomichl, 2012; Steinberg, 2008). One reason adolescents with psychosis
may use cannabis is that the perceived benefits such as reduction in anxiety and increased
sociability outweigh any perceived harmful consequences. It is possible that youth with
attentional deficits are prone to use cannabis when the opportunity arises, and to become
dependent on cannabis over time compared to adolescents that have developed higher levels
of self-regulation. Executive attention and cognitive control have been increasingly studied
as important predictors of outcome and achievement in healthy children (Diamond et al.,
2007) and adolescents (Duckworth and Seligman, 2005). Future prospective studies of
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adolescents with prodromal features of schizophrenia are needed to examine whether
executive attention and cognitive control are predictors of risk for cannabis misuse or for
transition to psychosis.
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Figure 2.
In healthy controls, surface area of the right caudal anterior cingulate cortex predicts better

performance (shorter reaction time) on the executive attention task of the Attention Network
Task (ANT) (r=-.32, n=53, p=.02). In adolescents with early onset schizophrenia and a
comorbid cannabis use disorder (EOS+CUD), the correlation between increased surface area
of the right caudal anterior cingulate cortex and improved executive attention is significant
atatrend level (r=-.42, n=18, p=.09).
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TABLE 4

Partial Correlations between surface area in right anterior cingulate and conflict scores

Surface area, mm?
Group HC (n=49) | CUD (n=25) | EOS (n=30) | EOS+CUD (n=14)
Brain region
R. rostral anterior cingulate | .049 .09 -.22 -.49
R. caudal anterior cingulate | -.27 A1 -.13 66"

Note: Partial correlations corrected for Age and Mean Reaction Time on Attention Network Test. HC=Healthy Controls; CUD=cannabis use
disorder; EOS=early onset schizophrenia; EOS+CUD=EOS with comorbid CUD.

*

*
p<.01
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