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OBJECTIVE: Substance abuse and maltreatment are highly associated with Executive Cognitive Function
impairments, but very little is known about how symptoms of a condition known as Dysexecutive Syndrome may
impact on real-life activities, especially in adolescents. This study investigated the presence of Executive Cognitive
Function deficits in maltreated substance-abusing adolescents relative to healthy control subjects and analyzed
the association between executive performance and educational attainment.

METHOD: The sample consisted of 15 maltreated adolescent substance abusers and 15 non-maltreated healthy
adolescents (controls). They were assessed by the Frontal Assessment Battery, composed of six subtests:
Conceptualization, Mental flexibility, Motor programming, Sensitivity to interference, Inhibitory control, and
Environmental autonomy.

RESULTS: Maltreated adolescents did not differ from controls in sociodemographic variables such as age, ethnicity,
and handedness. However, they performed significantly and importantly below controls in almost all domains
of Executive Cognitive Function, including abstract abilities, cognitive flexibility, motor planning, and sensitivity
to interference. Maltreated adolescents also completed fewer years of formal education vs. controls. The Frontal
Assessment Battery total score correlated with educational attainment throughout the sample (r=0.511; p < 0.01).
CONCLUSION: Substance-abusing adolescents with a history of maltreatment performed more poorly vs. controls
on a variety of measurements of executive functioning, and the results of the Frontal Assessment Battery were
associated with educational attainment. Our results evidence a negative impact of dysexecutive symptoms on
educational attainment in adolescents. Strategies focusing on neuropsychological rehabilitation may be relevant
to help substance-abusing and maltreated adolescents to perform better at school and perhaps in life.
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H INTRODUCTION

Substance abuse is strongly associated with
deficits in executive cognitive function which are
related to structural and functional abnormalities of the
prefrontal cortex.’ Studies have shown that individuals
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who are early exposed to substances are at a higher
risk to develop executive impairments as compared
to older individuals.”? Also, a history of maltreatment
is a risk factor for later substance abuse.!® It may
prematurely and negatively impact the development
of some neural pathways connecting the limbic system
with the prefrontal cortex, which could lead to impulsive
behaviors and early initiation of substance use.'’!! The
period of adolescence is clearly associated with a set of
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physical and mental changes, mainly because this is a crucial
period for brain maturation, especially of the prefrontal
cortex and subcortical structures.''** However, very little
is known about the additional effect of maltreatment and
substance use on the adolescent’s cognitive functioning and
how the symptoms of a condition known as Dysexecutive
Syndrome may impact on real-life activities, such as at
school and family adjustment. Dysexecutive Syndrome is
characterized by impairments in cognitive subdomains
involving attention and the executive functions that control
and regulate other abilities and behaviors.'® In this regard,
addicted adolescents may be at a higher risk for low
educational attainment and school dropouts,'*!> but few
studies to date have investigated if cognitive functioning
is associated with educational variables. The aim of this
study was to investigate the presence of executive cognitive
function deficits in maltreated and substance-abusing
adolescents and to analyze the association between
executive performance and educational attainment.

Bl METHODS

Participants

Thirty adolescents participated in this study.
Fifteen maltreated adolescent substance abusers (MASA)
were recruited from The Equilibrium Program (TEP),
a multidisciplinary mental health community service
specialized in outpatient treatment of children and
adolescents with a lifetime history of maltreatment.'® They
met the DSM-IV-TR criteria'” for substance abuse at time
of admission to our treatment program. The exclusion
criteria were: 1) current major psychiatric disorders (i.e.,
bipolar disorder, depression, and mania); 2) history of
neurological disorders such as head injuries, with loss of
consciousness for longer than 30 minutes, strokes, and
intracranial hemorrhages; 3) IQ less than 70. The MASA
were all adolescents who had been abstinent from drugs for
an average of two weeks before evaluation. The abstinence
period was verified by self-report and supervised by the
clinical staff. The executive performance of the MASA
was compared to the results of a control group, which
consisted of 15 non-maltreated healthy adolescents (NMHA),
recruited in the city of Sdo Paulo at the “Lar Sirio”, which is
amultidisciplinary service that offers a variety of activities
including psychosocial interventions for low-income
families. The exclusion criteria for the control group were:
1) DSM-IV-TR criteria for any psychoactive substance abuse;
2) the same exclusion criteria of the MASA.

Procedure

The research protocol complied with the Helsinki
Declaration and was approved by the University of Sao
Paulo Research Review Board (CAPPesq-HC-FMUSP, Case
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Number 0563/08). Participants and their legal guardians
signed the approved consent form before entering in
the study. After that, they were assessed by either a
clinical psychologist or a psychiatrist. The interview
questions covered demographics, drug use, and their
consequences on psychosocial functioning. Three trained
neuropsychologists (PJ.C., PA.O. and M.C.) administered the
neuropsychological battery (Frontal Assessment Battery -
FAB) and questionnaires, in one single session, usually in
the morning.

Executive measurements

Frontal Assessment Battery (FAB)*® The administration
of the FAB takes approximately 10 minutes; each of the six
subtests is scored from 0 (minimum score) to 3 (maximum
score) and the total score of the FAB is the sum of the
scores in the six subtests (the FAB’s total score ranges from
0 to 18)'8. The FAB has been translated and adapted to
Portuguese**® and detailed information about instructions
of the FAB are described elsewhere.*!® The six subtests are:

1. Conceptualization: this is based on the traditional
similarities subtests included in the intelligence scales
designed by Wechsler.'® This subtest evaluates the subject’s
ability to generate similarities between: 1) banana-orange,
2) table-chair, 3) tulip-rose-daisy. The examiner asks: “In
what way are they alike?” In the case of total or partial
failure in the first item (i.e., “they are not alike”), the
examiner may help the subject saying “both a banana and
an orange are...” but doesn’t give any credit for him/her.
The patient cannot be helped in the other items (table-
chair, tulip-rose-daisy). Full correct responses are fruits,
furniture, and flowers, respectively. Each correct response
is associated to one credit (none correct: 0; one correct: 1;
two correct: 2; three correct: 3).

2. Mental flexibility: the subject has to recall as many
words as he/she can, beginning with the letter “S” in a
1-minute trial. The examiner says: “Say as many words
as you can beginning with the letter ‘S, any words except
surnames or proper nouns”.® The examiner may help if no
response is given during the first 5 seconds: “for instance,
salt”. Each correct word is scored as one point. The score
in mental flexibility may be 0 (less than 3 words), 1 (3to 5
words), 2 (6 to 9 words), and 3 (more than 9 words).

3. Motor programming: the examiner, sitting in front
of the patient, asks him/her to watch carefully the Luria’s
fist-palm-edge motor series.'®?° The examiner repeats
three times the Luria’s motor sequences with his left hand.
Then, he asks the patient to repeat the movement with
his/her right hand, initially accompanying the examiner’s
movement, and then alone. The examiner performs the
series three times with the patient, and then asks the patient
to do it on his/her own. The patient who cannot perform
three correct consecutive series even with the examiner
receives no point. The subject who is able to perform three
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correct consecutive series with the examiner, but fails alone,
receives 1 point. Two points are given to the patient who
performs at least three correct consecutive series alone,
and the full score (three points) is given for six correct
consecutive series.

4. Sensitivity to interference: this is a subtest
similar to the Stroop Color Word Test (SCWT), which is a
traditional neuropsychological task that measures executive
functioning.**® The examiner requires the patient to tap
twice on a table upon hearing a single tap. The examiner
then performs a sequence of three trials (1-1-1) and the
patient should respond appropriately. Next, the examiner
asks the patient to tap once on the table upon hearing two
taps. Then, a series of three trials is given: 2-2-2. Finally, the
examiner performs the following series: 1-1-2-1-2-2-2-1-1-
2. The patient receives 0 points if he taps in imitation of the
examiner at least four consecutive times. One point is given
when the patient makes more than 2 errors two points are
given if the subject makes 1 or 2 errors; the full score (three
points) is given when the patient executes without any error.

5. Inhibitory control: this task is based on the
traditional go-no go paradigm. It is similar to the previous
subtest, but here the patient should inhibit what he/she
had just learned: the subject is required to tap once upon
hearing a single tap. A series of three trials is run: 1-1-1.
Then, the examiner asks the patient to inhibit his previous
learned response upon hearing two taps. The examiner
performs three trials (2-2-2). Next, the examiner taps the
following sequence: 1-1-2-1-2-2-2-1-1-2. The scoring is
identical to the previous subtest.

6. Environmental autonomy: this subtest evaluates
the abnormal spontaneous tendency to adhere to the
environment through the apprehension behavior. The
examiner sits in front of the patient and the examiner
places the patient’s hands palm up on his/her knees. Then,
without saying anything, the examiner touches the palms of
the patient’s hands. The examiner evaluates if the patient
spontaneously takes his/her hands. If the patient takes the
examiner’s hands, the examiner will try again saying: “Now,
do not take my hands”. If the patient takes the examiner’s
hands even after he/she has been told not to do so, he/
she receives zero points. One point is given to the patient
who takes the examiner’s hands without hesitation in the
first trial, but not in the second. Two points are given to
the patient who hesitates and the full score (three points)
is obtained when the patient does not take the examiner’s
hands.

Data Analyses

The two groups (MASA and NMHA) were compared
in all tests applied. Statistical comparisons were carried out
using the unpaired Student’s t-test or Mann-Whitney test
for quantitative variables. The Fisher’s Exact Test and Chi-
Square were used for categorical variables. The normality
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of observations was verified by the Kolmogorov-Smirnov
test. The level of statistical significance was a = 0.05 and
all statistical tests were two-tailed. Correlations between
the FAB scores and educational variables were assessed by
the Pearson correlation coefficient (r). Statistical Package
for the Social Sciences (SPSS) for Windows, version 14.0
(SPSS, 2005) was used to perform all statistical analyses.

B RESULTS

There were no statistically significant differences
between the Maltreated Adolescent Substance Abusers
(MASA) and the healthy controls (NMHA) in variables
such as age, ethnicity, and handedness as shown in Table
1. Educational attainment of the adolescents in the control
group was significantly higher than that of the subjects
in the MASA group. These maltreated adolescents had a
history of alcohol, crack/cocaine, inhalants and cannabis
abuse. Almost all of them (86.7%) were also frequent
tobacco smokers.

Table 1 - Sociodemographic variables of the MASA and NMHA

MASA NMHA
Mean + SD Mean + SD p
(N=15) (N=15)

Age 14.47 £ 1.46 13.80+£1.15 0.17
Education (in years) 6.20+1.26 8.0+ 1.07 <0.01*
Ethnicity

White 7 (46.7%) 4 (26.7%) 0.52

African Brazilian 3 (20%) 4 (26.7%)

Mixed 5(33.3%) 7 (46.7%)
Handedness

Right hand 13 (86.7%) 15 (100%) 0.48

Left hand 2(13.3%) 0
Substance use 15 (100%) 0

Alcohol 7 (46.7%) 0

Tobacco 13 (86.7%) 0

Cannabis 7 (46.7%) 0

Inhalants 6 (40%) 0

Crack/Cocaine 6 (40%) 0

Notes: MASA = adolescent substance abusers; NMHA = non-maltreated healthy
adolescents; SD = Standard Deviation; Age and Education (in years) were analyzed
with the Student’s t test for independent samples; Ethnicity and Handedness were
investigated with Chi-Square and the Fisher’s Exact Test, respectively; mean differences
were considered statistically significant if p < 0.05*.

The overall score of the FAB was significantly and
importantly lower in the MASA vs. NMHA group (p < 0.01).
On average, MASA had greater and significant (p < 0.05)
impairments in four cognitive domains: abstract reasoning,
cognitive flexibility, motor planning, and sensitivity to
interference as seen in Table 2.
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Table 2 - Neurocognitive performance of MASA and NMHA in the
six executive domains of the FAB

Frontal Assessment Battery MASA NMHA
(FAB) Mean + SD Mean+SD p
(N=15) (N=15)
Conceptualization 133+£1.05 233+049 <0.01*
Mental Flexibility 133+£1.05 227+£0.59 <0.01*
Motor Programming 1.60+1.35 2.60+0.91 0.02*
Sensitivity to Interference 200+£0.93 2.60+0.51 0.03*
Inhibitory Control 247 +0.92 253+0.83 0.83
Environmental Autonomy 3 3 -
Total Score 11.60+292 1527+1.58 <0.01*

Finally, there was a significant positive correlation
between executive performance as measured by the
FAB and educational attainment, in number of years of
education (r = 0.511; p = 0.004; Figure 1). Correlations
with education and FAB were not found when analyzing
within the groups, MASA (r=0.197; p = 0.48) and NMHA
(r=0.211; p = 0.44).

B DISCUSSION

Substance-abusing adolescents with a history of
maltreatment evaluated in the present study performed
significantly worse than a healthy control group in the
Frontal Assessment Battery (FAB). They were cognitively
impaired in four of the six cognitive domains assessed
by the FAB, including abstract reasoning, cognitive
flexibility, motor planning/programming, and sensitivity
to interference. In addition, the Maltreated Adolescent
Substance Abusers underperformed the Non-Maltreated
Healthy Adolescents in educational attainment. Finally,
the number of years completed of formal education were
correlated with executive cognitive function-related
tasks, meaning that the better the executive functioning,
the higher the educational attainment among all the
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subjects. To our knowledge, this is the first report showing
neurocognitive alterations by different subtests of the FAB
among maltreated adolescent drug users.

The FAB subtests in which the MASA were found
to have executive cognitive function-related impairments
are tasks that have been associated with the functioning
of medial, dorsolateral, and posterior areas of the
prefrontal cortex.'®2! Our findings may be explained by
the fact that maltreatment in the childhood may impair
the initial neural development trajectory of the brain'®
and that subsequent substance use during adolescence
will result in an additional disruption in the normative
neuro-maturational processes that occur during this
period, particularly synaptic pruning and white matter
development.®® More specifically, prefrontal cortex
and white matter abnormalities generated by early
maltreatment combined with later substance use are
associated with executive cognitive function impairments
that may limit the adolescent’s ability to deal with the
challenges inherent to school success. However, it is
possible that not only the prefrontal cortex, but also
other regions of the brain may be implicated in these
results, such as the uncinate fasciculus and other white
matter tracts.!! Indeed, a recent study suggests that
differences in adolescent executive control are not solely
attributable to the functioning of any single region or
network, but are instead dependent on a dynamic and
context-dependent interplay between several brain
regions including the prefrontal cortex.?? It is interesting
to note that if we compare the results of this study with a
previous investigation of our group carried out in adults,*
maltreated adolescent substance users seem to be more
impaired in comparison to adult addicts. For example,
the FAB Sensitivity to Interference subtest was not able to
detect neurocognitive alterations in the sample of adults
of our previous study,* but here this subtest detected
impairments in maltreated adolescent substance users.
One possible explanation for this distinction could be a
more neurotoxic effect to the brain when combining two
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risk factors that may significantly impair the functioning of
multiple brain regions and cognitive performance, namely
maltreatment and substance use.

By showing a correlation between cognitive perfor-
mance and the “real-life” measurement of school success,
our results also highlight the ecological validity of the
FAB. Thus this battery may be used not only as a screening
neurocognitive method for the evaluation of executive
cognitive function in substance abusers,* but also as an
indicator of “how-well” the adolescent may achieve success
in academic life.

Despite some strengths of our study, some limitations
should be considered. First, given the cross-sectional design
of the study, it is not possible to determine whether previous
dysexecutive symptoms could have lead to drug use and
school failures or, instead, whether drug use would have
caused the dysexecutive symptoms and the worse academic
performance. Our previous findings in adults are consistent
with the idea that some premorbid subclinical executive
deficits could be associated with a higher vulnerability to
engage in risky substance abuse, which per se could lead to
worsened executive functioning.?® Secondly, we were only
able to compare two samples, and our data are limited to
either ascertain the extent to which maltreatment per se
is associated with executive cognitive function deficits?*
and poor school attainment, or the degree to which such
deficits are amplified by substance use. It is important to
note that substance use and abuse is extremely prevalent
among maltreated children and adolescents?® and our
sample reflects “real-life” conditions. However, the role
of maltreatment and the additional effect of substance
use on these variables (i.e., executive cognitive function
and school attainment) should be investigated in more
controlled studies using prospective designs. Third, as
the size of our groups was relatively modest, we were
not able to detect significant correlations between FAB
and educational attainment in the subgroups (MASA and
NMHA), but the absence of correlations in these analysis
could be also associated with alow variability in educational
attainment considering the two groups separately. Further
investigations with more robust samples would be welcome
to confirm our data.

In conclusion, our findings indicate that the Frontal
Assessment Battery was sensitive to detect executive
cognitive function alterations in maltreated adolescents with
substance use. Our results also indicate that maltreatment
and substance abuse correlate with school performance,
showing that executive deficits are associated with real-life
problems among adolescents. These findings may have
implications for the development of treatment and early
prevention interventions. For example, we highlight the
potential of using neuro-rehabilitation techniques to help
adolescents to achieve better educational attainment levels
and perhaps, to decrease school dropout and lead to greater
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success in subsequent stages of life. Future and prospective
neurocognitive studies, combined with neuroscience
methods such as neuroimaging techniques and genetic
analysis, are required to investigate the pathophysiology and
etiology of the combination of childhood maltreatment and
substance abuse during adolescence.

B SUMMARY

The use of a brief battery of executive function tests
was relevant to show deficits in maltreated adolescent
drug abusers. FAB alterations correlated with educational
attainment, indicating the ecological validity of this
battery. Our findings suggest that the implementation of
rehabilitation strategies may help adolescents to achieve
success in educational life.
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DISFUNCAO EXECUTIVA E BAIXO DESEMPENHO
ESCOLAR EM ADOLESCENTES USUARIOS DE
DROGAS COM HISTORIA DE MAUS-TRATOS

OBJETIVO: Abuso de substancias e maus-tratos
tém sido altamente associados com déficits nas funcdes
executivas, porém pouco se conhece sobre o impacto
da disfuncdo executiva nas atividades da vida real,
especialmente em adolescentes. O objetivo deste estudo
foi investigar a presenca de déficits nas func¢des executivas
em adolescentes abusadores de substancias com histérico
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de maus-tratos, comparando-os com um grupo de jovens
controles saudaveis, assim como analisar a associacdo
entre o desempenho executivo e o nivel de escolaridade
dos participantes.

METODO: A amostra foi composta por 15 adoles-
centes abusadores de substancias, vitimas de maus tratos
e 15 adolescentes saudaveis, sem histéria de maus-tratos.
Todos os participantes foram avaliados pela Bateria de
Avaliacdo Frontal, composto por seis subtestes: Concei-
tuagdo, Flexibilidade mental, Programagdo motora, Sen-
sibilidade a interferéncia, Controle inibitério e Autonomia
Ambiental.

RESULTADOS: Os adolescentes abusadores nao
diferiram dos controles saudaveis em variaveis sdcio-
demograficas, tais como idade, etnia e lateralidade. No
entanto, apresentaram desempenho significativamente
abaixo dos controles em quase todos os dominios das
fungdes executivas, incluindo capacidade de abstragio,
flexibilidade cognitiva, planejamento motor e sensibilidade
a interferéncia. Os adolescentes vitimas de maus tratos
concluiram menos anos de educag¢ido formal do que os
controles. A pontuacio total da Bateria de Avaliagdo Frontal
correlacionou com o nivel de escolaridade, na amostra total
(r=0.511; p<0.01).

CONCLUSAO: Os adolescentes abusadores de
substancias com histérico de maus-tratos apresentam
prejuizos em varias medidas de Funcdes Executivas. Os
resultados da Bateria de Avaliagio Frontal associam-se com
os anos completados de escolaridade. Nossos resultados
evidenciam o impacto negativo da disfunc¢do executiva no
aproveitamento escolar em adolescentes. Estratégias com
foco em reabilitagdo neuropsicoldgica podem ser relevantes
para ajudar adolescentes abusadores de substancias e
vitimas de maus tratos a atingirem melhor aproveitamento
na escola e, talvez, na vida como um todo.

PALAVRAS-CHAVE: neuropsicologia, adolescentes,
dependéncia quimica, escolaridade.
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