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ABSTRACT

Background: There is emerging evidence that the increased susceptibility to developing alcohol and substance use dis-
orders in those with a family history of Alcohol Dependence (AD) may be related to structural differences in brain cir-
cuits that influence the salience of rewards or modify the efficiency of information processing. Externalizing disorders
of childhood including Attention Deficit Hyperactivity Disorder, Conduct and Oppositional Disorders are a prominent
feature of those with a positive family history. The caudate nuclei have been implicated in both the salience of rewards
and in the pathophysiology of alcohol dependence and these often antecedent childhood disorders. Methods: Adoles-
cent/young adult high and low-risk for AD offspring (N = 130) were studied using magnetic resonance imaging. Vol-
umes of the caudate nucleus were obtained using manual tracing with BRAINS2 software and neuropsychological func-
tioning determined. Childhood disorders were assessed as part of a long-term longitudinal follow-up that includes
young adult assessment. Dopaminergic variation was assessed using genotypic variation in the catechol-O-methyl-
transferase (COMT) and DRD2 genes. Results: High-risk subjects showed poorer Working Memory functioning. Cau-
date volume did not differ between high and low-risk subjects, but those with externalizing disorders of childhood
showed reduced caudate volume. Variation in COMT and DRD2 genes was associated with Working Memory per-
formance and caudate volume. Conclusions: Caudate volume is reduced in association with externalizing disorders of
childhood/adolescence. Working Memory deficits appear in familial high-risk offspring and those with externalizing
disorders of childhood. The dopaminergic system appears to be involved in both working memory performance and
externalizing disorders of childhood.
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1. Introduction ships between fronto-striatal circuitry and development
of the disorders. Among the most prominent of these are
studies of individuals with externalizing disorders of child-
hood and adolescence (Attention Deficit Hyperactivity
. . ) ; . Disorder [ADHD], Conduct and Oppositional disorders).
tions and in classification learning [1-3]. Drugs of abuse Neuroimaging studies of children with ADHD [4-6] and
appear to bypass the adaptive mechanism built in for other Oppositional Defiant Disorder (ODD)/Conduct Disorder
types. (_)f rewar.ds SI_JCh as food an.d water, rende;rmg drug [7,8] have documented structural alterations of the cau-
conditioned stimuli much more difficult to eradicate. date nucleus.

VOlltlm.CtI'i.C .studies 9f the ce.ludate have ‘t.)eer.l un.der- Externalizing disorders occur more frequently in fami-
taken in individuals with a variety of psychiatric disor- lies with alcohol dependence [9,10] and appear to be an-
ders to uncover possible structural/functional relation- tecedents of later development of substance use disorders.
" - - — - Conduct Disorder (CD), a common externalizing disor-
All authors report no biomedical financial interests or potential con- d £ childhood. | d 1 si
flicts of interest. er of childhood, frequently appears as a prodromal sign
#Corresponding author. for later development of substance use disorders and

The striatum, and particularly the caudate nucleus, inter-
acting with frontal circuitry, plays an important role in
the formation of reward based stimulus-response associa-
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has been shown to have shared genetic risk factors with
alcohol dependence [11]. The caudate nucleus has one of
the highest levels of dopamine DRD2 receptors in the
human brain [12]. Dopamine plays a key role in reward-
based learning [13,14], and in addiction. Additionally,
DRD?2 receptor density and binding differs in addicted
individuals and their relatives [15-20]. Accordingly, cau-
date volume may represent a neurobiological underpin-
ning for a shared endophenotype for both substance use
disorder (SUD) and externalizing disorders.

Catechol-O-Methyl-Transferase (COMT), a methyla-
tion enzyme that metabolizes dopamine released into the
synaptic cleft [21] is one of the primary mechanisms re-
gulating dopaminergic activity in the frontal cortex [22-
24]. Genetic variation in the COMT gene has been re-
ported to differ in those with alcohol, opiate and cocaine
dependence relative to controls [25-27] as has DRD2 varia-
tion [28-30].

Executive functioning has been defined as the capacity
to engage in purposeful goal-directed activities [31] and
usually includes measures of attention, problem-solving,
working memory and inhibitory control. Deficits in ex-
ecutive functioning in individuals with drug and alcohol
dependence [32] and those at higher risk for developing
these disorders due to their family history [33-35] have
frequently been reported (See 36 for review). Dopaminer-
gic activity plays a major role in the regulation of execu-
tive functioning in the prefrontal cortex [24]. Presence of
the COMT Met allele is associated with higher levels of
prefrontal dopamine and appears to have a positive effect
on executive functioning [37]. Also, COMT and DRD2
conjointly affect working memory performance [38-40].

Morphometric differences associated with dopaminer-
gic genetic variation have been reported. COMT Val allele
carriers show increases in age-related temporal gray mat-
ter with Met carriers showing decreased gray and white
matter volume in parietal, frontal and parahippocampal
regions [41], and Val homozygotes showing reduced total
volume of the temporal lobe and hippocampus [42]. An
association between DRD2/ANKKI1 variation and cau-
date volume has been reported [43] with Taqla A2 ho-
mozygotes having decreased left caudate volume.

The present study was designed to investigate whether
offspring from multiplex alcohol dependent families who
are at ultra high risk for addictive behaviors might ex-
hibit volumetric differences in the caudate nucleus com-
pared to low-risk offspring from families with no history
of AD. Because externalizing disorders of childhood and
adolescence are frequently seen in high-risk offspring, it
was of interest to determine if the presence or absence of
externalizing disorders might be related to caudate vol-
ume.

Additional goals included examination of familial risk
group membership, presence or absence of an external-
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izing disorder, and their relationship to neuropsychologi-
cal performance. Based on previous reports of impaired
executive functioning in offspring of alcohol dependent
individuals [36] and evidence that the caudate is involved
in attention and executive functioning [44], we hypothe-
sized that offspring with multiple cases of alcohol de-
pendent family members would exhibit neuropsychologi-
cal impairment in functions involving attention and ex-
ecutive functions. Also, our plan included investigation
of the neurobiological underpinnings of these neuropsy-
chological deficits by relating them to a possible associa-
tion with caudate volume and DRD2 and COMT genetic
variation.

We reasoned that studying offspring at very high risk
for developing alcohol dependence due to their multiplex
familial loading might provide insight into the functional
deficits seen in high-risk offspring and the possible neu-
ral substrate variation associated with this risk.

2. Methods
2.1. Participants

The sample included 71 high-risk subjects from multi-
plex families (38 male and 33 female) and 59 low-risk
controls (27 male and 32 female) (Table 1). Of these, 68
were scanned between the ages of 8 to 18 while 62 off-
spring had reached their 19" birthday by the time they
were scanned as young adults.

The high and low-risk (control) children/adolescents are
participants in an ongoing family study in which offspring
of parents with either high genetic loading for alcohol
dependence (high-risk) or those whose parents had mini-
mal loading (low-risk) are contrasted. The high-risk fami-
lies had been identified through a proband pair of alcohol
dependent brothers as previously described [9].

All participants signed informed consent documents
after having the study explained to them. Participants were
screened to insure absence of ferromagnetic metal in or
on their body. All female subjects were screened for preg-
nancy using Icon® 25 hCG pregnancy kits.

2.2. Diagnoses

Each child/adolescent and his/her parent were separately
administered the Schedule for Affective Disorders and
Schizophrenia (K-SADS) [45] by trained interviewers and
a best estimate diagnosis determined as previously de-
scribed [9,46]. The Composite International Diagnostic
Interview (CIDI) [47] was administered to those age 19
or older to determine the presence or absence of a DSM-
IV Axis I diagnosis. The CIDI-SAM (Substance Abuse
Module) [48] was given to obtain quantity, frequency,
and pattern of drug usage. Inter-rater reliability for the
diagnostic instruments exceeded 90%.
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Table 1. Demographic Characteristics of High and Low-Risk Adolescents and Young Adults. Mean and standard deviation
(SD) for all high and low-risk offspring are presented. There were 38 high-risk and 27 low-risk males and 33 high-risk and 32
low-risk females.

High-Risk (N = 71) Low-Risk (N =59)

Mean SD Mean SD F df p
Age 18.10 4.20 17.60 5.80 0.37 1 129 NS
SES? 39.43 13.67 44.50 14.82 4.04° 1 72.7 0.048
1Q° 109.27 14.69 113.70 17.15 2.48 1 127 NS
BMI Male 24.36 5.12 22.66 3.73 2.16 1 64 NS
BMI Female 23.27 5.02 25.68 6.29 2.94 1 64 NS
Number Right Handed 68 55
(%) Right handed (95.8) 93.2) 0.41° 1 NS
Alcohol or Drug Abuse/Dependence® 19 4 8.83° 1 0.003

®Hollingshead Four Factor Index [68] was based on parental SES at initial entry into the longitudinal study. The Hollingshead group classification places indi-
viduals with numerical values between 30 - 39 in Group III (skilled craftsmen, clerical and sales workers). Those with values between 40 - 54 fall in Group IV
(medium size business owners, and minor professional, and technical occupations). Accordingly, the mean values for the low-risk group would be at the lower
end of Group IV and the high-risk group would be at the high end of Group III; bPeabody Picture Vocabulary Test [69]; °Chi square value; “Number of cases
meeting criteria for alcohol or drug abuse or dependence before their scan. Diagnoses were made using the age appropriate diagnostic instrument, KSADS for
those under age 19 and CIDI for those 19 or greater. Three cases were diagnosed before the age of 19 and had a mean exposure period of 0.33 + 0.57 years prior

to the MRI scan. The remaining 19 cases were diagnosed after age 19 and had a mean exposure of 2.47 + 2.32 years before the scan.

Mothers of both high and low-risk offspring were ad-
ministered a structured interview at the time of the child’s
first longitudinal assessment designed to assess quantity
and frequency of use of alcohol, drugs and cigarettes dur-
ing pregnancy.

2.3. Image Acquisition

All subjects were scanned on a GE 1.5 Tesla scanner
located in the Department of Radiology MR Research
Center. T1 weighted axial images with slice thickness of
1.5 mm were obtained using a 3 dimensional spoiled
gradient recalled echo in the steady state (3D SPGR) (TE
=5, TR =24, flip angle = 45 degrees, acquisition matrix
=192 x 256, NEX = 1, FOV = 24 cm). Slices were res-
liced in the coronal plane through the anterior commis-
sures to provide a more reproducible guide for image
orientation. Additionally, axial proton density and T2
weighted images were obtained covering the whole brain
at a slice thickness of 5 mm, slice gap = 0 mm ([double
echo spin echo, TE = 17 ms and 102 ms; TR = 3000 ms],
acquisition matrix = 256 x 192, NEX = 1, FOV =24 cm).
Obtaining the dual echo study enabled us to adequately
address segmentation. A neuroradiologist reviewed scans
with suspected structural abnormalities.

2.4. Region of Interest Analysis

Caudate and intracranial volumes were measured using
BRAINS2 [49], a software that provides valid and reli-
able volume measurements of specific structures by using
a semiautomated segmentation approach. Manual tracing is
preferable to automated methods for the study of smaller
subcortical structures [50] and in subjects with develop-
ing brains as suggested by Carrey et al [4]. Two raters
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(SW and HC) blind to the identity and risk group mem-
bership traced the volumes of the caudate and intracra-
nial volume (ICV). Tracing of the caudate included the
head of the caudate and was bounded by frontal white
matter anteriorally, the anterior commissure posteriorally,
internal capsule laterally, and using a thin band of white
matter medially (Figure 1). The end boundary was de-
termined by the point where the body of caudate could
no longer be distinguished from the wall of the lateral
ventricle. These boundaries have previously been de-
scribed by Looi et al. [51] though their method utilized
tracings in the axial plane while we used the coronal
plane.

2.5. Neuropsychological Assessment

A battery of neuropsychological tests was administered
to each participant to assess neurocognitive functioning
in domains consisting of intelligence, visual attention,
language/verbal fluency, memory, and executive skills.
Test scores for children and young adults were combined
using scaled scores.

Executive Functioning—Trails and Stroop Perform-
ance. Two age appropriate versions (child and adult) of
the Trail Making Test (Part A and B) [52,53] were ad-
ministered. Scores were adjusted for age using norms
provided by Reitan [54] for the younger participants (ages
8 - 15 years), and norms from Tombaugh [55] for the
young adult sample (ages 18 - 24 years). A Trails differ-
ence score thought to assess cognitive control and task-
switching abilities [56] was also calculated (TMT-B mi-
nus TMT-A). The Stroop Color Word Test (STR CW)
[57] was also given.

Memory. The Wechsler Memory Scales, 3™ Edition
(WMS-III) [58] were administered to individuals over
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Figure 1. Outlines of the right and left caudate were traced
using BRAINS2 software and following the method of Looi
et al. 2008. Tracing of the caudate included the head of
caudate bounded by frontal white matter anteriorally, the
anterior commissure posteriorally, the internal capsule la-
terally, and by a thin band of white matter medially. The
end boundary was determined by the point where the body
of caudate could no longer be distinguished from the wall of
the lateral ventricle.

the age of 17 and the Children’s Memory Scale (CMS) to
those under age 17. The CMS includes subtests that tap
functions assessed by WMS-III so that corresponding
scaled scores could be combined for analysis.

2.6. Genotyping

DNA was available for 103 Caucasian subjects (62 high-
risk and 41 low-risk offspring) for whom structural MRI
scans were obtained. Genetic variation in DRD2 and
catechol-O-methyl transferase (COMT) was assessed.

DRD2 and COMT genotyping was completed using
the SNPs rs6277 and rs4680 analyzed on the Biotage
PSQ 96MA Pyrosequencer (Biotage AB, Uppsala, Swe-
den). An amplimer containing the polymorphism was
generated by PCR in 96-well plates in a 50 pL total reac-
tion volume, containing 10 ng of human genomic DNA;
1X GeneAmp® PCR Gold Buffer; 2.5 mM magnesium
chloride; 200 uM dNTPs; 1 unit of AmpliTaq Gold™ taq
polymerase; and 10 pmol of an unmodified forward primer
and a 10 pmol biotinylated reverse primer. Thermal cy-
cling included 45 cycles at an annealing temperature of
60 degrees.

For the DRD2 genotyping (rs6277), the unmodified
forward primer used was 5’-CACCACGGTCTCCAC-
AGCA-3’ and the biotinylated reverse primer 5’-GGGC-
ATGGTCTGGATCTCAAA-3’. The Biotage worksta-
tion was used to isolate the biotinylated single strand
from the double strand PCR products. The isolated pro-
duct was then sequenced using the complimentary se-
quencing primer 5’-GGTCTCCACAGCACTC-3’. At the
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polymorphic site, the minor allele was detected by the
presence of a C nucleotide whereas the major allele was
detected by the presence of a T nucleotide.

For the COMT, the unmodified forward primer 5°-
AGATCGTGGACGCCGTGA-3’ and the biotinylated re-
verse primer 5’-AACGGGTCAGGCATGCAC-3’ were
used. The biotinylated single strand was isolated from the
double strand PCR products and sequenced using the
complimentary sequencing primer 5’-ATGGTGGATTT-
CGCT-3’. The minor and major alleles were detected by
the presence of an A or G nucleotide, respectively, cor-
responding to the Met and Val alleles.

2.7. Statistical Analyses

Linear Mixed Models (LMM) with random effects (SPSS
version 20; SPSS, Chicago, Illinois) were used. Because
some families contributed multiple siblings, a family iden-
tifier was incorporated into the LMM as a random effects
variable. Mixed effects models were used to investigate
the association between familial risk status (high and
low-risk groups), gender, and caudate volume (total, left,
and right), using gender as a fixed factor and controlling
for scan age, adjusted yearly alcohol consumption, and
intracranial volume (ICV).

The presence or absence of an externalizing disorder,
narrow or broad, was determined for each subject. The
narrow externalizing phenotype was defined by the pres-
ence of either Attention Deficit Hyperactivity Disorder
[ADHD], Oppositional Defiant Disorder, or Conduct Dis-
order. The broad externalizing phenotype was defined by
the presence of any of these disorders along with sub-
stance use disorder. Data were analyzed to determine if
these phenotypes were associated with caudate volume,
controlling for these same variables.

The relationships between neuropsychological func-
tioning, caudate volumes, and genotypic variation were
investigated using mixed models that also controlled for
inclusion of multiple siblings from the same family. All
models were run evaluating SES and prenatal use of sub-
stances with no change in the results.

3. Results
3.1. Demographic Information

Demographic information for the high and low-risk sub-
jects are presented in Table 1. No significant differences
were observed between groups for age, 1Q, body mass
index, or handedness. Mean values of socioeconomic
status (SES) differed by risk group.

3.2. Personal Psychiatric History

Familial risk group differences for individual diagnoses
may be seen in Tables 2(a) and (b).
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Table 2. (a) Psychiatric diagnoses for participants scanned during childhood (8 - 18 years old) by risk group; (b) Psychiatric diagnoses for

participants scanned during young adulthood.

High-Risk (N = 34) Low-Risk (N = 34)

Number % Number %
Alcohol or Drug Abuse 2 59 1 2.9
Alcohol or Drug Dependence 2 5.9 1 2.9
o : ]
Anxiety Disorders 5 14.7 4 11.8
Depression 6 17.6 1 2.9
ADHD 8 235 1 29
Oppositional Defiant Disorder or Conduct Disorder 5 14.7 2 5.9

Kiddie-Schedule for Affective Disorders (K-SADS) used for childhood assessments. Among the 68 offspring scanned during childhood and adolescence,
high-risk offspring showed elevated rates of depression. (x* = 3.98, p = 0.046), and ADHD (x* = 6.28, p = 0.012).

High-Risk (N = 37) Low-Risk (N = 25)

Number % Number %
Alcohol or Drug Abuse 13 35.1 3 12.0
Alcohol or Drug Dependence 12 324 7 28.0
Either Alcohol or Dru
Abuse or Dependenceg v 459 8 320
Anxiety Disorders 13 35.1 8 32.0
Depression 9 24.3 3 12.0
ADHD 4 12.1 0 0
Oppositional Defiant Disorder or Conduct Disorder 9 24.3 0 0

Composite International Diagnostic Interview (CIDI) was used for young adult assessments. CIDI-Substance Abuse Module (CIDI-SAM) supplemented CIDI
information. For the subjects scanned during young adulthood, significantly more alcohol or drug abuse was present (x> = 4.17, p = 0. 041). Similarly, signifi-
cantly more childhood ODD/Conduct had been present (x* = 6.27, p =0.012). Using data across the child/adolescent and young adult follow up, significantly
more high-risk offspring met criteria for a substance use disorder (alcohol abuse or dependence or drug abuse or dependence) (x* = 8.83, p =0.003).

3.3. Prenatal Use of Substances

Mothers of both high and low-risk offspring reported low
levels of drinking, drug use, and cigarettes during preg-
nancy. A total of 76.9% reported no drinking, and 23.1%
drank less than 1 drink per day. A total of 2.7% reported
using any drugs. Absence of cigarette use was reported
by 76.6% of mothers.

3.4. Risk Group Effects for Caudate Volume

An association between familial risk status (high and low-
risk groups) and caudate volume (total, left, and right)
was not found using a model that included gender, risk
and their interaction as fixed factors, controlling for scan
age, adjusted yearly alcohol consumption, and intracra-
nial volume (ICV). Mean volumes may be seen in Table

3(a).

3.5. Narrow Spectrum Externalizing Disorders

Significant differences were observed for caudate volume
between those with a narrow externalizing disorder and
those without. The model included covariates for gender,
scan age, adjusted yearly alcohol consumption, and in-
tracranial volume (ICV). Those with a diagnosis of ADHD,
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or ODD/Conduct disorder had significantly smaller total
caudate volume (F = 5.39, df = 1, 111.99, p = 0.022),
right (F=5.19, df = 111.91, p = 0.025), and left (F = 5.25,
df=111.88, p=0.024) caudate volumes (Table 3(b)).

3.6. Broad Spectrum Externalizing Disorders

Subjects falling within the broader spectrum of external-
izing disorders (ADHD, Conduct/ODD, or SUD) also had
significantly smaller total caudate volume (F = 4.22, df =
1, 121.54, p = 0.042), and smaller right (F = 4.10, df =1,
119.07, p = 0.045) and left (F = 5.05, df =1, 115.09, p =
0.027) caudate volumes compared with individuals with-
out the broad spectrum externalizing disorder after ac-
counting for gender, scan age, adjusted yearly alcohol
consumption, and intracranial volume (ICV) (Table 3(c)).

3.7. Neuropsychological Test Results

Significant main effects of familial risk group member-
ship were seen for the Working Memory test, but no other
main effects of familial risk were found (Table 4). Inter-
actions between gender and risk were seen for Visual
Delayed (F = 9.56, df = 1, 107, p = 0.003), Auditory Im-
mediate (F = 4.25, df = 1, 106, p = 0.042), and Auditory
Delayed (F = 4.11, df = 1, 106, p = 0.045) performance,
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Table 3. (a) Total, right and left caudate adjusted volumes by familial risk group; (b) Total, right and left caudate adjusted
volumes by presence of narrow phenotype externalizing disorders of childhood; (c) Total, right and left caudate adjusted
volumes by presence of externalizing disorders of childhood including child and young adulthood SUD.

(@
Low-Risk Controls (N = 71) High-Risk (N = 59)
Males Females Males Females
Volume (cm®) Mean SE Mean SE Mean SE Mean SE
Total Caudate 9.34 0.25 9.79 0.24 9.38 0.21 9.36 0.19
Right Caudate 4.64 0.13 491 0.12 4.68 0.11 4.68 0.10
Left Caudate 4.70 0.12 4.88 0.12 471 0.11 4.68 0.10

Adjusted means are based on adjustment for average yearly drinking density (84.9 drinks per year), scan age (17.9 years), and total ICV volumes (1391.26).

(®)
Presence of Narrow Phenotype Externalizing Disorder Absence of Narrow Phenotype Externalizing Disorder
Males Females Males Females
Volume (cm?) Mean SE Mean SE Mean SE Mean SE
Total Caudate 8.89 0.32 8.91 0.42 9.56 0.18 9.60 0.18
Right Caudate 4.41 0.17 4.47 0.22 4.77 0.09 481 0.09
Left Caudate 4.47 0.16 4.44 0.21 4.79 0.09 4.79 0.09

Adjusted means are based on adjustment for average yearly drinking density (65.6 drinks per year), scan age (17.5 years), and total ICV volumes (1395.17).

(©
Presence of Broad Externalizing Disorder Absence of Broad Externalizing Disorder
Males Females Males Females
Volume (cm®) Mean SE Mean SE Mean SE Mean SE
Total Caudate 9.17 0.23 9.17 0.26 9.62 0.20 9.63 0.17
Right Caudate 4.56 0.12 4.60 0.14 4.79 0.10 4.82 0.09
Left Caudate 4.61 0.12 4.57 0.13 4.83 0.10 4.81 0.09

Adjusted means are based on adjustment for average yearly drinking density (84.9 drinks per year), scan age (17.9 years), and total ICV volumes (1391.3).

Table 4. Neuropsychological test results for three alternative phenotypes: High versus low-risk; presence or absence of a
childhood externalizing disorder; presence or absence of childhood externalizing disorder or SUD.

Risk Group® Narrow Externalizing® Broad Spectrum Externalizing®
(High-Risk versus Low-Risk) (Presence versus Absence) (Presence or Absence)

. . F=3.14 F=9.01 F=116
Visual Immediate p=NS p=0.003 p=NS
. F=0.80 F=6.13 F=1.80
Visual Delayed p=NS p=0015 p=NS
. . F=0.28 F=214 F=2.09
Auditory Immediate p=NS p=NS p=NS
. F=0.17 F=0.91 F=0.46
Auditory Delayed p=NS p=NS p=NS
General Memor: F=257 F=6.29 F=13.90

y p=NS p =0.014 p = 0.0001

. F=5.52 F=10.60 F=5.20
Working Memory p=0022 p=0.002 p=0025
. F=2.85 F=3.76 F=424
Trails A p=NS p=NS p =0.042
Trails B F=2.30 F=7.36 F=2.88
p=NS p =0.008 p=NS
. F=214 F=5.95 F=341
Trails B-A p=NS p=0.017 p=NS
Stroop Interference F=061 F=029 F=018
P p=NS p=NS p=NS

®Risk group was defined by the presence of multiple alcohol dependent family members (high-risk) or the absence of first-degree relatives with AD (low-risk).
Narrow externalizing disorder was defined by the presence of childhood ADHD, Oppositional or Conduct Disorders. “Broad externalizing disorder was defined
by these childhood disorders and/or substance use disorder.
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largely due to the poorer performance of high-risk males
relative to low-risk males. While Working Memory per-
formance was the only significant main effect seen when
high and low-risk subjects were compared, several main
effects were seen when those with and without the nar-
row externalizing phenotype were contrasted (Visual Im-
mediate, Visual Delayed, General Memory, Working
Memory, Trails B and Trails B-A). Also, those with the
broad definition of externalizing disorder that included
substance use disorder showed deficits in General Mem-
ory, Working Memory, and in Trails A performance.
Across all phenotypes Working Memory performance
was poorer in those who were high-risk for alcohol de-
pendence, those with narrowly defined externalizing dis-
order (ADHD, Oppositional or Conduct), and those with
the more broadly defined externalizing pathology that in-
cluded SUD.

3.8. Neuropsychological Performance—Genetic
Variation

Previous studies have shown that working memory may
be influenced by the interaction of DRD2 and COMT
variation [38,40,59]. Due to non-random association be-
tween DRD2 variation and familial risk [30], DRD2 and
COMT variation was tested along with familial risk in
the present study.

3.8.1. DRD2, COMT, and Working Memory

An interaction between risk, DRD2 (rs6277) and COMT
variation (rs4860) on working memory performance was
seen (F =3.55, df = 7, 84, p = 0.002) (Figure 2). Interac-
tion effects were also seen in the male only (F = 2.42, df
=7, 28.6, p = 0.045), and female only (F = 2.12, df = 7,
28.4, p = 0.074) samples, though marginal in females. A
main effect of DRD2 genotype was also seen (F = 5.52,
df =1, 85, p = 0.02). Overall, those homozygous for the T
allele (TT genotype) performed more poorly than those
with any C minor allele (CT or CC).

3.8.2. DRD2, COMT, and Caudate VVolume

The effects of DRD2 and COMT variation on total cau-
date volume were assessed using a statistical model that
included gender and risk as covariates. Gender was highly
significant F = 9.09, df 1, 77.9, p = 0.003, but the main
effect of each gene or the interaction of the two genes
was not. Analyses designed to evaluate the effect of each
gene, gender and their interaction revealed only an effect
of gender. Due to the substantial contribution of gender,
analyses were done within each gender. No differences
were found for COMT. For DRD2, differences were not
observed for males (DRD2 minor allele mean + SE =
9.68 cc + 0.24 versus 9.83 cc + 0.33), but for females
volume was larger for those with the minor allele (9.38

30 :
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Figure 2. The interaction between DRD2 (rs6277) and COMT (rs4860) variation was associated with working memory per-
formance. Presence of any C minor allele of the DRD2 SNP rs6277 was associated with better working memory performance

than that observed in TT homozygotes.

Copyright © 2013 SciRes.

AMI



50 S.Y.HILL

cc = 0.21) than it was for those without a minor allele
(8.78 cc £ 0.25) resulting in a marginally significant ef-
fect (F=3.84, df =1, 40.6, p = 0.057).

3.8.3. DRD2, COMT, and Externalizing Disorders of
Childhood

Using a binary logistic regression, DRD2, COMT, and
their interaction were tested as covariates as predictors of
broad externalizing disorder with gender and familial risk.
The narrow phenotype was not tested due to insufficient
cases. Broad spectrum externalizing disorder was mar-
ginally associated with DRD2 variation (F = 3.24, df =1,
98, p = 0.075). Familial risk was a significant covariate
(F=6.15,df =1, 98, p = 0.015).

4. Discussion

Because alcohol and/or drug exposure might be expected
to have neuropathological effects that could result in re-
duced volume of the caudate [60], externalizing disorder
was examined in those without SUD (narrow spectrum
externalizing disorder) and in those with SUD (broad
spectrum externalizing disorders). Reduced caudate vol-
ume was associated with both the narrow and the broad
spectrum externalizing disorder phenotypes suggesting
that caudate volume may be an etiological predictor of
substance use disorder vulnerability and not simply the
result of alcohol/drug exposure.

Although familial risk group differences in caudate
volume were not seen, externalizing disorder sprectra
(broad or narrow) were associated with caudate volume.
This is in accord with other studies of externalizing dis-
orders, particularly those with ADHD [6,61-63].

The present study found relatively few neuropsychologi-
cal differences between those with multiple cases of al-
cohol dependence in their family and those without such
a history. Among the differences observed was poorer
Working Memory (WM) performance. Poorer WM per-
formance was also observed for those with externalizing
disorders (narrow or broad phenotype). Based on previ-
ous reports of a relationship between COMT, DRD2,
and/or their interaction with Working Memory perform-
ance [38-40,59], WM performance and genetic variation
were assessed. The present results are in accord with
Jacobsen et al. [59] in finding poorer performance in the
CI957T T carriers, and support findings of others [38-40]
in finding performance changes in association with DRD2
and COMT genetic variation.

Although an interaction effect between DRD2 and
COMT on caudate volume was not seen, variation in the
DRD2 gene interacted with gender to influence caudate
volume, with females who were minor allele carriers
showing larger caudate volume than those who were ho-
mozygous for the major allele. This finding is in accord

Copyright © 2013 SciRes.
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with a previous report showing an association between
DRD?2 and caudate volume [43].

Limitations of the Study

Homozygous groups (Met/Met versus Val/Val) have
been contrasted to observe differences in cognitive per-
formance [64] where maximal differences in COMT ef-
ficiency can be expected [22]. Because of limited sample
size, the present study analyzed minor allele heterozy-
gotes and minor allele homozygotes together precluding
conclusions regarding Met/Met versus Val/Val compari-
sons.

Use of a single SNP to characterize genetic variation
of the DRD2 and COMT genes is not ideal. However, the
C957T locus (rs6277) within the DRD2 gene alters ex-
trastriatal binding potential [65], and is significantly as-
sociated with alcohol dependence [30,66]. Similarly, alle-
lic variation in the rs4680 SNP appears to reliably meas-
ure variation in COMT activity and quantity of protein
produced [22].

The study included both children and young adults re-
quiring use of different test procedures. Although a limi-
tation, this was offset by use of scaled scores that al-
lowed combining of data across age ranges. Another po-
tential limitation was that the mean SES differed by risk
group. However, analyses performed using SES as a co-
variate on caudate volume and neuropsychological func-
tioning showed no alteration of results. Another potential
limitation was that some offspring experienced in utero
exposure to alcohol, cigarettes or other drugs. However,
an analysis using prenatal exposure as a covariate did not
alter the results obtained. Also, mothers’ self report meas-
ures indicated minimal drinking that was comparable to
that seen in the general population. Survey data from ob-
stetric clinics in Southeastern Michigan has shown that
81.9% of the mothers drink less than 1 drink per week
[67]. In our sample, 76.3% of the mothers reported no
drinking during pregnancy.

While this report did not include analyses of other
brain structures, the plan was hypothesis-driven and based
on extensive documentation of striatal involvement in
addiction. Had the study used an automated method for
determination of brain volumes, multiple other structures
could have been assessed for comparison. However, man-
ual tracings though labor-intensive continues to be the
gold standard of volumetric analysis [50].

5. Conclusions

Comparison of offspring from high and low familial risk
for alcohol dependence families did not reveal differences
in caudate volume. However, externalizing disorders of
childhood (narrow spectrum externalizing disorder) was
associated with smaller caudate volume. Also, DRD2
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variation and gender were associated with caudate vol-
ume. When genetic variation was assessed with respect
to presence of externalizing disorders, an effect of DRD2
variation was seen. Differences in working memory per-
formance were seen when high- and low-risk offspring
were contrasted. Poorer WM performance was also ob-
served for those with externalizing disorders (narrow or
broad phenotype). Importantly, working memory per-
formance was also significantly related to the interaction
of DRD2 and COMT variation.

In summary, the present study finds reduced caudate
volume significantly related to the presence of an exter-
nalizing disorder of childhood which appears to predate
the onset of alcohol dependence rather than reflecting
alcohol exposure because those with the narrow exter-
nalizing phenotype without SUD showed reduced vol-
ume. Although familial risk group differences in caudate
volume were not observed, familial risk for alcohol de-
pendence increases the likelihood of experiencing exter-
nalizing disorders of childhood, which may be mediated
by reduced caudate volume. Our findings are in accord
with evidence that striatal structures including the cau-
date are components of functional networks involved in
attention and goal directed action.
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