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Abstract
Background—Altered behavioral performance and brain activation during spatial working
memory (SWM) tasks have been demonstrated in individuals with an alcohol use disorder (AUD).
It is possible that alterations in processing during SWM may be present prior to initiation of heavy
alcohol use in adolescents with a family history of AUDs (FHP) and therefore represent a
premorbid neural phenotype that could increase risk for developing an AUD. The goal of our
study was to investigate group differences in brain activation during a SWM task between FHP
adolescents and adolescents with no family history of AUDs (FHN), as well as examine the
relationship between brain activation and individual differences in family history density (FHD) of
AUDs.

Methods—18 FHP and 16 gender and age-matched FHN participants completed a SWM and
vigilance task while undergoing a functional magnetic resonance imaging (fMRI) scan.

Results—There were no group differences in task performance. The FHN group demonstrated
expected greater activation during the SWM than vigilance condition in the right middle frontal
gyrus and dorsolateral prefrontal cortex, whereas the FHP group demonstrated comparable brain
activation for both the more demanding and simple task conditions. Additionally, FHD was
associated with greater activation of the right superior parietal cortex and less activation of the
right cerebellum during the SWM task, but not during the vigilance task.

Conclusions—Results suggest FHP adolescents demonstrate alterations in activation of
prefrontal regions that are related more generally to the maintenance of top-down cognitive
control and alterations in parietal and cerebellar regions that are specific to spatial working
memory. Alterations in top-down cognitive control may be a general risk factor for FHP
adolescents, whereas SWM-specific alterations are seen as a function of family history loading.
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INTRODUCTION
While there are numerous factors that confer risk, familial history of alcoholism has been
consistently associated with increased likelihood for developing an alcohol use disorder
(AUD), compared to the general population (e.g., Cloninger et al., 1986). It is estimated that
about 25% of adolescents have first or second degree relatives who have had an AUD
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(Grant, 2000). Due to the large burden that alcoholism has for both the individual and
society, it is essential to identify neurobiological and behavioral endophenotypes that may
increase risk for developing an AUD prior to the onset of heavy alcohol use. Many studies
have begun to examine whether adolescents with a familial history of alcoholism (FHP)
have premorbid brain and/or behavioral phenotypes that could be associated with risk for
future alcohol abuse. Previous research has found that compared to family history negative
(FHN) youth, substance naïve FHP adolescents have performance deficits on
neuropsychological measures of attention, visuospatial processing, and set-shifting (Corral
et al., 1999; 2003; Giancola et al., 1993; 1996; Harden and Pihl, 1995; Ozkaragoz et al.,
1997; Tarter et al., 1989). In addition, imaging studies have shown that FHP youth, in the
absence of heavy alcohol use, have differences in brain volume (e.g., Hill et al., 2007), white
matter microstructure (Herting et al., 2010), and brain activity (Cservenka et al., 2012;
Herting et al., 2011; Schweinsburg et al., 2004; Silveri et al., 2011; Spadoni et al., 2008).
Interestingly, many of the findings in FHP youth are similar to those found in studies
examining neural and behavioral phenotypes in adult alcoholics. Thus, in order to develop
effective prevention strategies for at-risk adolescents, it is essential to determine to what
extent the neurobiological deficits seen in those with AUDs represent premorbid
abnormalities that may have conferred risk for developing alcoholism.

One of the most striking similarities reported, to date, is that both FHP youth and alcoholics
have deficits in spatial working memory (SWM; Corral et al., 1999; Scaife and Duka, 2009),
suggesting atypical abilities in actively maintaining visuospatial information. Since
adolescence is a crucial developmental period for SWM skills (Luciana et al., 2005), it is
important to understand whether FHP youth have deficits in these abilities that could
indicate developmental delays in higher-order executive control of cognitive processes,
thereby increasing risk for alcohol abuse. Functional magnetic resonance imaging (fMRI)
studies have found abnormal brain functioning in SWM in adolescent alcohol abusers
(Caldwell et al., 2005; Squeglia et al., 2011; Tapert et al., 2004) and adult alcoholics
(Chanraud et al., 2010; Pfefferbaum et al., 2001). One study examining the effect of family
history density (FHD) on blood oxygen level-dependent (BOLD) response during a SWM
task found relationships between FHD scores and brain activity during vigilance (control
task), and not SWM (Spadoni et al., 2008). To our knowledge, no studies have specifically
examined group differences in SWM brain response between FHP and FHN youth, in the
absence of heavy alcohol use.

The goal of the present study was to examine brain activation and behavior related to SWM
in FHP and FHN adolescents, in the absence of heavy alcohol use. The presence of altered
brain activation or behavior could help elucidate biomarkers or endophenotypes for risk in
FHP adolescents, prior to the initiation of heavy drinking. We investigated neural alterations
at a group level, by comparing FHP and FHN adolescents, as well as individual differences
in family history loading, by examining brain response relationships with FHD. Based on
previous findings of decreased dorsolateral prefrontal cortex (DLPFC), inferior frontal
cortex, and parietal cortex activity during SWM in adults with an AUD (Tapert et al., 2001),
we expected FHP adolescents to demonstrate less activity in these regions than FHN
adolescents. Additionally, given previous findings of FHD relationships with activation to
vigilance and not SWM in FHP youth (Spadoni et al., 2008), we expected activation in
frontal regions during vigilance to be positively associated with FHD.

Materials and Methods
Participants

Participants consisted of 35 adolescents between the ages of 13 and 15 (18 FHP, 17 FHN).
FHP participants were selected from an on-going longitudinal study to be matched on age
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and gender with FHN participants. Given the block design of the fMRI task, which requires
examining blocked signal comprised of correct and incorrect responding, an accuracy
threshold (>80% accuracy on each task) was used in an attempt to reduce the impact of error
signaling on the results (Dosenbach et al., 2006). One FHN participant did not meet the
accuracy threshold; therefore the final sample consisted of 18 FHP and 16 FHN adolescents.
See Table 1 for demographic information.

After obtaining written consent and assent from all youth and their parents in accordance
with the Oregon Health & Science University (OHSU) Institutional Review Board, separate
structured telephone interviews were conducted with both the youth and one of their parents.
Exclusionary criteria for youth included the inability of a parent to provide family history
information, reported family history of psychotic or bipolar disorder (Family History
Assessment Module (FHAM) (Rice et al., 1995), lifetime personal history of a diagnosed
DSM-IV psychiatric disorder (Diagnostic Interview Schedule for Children Predictive Scales
(Lucas et al., 2001)), significant alcohol/substance use (>10 lifetime alcoholic drinks or >2
drinks/occasion, >5 uses of marijuana, any other drug use, or >4 cigarettes per day)
(Customary Drinking and Drug Use Record) (Brown et al., 1998), neurological illness,
significant head trauma (loss of consciousness >2 minutes), serious medical problems,
mental retardation or learning disability, prenatal exposure to drugs or alcohol (Structured
Clinical Interview) (Brown et al., 1994), left-handedness (Edinburgh Handedness Inventory)
(Oldfield, 1971), irremovable metal, and pregnancy.

Family History of Alcohol Use Disorders
The FHAM (Rice et al., 1995) was used to assess DSM-IV criteria for substance abuse and
dependence in first and second degree relatives during a structured telephone interview.
Based on the information provided by youth and parents on the FHAM, youth were
categorized as either FHP or FHN. Youth were considered FHP if a history of alcohol abuse
and/or dependence was reported for at least one biological parent, or two or more second
degree relatives on either the maternal or paternal side of the family. Individuals with a total
absence of alcohol abuse/dependence among relatives were considered FHN. Classification
of individuals based on first, or first and second degree relatives with an AUD has been
shown to be a robust measure of substance abuse vulnerability (Stoltenberg et al., 1998). In
addition, FHD scores were computed for each participant; parents and second degree
relatives with a history of an AUD were given a score based on their familial relatedness to
the participant. Parents received 0.5, grandparents 0.25, and maternal and paternal aunts and
uncles received a weighted ratio of 0.25 divided by the total number of siblings on that side
of the family (Zucker et al., 1994). Scores were summed across relatives, resulting in FHD
scores that ranged from 0.25 to 1.0 in the current sample.

fMRI Tasks
A modified block design spatial 2-back task was used to assess SWM (Nagel et al., 2007).
The task included 4 blocks each of an alternating experimental SWM 2-back condition and a
vigilance condition with brief presentations of fixation between block conditions. Blocks of
a verbal 2-back condition were also interspersed during the task, but are described in a
previous report (Cservenka et al., 2012). In the SWM condition, white alphabetical letters
were presented in various locations on a black screen, and participants were told to “Press
for the same LOCATION as 2 screens before” (Figure 1). The SWM condition included 63
trials, 20 of which were a 2-back spatial letter repeat. In the vigilance condition, gray and
white dots appeared in random locations on the screen, and subjects were told to “Press the
button when a gray dot appears” (Figure 1). The vigilance condition had 32 trials, with 12
requiring a button press. The vigilance condition was collected to control for visual,
attentional, and simple motor processes involved during the SWM condition. In each
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condition, stimuli were presented on the screen for 500 ms, with an inter-trial stimulus
interval of 1500 ms.

Participant Characterization
Youth were administered the 2-subtest version of the Wechsler Abbreviated Scale of
Intelligence (Wechsler, 1999) to provide an estimate of overall intellectual functioning (IQ),
grade point average was obtained via youth self-report, and the Hollingshead Index of Social
Position was administered to parents to assess socioeconomic status (Hollingshead, 1975).
Pubertal maturation was evaluated by having individuals complete the self-rating Pubertal
Development Scale (Petersen et al., 1988), with scores translated into Tanner Stages
(Carskadon and Acebo, 1993).

Imaging Procedures
Images were acquired on a 3.0 Tesla Siemens Magnetom Tim Trio system (Siemens
Medical Solutions, Erlangen, Germany) with a twelve channel head coil at OHSU’s
Advanced Imaging Research Center. Whole-brain, high-resolution structural anatomical
images were acquired in the sagittal plane using a T1 weighted MPRAGE scanning
sequence (TI = 900ms, Flip Angle = 10°, TE = 3.58 ms, TR = 2300 ms, acquisition matrix =
256×240, resolution = 1mm × 1mm × 1.1mm). Whole-brain functional images were
collected in the axial plane oblique to the anterior-posterior commissure, using a T2*-
weighted echo planar BOLD sequence (TR = 2000 ms, TE = 30 ms, FOV= 240 mm, flip-
angle = 90°, 33 slices no gap, resolution = 3.75 mm × 3.75mm × 3.8mm). The participants
were able to see the task stimuli through a mirror mounted on the head coil and make
responses through an MRI compatible optical button box.

Image Processing
Analysis of Functional NeuroImages (AFNI) (Cox, 1996) software was used for data
processing and analyses. Preprocessing included slice timing correction, motion correction,
co-registration of functional to anatomical images, and spatial smoothing using a Gaussian
filter (full-width half maximum = 6 mm kernel). To reduce motion artifact in the data, only
data with less than 1.5 mm root mean squared (RMS) of within-run motion, across the six
motion parameters, were included in further analyses. Furthermore, time repetitions that
showed greater than 2.5 mm or 2.5° in any of the 3 rotational or 3 displacement parameters
were removed from the subsequent analyses. Although the groups were not significantly
different in the number of time points censored (t(32) = 0.11, p = 0.92), the groups were
significantly different in average RMS values (FHN: mean (M) = 0.36, standard deviation
(SD) = 0.29; FHP: M = 0.21, SD = 0.14, t(32) = 2.05, p = 0.049). Movement was therefore
used as a covariate in all fMRI analyses. Next, functional masks were created to mask out
non-brain areas, and then time series data were normalized to its mean, resulting in images
scaled by percent signal change. Using a deconvolution process, time series data were then
correlated with a vector representing the task design in light of the delay of the
hemodynamic response, while covarying for motion and linear trends (Cohen, 1997). The fit
coefficients derived from fitting the time series data to the model represent the BOLD
response, which was then contrasted between the SWM and vigilance, SWM and baseline,
and vigilance and baseline conditions. Functional data sets were resampled into 3 mm3

voxels and were transformed into standard Talairach coordinates (Talairach and Tournoux,
1988).

Group Analyses
Demographic and Behavioral Data—Statistical analyses were performed in PASW
Statistics 18 (PASW, Chicago, Illinois). Demographic data were analyzed using independent
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samples t-tests and task-related data were analyzed using repeated measures analysis of
variance (ANOVA), with Task (SWM, Vigilance) as a within-subjects factor and Group
(FHP, FHN) as a between-subjects factor. Exploratory repeated measures ANOVAs, with
Task (SWM, Vigilance) as a within-subjects factor and Sex (Male, Female) as a between-
subjects factor, were analyzed for performance data.

Imaging Data—All analyses below include movement as a covariate. Task-specific
activation was examined separately for each group using an analysis of covariance
(ANCOVA) for the contrast of SWM compared to vigilance. In order to best represent task-
related activity for both FHP and FHN participants, individual group maps were thresholded
at p < 0.05 and then combined to form a map of task-related brain activity for the entire
sample. Between group analysis consisted of an ANCOVA for the task-related brain activity
for the contrast of SWM compared to vigilance. Additionally, a whole-brain regression of
FHD on the contrast of SWM compared to vigilance was performed for the FHP sample
only. Only FHP adolescents were included in this analysis, to maintain a continuous and
distributed range of FHD scores. Using AlphaSim (Cox, 1996), Monte Carlo simulations
were performed using both a voxel and cluster threshold (Forman et al., 1995). For all
analyses, a voxel-wise threshold of p < 0.025 and a whole-brain α < 0.01 was used. Given
each analysis had different degrees of freedom, the number of required 3 mm3 contiguous
voxels to be considered significant at an α < .01 was 83 for the group analysis, 63 for
analyses with only FHN participants, and 80 for analyses only with FHP participants. For
significant clusters exceeding 2,000 voxels, the cluster was subjected to increasing voxel-
wise and cluster-wise thresholds until the cluster fragmented into smaller parts (Andrews-
Hanna et al., 2011). The peaks for these smaller clusters are listed in Table 2. Significant
clusters in regions susceptible to drop out and movement (based on the Main Effect of
Movement in the above ANCOVAs) were examined to ensure adequate coverage across
participants. If five or more participants in either group did not have full coverage, this
cluster was excluded.

Results
Demographic and Behavioral Data

The FHP and FHN groups did not differ on demographic factors and estimated IQ. See
Table 1 for group characteristics. There was a Main Effect of Task on accuracy, F(1,32) =
23.24, p < 0.001, with both groups demonstrating greater accuracy on vigilance than SWM,
and there was a trend towards a Main Effect of Task on reaction time (RT), with both groups
demonstrating slower responses on SWM than vigilance, F(1,32) = 2.95, p = 0.096. There
were no other main effects or interactions for accuracy (all p’s > 0.27) or RT (all p’s > 0.22)
(Table 1). Exploratory analyses revealed a trend of Sex on accuracy, F(1,32) = 2.91, p =
0.097. There were no other main effects for or interactions of Sex on accuracy or RT (all p’s
> 0.59).

Spatial Working Memory
Individually, both groups demonstrated an expected network of frontal and parietal
activation for SWM, including DLPFC, anterior frontal, dorsal anterior cingulate cortex
(dACC), and superior parietal regions. Both groups also demonstrated greater activation of
posterior regions for vigilance compared to SWM. For the FHN group, this was restricted to
the cuneus and lingual gyrus, whereas the FHP group demonstrated activation of a more
diffuse network of regions including the cuneus, posterior cingulate cortex, and
parahippocampal gyrus. Additionally, only the FHP group demonstrated activation of
medial and inferior frontal regions for vigilance compared to SWM (Table 2).
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Areas of group difference were examined only in regions that demonstrated task-specific
activation for SWM, as compared to the control vigilance condition. A region of anterior
middle frontal gyrus (MFG; Brodmann Area (BA) 10) extending into right DLPFC (BA
9/46) showed significantly greater activation for the FHN than FHP group (Table 2 and
Figure 2). The average percent signal change for the contrasts of SWM compared to fixation
and vigilance compared to fixation was extracted for the right MFG cluster for each group
separately, and values were entered into a 2 (Group: FHP, FHN) × 2 (Task: SWM,
Vigilance) repeated measures ANOVA. The Group x Task interaction was significant,
F(1,32) = 11.00, p = 0.002. Follow-up simple main effect analyses of within-group
activation revealed the FHN group demonstrated greater activation of right MFG for SWM
than vigilance, F(1,32) = 40.65, p < 0.001. The FHP group did not demonstrate significant
differential activation between the conditions, but did demonstrate a trend towards greater
activation of the right MFG for SWM than vigilance, F(1,32) = 3.71, p = 0.063.
Additionally, when examining between-group activation, the FHP and FHN groups did not
show differential activation for SWM in the right MFG, F(1,32) = 0.31, p = 0.58, but the
FHN group showed significantly less activation for vigilance than the FHP group, F(1,32) =
13.00, p = 0.001 (Figure 2). FHD was not related to activation for SWM or vigilance in the
right MFG in the FHP group (all p’s > 0.74).

Family History Density
Two brain regions were significantly correlated with the whole-brain regression of FHD on
the contrast of SWM compared to vigilance in the FHP group, including right precuneus
(BA 7; peak: x = 16.5, y = −73.5, z = 44.5; 99 voxels) and right cerebellar declive (peak: x =
43.5, −58.5, −18.5; 94 voxels). The average percent signal change for the contrasts of SWM
compared to fixation and vigilance compared to fixation was extracted for each of the
significant clusters and correlated with FHD. Percent signal change for SWM compared to
fixation was positively correlated with FHD for the right precuneus (r = 0.71, p = 0.001),
such that greater activation during SWM was associated with higher FHD. In contrast,
percent signal change for SWM compared to fixation was negatively correlated with FHD
for the right cerebellar declive (r = −0.52, p = 0.027), with greater activation during SWM
being associated with lower FHD. There was no correlation between FHD and percent
signal change for vigilance compared to fixation in either the right precuneus (r = −0.16, p =
0.51) or right cerebellar declive (r = 0.24, p = 0.34) (Figure 3).

Discussion
This study investigated whether FHP adolescents demonstrate altered brain activation when
performing a SWM task compared to FHN adolescents. In addition to alterations at a group
level, the study also examined whether individual differences in FHD were associated with
brain response. Contrary to our initial hypothesis, both FHN and FHP adolescents activated
right MFG and DLPFC during SWM. However, only the FHN adolescents demonstrated
differential activation of right MFG and DLPFC for SWM compared to vigilance, which
was driven by decreased activation during vigilance for the FHN group. At the individual
level, FHD was associated with activation during SWM in the right superior parietal cortex
and cerebellum, as opposed to the hypothesized association between FHD and basic
vigilance-related neural processing.

While there were no group differences in accuracy, both FHN and FHP adolescents were
less accurate on SWM than vigilance. This is consistent with other developmental studies of
SWM (Luciana et al., 2005; Schweinsburg et al., 2005). While some studies have shown
worse accuracy for attentional and visuospatial tasks (Corral et al., 1999; 2003) in FHP
youth, other studies using block fMRI designs have not shown differences in accuracy
between FHP and FHN youth on executive functioning tasks (Cservenka et al., 2012;
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Herting et al., 2011). A limit of using a block design is that you cannot remove error trials
and associated error-related brain response. By using an accuracy threshold, we reduced the
contribution of confounding error response to observed brain activation. However, it is
possible that use of a threshold restricts the variability in responding for both groups. Taken
together, these results suggest group differences in brain response are not due to differential
task difficulty between FHP and FHN youth or error-related brain processes.

In addition to showing comparable task accuracy, FHP and FHN adolescents also did not
demonstrate differences in speed of responding for SWM or vigilance. This is in contrast to
studies demonstrating FHP adolescents respond slower than FHN adolescents on SWM
tasks (e.g., Corral et al., 1999). There are many possible explanations for this lack of
difference. First, the block design of the fMRI studies may help reinforce a top-down
attentional set (Dosenbach et al., 2006), and therefore performance differences are less
robust than in larger, behavioral studies. In a previous block design fMRI study of SWM,
Tapert and colleagues (2004) found only trend level differences in performance between
adolescents with an AUD and controls. Secondly, the lack of differences could be related to
the difficulty of the task itself. Our previous fMRI study of verbal working memory
(Cservenka et al., 2012) found slower response times for FHP than FHN adolescents, but the
verbal working memory and vigilance tasks were equally difficult for participants (as
indexed by no difference in accuracy between the tasks). Lastly, previous studies
demonstrating performance differences between FHP and FHN youth have included
younger samples (Corral et al., 1999; 2003) than our study. Given continued performance
improvement on spatial working memory tasks over the course of adolescence (Luciana et
al., 2005), performance differences may not be as apparent in older youth. Given the SWM
task was harder for both groups, differences in response may not be as pronounced.
However, the lack of significant difference in performance between FHN and FHP
adolescents indicates that the observed differences in brain activation patterns are more
likely related to changes in behavioral strategy or compensatory mechanisms than
performance differences. Similar suggestions have been made with regard to developmental
brain changes in the frontal-parietal network associated with working memory that are not
performance related (Kwon et al., 2002; Schweinsburg et al., 2005).

Contrary to our predictions, there were no differences between FHP and FHN adolescents
for SWM task-related activation; however, differences were found in vigilance task
activation. Although both groups displayed an expected pattern of frontal and parietal
activation for SWM (Kwon et al., 2002; Schweinsburg et al., 2005; Spadoni et al., 2008),
only the FHN adolescents demonstrated greater activation of the right anterior MFG and
DLPFC during SWM as compared to vigilance. FHP adolescents positively activated these
frontal regions for both task conditions, whereas the FHN adolescents only demonstrated
positive activation during SWM (with deactivation during vigilance). In addition to being
implicated in updating information in working memory (for review, see Wager and Smith,
2003), MFG and DLPFC have been shown to be involved in cognitive control (e.g., Banich
et al., 2000) and task-positive networks (Dosenbach et al., 2006). As briefly mentioned
earlier, using a block design and restricting accuracy allows us to examine brain regions
involved in top-down cognitive control. MFG and DLPFC have been associated with
proactive cognitive control, which biases towards task-relevant goals and information
(Banich et al., 2000; Braver et al., 2007). This may suggest that FHP adolescents need to use
more proactive, top-down cognitive control than FHN adolescents even for a simpler
vigilance task. Vigilance, which requires directing and maintaining attention, may be more
difficult and less automatic for the FHP adolescents, and therefore FHP adolescents need
compensatory recruitment of frontal regions for this task. This is consistent with
neuropsychological findings of deficits in performance on attentional tasks in both FHP
adolescents and adolescents with AUDs (Corral et al., 1999; Tapert and Brown, 2000). Also,
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two other studies examining working memory in FHP adolescents found similar patterns of
activation during control, vigilance task conditions (Cservenka et al., 2012; Spadoni et al.,
2008), albeit in more medial and inferior frontal regions than those shown here. In contrast
to the more lateral prefrontal regions we demonstrate as different between FHP and FHN
youth, medial frontal regions are associated with response evaluation, or reactive control
(Banich et al., 2000; Braver et al., 2007), which is likely recruited more during error
processing. The anatomical disparity between our and previous working memory study of
FHP adolescents may be due to the fact that no accuracy threshold was used in these prior
studies, and therefore more response evaluation and error-related neural processes were
likely present.

Given that cognitive control includes the ability to guide behavior towards a task-relevant
process (Banich et al., 2000), alterations in these processes may have many implications for
decision-making in FHP adolescents. As demands and contextual factors increase, these
deficits in cognitive control are likely to become more pronounced. Previous studies have
found that emotional arousal, presence of reward, and peers alter decision-making in normal
adolescents (for review, see Steinberg, 2007). FHP adolescents may therefore be at an
increased risk of making poor decisions because they have greater difficulty maintaining a
goal in the face of distracting information. Examples might include maintaining the intention
of not drinking around peers or considering the long-term consequences of binge-drinking
on the weekends in the face of the positive, short-term gains.

In addition to group level differences between FHP and FHN adolescents, we also found
associations between FHD and brain activation within FHP adolescents. Although there was
no difference in SWM activation between groups, SWM-specific activation was associated
with FHD. Specifically, increased activation in the right superior parietal cortex and less
activation in the right cerebellum was associated with greater FHD. This region of superior
parietal cortex (precuneus; BA 7) has been frequently implicated in SWM in children,
adolescents (Kwon et al., 2002; Schweinsburg et al., 2005), and adults (for review, see
Cavanna and Trimble, 2006), as well as spatial processing (Cavanna and Trimble, 2006).
Therefore, adolescents with higher FHD may need to recruit additional regions associated
with spatial processing and working memory to perform the task at the same level as those
with a lower FHD. The association of greater FHD with less activation in right cerebellum,
specifically the declive, during the SWM task, is consistent with previous studies of working
memory in FHP youth (Spadoni et al., 2008), adolescents with an AUD (Tapert et al., 2004),
and adults with an AUD (Park et al., 2011). Decreased connectivity in fronto-cerebellar
circuitry and decreased volume of the cerebellum have also been found in FHP youth and
adults and adolescents with AUDs (De Bellis et al., 2005; Herting et al., 2011; Hill et al.,
2007; Sullivan, 2003). Although decreased cerebellar volume has often been associated with
motor or gait problems in alcoholics (e.g., Sullivan et al, 2010), it has also been associated
with cognitive deficits (Sullivan, 2003). Developmental studies have found the cerebellum is
involved in higher order cognition, attention, visuospatial functioning, and processing speed
(for review, see Steinlin, 2008). Therefore, our findings provide further support for the
suggestion that alterations in the cerebellum may be a risk-factor for future development of
an AUD, as opposed to solely being the result of alcohol-consumption. The extent of family
history loading might reflect genetic contributions, making alterations in these brain regions
particularly promising biomarkers for familial AUD risk.

There are some limitations to the study that warrant mention. Given the sample size, we
were not able to explore the effect of gender on brain activation. Previous research with FHP
youth (Silveri et al., 2011) and adolescents with an AUD (Caldwell et al., 2005) has found
different patterns of activation in response to cognitive tasks for males and females.
Furthermore, studies of adults with an AUD have found differential relationships with
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cerebellar volume in males and females (Sullivan et al, 2010). Thus, it is important for
gender effects to be examined in future studies. Additionally, results related to altered
prefrontal activation will need to be replicated in other tasks requiring cognitive control in
order to further support our interpretation. Furthermore, it is not possible to determine
whether altered basic visuospatial processing may be driving FHD associations with
superior parietal activation, as FHP youth demonstrate visuospatial processing deficits (e.g.,
Corral et al., 1999). Inclusion of additional visuospatial processing measures in future
studies is necessary to address this issue. Also of note, only one parent provided family
history information, which is less reliable than information from multiple sources.
Additionally, although a family history of psychosis and bipolar disorder, two highly
heritable disorders, was exclusionary, familial history of other Axis I disorders was not
assessed and thus could contribute to observed differences. Lastly, longitudinal studies will
need to be conducted to fully determine whether alterations in brain activation observed in
this study are predictive of future alcohol use or AUD.

In conclusion, this study suggests that FHP adolescents demonstrate alterations in activation
of prefrontal regions that are related to the general maintenance of top-down, cognitive
control, as well as alterations in parietal and cerebellar regions that are specific to spatial
working memory. Atypical brain activity related to cognitive control was observed in FHP
adolescents, but was not dependent on FHD. In contrast, alterations in parietal and cerebellar
regions that are SWM-specific were related to FHD, and therefore may present a possible
biomarker of genetic loading for AUD risk. Future research should explore whether the
atypical activity in brain regions subserving cognitive control extends to other tasks and
whether altered activation that is FHD-related has the potential to predict future alcohol
abuse.
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Figure 1.
Spatial working memory 2-back and vigilance task used in the fMRI scan. Spatial 2-back
task is shown on the left. Participants were instructed to press a button when they saw a
letter presented in the same location as it was two screens before. The vigilance task is
shown on the right. For this task, participants were instructed to press a button whenever
they saw a grey dot. “Response” indicates when a participant should have made a button
press. Each block of trials was preceded by a fixation cross.
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Figure 2.
Greater activation by adolescents with no family history of alcohol abuse/dependence (FHN)
than adolescents with a family history of alcohol abuse/dependence (FHP) during spatial
working memory (SWM) as compared to vigilance. Blue indicates greater activation by the
FHN than FHP group in right middle frontal gyrus (MFG) and dorsolateral prefrontal cortex
(DLPFC). Graphs to the right show average percent signal change extracted for SWM
compared to fixation (SWM) and vigilance compared to fixation (Vigilance) for the cluster
shown to the left in the FHP and FHN groups separately. ** p < 0.001.

Mackiewicz Seghete et al. Page 14

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Whole-brain regression of family history density (FHD) on the contrast of spatial working
memory (SWM) compared to vigilance in adolescents with a family history of abuse/
dependence (FHP). Red indicates greater FHD associated with greater activation and blue
indicates greater FHD associated with less activation. Scatter plots to the right display the
correlation between FHD and average percent signal change extracted for SWM compared
to fixation and vigilance compared to fixation for the cluster shown to the left. Each dot
represents a single participant. A) Greater activation of right precuneus is associated with
greater FHD. This correlation is only significant for SWM activity. B) Less activation of
right declive is associated with greater FHD. This correlation is only significant for SWM
activity.
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Table 1

Characteristics and performance for each group.

FHP1 FHN2

N 18 16

Female/Male 7/11 8/8

Age 14.52 (0.85) 14.18 (0.70)

Puberty3 2.92 (0.55) 2.76 (0.59)

IQ4 112.67 (11.28) 112.69 (11.85)

GPA5 3.42 (0.57) 3.62 (0.41)

SES6 33.89 (12.80) 28.06 (14.28)

FHD7 0.57 (0.19) 0

Parental history of AUD (Paternal/Maternal) 7/0/18 0/0/17

Grandparent history of AUD 7/18 0/17

Aunt/Uncle history of AUD 10/18 0/17

Spatial Working Memory

Accuracy 93.47 (5.44) 92.66 (4.52)

Reaction Time (ms) 549.03 (123.81) 508.48 (82.80)

Vigilance Task

Accuracy 98.78 (3.24) 97.27 (3.59)

Reaction Time (ms) 499.93 (60.73) 494.73 (73.17)

1
Family History Positive for alcoholism.

2
Family History Negative for alcoholism.

3
Pubertal Development Scale (Petersen et al., 1988); scores have been translated to Tanner stages, range 1–5, with higher scores reflecting greater

maturity (Carskadon & Acebo, 1993)

4
Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999)

5
Grade Point Average; values range from 0–4, with higher scores reflecting higher grades.

6
Hollingshead Index of Social Position; higher scores indicate lower socioeconomic status (Hollingshead, 1975)

7
Family History Density of alcohol use disorders (Zucker et al., 1994); total possible values range from 0 to 2, and in this study ranged from 0.25

to 1.0. Higher values represent greater familial loading.

8
Alcohol use disorder.
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