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Abstract

Background and Objectives—The hippocampus may be vulnerable to the effects of heavy
alcohol use during adolescence, which is a time of continued neurodevelopment. However,
differences in hippocampal volume may be due to risk factors such as a family history (FH) of
alcoholism. We examined hippocampal volumes in youth with and without a FH of alcoholism
prior to the initiation of alcohol use.

Methods—~Participants were demographically matched adolescents (aged 12-14) with positive
(n=15; FHP) and negative (n=15; FHN) FH of alcoholism. Each group consisted of 10 males and 5
females with minimal previous substance use. Manual hippocampal tracings were completed on
high-resolution magnetic resonance images by reliable raters, and intracranial volumes were
controlled in analyses.

Results—FH groups did not differ on memory or hippocampal volumes, but group x gender
interactions (p<.05) indicated that FHP males had larger left hippocampi than FHN males.
Females showed greater left versus right hippocampal asymmetry, while males showed larger
right versus left asymmetry. For all adolescents, larger right hippocampal volumes predicted
poorer delayed visual memory (p<.01).

Conclusion and Significance—Alcoholism risk factors, such as family history of alcoholism,
may differentially influence adolescent hippocampal development for boys as compared to girls.
Results suggest that FH does not account for prior findings of reduced left hippocampal volumes
in heavy drinking youth. Findings are preliminary, but suggest that future studies examining the
effects of alcohol use on the adolescent brain should consider the influence of FH, especially
among boys.
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Introduction

Problematic alcohol use in youth is prevalent, with up to 10% of late adolescents meeting
alcohol use disorder (AUD) criteria (1). Identifying risk factors associated with heavy
alcohol use may help determine which teens eventually develop alcohol-related problems.
For example, individuals with a positive family history of AUD (FHP) have an increased
risk for developing AUD relative to those with no such family history (FHN) (2).

FHP youth have shown cognitive decrements in multiple domains (3, 4) and
neuroanatomical differences from FHN youth (e.g., smaller amygdalar volume) (5)
suggesting that neurobiological mechanisms may underlie the development of AUD. An
inherited neurodevelopmental lag (6) may explain the neurobiological differences and place
FHP youth at risk for the development of AUD. Studying individuals prior to the initiation
of substance use (i.e., early adolescence) can help determine whether these differences were
present before significant alcohol use occurred. Further, because neuromaturation continues
throughout adolescence (7), teens may be especially vulnerable to neurotoxic effects of
heavy alcohol use. For example, adolescents with AUDs have demonstrated memory and
other cognitive deficits (8).

The hippocampus, responsible for creating new memories (9), may be particularly
vulnerable to the effects of heavy alcohol use (10). Among healthy adolescents, the
hippocampus appears to increase in size during the teen years (11, 12), likely due to ongoing
myelination (13). In addition to overall hippocampal size, the relative volume of the right
(RH) versus the left hippocampus (LH) (i.e., symmetry) appears to be important. Thus far,
normative studies of healthy youth suggest that RH>LH asymmetry is typical (11, 14).

Few studies have examined hippocampal volume in adolescents with AUD. DeBellis and
colleagues (2000) found that youth with AUD had smaller RH and LH compared to
demographically matched individuals (15). Nagel et al. (2005) confirmed smaller LH
volumes among heavy alcohol using teens as compared to non-using controls (16). Medina
et al. (2007) examined users of both marijuana+alcohol, in addition to heavy alcohol users
and non-using controls (17). They found smaller LH among alcohol users compared to
marijuana+alcohol users but not controls. Alcohol users also had greater RH>LH asymmetry
compared to both other groups, and the degree of abnormality increased linearly with AUD
symptoms. Whether these differences pre-dated heavy alcohol use was not possible to
ascertain.

This study examined the possibility that the atypical hippocampal volumes shown in
adolescent substance users were present prior to initiating alcohol use, and may be due to
other factors related to the development of AUD, such as a FH of alcoholism. We compared
15 FHP and 15 FHN adolescents to determine whether hippocampal volumes and
asymmetry varied by FH prior to the initiation of significant alcohol use. If normally
developing hippocampi increase in size during adolescence (11, 12) and FHP youth
experience a neurodevelopmental lag (6), then we would expect FHP youth to have smaller
hippocampi than FHN teens. Previous findings of memory deficits (3, 4) and smaller
amygdalar volume (5) among non-drinking FHP youth also support that non-drinking FHP
adolescents will show smaller hippocampi or abnormal asymmetry relative to non-drinking
FHN teens. In light of the literature highlighting sex differences in hippocampal size (11,
12), we also examined gender effects.
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Participants were selected from a neurocognitive study of youth at risk for substance
problems (16). This sample (N=30) included matched adolescents (aged 12-14) with (FHP:
n=15) and without (FHN: n=15) a FH of alcoholism. Each group consisted of 10 males and
5 females, and participants were typically from upper middle to upper class families.
Adolescents had minimal or no previous substance use at study intake (Table 1).

Teens were recruited from local middle schools. Written informed consent and assent were
obtained from parents and adolescents, respectively. Screening interviews assessed for
substance use histories, psychiatric diagnoses, and FH of alcoholism. At least one parent
was interviewed to corroborate adolescent reports. Participants were excluded for any
current or past medical, physical, or psychiatric problems (16), including conduct disorder.
The University of California San Diego Human Research Protections Program approved this
study.

Family History of Substance Use Disorders—The Family History Assessment
Module (FHAM) (18) assessed the lifetime AUD history in participants’ biological parents
and grandparents. FH density was computed such that each parent with AUD history
contributed 0.5 and each grandparent 0.25 (range=0-2).

Youth Substance Use—The Customary Drinking and Drug Use Record (CDDR) (19)
assessed for lifetime and past 3-month alcohol, nicotine, and other drug use. Participants
completed a structured phone screen each follow-up year to update substance use patterns.

Neuropsychological Testing—The Wechsler Abbreviated Scale of Intelligence (WASI)
(20) generated a full-scale 1Q estimate. The California Verbal Learning Test-Children’s
version (CVLT-C) (21) assessed verbal learning and memory (total recall T-score; 1st trial,
short- and long-delay free recall, discriminability z-scores). The Rey-Osterrieth Complex
Figure Test (ROCF) copy and long delay recall (22) assessed visuospatial construction and
memory (copy and delay accuracy raw scores, percent retention).

A 1.5 Tesla General Electric Signa LX system acquired high-resolution MRI data. Structural
images were collected sagittally using an inversion recovery prepared T1-weighted 3D fast
spin echo sequence (TR = 2000 ms, TE = 16 ms, FOV = 240 mm, voxels 0.9375 x 0.9375 x
1.328 mm, 128 slices). A neuroradiologist examined all scans, and youth with abnormal
anatomies were excluded from analyses (final sample N=30).

Intracranial volumes (ICVs) were obtained using a hybrid watershed and deformable surface
semi-automated skull-stripping method (23) with editing. Two laboratory experts manually
defined (i.e., traced) the hippocampal volumes onto the brain acquisitions using Analysis of
Functional Images (AFNI). Tracers completed a similar number of brains in each group,
were blind to participant characteristics, and were reliable (intraclass correlation coefficients
=.95 for RH, .92 for LH). Because tracer was related to volume, all analyses controlled for
tracer.

Hippocampal regions of interest were traced on contiguous coronal slices, perpendicular to
the anterior commissure/posterior commissure plane, and included the dentate gyrus,
subiculum, and cornu ammonis (Figure 1) (16). The stereotactic boundaries were determined
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as follows: anterior boundary = coronal slice through largest portion of mammillary bodies;
superior/lateral boundary = temporal horn and alveus; inferior boundary = white matter of
parahippocampal gyrus; medial boundary = ambient cistern; posterior boundary = where
columns of the fornix are visible. Volumes were calculated by multiplying voxel counts by
voxel dimensions. Due to individual variability in brain size (14), hippocampal volumes
were examined as a ratio to intracranial volume (ICV). Hippocampal asymmetry was
determined by subtracting LH from RH volume and dividing by their sum: (RH-LH/RH
+LH) (17). Positive values denote RH>LH, and negative values indicate LH>RH
hippocampal asymmetry.

A structured phone screen conducted each year throughout the study obtained follow-up
substance use information. The most recent follow-up time-point available for each
participant was used (mean=4.6+1.0 years after baseline, range=3-6 years; mean=17.5+1.4
years-old at follow-up, range=15-20 years-old). The following variables summarized
participants’ substance use at follow-up: (1) drinks per month in past three months, (2)
largest number of drinks on one occasion in lifetime, and (3) lifetime substance use (lifetime
occasions of alcohol and other drug use). Follow-up information was available for 97% of
this sample (14 FHP; 15 FHN).

Statistical Analysis

Results

Demographics, Cognitive Performance, & Substance Use—Fisher’s Exact Test
compared categorical variables, and analysis of variance (ANOVA) compared groups on
other demographics and neuropsychological performance. The non-parametric Mann-
Whitney procedure examined group differences in substance use at follow-up.

Hippocampal Volume—Two-way analyses of covariance (ANCOVA) assessed group
and gender differences in right (RH/ICV) and left (LH/ICV) hippocampal volume,
covarying for tracer. A 2 (group and gender) x 2 (hippocampal hemisphere: RH/ICV and
LH/ICV) repeated measures ANCOVA (covarying for tracer) assessed group and gender
differences in hippocampal asymmetry.

Hippocampal Volume and Memory—Exploratory multiple regressions examined
whether baseline hippocampal volumes predicted baseline memory performance. Block 1
entered tracer and Block 2 entered hippocampal volume (LH/ICV, RH/ICV, or asymmetry
ratio [RH-LH/RH+LH]). Dependent variables were ROCF and CVLT-C scores.

Hippocampal Volume and Future Substance Use—Exploratory multiple regressions
examined whether baseline hippocampal volumes predicted future alcohol or other
substance use. Block 1 entered tracer and lifetime alcohol use at baseline, and Block 2
entered hippocampal volume (LH/ICV, RH/ICV, or asymmetry ratio). Dependent variables
were follow-up alcohol and other substance use variables.

Demographics, Substance Use, Cognition, and ICV

Groups were similar in demographic backgrounds, baseline 1Q and memory scores,
substance use at baseline, and ICV (Table 1). However, FHP had a higher familial density of
alcoholism and more substance use approximately 4.6 years after baseline compared to
FHN.
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Left and Right Hippocampal Volumes

For LH/ICV, a trend [F(1,25)=4.11, p=.053] showed that males tended to have smaller LH
than females. Further, a group-by-gender interaction [F(1,25)=5.25, p=.03] indicated that
FHP males had larger LH than FHN males (Figure 2). For RH/ICV, no main effects or
interactions were observed.

Hippocampal Asymmetry

A main effect of hippocampal asymmetry [F(1,25)=4.77, p<.05] showed that, overall,
participants had LH>RH. An asymmetry-by-gender interaction [F(1,25)=4.95, p<.05]
suggested that, while females had LH>RH asymmetry, males tended to have slightly larger
RH>LH (Figure 3). No other main effects or interactions were found.

Hippocampal Volumes and Memory Function

After controlling for tracer, RH/ICV significantly predicted ROCF percent retention
[F(2,27)=4.34, p<.05; R2,=14%:; =—.49, p<.05]. Having a larger RH/ICV was associated
with poorer delayed visual memory. LH/ICV and hippocampal ratio did not predict memory
scores.

Baseline Hippocampal Volumes and Future Substance Use

Baseline hippocampal volume did not predict the extent of substance use approximately 4.6
years later.

Discussion

Our hypothesis that FHP teens would show smaller hippocampi than FHN teens was not
supported by these preliminary findings. Although males tended to have smaller LH than
females, we found that FHP males had larger LH than FHN males. No difference in
hippocampal asymmetry between FHP and FHN adolescents was found, but overall these
young adolescents had larger LH versus RH asymmetry (LH>RH). This was primarily
driven by the females, whereas the males demonstrated the opposite pattern (RH>LH).

Previously, smaller LH (15-17) and RH (15) volumes were reported among AUD
adolescents relative to healthy youth or youth with comorbid marijuana+alcohol use. The
present findings suggest that differences in hippocampal volume among youth with AUD
may not predate alcohol use and, thus, may result from heavy alcohol use during
adolescence. Our finding of overall LH>RH asymmetry is consistent with Medina et al.
(2007), although males showed RH>LH, which is typically found in normative samples (11,
12). Differences in age range, developmental level, or psychiatric comorbidity and the
considerable inter-individual variability in hippocampal volume may partially account for
the disparities across studies.

Gender differences in development of the mesial temporal lobe, including the hippocampus,
have previously been reported (11, 12). Presently, a gender difference in asymmetry (males:
RH>LH; females: LH>RH) and a family history status by gender interaction in LH volume
(FHN males<FHP males; overall: males<females) suggests an interaction between gender,
family history status, and neurodevelopment. A similar pattern of asymmetry was detected
in healthy male (RH>LH) and female (LH>RH) rats (24). Furthermore, inspection of the
scatterplots reported in Giedd et al. (1996) revealed that males appeared to have relatively
symmetrical RH versus LH volumes across development, whereas females appeared to
develop more RH>LH asymmetry in older adolescence (12). Nevertheless, others did not
detect gender differences in asymmetry (15). Still, gender effects appear important in brain
development and should be further examined.
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Another important question is whether hippocampal volume is related to future alcohol use
patterns in this sample of non-drinking youth. Others reported associations between
hippocampal volumes in heavy drinking youth and the age of onset, duration, and severity of
AUD (15, 17). We found no associations between hippocampal volumes prior to alcohol use
(mean=13.6 years-old) and the use of alcohol and other substances later in adolescence
(mean=17.5 years-old). This exploratory finding further supports that differences in
hippocampal volumes detected in youth with AUD were not present prior to significant
alcohol use and may relate to the effects of heavy alcohol consumption during adolescence.

Finally, we found that smaller RH volumes were linked to better visual retention. This
preliminary finding is consistent with a meta-analysis reporting a negative relationship
between hippocampal volume and memory from childhood to young adulthood among
healthy youth (25). Previously, Medina et al. (2007) reported that RH>LH asymmetry was
associated with improved verbal learning among healthy late adolescents (17), and Foster et
al. (1999) found that a smaller LH was related to improved verbal memory in healthy, older
female adolescents (26). Neurodevelopmental stage differences may have contributed to
variability between studies, but further research may clarify the relationship of memory with
hippocampal size and asymmetry among youth with and without AUD.

The strengths of this study include well-matched groups with no psychiatric comorbidity
and the examination of brain integrity prior to alcohol use. However, several limitations
should be considered. First, by excluding youth with comorbid psychiatric disorders and
history of significant substance use, this resulted in a high functioning sample that may not
be representative of the general FHP population. Furthermore, because our sample was
100% Caucasian, findings should be replicated in other ethnic groups. Due to our small
sample size we had relatively limited power for examining group and gender differences.
Therefore, we regard these findings as preliminary.

In summary, this study found an interaction between family history of alcoholism, gender,
and hippocampal size and asymmetry in adolescents with little or no previous alcohol
exposure, particularly among males. This suggests that alcoholism risk factors, like FH, may
influence adolescent hippocampal development differentially as a function of gender. Our
results also suggest that FH does not explain prior findings of reduced LH volume or
RH>LH asymmetry in heavy drinking youth. Future neurocognitive studies of substance use
should consider the influence of FH, especially among boys.
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Figurel.
Examples of anterior, middle, and posterior hippocampal boundaries shown in coronal view
of a T1-weighted magnetic resonance image of the brain; R=right; L=left.
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Figure 2.

Left hippocampal volume (expressed as a ratio to intracranial volume [LH/ICV]) in male
and female youth with a positive (FHP) or negative family history of alcoholism (FHN).
FHP males had larger left hippocampal volumes than FHN males (*p<.05), and overall,
males tended to have smaller left hippocampal volumes than females (Tp<.10). Error bars
represent standard errors.
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Figure 3.

Hippocampal asymmetry in male and female youth with a positive (FHP) or negative family
history of alcoholism (FHN). Female adolescents tended to have larger left (LH) than right
hippocampi (RH) (*p<.05), while males tended to have larger RH than LH overall, primarily
due to the FHN males. Positive values depict RH>LH, and negative values depict LH>RH.
Error bars represent standard errors.
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Table 1

Demographic, substance use, cognitive function, and hippocampal morphometry information according to
family history (FH) group

FHN (n = 15) FHP (n = 15)
M (SD) or % M (SD) or %

Demogr aphics
Age 13.6 (0.9) 13.5 (0.9)
% Female 33.3% 33.3%
% Caucasian 100% 100%
Family history density score”™™ 0.0 (0.0) 0.8(04)

Pubertal development score a

Girls 15.5 (1.9) 13.8 (3.2)
Boys 10.7 (1.7) 11.3 (2.6)
Hollingshead Parental SES b 225(12.7) 299 (128)
Annual parental salary ($ thousands) 108.0 (47.9) 101.3 (45.3)
CBCL Externalizing T-score ¢ 44.9 (6.6) 458(8.4)
Beck Depression Inventory Total d 16(21) 21(22)
Spielberger State Anxiety Total € 21.5(62) 28.9(87)
Baseline Substance Use
Lifetime uses of alcohol 0.3(0.8) 0.5(1.6)
Largest # drinks on one occasion, last 3 mo 0.1(0.3) 0.2 (0.8)
Lifetime uses of cigarettes 0.0 (0.0) 0.0 (0.0)
Lifetime uses of marijuana 0.0 (0.0) 0.1(0.4)
Follow-up Substance Usef
Average drinks per month, last 3 mo 5.9 (10.3) 18.6 (52.4)
Largest # drinks on one occasion (Iifetime)** 39(4.0) 116 (7.9)
Lifetime drinking days* 38.2(69.4) 84.1(76.0)
Lifetime occasions of drug use™ " 7.8(158) 149.2 (281.3)
Cognitive Function
WASI IQ standard score 114.0 (11.9) 111.5(9.4)
CVLT-C 1st trial z-score 0.2 (0.9) 0.7 (1.0)
CVLT-C Total recall T-score 51.9 (6.7) 55.1(8.7)
CVLT-C Long-Delay Free Recall z-score 0.3(0.9) 0.2 (0.9)
CVLT-C Discriminability z-score 0.2 (0.5) 0.4 (0.5)
ROCF Copy accuracy 27.8(3.2) 27.8(3.8)
ROCF Delayed recall accuracy 16.4 (5.8) 16.7 (4.6)
ROCF % retention 58.9 (20.8) 60.4 (15.3)
Hippocampal Morphometry
Intracranial volume (ICV) (cc®) 1603.7 (136.5) 1612.4 (142.5)
Left hippocampal volume (LH) volume (cc®) 3.2(0.5) 34(0.4)
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FHN (n = 15) FHP (n = 15)
M (SD) or % M (SD) or %

Right hippocampal volume (LH) volume (cc3) 3.3(0.4) 3.3(0.4)
Hippocampal asymmetry (RH - LH)/(RH + 0.0111 (0.0517) -0.0117 (0.0451)

aPubertaI Development Scale (Peterson et al., 1988).
bHigher scores represent lower SES (Hollingshead, 1965).
CChild Behavior Checklist (CBCL; Achenbach & Rescorla, 2001).
dBeck Depression Inventory (Beck, 1978).
eSpielberger State Trait Anxiety Inventory (Spielberger et al.,1970).
fFoIIow—up substance use was measured an average of 4.6 years after baseline assessment.
*
p<.05

*%

p<.01

*%

*
p<.001
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