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Brain-derived neurotrophic factor genotype is associated with
brain gray and white matter tissue volumes recovery in
abstinent alcohol-dependent individuals

A. Mon®#* T.C. Durazzo™#, S. Gazdzinski$, K. E. Hutchison', D. Pennington™*, and D. J.
MeyerhoffT*

TDepartment of Radiology and Biomedical Imaging, University of California, San Francisco, CA,
USA *Center for Imaging of Neurodegenerative Diseases, Veterans Administration Medical
Center, San Francisco, CA, USA 8Nencki Institute for Experimental Biology, Polish Academy of
Sciences, Warsaw, Poland "Department of Psychology and Neuroscience, The Center for Health
& Addiction: Neuroscience, Genes, & Environment, University of Colorado, Fort Collins, CO, USA

Abstract

Neuroimaging studies have linked the methionine (Met) allele of the brain-derived neurotrophic
factor (BDNF ) gene to abnormal regional brain volumes in several psychiatric and
neurodegenerative diseases. However, no neuroimaging studies assessed the effects of this allele
on brain morphology in alcohol use disorders and its demonstrated change during abstinence from
alcohol. Here we assessed the effects of the BDNF Val66Met (rs6265) polymorphism on regional
brain tissue volumes and their recovery during short-term abstinence in treatment-seeking alcohol-
dependent individuals. 3D T1 weighted magnetic resonance images from 62 individuals were
acquired at 1.5 T at one week of abstinence from alcohol; 41 of the participants were rescanned at
5 weeks of abstinence. The images were segmented into gray matter (GM), white matter (WM)
and cerebrospinal fluid and parcellated into regional volumes. The BDNF genotype was
determined from blood samples using the TagMan technique. Alcohol-dependent Val
(Valine)/Met heterozygotes and Val homozygotes had similar regional brain volumes at either
time point. However, Val homozygotes had significant GM volume increases, while Val/Met
heterozygotes increased predominantly in WM volumes over the scan interval. Longitudinal
increases in GM but not WM volumes were related to improvements in neurocognitive measures
during abstinence. The findings suggest that functionally significant brain tissue volume recovery
during abstinence from alcohol is influenced by BDNF genotype.
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Brain-derived neurotrophic factor (BDNF) is a neurotrophin that is widely expressed in the
mammalian brain with particularly high levels in the hippocampus and the cerebral cortex
(Hofer et al. 1990; Phillips et al. 1990; Wetmore et al. 1990). BDNF plays an important role
in the long-term survival, differentiation, growth and maintenance of neurons (Ernfors et al.
1995; Murer et al. 2001). It also promotes myelination in both the peripheral and central
nervous systems (Cellerino et al. 1997; VVondran et al. 2010; Xiao et al. 2010). The
methionine (Met) allele of the BDNF Val66Met (rs6265) polymorphism is associated with
impaired intracellular trafficking and activity-dependent secretion of BDNF (Chen et al.
2004; Egan et al. 2003). The Met allele is also associated with poorer verbal memory (Egan
et al. 2003; Hariri et al. 2003), processing speed (Miyajima et al. 2008; Raz et al. 2009) and
general intelligence (Tsai et al. 2004) in controls and individuals with various
neuropsychiatric conditions.

In voxel-based morphometric magnetic resonance imaging (MRI) studies of healthy
controls, BDNF Met allele carriers showed smaller hippocampi, prefrontal, parietal and
occipital lobes, as well as smaller frontal and temporal gyri compared with valine (Val)
homozygotes (Eker et al. 2005; Pezawas et al. 2004). The Met carriers compared with Val
homozygotes also had higher rates of gray matter (GM) volume reductions in the
dorsolateral prefrontal cortex and the dorsal premotor cortex as a function of normal aging
(Nemoto et al. 2006); BDNF Met carriers also showed smaller volumes of specific brain
regions in schizophrenia (Takahashi et al. 2008), major depression (Frodl et al. 2007),
Alzheimer’s disease (Hashimoto et al. 2009) and mild cognitive impairment (Forlenza et al.
2010); and Met carriers with schizophrenia had larger time-related reductions of frontal GM
volumes than Val homozygotes (Ho et al. 2007). Furthermore, hypomyelination of
developing axons of the spinal cord, the optic nerve and the corpus callosum was reported in
BDNF knock-out/deficient mice (Cellerino et al. 1997; Vondran et al. 2010; Xiao et al.
2010). Together, these findings indicate that the BDNF Met allele is related to abnormalities
in brain morphology and function in normal and in various neuropsychiatric conditions.
Similar to psychiatric and neurodegenerative diseases, alcohol use disorders [i.e. abuse or
dependence according to the diagnostic and statistical manual of mental disorders, fourth
edition (DSM-1V) criteria] are also associated with abnormalities in brain structure and
function. Neuroimaging studies of those with an alcohol use disorder have consistently
showed GM and/or white matter (WM) reductions (particularly in the frontal and temporal
regions) and enlarged ventricles and sulci (Blhler and Mann 2011), which at least partially
normalize within the first month of sustained abstinence from alcohol (Gazdzinski et al.
2005; Pfefferbaum et al. 1995). Although the VVal66Met BDNF polymorphism has been
associated with brain morphological abnormalities in individuals with neurodegenerative or
psychiatric disorders, no MRI studies have assessed the potential effect of this
polymorphism on brain morphology in those with an alcohol use disorder. Therefore, the
primary goal of this study was to assess the influence of the BDNF Val66Met polymorphism
on MRI-derived regional brain tissue volumes and their longitudinal changes in alcohol-
dependent individuals (ALC) during the first few weeks of abstinence from alcohol. We also
assessed the functional relevance of any longitudinal brain volume changes. Specifically, we
hypothesized that:
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1. At 1 week and 5 weeks of abstinence, BDNF Val homozygotes have significantly
larger GM and WM volumes in the frontal, parietal and temporal lobes than
Val/Met heterozygotes.

2. Val homozygotes during abstinence from alcohol recover faster from lobar GM and
WM volume reductions than VVal/Met heterozygotes, particularly in the frontal
lobes.

3. Longitudinal increases of tissue volumes relate positively to improvements on
measures of working memory, visuospatial scanning speed and incidental learning,
auditory-verbal and visuospatial learning.

Materials and methods

Participants

Sixty-two (53 males and 9 females) ALC participated in this study. They were part of a
larger longitudinal cohort recruited from the San Francisco VA Medical Center Substance
Abuse Day Hospital and the San Francisco Kaiser Permanente Chemical Dependence
Recovery Programs for research assessing the effect of chronic alcohol consumption and
comorbid cigarette smoking on neurobiology and neurocognition. Baseline time point 1
(TP1) scans were performed at 6.0 + 3.3 days of abstinence from alcohol and follow-up
scans time point 2 (TP2) at 34.0 + 9.4 days of abstinence. Of the 62 participants, 41 were
scanned at both TPs (longitudinal sample). All ALC participants had MRI and BDNF
genotype data and met DSM-IV criteria for alcohol-dependence. Male participants
consumed more than 150 alcoholic drinks (one drink contains 13.6 g of pure ethanol) per
month for at least 8 years and females more than 80 drinks per month for at least 6 years
prior to the enrollment. The ALC participants were in outpatient treatment and were
screened daily for alcohol consumption and substance use to ensure that sobriety was
maintained. Briefly, participants were excluded for a history of abuse or dependence on
other substances but nicotine, within the past 5 years and for biomedical or psychiatric
disorders (such as schizophrenia, bipolar and other psychotic disorders) that are known to
affect brain biology or neurocognition. Hepatitis C, type-2 diabetes, hypertension, unipolar
mood disorder (major depression and/or substance-induced mood disorder) were permitted
given their high prevalence in alcohol use disorder (Hasin et al. 2007; Mertens et al. 2003,
2005; Parekh and Klag, 2001; Stinson et al. 2005). For a comprehensive list of inclusion and
exclusion criteria, see e.g. Durazzo et al. (2004).

Seventeen non-smoking light drinkers (LD) were also studied as age-matched controls (47.9
+ 7.0 years). They were part of the same longitudinal research study as the ALC participants
and had MRI data at baseline and about 7 months later. They were recruited from the local
community and had no history of medical, psychiatric or substance use conditions known to
influence MRI outcome measures, and drank on average 19 * 15 alcoholic drinks per month
over lifetime.
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Clinical assessment

All ALC participants completed the structured clinical interview for DSM-1V Axis |
Disorder Patient Edition, Version 2.0 (First et al. 1998) at baseline and standardized
questionnaires for alcohol withdrawal [CIWA-Ar (Addiction Research Foundation Clinical
Institute of Withdrawal Assessment for Alcohol); Sullivan et al. 1989], depression (Beck
Depression Inventory; Beck 1978) and anxiety symptomatologies (State-Trait Anxiety
Inventory, Y-2; Spielberger et al. 1977) within 1 day of the baseline and follow-up MRI
studies. Alcohol consumption over lifetime was assessed with the lifetime drinking history
(LDH) (Skinner and Sheu 1982; Sobell and Sobell 1990; Sobell et al. 1988). From the LDH,
we estimated the age at onset of heavy drinking (heavy drinking is defined as consuming
>100 alcoholic drinks per month), the average number of alcoholic drinks consumed per
month over 1, 3 and 8 years before enrollment and over lifetime.

To evaluate the nutritional status and alcohol-related or other hepatocellular injury, we
obtained laboratory tests for serum albumin, pre-albumin, alanine aminotransferase,
aspartate aminotransferase and y-glutamyltransferase, typically within 2 days of each MRI
scan.

Table 1 shows demographics, alcohol consumption and clinical variables for both genotype
groups of ALC derived from the longitudinal sample of 41 ALC at TP1. The variables were
numerically similar to those of the entire sample of 62 ALC.

A brief neurocognitive battery was administered to ALC at both TPs: the battery assessed
aural working memory [Wechsler Adult Intelligence Scale-111 (WAIS-111) Digit Span],
visuomotor scanning speed and incidental learning (WAIS-I11 Digit Symbol; Wechsler
1997), auditory-verbal (Delis et al. 2000) and visuospatial learning and memory (Brief
Visual memory Test-Revised; Benedict 1997; Durazzo et al. 2007).

MRI data acquisition and processing

The MRI images for both ALC and LD were acquired on a 1.5-T system (Vision, Siemens
Medical Systems, Iselin, NJ, USA), using a T1-weighted magnetization prepared rapid
acquisition gradient echo sequence (TR/TI/TE = 9/300/4 milliseconds, 1 x 1 mm? in-plane
resolution, 1.5 mm slabs) oriented orthogonal to the long axis of the hippocampus and an
oblique-axial T2-weighted spin-echo imaging sequence (TR/TE = 2500/80 milliseconds, 1 x
1 mm? in-plane resolution, 3 mm slice thickness).

Three-tissue intensity based segmentation (based on the expectation-maximization
segmentation method of Van Leemput et al. (1999) was applied to the T1-weighted images
to assign a set of probabilities of WM, GM and cerebrospinal fluid to each MRI voxel. The
T2-weighted images were used to remove non-brain tissue voxels from the segmented
images. Absolute volumes for WM and GM tissues of the major lobes and subcortical
regions were then parcellated by overlaying the tissue maps on a reference atlas as
previously described (Studholme et al. 2001, 2003). Total absolute cortical GM and WM
volumes were calculated by summing the respective GM and WM values from the frontal,
parietal, temporal and occipital lobes. To account for individual variability in intracranial
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volume (ICV), regional tissue volumes for each participant were standardized to their
corresponding ICV.

Genomic DNA was isolated from whole blood samples of ALC. The BDNF single
nucleotide polymorphism (SNP) rs6265 was assayed using TagMan genotyping assays from
Applied Biosystems (Foster City, CA, USA). The SNP assays were performed using a
reaction volume of 15 pl, which consisted of 7.5 pl of TagMan 2x universal master mix,
0.38 ul of 20x TagMan pre-designed SNP genotyping assay, 6.14 ul of nuclease-free water
and 1 pl genomic DNA. After PCR amplification as per manufacturer’s recommendations,
SNP genotypes were determined by allelic discrimination using the ABI-7500 instrument
(Applied Biosystems, Foster City, CA, USA). The entire ALC sample comprised of 68%
Val/Val homozygotes (Val homozygotes), 32% Val/Met heterozygotes and 0% Met
homozygotes; the longitudinal ALC sample had 63% Val homozygotes and 37% Val/Met
heterozygotes. These distributions were in Hardy—Weinberg equilibrium (32 = 0.39, P >
0.05).

Data analyses

Cross-sectional—Multivariate analysis of variance (MANCOVA) assessed differences
between ALC BDNF Val homozygotes and Val/Met heterozygotes on age, education,
drinking severity, days of abstinence, anxiety, depression, smoking severity and basic
clinical laboratory measures. The MANCOVA (with age as a covariate) was used to assess
cross-sectional differences in brain tissue volumes between BDNF genotypes at each TP.

Longitudinal—To ensure that changes in brain tissue volumes of ALC during abstinence
were indeed abstinence related, the longitudinal data of the 17 LD were assessed for any
changes in tissue volumes using paired t-tests. Differences between ALC Val homozygotes
and Val/Met heterozygotes on regional volume changes from TP1 to TP2 for individual
brain regions were assessed with linear mixed modeling. The age range of the participants
was large (28-65 years), so age was used as a covariate in all analyses. In addition, average
monthly alcohol consumption over lifetime and smoking status were used as covariates in all
longitudinal analyses, as both have been shown to be associated with greater age-related
brain tissue volume reductions (Durazzo et al. 2010; Ge et al. 2002; Good et al. 2001;
Pfefferbaum et al. 1992). In secondary analyses, substance, biomedical and psychiatric
comorbidities (including mood disorders) were individually entered as covariates (together
with age and smoking status) to evaluate the potential influence of these factors on
longitudinal volume change. The left and right hemispheres showed highly similar regional
change patterns, so regional volumes represent the sum of both hemispheres.

Correction for multiple comparisons—Although we had a priori predictions, a-level
(0.05) for main effects, interactions, pairwise t-tests and within subject t-tests (two-tailed for
all t-tests) for regional cortical GM and lobar WM volumes were adjusted for multiple
comparisons based on the eight lobar regions (i.e. GM and WM volume for the four lobes)
and the average inter-correlations among the volumes for all ALC participants combined
across TPs (r = 0.70) (Sankoh et al. 1997). Thus, the adjusted a-level for statistical tests for
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individual lobar GM and WM regions was P <0.027. a-level (0.05) for main effects,
interactions and within subject t-tests (two-tailed) for subcortical GM and WM volumes
were adjusted for multiple comparisons based on the five measures (i.e. GM volumes of
thalamus, lenticular nuclei and caudate, whole volumes of brainstem and cerebellum) and
the average inter-correlations among these measures for all ALC participants combined
across TPs (r = 0.33) (Sankoh et al. 1997). Thus, the adjusted a-level for statistical tests for
subcortical regional volumes was P <0.017.

Associations of changes in regional volumes and neurocognition: The associations
between changes in regional brain volumes and neurocognitive test performance across the
TP1-TP2 scan interval in the combined longitudinal sample (i.e. Val homozygotes and
Val/Met heterozygotes) and separately for each genotype were examined with linear mixed
modeling; volume change in the individual regions and age were used as predictors of
change for each neurocognitive test. All regional volumes that significantly predicted
change of the individual neurocognitive tests at P < 0.05 were considered statistically
significant. These analyses were not corrected for multiplicity in order to explore any
potentially meaningful structure—function relationships across neurocognitive measures.

The ALC participants were predominantly White (84.0%, including 5% Hispanic), followed
by African-American (11.0%). Native Americans, Pacific Islanders and Asians each
contributed less than 2% to the sample. The Val homozygotes and Val/Met heterozygotes
did not differ significantly on age, cigarette smoking severity or any clinical measure (Table
1). Also, there were no significant differences in the prevalence of cigarette smoking
between the genotypic groups (2 = 1.62, P > 0.10) and in serum albumin, prealbumin, liver
enzyme levels and jy-glutamyltransferase, hemoglobin levels and other clinical laboratory
measures. The distributions of all psychiatric comorbidities (including mood disorders) were
equivalent between Val homozygotes and Val/Met heterozygotes. There was no significant
difference in the frequency of antidepressant medication usage between Val homozygotes
(19%) and Val/Met heterozygotes (15%).

Cross-sectional analyses

Table 2 shows mean tissue volumes of ALC by genotype at baseline (TP1) and follow-up
(TP2); MANCOVA showed no effect for genotype on ICV- and age-corrected measures of
regional cortical GM, regional lobar WM, total cortical GM, total lobar WM or subcortical
tissue volumes of ALC at either TP1 or TP2. Val homozygotes had a 6.5% larger ICV than
heterozygotes (1544 + 153 ml vs. 1445 + 88 ml; P = 0.027); ALC as a group had similar
ICV as the LD control group (1519 + 138 ml and 1505 + 144 ml, respectively).

Longitudinal Analyses

MRI volume changes in ALC as a function of genotype—Table 2 lists relative
changes of regional tissue volumes between scans in ALC by genotype and the results of
paired t-tests for each region.
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Interactions for lobar GM and WM : Significant genotype-by-time interactions were
observed for frontal GM (F (1,34) = 5.37, P = 0.027) and frontal WM (F (1,34)=5.97, P =
0.020). Figure 1 shows ICV-normalized frontal GM and WM volume changes between the
TPs (i.e. TP2 ICV-normalized tissue volume — TP1 ICV-normalized tissue volume) for both
BDNF genotype groups. Interaction trends were seen for total cortical GM (F (1 34) = 4.06, P
=0.051) and total lobar WM (F (1 36) = 4.07, P = 0.051). No genotype-by-time interactions
were observed for subcortical regions.

For frontal GM, Val homozygotes showed a significant volume increase over the scan
interval (P < 0.001), while Val/Met heterozygotes showed no significant volume change (P
= 0.25). The opposite pattern was observed for frontal WM, with no significant volume
change in Val homozygotes (P = 0.97) and a significant volume increase for Val/Met
heterozygotes (P = 0.020). The Val homozygotes and Val/Met heterozygotes showed
similarly different patterns of change for total cortical GM and total WM over the 4-week
scan interval.

Main effects for lobar GM and WM: Significant main effects for TP were observed for
parietal GM (F (1,34) = 14.93, P < 0.001), parietal WM (F (1 34y = 10.98, P = 0.002),
temporal GM (F (1,34) = 10.66, P = 0.003) and temporal WM (F (1 34) = 6.86, P = 0.011). No
main effects were found for the occipital GM or WM. In the parietal GM, Val homozygotes
showed a significant volume increase (P = 0.002) over the TP1-TP2 interval, while VVal/Met
heterozygotes exhibited no significant volume change (P = 0.16); this indicated that the
main effect for parietal GM was primarily driven by the volume increase in Val
homozygotes. Both Val homozygotes (P = 0.020) and Val/Met heterozygotes (P = 0.021)
showed volume increases in the temporal GM. Val/Met heterozygotes showed trends for
increases in parietal (P = 0.061) and temporal WM (P = 0.062), while VVal homozygotes
exhibited no volume changes in the parietal and temporal WM (both P > 0.94); this
indicated that the main effects for parietal and temporal WM were largely driven by volume
increases in Val/Met heterozygotes.

Alcohol consumption measures, medical, substance and psychiatric comorbidities (including
mood disorders) as well as antidepressant usage did not significantly predict GM or WM
volume changes in any lobar region.

Main effects for subcortical regions: Main effects for TP were also observed for GM
volume changes of the thalamus (F (1 24y = 9.14, P = 0.006) and caudate (F (1,24) = 8.01, P =
0.004) and for total cerebellar volume (F (1 32) = 15.27, P < 0.001). For thalamic GM, Val
homozygotes showed significant volume increases (P = 0.008), while thalamic GM volume
in VVal/Met heterozygotes did not change significantly (P = 0.22). The caudate GM volumes
of Val homozygotes decreased significantly (P = 0.013), while Val/Met heterozygotes
showed no significant change (P = 0.16). Total cerebellar volume showed no change in Val
homozygotes (P = 0.71), but tended to increase in VVal/Met heterozygotes (P = 0.034). No
main effects were observed for GM of the lenticular nuclei or brainstem volume over the
TP1-TP2 scan interval. Finally, as for lobar regions, subcortical volume changes between
time points were not associated with alcohol consumption, medical, substance and
psychiatric comorbidities or antidepressant usage.
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MRI volume changes in LD—The paired t-test analyses of our longitudinal MRI data of
LD showed no significant differences in regional or total lobar GM and WM volumes over
the 7-month scan interval. Figure 2 shows exemplary plots of the means (and SE) of several
regional volume changes. Volume changes of the other analyzed regions are not shown, but
showed similar stability over 7 months. This data suggests that the significant volume
changes in ALC over 4 weeks of abstinence relate to structural recovery, which is associated
with BDNF genotype.

Associations between changes of regional brain volumes and neurocognitive measures in

ALC

Combining the ALC participants across genotypes, volume increases in several cortical and
subcortical GM regions were associated with improving neurocognitive performance,
primarily on measures of visuospatial learning, auditory working memory and processing
speed (Table 3). Changes of regional WM volumes were not significantly related to changes
in performance on any neurocognitive measure. These patterns were not significantly
different between BDNF Val homozygotes and Val/Met heterozygotes.

Discussion

In this quantitative MRI study assessing the effects of the BDNF Val66Met (rs6265)
polymorphism on brain tissue volume changes in abstinent ALC, Val homozygotes and
Val/Met heterozygotes differed on the degree of regional GM and WM volume recovery
over 1 month of abstinence from alcohol. Total cortical GM volume increased significantly
in Val homozygotes, whereas total lobar WM volume increased significantly in Val/Met
heterozygotes. Specifically, Val homozygotes showed significant increases in GM volumes
of all but the occipital lobes, while showing no longitudinal changes in any lobar WM
volume. Val/Met heterozygotes showed significant increase of frontal WM and trends for
increased WM in the parietal and temporal lobes. For the subcortical volumes, thalamic GM
increased only in VVal homozygotes, whereas total volumes of the cerebellum and the
brainstem increased only in Val/Met heterozygotes. Temporal GM volume increased
significantly in both genotypes, the lenticular nuclei showed no significant change in either
genotype, and the caudate showed a significant decrease in Val homozygotes.

Overall, our results indicate two disparate patterns of brain tissue volume recovery for the
BDNF Val homozygotes and Val/Met heterozygotes in this alcohol-dependent cohort:
Val/Val was associated with significant volume increases restricted to cortical GM, while
Val/Met was primarily related to volume increases in lobar WM. Despite the genotype-
specific longitudinal changes, there were no significant cross-sectional regional volume
differences between Val homozygotes and Val/Met heterozygotes at baseline or follow-up.
However, the alcohol-dependent Val homozygotes had significantly larger ICV compared
with their VVal/Met heterozygous counterparts. Cole et al. (2011) reported smaller ICV for
Met carriers compared with VVal homozygotes with major depression, but this difference was
not apparent in healthy controls (Bueller et al. 2006; Cole et al. 2011), despite high
heritability of ICV (Glahn et al. 2007). The lack of BDNF genotyping for our control
participants in this study and the small control sample did not allow assessing the effects of

Genes Brain Behav. Author manuscript; available in PMC 2014 August 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Mon et al.

Page 9

BDNF Val66Met polymorphism on ICV in controls. Our light-drinking controls showed no
regional GM or WM volume changes over 7 months, and none of our alcohol consumption
measures were associated with brain tissue volume change over the 4-week-interval in ALC;
together, this data suggest that the observed ALC volume changes were indeed related to
structural changes over approximately 1 month of abstinence, and several of these regional
changes were mediated by BDNF genotype.

Given that BDNF is associated with neuronal survival, neuronal growth and synaptic
plasticity in the adult brain (Lu 2003), our observation of significant longitudinal recovery
of cortical and subcortical GM in only Val homozygous ALC over 1 month of abstinence is
congruent with the action of BDNF binding with tyrosine kinase (Trk) B receptors in the
cortex. Both BDNF and TrkB show high expression in the cortex, and BDNF-mediated
activation of TrkB is associated with dendritic growth, axonal outgrowth and synaptic
plasticity (Bath and Lee 2006). As the Met allele is associated with suppressed secretion of
BDNF and its extracellular trafficking (Egan et al. 2003; Chen et al. 2004), the reportedly
higher concentrations of BDNF in blood of Val homozygotes relative to Met allele carriers
(Egan et al. 2003; Duncan et al. 2009) appears consistent with our observation of greater
cortical GM recovery in Val homozygotes. In mammals, optimal neuronal growth and
survival depends on the concentration of growth and neurotrophic factors, such as BDNF
(Davies 2000; Hetman and Gozdz 2004).

On the other hand, the significant lobar WM volume increases observed in Val/Met
heterozygotes seem counterintuitive, because BDNF is associated with promotion of central
nervous system (CNS) myelination. Specifically, BDNF knock-out mice (a single Val allele
deleted) exhibited hypo-myelination in the optic nerve, hippocampus, cerebellum and cortex
after 21 days of delivery (Cellerino et al. 1997), suggesting the necessity of BDNF for
normal CNS myelination. This observation was confirmed by two other studies in the
developing brain of mice models (Vondran et al. 2010; Xiao et al. 2010). Given that BDNF
has been described as a promyelination neurotrophin in the developing brain (Cellerino et al.
1997; Vondran et al. 2010; Xiao et al. 2010), we predicted our VVal homozygous ALC would
show increases in regional WM volumes; instead, the VVal/Met heterozygotes showed greater
WM volume increases during short-term abstinence than the Val homozygotes. These
discrepancies may be related to differences in BDNF activity during brain development and
brain repair of the adult brain after removal of a chronic insult (here alcohal).

In the combined ALC group (i.e. Val homozygotes + Val/Met heterozygotes), longitudinal
changes in regional cortical and subcortical GM volumes during abstinence were positively
associated with improvement in neurocognition. Most notably, increases in all cortical and
subcortical GM regions were related to improving visuospatial learning. Additionally,
changes in measures of working memory related positively to frontal and parietal GM
volume increases; and improvement in measures of processing speed related positively to
parietal GM volume increases. On the other hand, longitudinal increases in WM volumes,
which were observed mainly in the Val/Met heterozygotes, were not associated with
improvement in any neurocognitive measure. This may suggest that the WM increases
observed primarily in Val/Met heterozygotes were of little functional significance in this
cohort. However, the complexity of the cortical—cortical and cortical-subcortical WM

Genes Brain Behav. Author manuscript; available in PMC 2014 August 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Mon et al.

Page 10

interconnectivity is not well captured by our lobar WM volumetric measures (Pfefferbaum
and Sullivan 2005); volumetrics cannot determine if remyelination, a likely contributor to
the WM volume increases (Harper 2009; Sullivan and Pfefferbaum 2005), is the primary
contributing factor to the WM increases demonstrated here by Val/Met heterozygotes. More
regionally specific measures of WM microstructural integrity provided by diffusion
weighted imaging measures (i.e. fractional anisotropy, radial and longitudinal diffusivity)
may serve as better proxies of neurocognitive function (Chiang et al. 2011; Pfefferbaum et
al. 2000; Pfefferbaum et al. 2005; Pfefferbaum and Sullivan 2005) and may assist in
determining if the WM volume increases are indeed related to myelination.

We expected that the observed differential recovery rates of regional GM and WM volumes
between the two genotypes (which were statistically equivalent at TP1) would result in
cross-sectional group differences at 1 month of abstinence. However, we observed
statistically similar regional brain volumes between genotypic groups at the 1-month follow-
up (i.e. TP2). The 1-month scan interval may not have been of sufficient duration to allow
the observed differences in recovery rates between the groups to result in significant volume
differences at TP2. If Val homozygotes and Val/Met heterozygotes continue to show
different rates of change between regional GM and WM tissue volumes, significant cross-
sectional differences may become apparent with extended abstinence.

This study has limitations which may affect the generalizability of our findings. The sample,
although of adequate size for neuroimaging studies, was relatively small for genetic
research. However, our analysis focused on only one specific common polymorphism with a
demonstrated influence on human brain morphology. The majority of the participants were
males, which precluded assessment of potential sex effects on regional tissue volumes. Also,
we did not have a control sample with BDNF genotypes for comparisons of genotype-
specific regional brain volumes. Furthermore, we did not evaluate our alcohol-dependent
participants for DSM-IV Axis 1l disorders, such as antisocial personality disorders (Grant et
al. 2004; Pridmore et al. 2005), and we did not measure potential group differences in
nutrition, exercise and other genetic predispositions.

In summary, the BDNF Val66Met (rs6265) polymorphism was significantly related to the
recovery of regional GM and WM tissue volumes within the first 5 weeks of sobriety,
suggesting genetic influences on brain tissue changes during abstinence from alcohol in this
alcohol-dependent cohort. Significant associations of cortical and sub-cortical GM volume
increases (observed predominantly in Val homozygotes) with improved performance on
multiple neurocognitive abilities during short-term abstinence highlight the functional
relevance of genotype-specific brain tissue recovery during abstinence from alcohol. To
better understand the mechanisms contributing to long-term morphological changes in
alcohol use disorders, it is necessary to determine the influence of the BDNF Val66Met
polymorphism, (and other polymorphisms associated brain morphology (e.g. superoxide
dismutase; Srivastava et al. 2010) on changes in regional brain volumes and other
morphometrics (e.g. cortical thickness) with extended abstinence from alcohol. Although the
mechanisms by which BDNF genotype and protein mediate brain tissue recovery in
abstinent ALC are unknown, these neuroimaging findings highlight the need to consider
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genetic factors such as BDNF in the treatment of alcohol use disorders, as gene variants may
influence the pattern of brain tissue recovery and associated neurocognitive improvements.

Acknowledgments

The authors wish to thank Drs. Christoph Abé, Susanna Fryer and Wendy Ootemann for their various contributions
to the research and preparation of this manuscript. This work was supported by the National Institutes of Health
(AA10788 to D.J.M.; DA24136 to T.C.D.) and by the use of resources and facilities at the San Francisco Veterans
Administration Medical Center.

References

American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 4. American
Psychiatric Association; Washington D.C: 1994.

Bath KG, Lee FS. Variant BDNF (Val66Met) impact on brain structure and function. Cogn Affect
Behav Neurosci. 2006; 6:79-85. [PubMed: 16869232]

Beck, AT. Depression Inventory. Center for Cognitive Therapy; Philadelphia, PA: 1978.

Benedict, R. Brief Visuospatial Memory Test - Revised: Professional Manual. Psychological
Assessment Resources Inc; Odessa, FL: 1997.

Bueller JA, Aftab M, Sen S, Gomez-Hassan D, Burmeister M, Zubieta JK. BDNF Val®Met allele is
associated with reduced hippocampal volume in healthy subjects. Biol Psychiatry. 2006; 59:812—
815. [PubMed: 16442082]

Bihler M, Mann K. Alcohol and the human brain: a systematic review of different neuroimaging
methods. Alcohol Clin Exp Res. 2011; 35:1771-1793. [PubMed: 21777260]

Cellerino A, Carroll P, Thoenen H, Barde YA. Reduced size of retinal ganglion cell axons and
hypomyelination in mice lacking brain-derived neurotrophic factor. Mol Cell Neurosci. 1997;
9:397-408. [PubMed: 9361277]

Chen ZY, Patel PD, Sant G, Meng CX, Teng KK, Hempstead BL, Lee FS. Variant brain-derived
neurotrophic factor (BDNF) (Met66) alters the intracellular trafficking and activity-dependent
secretion of wild-type BDNF in neurosecretory cells and cortical neurons. J Neurosci. 2004;
24:4401-4411. [PubMed: 15128854]

Chiang MC, McMahon KL, de Zubicaray Gl, Martin NG, Hickie I, Toga AW, Wright MJ, Thompson
PM. Genetics of white matter development: a DTI study of 705 twins and their siblings aged 12 to
29. Neuroimage. 2011; 54:2308-2317. [PubMed: 20950689]

Cole J, Weinberger DR, Mattay VS, Cheng X, Toga AW, Thompson PM, Powell-Smith G, Cohen-
Woods S, Simmons A, McGuffin P, Fu CHY. No effect of SHTTLPR or BDNF Val66Met
polymorphism on hippocampal morphology in major depression. Genes Brain Behav. 2011;
10:756-764. [PubMed: 21692988]

Davies AM. Neurotrophins: neurotrophic modulation of neurite growth. Curr Biol. 2000; 10:R198-
R200. [PubMed: 10712898]

Delis, DC.; Kramer, JH.; Kaplan, E.; Ober, BA. California Verbal Learning Test. 2. The Psychological
Corporation; San Antonio, TX: 2000.

Duncan LE, Hutchison KE, Carey G, Craighead WE. Variation in brain-derived neurotrophic factor
(BDNF) gene is associated with symptoms of depression. J Affect Disord. 2009; 115:215-219.
[PubMed: 18842305]

Durazzo TC, Gazdzinski S, Banys P, Meyerhoff DJ. Cigarette smoking exacerbates chronic alcohol-
induced brain damage: a preliminary metabolite imaging study. Alcohol Clin Exp Res. 2004;
28:1849-1860. [PubMed: 15608601]

Durazzo TC, Rothlind JC, Gazdzinski S, Banys P, Meyerhoff DJ. Chronic smoking is associated with
differential neurocognitive recovery in abstinent alcoholic patients: a preliminary investigation.
Alcohol Clin Exp Res. 2007; 31:1114-1127. [PubMed: 17451399]

Durazzo TC, Meyerhoff DJ, Nixon SJ. Chronic cigarette smoking: implications for neurocognition and
brain neurobiology. Int J Environ Res Public Health. 2010; 7:3760-3791. [PubMed: 21139859]

Genes Brain Behav. Author manuscript; available in PMC 2014 August 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Mon et al.

Page 12

Egan MF, Kojima M, Callicott JH, Goldberg TE, Kolachana BS, Bertolino A, Zaitsev E, Gold B,
Goldman D, Dean M, Lu B, Weinberger DR. The BDNF val66met polymorphism affects activity-
dependent secretion of BDNF and human memory and hippocampal function. Cell. 2003;
112:257-269. [PubMed: 12553913]

Eker C, Kitis O, Ozan E, Okur H, Eker OD, Ersoy MA, Akdeniz F, Vahip S, Akarsu N, Gonul AS.
BDNF gene val66met polymorphism associated grey matter changes in human brain. Bul Clin
Psychopharm. 2005; 15:104-111.

Ernfors P, Kucera J, Lee KF, Loring J, Jaenisch R. Studies on the physiological role of brain-derived
neurotrophic factor and neurotrophin-3 in knockout mice. Int J Dev Biol. 1995; 39:799-807.
[PubMed: 8645564]

First, MB.; Spitzer, RL.; Gibbon, M.; Williams, JBW. Structured Clinical Interview for DSM-1V Axis
I Disorders — Patient Edition (SCID-I/P, Version 2.0, 8/98 revision). Biometrics Research
Department; New York: 1998.

Forlenza OV, Diniz BS, Teixeira AL, Ojopi EB, Talib LL, Mendonca VA, 1zzo G, Gattaz WF. Effect
of brain-derived neurotrophic factor Val66Met polymorphism and serum levels on the progression
of mild cognitive impairment. World J Biol Psychiatry. 2010; 11:774-780. [PubMed: 20491609]

Frodl T, Schille C, Schmitt G, Born C, Baghai T, Zill P, Bottlender R, Rupprecht R, Bondy B, Reiser
M, Méller HJ, Meisenzahl EM. Association of the brain-derived neurotrophic factor val66Met
polymorphism with reduced hippocampal volumes in major depression. Arch Gen Psychiatry.
2007; 64:410-416. [PubMed: 17404118]

Gazdzinski S, Durazzo TC, Meyerhoff DJ. Temporal dynamics and determinants of whole brain tissue
volume changes during recovery from alcohol dependence. Dru Alc Dep. 2005; 78:263-273.

Ge Y, Grossman RI, Babb JS, Rabin ML, Mannon LJ, Kolson DL. Age-related total gray matter and
white matter changes in normal adult brain. Part I: volumetric MR imaging analysis. AJNR Am J
Neuroradiol. 2002; 23:1327-1333. [PubMed: 12223373]

Glahn DC, Paus T, Thompson PM. Imaging genomics: mapping the influence of genetics on brain
structure and function. Hum Brain Mapp. 2007; 28:461-463. [PubMed: 17471577]

Good CD, Johnsrude 1J, Ashburner J, Henson RNA, Friston KJ, Frackowiak RSJ. A voxel-based
morphometric study of ageing in 465 normal adult human brains. Neuroimage. 2001; 14:21-36.
[PubMed: 11525331]

Grant B, Stinson F, Dawson D, Chou SP, Dufour M, Compton W, Pickering RP, Kaplan K. Prevalence
and co-occurance of substance use disorders and independent mood and anxiety disorders. Arch
Gen Psychiatry. 2004; 61:807-816. [PubMed: 15289279]

Hariri AR, Goldberg TE, Mattay VS, Kolachana BS, Callicott JH, Egan MF, Weinberger DR. Brain-
derived neurotrophic factor val66met polymorphism affects human memory-related hippocampal
activity and predicts memory performance. J Neurosci. 2003; 23:6690-6694. [PubMed: 12890761]

Harper C. The neuropathology of alcohol-related brain damage. Alcohol Alcohol. 2009; 44:136-140.
[PubMed: 19147798]

Hashimoto R, Hirata Y, Asada T, Yamashita F, Nemoto K, Mori T, Moriguchi Y, Kunugi H, Arima K,
Ohnishi T. Effect of the brain-derived neurotrophic factor and the apolipoprotein E
polymorphisms on disease progression in preclinical Alzheimer’s disease. Genes Brain Behav.
2009; 8:43-52. [PubMed: 18786162]

Hasin DS, Stinson FS, Ogburn E, Grant BF. Prevalence, correlates, disability, and comorbidity of
DSM-1V alcohol abuse and dependence in the United States: results from the National
Epidemiologic Survey on Alcohol and Related Conditions. Arch Gen Psychiatry. 2007; 64:830—
842. [PubMed: 17606817]

Hetman M, Gozdz A. Role of extracellular signal regulated kinases 1 and 2 in neuronal survival. Eur J
Biochem. 2004; 271:2050-2055. [PubMed: 15153093]

Ho BC, Andreasen NC, Dawson JD, Wassink TH. Association between brain-derived neurotrophic
factor Val66Met gene polymorphism and progressive brain volume changes in schizophrenia. Am
J Psychiatry. 2007; 164:1890-1899. [PubMed: 18056245]

Hofer M, Pagliusi SR, Hohn A, Leibrock J, Barde YA. Regional distribution of brain-derived
neurotrophic factor mRNA in the adult mouse brain. EMBO J. 1990; 9:2459-2464. [PubMed:
2369898]

Genes Brain Behav. Author manuscript; available in PMC 2014 August 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Mon et al.

Page 13

Lu B. Pro-region of neurotrophins: role in synaptic modulation. Neuron. 2003; 39:735-738. [PubMed:
12948441]

Mertens JR, Lu YW, Parthasarathy S, Moore C, Weisner CM. Medical and psychiatric conditions of
alcohol and drug treatment patients in an HMO: comparison with matched controls. Arch Intern
Med. 2003; 163:2511-2517. [PubMed: 14609789]

Mertens JR, Weisner C, Ray GT, Fireman B, Walsh K. Hazardous drinkers and drug users in HMO
primary care: prevalence, medical conditions, and costs. Alcohol Clin Exp Res. 2005; 29:989-998.
[PubMed: 15976525]

Miyajima F, Ollier W, Mayes A, Jackson A, Thacker N, Rabbitt P, Pendleton N, Horan M, Payton A.
Brain-derived neurotrophic factor polymorphism Val66Met influences cognitive abilities in the
elderly. Genes Brain Behav. 2008; 7:411-417. [PubMed: 17973920]

Murer MG, Yan Q, Raisman-Vozari R. Brain-derived neurotrophic factor in the control human brain,
and in Alzheimer’s disease and Parkinson’s disease. Prog Neurobiol. 2001; 63:71-124. [PubMed:
11040419]

Nemoto K, Ohnishi T, Mori T, Moriguchi Y, Hashimoto R, Asada T, Kunugi H. The Val66Met
polymorphism of the brain-derived neurotrophic factor gene affects age-related brain morphology.
Neurosci Lett. 2006; 397:25-29. [PubMed: 16388901]

Parekh RS, Klag MJ. Alcohol: role in the development of hypertension and end-stage renal disease.
Curr Opin Nephrol Hypertens. 2001; 10:385-390. [PubMed: 11342802]

Pezawas L, Verchinski BA, Mattay VS, Callicott JH, Kolachana BS, Straub RE, Egan MF, Meyer-
Lindenberg A, Weinberger DR. The brain-derived neurotrophic factor val66met polymorphism
and variation in human cortical morphology. J Neurosci. 2004; 24:10099-10102. [PubMed:
15537879]

Pfefferbaum A, Lim KO, Zipursky RB, Mathalon DH, Rosenbloom MJ, Lane B, Ha CN, Sullivan E.
Brain gray and white matter volume loss accelerates with aging in chronic alcoholics: a
quantitative MRI study. Alcohol Clin Exp Res. 1992; 16:1078-1089. [PubMed: 1471762]

Pfefferbaum A, Sullivan EV, Mathalon DH, Shear PK, Rosenbloom MJ, Lim KO. Longitudinal
changes in magnetic resonance imaging brain volumes in abstinent and relapsed alcohalics.
Alcohol Clin Exp Res. 1995; 19:1177-1191. [PubMed: 8561288]

Pfefferbaum A, Sullivan EV, Hedehus M, Adalsteinsson E, Lim KO, Moseley M. In vivo detection
and functional correlates of white matter microstructural disruption in chronic alcoholism. Alcohol
Clin Exp Res. 2000; 24:1214-1221. [PubMed: 10968660]

Pfefferbaum A, Sullivan EV. Disruption of brain white matter microstructure by excessive intracellular
and extracellular fluid in alcoholism: evidence from diffusion tensor imaging.
Neuropsychopharmacology. 2005; 30:423-432. [PubMed: 15562292]

Phillips HS, Hains JM, Larmee GR, Rosenthal A, Winslow JW. Widespread expression of BDNF but
not NT3 by target areas of basal forebrain cholinergic neurons. Science. 1990; 250:290-294.
[PubMed: 1688328]

Pridmore S, Chambers A, McArthur M. Neuroimaging in psychopathy. Aust N Z J Psychiatry. 2005;
39:856-865. [PubMed: 16168013]

Raz N, Rodrigue KM, Kennedy KM, Land S. Genetic and vascular modifiers of age-sensitive
cognitive skills: effects of COMT, BDNF, ApoE, and hypertension. Neuropsychology. 2009;
23:105-116. [PubMed: 19210038]

Sankoh AJ, Huque MF, Dubey SD. Some comments on frequently used multiple endpoint adjustment
methods in clinical trials. Stat Med. 1997; 16:2529-2542. [PubMed: 9403954]

Skinner HA, Sheu WJ. Reliability of alcohol use indices: the lifetime drinking history and the MAST.
J Stud Alcohol Suppl. 1982; 43:1157-1170.

Sobell LC, Sobell MB, Riley DM, Schuller R, Pavan DS, Cancilla A, Klajner F, Leo GI. The
reliability of alcohol abusers’ self-reports of drinking and life events that occurred in the distant
past. J Stud Alcohol Suppl. 1988; 49:225-232.

Sobell LC, Sobell MB. Self-reports issues in alcohol abuse: State of the art and future directions.
Behav Assess. 1990; 12:77-90.

Spielberger, CD.; Gorsuch, RL.; Lushene, R.; Vagg, PR.; Jacobs, GA. State-trait anxiety inventory for
adults. Consulting Psychologists’ Press; Palo Alto, CA: 1977.

Genes Brain Behav. Author manuscript; available in PMC 2014 August 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Mon et al.

Page 14

Srivastava V, Buzas B, Momenan R, Oroszi G, Pulay AJ, Enoch MA, Hommer DW, Goldman D.
Association of SOD2, a mitochondrial antioxidant enzyme, with gray matter volume shrinkage in
alcoholics. Neuropsychopharmacology. 2010; 35:1120-1128. [PubMed: 20043000]

Stinson FS, Grant BF, Dawson DA, Ruan WJ, Huang B, Saha T. Comorbidity between DSM-1V
alcohol and specific drug use disorders in the United States: results from the National
Epidemiologic Survey on Alcohol and Related Conditions. Drug Alcohol Depend. 2005; 80:105—
116. [PubMed: 16157233]

Studholme C, Cardenas V, Weiner M. Multi-scale image and multi-scale deformation of brain
anatomy for building average brain atlases. Proceedings SPIE medical imaging. 2001; 4322—
60:557-568.

Studholme C, Cardenas V, Maudsley A, Weiner M. An intensity consistent filtering approach to the
analysis of deformation tensor derived maps of brain shape. Neuroimage. 2003; 19:1638-1649.
[PubMed: 12948718]

Sullivan EV, Pfefferbaum A. Neurocircuitry in alcoholism: a substrate of disruption and repair.
Psychopharmacology (Berl). 2005; 180:583-594. [PubMed: 15834536]

Sullivan J, Sykora K, Schneiderman J, Naranjo C, Sellers E. Assesment of alcohol withdrawal: the
revised clinical institute withdrawal assessment for alcohol scale. Br J Addict. 1989; 84:1353—
1357. [PubMed: 2597811]

Takahashi T, Suzuki M, Tsunoda M, Kawamura Y, Takahashi N, Tsuneki H, Kawasaki Y, Zhou SY,
Kobayashi S, Sasaoka T, Seto H, Kurachi M, Ozaki N. Association between the brain-derived
neurotrophic factor Val66Met polymorphism and brain morphology in a Japanese sample of
schizophrenia and healthy comparisons. Neurosci Lett. 2008; 435:34-39. [PubMed: 18325670]

Tsai SJ, Hong CJ, Yu YW, Chen TJ. Association study of a brain-derived neurotrophic factor (BDNF)
Val66Met polymorphism and personality trait and intelligence in healthy young females.
Neuropsychobiology. 2004; 49:13-16. [PubMed: 14730195]

Van Leemput K, Maes F, Vandermeulen D, Suetens P. Automated model-based tissue classification of
MR images of the brain. IEEE Trans Med Imaging. 1999; 18:897-908. [PubMed: 10628949]

Vondran MW, Clinton-Luke P, Honeywell JZ, Dreyfus CF. BDNF+/- mice exhibit deficits in
oligodendrocyte lineage cells of the basal forebrain. Glia. 2010; 58:848-856. [PubMed: 20091777]

Wechsler, D. Wechsler Memory Scale - 111 (WMS - 111). 3. The Psychological Corporation; San
Antonio, TX: 1997.

Wetmore C, Ernfors P, Persson H, Olson L. Localization of brain-derived neurotrophic factor mMRNA
to neurons in the brain by in situ hybridization. Exp Neurol. 1990; 109:141-152. [PubMed:
2379553]

Xiao J, Wong AW, Willingham MM, van den Buuse M, Kilpatrick TJ, Murray SS. Brain-derived
neurotrophic factor promotes central nervous system myelination via a direct effect upon
oligodendrocytes. Neurosignals. 2010; 18:186-202. [PubMed: 21242670]

Genes Brain Behav. Author manuscript; available in PMC 2014 August 21.



1duosnue Joyny vd-HIN 1duosnue N JoyINy Vd-HIN

1duosnue Joyiny vd-HIN

Mon et al.

Page 15

_. D4
o
R =3 Val homozygotes
E 03 2 Val/Met heterozygotes
=]
5
5 02 .
= [ /:’;/
= i /’C‘/‘
E 7/
% 01 4 £,
= <
L o // A
o // /1
= 0o s L
L
E
=
S -01
=
(%]
& -0.2

fGM VM

Figure 1.
Frontal gray and white matter volume changes in Val homozygotes and Val/Met

heterozygotes between TP1 and TP2 (i.e. ICV-normalized TP2 volume — ICV-normalized
TP1 volume).

Val homozygotes increased significantly in gray matter (P < 0.001) but not in white matter,
while Val/Met heterozygotes increased significantly in white matter (P = 0.020) but not gray
matter.
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Longitudinal volume changes of regional brain tissues in non-smoking light-drinking

controls.

Top: gray and white matter in frontal (left) and parietal lobes (right); bottom: gray matter in

subcortex and caudate (left) and in thalamus and lenticular nuclei (right).
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Demographics, frequency of smoking, alcohol consumption and blood variables of the longitudinal ALC

sample at TP1

Variable Combined genotypes  Val homozygotes Val/Met heterozygotes
N (females) 41 (5) 26 (3) 15 (2)
Age (years) 50.8 +10.6 51.3+9.4 49.9+12.6
Education (years) 143+24 143+25 143+24
8 years average (drinks per month) 295 + 140 308 + 155 274 £ 112
3 years average (drinks per month) 344 + 162 363 + 185 310 £ 109
1-year average (drinks per month) 363 +181 379 £ 214 321+ 96
Lifetime average (drinks per month) 196 + 100 204 £ 111 183 + 81
Age of onset of heavy drinking (years) 27+ 10 26+9 27+12
Months of heavy drinking 239 £ 102 240 £ 97 239+ 114
TP1 (days) 6.5+33 65+25 6.5+3.1
Smokers (%) 50 43 65
Pre-albumin (g/dI) 275+88 27.0+10.9 30.0+10.3
Albumin (g/dI) 46+03 44+05 41+03
AST (1U) 39.8+26.7 36.6 + 16.0 37.0+17.1
SGPT-ALT (IU) 40.8+£21.2 429+23.1 47.7+£223
WBC 6.6 +1.7 6.7+2.2 7215
RBC 44+04 44+05 44+0.2
Hemoglobin 142+13 143+15 143+1.0
Hematocrit 41.2+3.8 411+4.4 41922
GGT (IU) 75.8+56.3 77.2+63.1 101.3+57.8
AMNART 1146 £8.2 1151+7.0 116.8 +12.9
BDI 12.4+9.0 11.8+9.2 12.6 £10.0
STAI Y-2 45.9+95 46.3+11.4 422+9.7
CIWA 1422 20+28 15+138
BMI 27656 282+438 27.0+54

Months heavy drinking denotes number of months of >100 alcoholic drinks per month.

AMNART, American National Adult Reading Test; AST, aspartate aminotransferase; BDI, Beck Depression Inventory; BMI, body mass index;
CIWA, clinical institute withdrawal assessment; GGT, j-glutamyltransferase, RBC, red blood cells; STAI Y-2, State-trait Anxiety Inventory —
State; WBC, white blood cells; local normal range = 7-64; Lifetime average, number of alcoholic drinks per month over lifetime; Prealbumin, local

normal range = 18-45.
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Associations of longitudinal changes in neurocognitive measures with longitudinal changes in brain tissue
volumes in ALC; both genotypes combined

Neurocognitive measure Region Parameter estimate (Slope + SE)  P-value
BVMT-R learning Frontal GM 0.05+0.02 0.043
WAIS-III digit span 0.04+£0.02  0.032
WAIS-II1 digit symbol 0.26 +0.11 0.019
WAIS-111 symbol search 0.06 £ 0.03 0.021
BVMT-R learning Parietal GM 0.10+0.04  0.019
WAIS-III digit span 0.06 +0.03 0.032
WAIS-II1 digit symbol 0.32+0.10 0.002
WAIS-II1 symbol search 0.11 £ 0.05 0.017
BVMT-R learning Temporal GM 0.09 £ 0.04 0.010
Occipital GM 0.14 +0.07 0.041
Caudate GM 1.09+052 0.038
Lenticular GM 142+0.44  0.002
Thalamic GM 1.03+0.42 0.002
Cerebellum 0.10+0.05  0.002
Total cortical GM 0.024+£0.01  0.002

BVMT-R, Brief Visuo-spatial Memory Test-Revised.
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