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Abstract

Alcohol use and misuse is known to involve structural brain changes. Numerous imaging studies
have examined changes in gray matter (GM) volumes in dependent drinkers, but there is little
information on whether non-dependent drinking is associated with structural changes and whether
these changes are related to psychological factors — such as alcohol expectancy — that influence
drinking behavior. We used voxel based morphometry (VBM) to examine whether the global
positive scale of alcohol expectancy, as measured by the Alcohol Expectancy Questionnaire
AEQ-3, is associated with specific structural markers and whether such markers are associated
with drinking behavior in 113 adult non-dependent drinkers (66 women). Alcohol expectancy is
positively correlated with GM volume of left precentrral gyrus (PCG) in men and women
combined and bilateral superior frontal gyri (SFG) in women, and negatively correlated with GM
volume of the right ventral putamen in men. Furthermore, mediation analyses showed that the GM
volume of PCG mediate the correlation of alcohol expectancy and the average number of drinks
consumed per occasion and monthly total number of drinks in the past year. When recent drinking
was directly accounted for in multiple regressions, GM volume of bilateral dorsolateral prefrontal
cortices (DLPFC) correlated positively with alcohol expectancy in the combined sample. To our
knowledge, these results are the first to identify the structural brain correlates of alcohol
expectancy and its mediation of drinking behaviors. These findings suggest that more studies are
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needed to investigate increased GM volume in the frontal cortices as a neural correlate of alcohol
expectancy.

cerebral morphometry; frontal cortex; gender difference; positive alcohol expectancy; prefrontal
cortex; social drinkers

Introduction

According to the National Epidemiologic Survey on Alcohol and Related Conditions,
approximately 70 percent of young adults in the United States consumed alcohol in the year
2004. Many of these 19 million individuals are engaged in heavy and binge drinking and
become alcohol dependent. Alcohol dependence involves a wide range of serious medical
and non-medical conditions such as alcohol-related liver diseases, violence, and traffic
accidents. Understanding the psychological and neural processes leading to heavy, habitual
and uncontrollable use of alcohol is an important public health issue.

An important psychological factor that contributes to alcohol misuse is alcohol expectancy.
Alcohol expectancy describes expectancy of alcohol effects, as can be measured by the
Alcohol Expectancy Questionnaire (AEQ, (Brown et al., 1980)). It is posited that alcohol
use behavior is related to individuals’ learning and experience with the outcome of alcohol
use (Brown et al., 1985). A belief that “drinking makes it easier to concentrate on the good
feelings | have at the time” — a global positive expectancy on the AEQ — is conducive to
alcohol consumption.

Clinical and behavioral studies provided evidence validating alcohol expectancy as a
psychological construct in relation to alcohol use. For instance, alcohol expectancy mediates
attentional bias to alcohol-related cues in social drinkers (Field et al., 2011; Townshend and
Duka, 2001). Alcohol expectancy predicted alcohol involvement in adolescents (Cranford et
al., 2010; Shell et al., 2010; Urban et al., 2008) as well as alcohol consumption and
hazardous drinking in young adults (Supplementary references S1-S8). In young adults,
alcohol expectancy mediates the association between reward sensitivity and hazardous
alcohol use (Gullo et al., 2010) and may predict or interact with impulsivity, social anxiety,
or mood state to predict alcohol use and alcohol-related problems (Fu et al., 2007; McCarthy
et al., 2001; Meade Eggleston et al., 2004; Stein et al., 2000; Zamboanga, 2006).
Furthermore, challenges to positive alcohol expectancy in multiple behavioral sessions
reduced alcohol consumptions in young heavy drinkers (Dunn et al., 2000; Wiers and
Kummeling, 2004). Changes in alcohol expectancy over the treatment period predicted
outcome in dependent patients undergoing cognitive behavioral therapy (Young et al.,
2011). Together, these studies support the conceptual import and utility of alcohol
expectancy as a psychological risk factor and predictor of alcohol misuse.

Brain imaging is a powerful tool to unravel the cerebral processes underlying alcohol
misuse. Alcohol expectancy seemed to be associated with anterior cingulate activation
during working memory and vigilance tasks in adolescents (Gundersen et al., 2008; Pulido
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et al., 2009). However, to our knowledge, there have not been systematic studies of alcohol
expectancy as a neural endophenotype of alcohol misuse (Goldman, 2002). Recently,
investigators showed that inter-subject behavioral variability can be predicted by local
structure of white and gray matters, as measured by voxel-based morphometry (VBM,
(Ashburner and Friston, 2000)). The association between individual behavior and brain
anatomy has been observed in a wide range of laboratory tasks involving perception and
decision making, as well as general intelligence (Haier et al., 2004) and the Big Five
personality traits (Supplementary references S9-S12). Investigation of the cerebral
morphometrical correlates of alcohol expectancy may inform an important intermediate
phenotype of alcohol use and misuse.

As a step to understanding the structural cerebral basis of alcohol use behaviors, the current
study examined the gray matter (GM) volume correlates of alcohol expectancy in non-
dependent drinkers. The AEQ underwent several revisions since its introduction by Brown
et al. (1980), and in a recent version (AEQ-3,(George et al., 1995)), alcohol expectancy
comprises eight subscales. Although the expectancy subcomponents are statistically
discernible, the high subscale inter-correlations (ranging from r=0.42 to 0.92, mean=0.78)
suggest that the degree of distinctiveness among the subscales is at best modest ((George et
al., 1995); see also Results). Thus, in the current study, we focused on the global positive
factor as a variable to identify inter-subject variations in the GM volume correlates of
alcohol expectancy. Furthermore, because alcohol expectancy is likely to be associated with
alcohol use, which is known to affect cerebral structures, we assessed the correlation of the
structural changes with recent alcohol use and how these structural alterations mediate the
relationship between alcohol expectancy and recent alcohol use. In particular, because men
and women show important differences in their drug and alcohol using behaviors and
clinical profiles of substance/alcohol use disorders (Beck et al., 1995; Brady and Randall,
1999; Derringer et al., 2010; Greenfield et al., 2010; Hensing and Spak, 2009; Kampov-
Polevoy et al., 2004; McGue et al., 1997; Schulte et al., 2009), we explored these structural
correlates in a sample combining men and women as well as separately in men and women.

We adopted an exploratory approach in the current study, because, to our knowledge, no
studies have examined the structural cerebral bases of alcohol expectancy. On the other
hand, although there were no known studies on the structural correlates of alcohol
expectancy, a few functional imaging and evoked potential studies may provide useful
information for more focused analyses (Anderson et al., 2005; Deckel et al., 1995;
Gundersen et al., 2008). In particular, Gundersen and colleagues directly manipulated
alcohol expectancy in a working memory task and observed greater activation of precentral
cortices when participants expected to receive alcohol (Gundersen et al., 2008). Similarly,
Deckel and colleagues demonstrated that alcohol expectancy is related to frontal functioning
in an electroencephalographics study (Deckel et al., 1995). Thus, we also focused on the
frontal cortex including the precentral gyrus as a specific region of interest, in addition to
voxelwise whole brain analyses.
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Materials and Methods

Subjects and Assessment

Study participants were recruited from flyers posted in the greater New Haven, Connecticut
area. All participants were screened to be free of major medical illness, past or present
neurological (e.g., epilepsy, learning impairments, head trauma) and psychiatric illnesses
including substance (except nicotine) use disorders (SCID-I for DSM-1V; (Supplementary
reference S13), denied current use of illicit substance, and showed negative urine toxicology
tests for stimulants, opioids, marijuana, and benzodiazepines at the time of initial screening
and fMRI. Individuals who were using any psychotropic medications were not invited to
participate in the study. Pregnant or lactating women were also excluded. Participants were
further required to be free of MRI-contraindications based on the Yale Magnetic Resonance
Research Center’s safety guidelines.

One hundred and thirteen social drinkers (66 women; age 32 + 14 years; all right-handed)
were invited and paid to participate. All participants completed questionnaires regarding
their alcohol use over the past year, including average number of days of alcohol use and the
average number of drinks consumed per occasion, framed on a monthly basis. Alcohol use
data were also collected for the Alcohol Use Disorders Identification Test (AUDIT) scores
(S14). AUDIT scores are calculated from the sum of ten self-report questions regarding
level of alcohol use, alcohol-related problems, and concern expressed by others for one’s
drinking behavior. Each question receives a score ranging from 0 to 4, with higher numbers
corresponding to a greater level of risk for having or developing an alcohol use disorder.
The mean (xSD) AUDIT scores were 3.0 (x2.5) for women, 4.4 (£3.6) for men, and 3.6
(x3.1) for women and men combined. These AUDIT scores appeared to be typical of non-
dependent drinkers and are significantly lower than those reported for alcohol dependent
individuals (S15). In an effort to examine the relationship between alcohol expectancy and
recent alcohol consumption, we focused our analyses on self-reported monthly drinking
measures reported for the previous year. A summary of demographic and clinical measures
is presented in Table 1A.

Participants were assessed with the Alcohol Expectancy Questionnaire (AEQ-3; (S16)) and
the Barratt Impulsivity Scale (BIS-11, (S17)). The AEQ-3 consisted of 40 items to address
both positive (6 subscales) and negative (2 subscales) alcohol expectancy. Each subscale
contains 4 to 6 statements that can be endorsed on a six-point scale, from “disagree strongly
(1)” to “agree strongly (6)”. The global positive subscale contains five items and thus ranges
from 5 to 30 in total score, with a greater score indicating higher global positive alcohol
expectancy. The BIS-11 measured an impulsive personality trait, which has been implicated
in alcohol misuse and was included in the analyses as a covariate.

All subjects signed a written informed consent, in accordance to a protocol approved by the
Yale Human Investigation Committee.

Imaging protocol

Participants were scanned on a Siemens 3-Tesla scanner (Trio; Siemens AG, Erlangen,
Germany). Data for each participant consisted of a single high-resolution T1-weighted
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gradient-echo scan: 176 slices; 1 mm? isotropic voxels; field of view = 256 x 256 mm; data
acquisition matrix = 256 x 256; TR =2530 ms; TE = 3.66 ms, bandwidth = 181 Hz/pixel;
flip angle = 7°.

Voxel-based morphometry (VBM)

The aim of VBM is to identify differences in the local composition of brain tissue and its
association with behavioral and cognitive measures, while discounting large scale
differences in gross anatomy and position. This can be achieved by spatially normalizing
individuals’ structural images to the same stereotactic space, segmenting the normalized
images into distinct brain tissues, smoothing the gray-matter images, and performing a
statistical test to localize significant associations between anatomical and behavioral
measures (Ashburner and Friston, 2000).

Voxel-based morphometry was performed using the VBM8 toolbox (http://dbm.neuro.uni-
jena.de/vbm/) packaged in Statistical Parametric Mapping 8 (Wellcome Department of
Imaging Neuroscience, University College London, U.K.). T1-images were first co-
registered to the Montreal Neurological Institute or MNI template space (1.5 mm3 isotropic
voxels) using a multiple stage affine transformation, during which the 12 parameters were
estimated. Co-registration started with a coarse affine registration using mean square
differences, followed by a fine affine registration using mutual information. In this step,
coefficients of the basis functions that minimize the residual square difference (between
individual image and the template) were estimated. Tissue probability maps (TPM)
constructed from 471 healthy subjects were used in affine transformation. After affine
transformation, Tq-images were corrected for intensity bias field (kernel size FWHM =
60mm) and a local means denoising filter (Manjon et al., 2010) with default parameter 1 was
applied, to account for intensity variations (inhomogeneity) and noise caused by different
positions of cranial structures within MRI coil; and, finally, they were segmented into
cerebrospinal fluid, gray and white-matters, using an adaptive maximum a posteriori (MAP)
method (S18) with k-means initializations, as implemented in VBMS8, generating tissue class
maps (which included the grey matter or GM maps). In segmentation, partial volume
estimation (PVE) was performed with default parameter 5, with a simplified mixed model of
at most two tissue types (S19). Segmented and the initially registered tissue class maps were
normalized using Dartel (S20), a fast diffeomorphic image registration algorithm of SPM.
As a high-dimensional non-linear spatial normalization method, Dartel generates
mathematically consistent inverse spatial transformations. We used the standard Dartel
template in MNI space, constructed from 550 healthy subjects of the 1XI-database (http://
www.brain-development.org/), to drive the Dartel normalization. Normalized GM maps
were modulated to obtain the absolute volume of GM tissue corrected for individual brain
sizes. Finally, the GM maps were smoothed by convolving with an isotropic Gaussian
kernel. Smoothing helps to compensate for the inexact nature of spatial normalization and
reduces the number of statistical comparisons (thus making the correction for multiple
comparisons less severe); however, it reduces the accuracy of localization. Most VBM
studies used a kernel size of FWHM=12mm. We used a smaller kernel size of FWHM=8mm
to achieve localization accuracy.
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In group analyses, we used two models of multiple regressions, both of which were done for
women and men combined, as well as for women and men separately. In the first model, we
regressed the GM volumes of the whole brain against the alcohol expectancy (AEQ global
positive) score, with the Barratt Impulsivity Scale (BIS-11) score and age as covariates. We
included impulsivity score as a covariate because it has been reported to be associated with
GM volume differences (S21). Because recent drinking affects GM volumes, we considered
the influence of drinking in the past year by including drinking variables in the second
model. Thus, in this second multiple regression, we used alcohol expectancy score,
impulsivity score, age, and drinking variables, including the average monthly frequency of
drinking and the average number of drinks consumed in a single occasion, as regressors.

Mediation analysis

Results

To test whether GM volume variation of the regions of interest mediates the correlation
between alcohol expectancy and drinking variables, we performed mediation analyses (S22),
using the toolbox M3, developed by Tor Wager and Martin A. Lindquist (http://
wagerlab.colorado.edu/tools). Mediation analysis was successfully applied to fMRI of
emotion regulation (S23) and functional connectivity analysis (Ide and Li, 2011).

In a mediation analysis, the relation between the independent variable X and dependent
variable Y, i.e. X—Y, is tested to see if it is significantly mediated by a variable M. The
mediation test is performed by employing three regression equations (S22):

Y:i1+CX+€1
Y —ig+e X+bM+es
M=iz+aX+e3

where a represents X—M, b represents M—Y (controlling for X), ¢’ represents X—Y
(controlling for M), and c represents X—Y. The constants iy, iy, iz are the intercepts, and e,
g9, ez are the residual errors. In the literature, a, b, c and ¢’ were referred as path coefficients
or simply paths (S22, S23). We followed this notation in this work. Variable M is said to be
a mediator of connection X—Y, if (c - c) is significantly different from zero, which is
mathematically equivalent to the product of the paths a*b (S22). If the product a*b and the
paths a and b are significant, one concludes that X—Y is mediated by M. In addition, if path
¢’ is not significant, there is no direct connection from X to Y and that X—Y is completely
mediated by M. Note that path b is the relation between Y and M, controlling for X, and it
should not be confused with the correlation coefficient between Y and M.

Alcohol expectancy and drinking variables

Global positive alcohol expectancy averaged across participants at 9.2 + 3.9 (mean +
standard deviation), similar to the mean of 9.7 reported earlier for a cohort of 1,260 social
drinkers (S16). The global positive subscale was highly correlated with other subscale scores
with a rho ranging from 0.683 to 0.849 (all p’s <0.00001, Spearman regression). These
results suggest that our cohort is typical of a population of social drinkers in terms of alcohol
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expectancy and that the global positive subscale can capture much of the variance in alcohol
expectancy as assessed by AEQ-3.

Using Spearman regression, we correlated the AEQ-3 global positive score with average
monthly frequency of drinking (F), number of drinks consumed per occasion (N), and the
average monthly total number of drinks consumed (F x N), in women and men combined as
well as separately. The results showed that alcohol expectancy was positively correlated
with all drinking measures except the number of drinks per occasion in men (Table 1B).

Voxel-based Morphometry (VBM)

In multiple regressions (first model) based on a threshold of voxel p<0.001, uncorrected and
100 voxels of cluster size, regions that correlated positively with alcohol expectancy
included: left precentral gyrus (PCG; 126 voxels, peak voxel MNI coordinate [-41 —6 55],
Z=3.85) in men and women combined (Figure 1A); as well as bilateral superior frontal gyri
(SFG; left: 1,255 voxels, peak voxel [-14 55 31], Z=4.69; right: 489 voxels, peak voxel [21
60 22], Z=3.89; Figure 1B) in women. Regions that correlated negatively with alcohol
expectancy included: right ventral putamen (449 voxels, peak voxel [21 13 -4], Z=3.59;
Figure 1C) in men. The finding of the left precentral gyrus in the combined sample was
significant at a threshold of p<0.05, corrected for family-wise error of multiple comparison
in a region of interest analysis using small volume correction for the middle frontal and
primary motor cortices obtained from the Automated Anatomic Labeling atlas (S24).

We extracted the effect size of GM volume for these regions of interest (ROISs). Figure 2
shows the correlation between the GM volume of these ROIs and global positive alcohol
expectancy in their respective samples. We also compared the GM volume of these ROIs
between man and women, with women showing a marginally significant greater GM volume
in the bilateral SFG (p<0.0102, two-tailed two-sample t test) but not in the left PCG
(p<0.1111) or right ventral striatum (p<0.1731). Most importantly, we assessed gender
differences by comparing the regressions of GM volume and alcohol expectancy between
men and women for each of the ROIs (S25). A significant difference in the slope indicated
that the correlations between GM volume and AEQ were different between men and
women. The results showed that men and women differed for the bilateral SFG (t=2.9429,
p=0.0040), and right ventral putamen (t=2.7304, p=0.0074) but not left PCG (t=0.2267,
p=0.8211).

In the second regression model, at a threshold of p<0.001, uncorrected and 50 voxels in the
extent of activation, the GM volume of bilateral dorsolateral prefrontal cortices (left: 130
voxels, peak voxel [-39 21 31], Z=3.73; right: 60 voxels, peak voxel [40 21 31], Z=3.79)
correlated positively with alcohol expectancy (Figure 1D). In both regression models, we
also included smoking status (smoker or not) as a categorical covariate. The results of region
of interest analyses showed clusters with identical peak coordinates.

Correlation of GM volumes and drinking variables

With Spearman’s regression we examined the correlations of the four clusters — (left
precentral gyrus, right and left superior frontal gyri, and the right ventral putamen) — with
the average monthly frequency of drinking, number of drinks per occasion, and monthly
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total number of drinks, in their respective samples (Table 2A). Correcting for multiple tests,
we considered correlations with a p value less than 0.05/12(4 ROI’s and 3 drinking
variables)=0.00417 as significant. The GM volumes of left precentral gyrus (left PCG)
showed a significant, positive correlation with all drinking variables in the combined
sample. The left superior frontal gyrus (left SFG) showed a significant, positive correlation
with the number of drinks per occasion but not the frequency of drinking or the total number
of drinks per month in women. The right superior frontal gyrus (right SFG) and right ventral
putamen did not show any significant correlations with any drinking parameters, and were
thus not included in mediation analyses.

Mediation analysis

We performed mediation analysis to test whether the association between alcohol
expectancy and drinking variables were mediated by GM volumes of the left precentral
gyrus (PCG), in women and men combined, and the left superior frontal gyrus (SFG), in
women. We did not consider the right superior frontal gyrus or the right ventral putamen,
since their GM volumes were not correlated with drinking measures. We derived for
individual subjects the average GM volume for each of the regions of interest, and
performed a single-level mediation analysis. We tested whether the association between
alcohol expectancy (X) and each of the three drinking measures was mediated by GM
volumes (M) of left PCG in women and men combined (n=113). Similarly, we tested
whether the association between alcohol expectancy and the number of drinks per occasion
was mediated by the GM volume of the left SFGC in women alone (n=66) (Figure 3 and
Table 2B). The results showed that the correlation between alcohol expectancy and the
number of drinks consumed per occasion and total number of drinks consumed per month,
but not monthly frequency of drinking, were mediated by GM volume of the left PCG in the
combined sample. In contrast, the left SFG did not mediate the correlation between alcohol
expectancy and the number of drinks consumed per occasion in women.

Discussion

Structural brain correlates of alcohol expectancy

The current results suggest that global positive alcohol expectancy is associated with
increased gray matter (GM) volume of the left precentral gyrus (PCG) in men and women as
well as the superior frontal gyri in women, and with less GM volume of the ventral putamen
in men. Furthermore, the left PCG GM volume mediates the association between alcohol
expectancy and the quantity of drinking per episode and per month. These results link
alcohol expectancy to structural brain differences and suggest how these differences may
account for drinking behaviors in non-dependent adult drinkers. When recent drinking is
accounted for, GM volumes of bilateral dorsolateral prefrontal cortices (DLFPC) correlated
positively with alcohol expectancy. An increased DLPFC GM volume may reflect a
correlate of alcohol expectancy independent of recent drinking.

A functional interpretation for the finding of greater GM volume in the PCG may be that
alcohol expectancy is associated with sensation or novelty seeking and the intent to initiate
exploratory behaviors. Interestingly, the personality trait of novelty seeking is associated
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with increased GM volume in the precentral cortex (Gardini et al., 2009; Van Schuerbeek et
al., 2011), in support of this interpretation. The dorsolateral prefrontal cortex, in contrast, is
more involved in working memory, maintenance of a mental set, and response selection,
rather than directly involved in movement preparation (S26-S28). Thus, a prefrontal
correlate may reflect the cognitive or premotor rather than motor processes of alcohol
expectancy in these adult drinkers.

Although previous imaging studies have not addressed the structural correlates of alcohol
expectancy, a number of functional studies should be discussed with respect to the current
findings. In an fMRI study of working memory, participants consumed alcoholic or non-
alcoholic drinks before the scanning session, with half of them in each group misinformed
about their drink (Gundersen et al., 2008). By comparing participants who ingested non-
alcoholic drinks and thought they were ingesting alcoholic drinks and those who ingested
non-alcoholic drinks and were correctly informed, the investigators examined regional
activations of alcohol expectancy during working memory. The results showed that alcohol
expectancy is associated with greater activation in a number of cortical structures including
the left middle frontal cortex (x=-27, y=6, z=60; as compared to the left PCG at x=-41, y=
-6, z=55, in the current study). Gundersen and colleagues suggested that alcohol expectancy
may sensitize cognitive control in participants anticipating to be intoxicated (Marczinski and
Fillmore, 2005). An earlier electro-encephalographic (EEG) study suggested frontal but not
parietal EEG power as a predictor of alcohol expectancy (Deckel et al., 1995). The latter
study also implicated performance in a number of prefrontal neuropsychological tests in
association with alcohol expectancy, although the direction of association did not appear to
be consistent across testing batteries. Thus, along with these previous studies, the current
findings suggest precentral frontal cortices as a potential cerebral correlate of alcohol
expectancy for both men and women.

A recent review highlighted alterations of neurochemical signaling in the striatum in
association with alcohol craving and consumption in animals and humans (Chen et al.,
2011). In animal models, neuronal synaptic and morphological changes occurred in the
putamen (but not caudate) of alcohol-drinking monkeys, compared to non-drinkers (Cuzon
Carlson et al., 2011). Alcohol cue elicited significant and consistent activation of the right
striatum including putamen in alcohol dependent individuals (Schacht et al., 2011). In our
previous fMRI study of the stop signal task, we demonstrated decreased activation in
subcortical structures including the right putamen during risk-taking in alcohol abusing
individuals (Li et al., 2009a). These results can be broadly related to the current finding of a
negative correlation between ventral putamen GM volume and alcohol expectancy in men.
However, the mechanistic link remains to be explored.

Comparison with structural brain changes in dependent drinking

The current findings in nondependent drinkers do not appear to mirror structural brain
changes in association with alcohol dependence. Numerous studies have described GM
volume loss in dependent drinkers. A recent review noted that GM volume loss is
widespread, age related, and most noted in the frontal cortex, perisylvian region and the
cerebellum (Buhler and Mann, 2011). On the other hand, studies of non-dependent drinkers
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are fewer and presented less consistent results, with some showing changes in GM volume
in the frontal cortices, amygdala, and hippocampus, but not in others (Medina et al., 2007;
Sachdev et al., 2008; Sasaki et al., 2009; Taki et al., 2006). Thus, the current findings of
increased frontal GM volume in nondependent drinkers seem unlikely to be attributable to
the effects of greater alcohol consumption in individuals with higher alcohol expectancy.
Rather, as the results of mediation analyses suggested, these altered cerebral structural
correlates in association with alcohol expectancy contributed to increased alcohol use in this
non-dependent population.

An additional consideration is that increased GM volume is seemingly contradictory to the
idea of impaired cognitive function as a result of chronic alcohol misuse. First, our
participants are a cohort of non-dependent social drinkers, which, unlike dependent drinkers,
did not appear to demonstrate overt deficits in cognitive functions (Bednarski et al., 2012; Li
et al., 2009b) or, as discussed above, consistent changes in cerebral GM volumes.
Furthermore, impairment in cognitive functions is not necessarily associated with decrease
in cerebral GM volumes in substance abusers. For instance, individuals with cocaine
dependence are known to have deficits in multiple domains of cognitive functions, in
association with decreased GM volumes in cortical regions. However, studies have also
reported increased GM volume in other cerebral structures in individuals with chronic
cocaine misuse (Ersche et al., 2011). Thus, these considerations along with our results of
mediation analyses suggest interpretations of the current findings beyond a simple, linear
association between alcohol drinking, decreased GM volume, and impaired cognitive
functioning.

Alcohol misuse and gender differences

As describe earlier, men and women show important differences in the clinical
characteristics of drug and alcohol use behaviors. For instance, men use illicit substances
more frequently and in greater quantities than women (S29-S31). Although women
substance users typically begin using substances later than do men, they demonstrate an
accelerated transition to addiction (S32, S33).

Imaging studies have also suggested important gender differences in cerebral morphometry
and regional activations in association with alcohol use and the risk of alcohol misuse
(Pfefferbaum et al., 2001). Mann and colleagues showed that, despite lower amounts of
alcohol consumption and a shorter duration of alcohol dependence in women, alcohol
dependent women and men developed brain atrophy to a comparable extent (S33). In fMRI
studies of working memory, female adolescents showed greater differences in brain
activations than males, when compared to control participants (Caldwell et al., 2005).
Furthermore, female binge drinkers showed less regional activations than female controls,
while male bingers exhibited greater responses than male controls (Squeglia et al., 2010).
Morphometric analyses showed that male but not female adolescents with a positive family
history of alcoholism have larger left hippocampi than those without (Hanson et al., 2010).
Female adolescents with alcohol use disorders (AUD) demonstrated smaller prefrontal gray
and white matter volumes, while males with AUD had larger prefrontal volumes (Medina et
al., 2008). Our recent fMRI study demonstrated decreased cortico-striatal activations during
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risk taking in both women and men non-dependent drinkers (Bednarski et al., 2012; Yan and
Li, 2009). However, the extent of this deficit appeared to be correlated with monthly
frequency of drinking only in women.

Thus, the current results of cerebral morphometry add to this growing literature on gender
differences in the psychological processes related to alcohol use and in the effects of alcohol
use on brain structures and functions.

Limitations of the study and conclusions

There are a few limitations to consider. First, the results of voxelwise analyses were
significant only at an uncorrected threshold, which likely reflects the influences of a
multitude of factors other than alcohol expectancy that were not considered in the current
work. For instance, many other environmental and psychological factors, such as self-
efficacy (Atwell et al., 2011; Duka et al., 2011), affect drinking behaviors. None of these
variables are thoroughly assessed in the current work. On the other hand, we wish to
emphasize that the current findings are congruent with the only two imaging and ERP
studies that we know in supporting a role of the precentral gyrus in alcohol expectancy.
Second, subcortical structures are notoriously difficult to segment (Cappabianco et al.,
2011). Although we did not observe any correlations of alcohol expectancy with GM
volumes in subcortical structures other than putamen, future work with algorithms targeting
segmentation of subcortical tissues (such as the ventral striatum and thalamic subnuclei) is
warranted. Third, our preliminary analyses using smoking status as a covariate revealed
similar results. However, smoking behavior may vary between smokers and was not
thoroughly assessed for the current cohort. Thus, more studies are required to examine
association of drinking and smoking and confirm the current findings are specific to alcohol
expectancy. Finally, the directionality of influence between variables is assumed for
mediation analyses. Here, our model builds on the assumption that cerebral morphometry is
the neural endophenotype and thus a mediator of alcohol expectancy. These results do not
rule out the validity of other potential models and experiments (e.g., with a longitudinal
design) are warranted to test and disambiguate competing hypotheses. To conclude, we
demonstrated structural brain correlates of alcohol expectancy in non-dependent social
drinkers. These correlates appear to aggregate in the frontal cortices, vary between men and
women, and show gender specific association with drinking behaviors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(A) men and women
precentral gyrus

(B) women

Y
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Figure 1.
Voxel based morphometry: multiple regressions against alcohol expectancy. The clusters

show regions with GM volume correlated with alcohol expectancy, p<0.001, uncorrected.
(A) men and women combined (n=113): precentral gyrus; (B) women (n=66): superior
frontal gyrus; (C) men (n=47): ventral putamen. (D) When alcohol consumption is
accounted for as a covariate, the GM volume of bilateral dorsolateral prefrontal cortices
(DLPFC) correlated positively with alcohol expectancy in men and women combined
(n=113), p<0.001, uncorrected. Color bars represent voxel T value; warm color: positive
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correlation with AEQ); cool color: negative correlation with AEQ. The numbers at the
bottom are z coordinates of axial sections.
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Figure 2.

Correlation of GM volume of regions of interest (ROIs) with alcohol expectancy plotted for
men and women separately: (A) left precentral gyrus; (B) bilateral superior frontal gyri; and
(C) right ventral putamen. Inset shows results of differences in the regression slope between
men and women for each of the ROIs.
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Figure 3.

Single-level mediation analysis of alcohol expectancy (AE), drinking variables, and GM
volumes. Dashed arrows indicate the lack of a significant connectivity at p<0.05, Bonferroni
corrected (p=0.05/4=0.0125). The mark “*” indicates significant mediation at p<0.05,
corrected.
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Demographics of participants and correlations between alcohol expectancy (AE) and drinking variables.

Table 1

(A) Demographics of participants.

Groups all (n=113) | women (n=66) | men (n=47) p value®
Age 322+136 | 30.8+126 342+14.8 0.1887
AUDIT 36+3.1 3.0+25 44+36 0.0145
Monthly frequency of drinking (F) | 45%5.0 3.6+4.0 59+6.0 0.0184
Number of drinks per occasion (N) | 2.2+1.6 2014 25+18 0.1057
Monthly number of drinks (F xN) 12.0+149 | 9.0+119 16.1+17.5 | 0.0113
AEQ (GP) 9.2+39 9.1+38 94+41 0.7178
BIS 59.5+8.9 58.6+9.1 60.8 + 8.5 0.2035

(B) Correlations between alcohol expectancy (AE) and drinking variables with Spearman regression.

Groups all (n=113) women (N=66) men (n=47)
AE correlations coef (s) | p-value coef (s) | p-value coef (s) | p-value
Monthly frequency of drinking | 0.4793 7.84e-08 | 0.444 1.88e-04 | 0.5192 1.84e-04
Number of drinks per episode 0.4634 2.36e-07 | 0.5823 2.91e-07 | 0.3123 0.0326
Monthly number of drinks 0.5052 1.16e-08 | 0.5033 1.65e-05 | 0.4877 5.07e-04

Note:

*
two-tailed two-sample t test
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Table 2

ROI analysis of GM volumes and results of mediation analyses.

(A) Correlations between GM volumes and drinking variables: Spearman regression.

ROI Frequency/month Drinks/time Drinks/month

Left PCG (n=113) r=0.29 (p<0.0017)  r=0.39 (p<1.6e-05) r=0.35 (p<0.0001)
Left SFG (n=66) r=0.27 (p<0.0286)  r=0.35 (p<0.0040)  r=0.32 (p<0.0081)
Right SFG (n=66) r=0.01(p<0.9594)  r=0.15(p<0.2414)  r=0.04 (p<0.7598)

Right ventral putamen (n=47) r=-0.25 (p<0.0957) r=0.08 (p<0.6069) r=-0.14 (p<0.3627)

(B) Mediation analysis results between alcohol expectancy (AE), drinking variables and GM volumes.
Mediation models Path a (X—M) Pathb(M—=Y) Pathcd (X—Y) Mediation path a*b
Model 1 (n=113) B 0.40 0.03 0.30 -
X (AE) — Y (Freg./month) mediated by M (left PCG) p 0.0005* 0.7656 0.0007* 0.7297
Model 2 (n=113) B 0.40 0.26 0.25 -
X (AE) — Y (Drinks/time) mediated by M (left PCG)  p 0.0006* 0.0088* 0.0107* 0.0060*
Model 3 (n=113) B 0.29 0.34 0.24 -
X (AE) — Y (Drinks/month) mediated by M (left PCG) p 0.0028* 0.0008* 0.0085* 0.0010*
Model 4 (n=66) i 0.53 0.04 0.54 -
X (AE) — Y (Drinks/time) mediated by M (left SFG)  p 0.0000* 0.5754 0.0064* 0.5171

f3 denotes the regression coefficients and p values are uncorrected. The mark “*” indicates p<0.05, Bonferroni corrected (p=0.05/4=0.0125).
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