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Abstract
We recently demonstrated impairment on the Simulated Gambling Task (SGT) in long-term abstinent
alcoholics (AbsAlc). Brain regions that have been shown to be necessary for intact SGT performance
are the ventromedial prefrontal cortex (VMPFC) and the amygdala; patients with VMPFC or
amygdalar damage demonstrate SGT impairments similar to those of substance abusing populations.
We examined these brain regions, using T1-weighted MRIs, in the 101 participants from our previous
study using voxel-based morphometry (VBM). VBM was performed using a modification we
developed (Fein et al., 2006) of Baron’s procedure, (Baron et al., 2001), in which we use skull-
stripped images as input. We also restricted the analysis to a ROI consisting of the amygdala and
VMPFC as defined by the Talairach Daemon resource. Compared to the controls, the AbsAlc
participants had significant foci of reduced gray matter density within the amygdala. Thus, SGT
decision-making deficits are associated with reduced gray matter in the amygdala, a brain region
previously implicated in similar decision-making impairments in neurological samples. This
structurally based abnormality may be the result of long-term alcohol abuse or dependence, or it may
reflect a pre-existing factor that predisposes one to severe alcoholism. From an image analysis
perspective, this work demonstrates the increased sensitivity that results from using skull-stripped
inputs and from restricting the analysis to a ROI. Without both of these methodological advances,
no statistically significant finding would have been forthcoming from this work.
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Introduction
Alcoholism and drug abuse are disorders in which people continue their use of harmful
substances despite major long-term negative consequences (e.g. in the areas of employment,
family, education, and health). A number of studies (Bechara, 2001; Bechara et al., 2001; Grant
et al., 2000) have examined the mechanisms underlying this aspect of substance dependence
using the simulated gambling task (SGT) developed by Bechara and colleagues (1994). The
SGT simulates real-life decision-making that requires an individual to weigh long and short-
term rewards and punishments in an atmosphere of uncertain outcomes. A hallmark of drug
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and alcohol abuse is that users persist in behaviors that have short-term benefits (e.g.,
intoxication) despite long-term major negative consequences.

The gambling task was initially developed to study patients with acquired sociopathy due to
damage to the ventromedial prefrontal cortex (VMPFC) (Bechara et al., 1994; Bechara et al.,
1997). Such patients often take part in risky behaviors that are immediately gratifying while
ignoring negative future outcomes. It is thought that they cannot see beyond short-term rewards
to potential long-term consequences (Bechara et al., 1994). Compared with controls, when
engaged in the SGT, patients with VMPFC lesions consistently choose to draw more cards
from decks with larger immediate rewards and long-term net losses, than from decks with a
smaller immediate reward, smaller delayed punishments and long-term net gains (Bechara et
al., 1994; Bechara et al., 1997). Dysfunction of the VMPFC may predispose an individual to
make disadvantageous personal choices possibly leading to socially inappropriate, or socially
deviant behavior (Bechara et al., 1994; Bechara et al., 1997), or to drink excessively even when
it leads to significant problems.

There is also a growing body of literature implicating the amygdala in decision-making and
learning (Baxter and Murray, 2002; Baxter et al., 2000; Kahn et al., 2002; Rogers et al.,
2004; Tabert et al., 2001; Winstanley et al., 2004). Furthermore, Bechara and others have shown
that patients suffering from damage to the amygdala also show impairments on the SGT (Bar-
On et al., 2003; Bechara et al., 2003; Bechara et al., 1999; Ernst et al., 2002). Research indicates
that the amygdala and VMPFC are part of a ‘circuit’ that is activated in decision-making
(Baxter et al., 2000; Bechara et al., 2003; Bechara et al., 1999; Ernst et al., 2002; Winstanley
et al., 2004). Findings by Bechara and colleagues indicate that the roles played by the amygdala
and VMPFC in decision-making are different (Bechara et al., 2003; Bechara et al., 1999). In
an SGT study measuring skin conductance responses, Bechara and colleagues found that
patients with either amygdalar or VMPFC damage were impaired on the SGT, but only those
with amygdalar damage did not generate skin conductance responses when they received either
the positive (winning money) or negative (losing money) feedback. This finding suggests that
the amygdala is involved in the attachment of emotional valence to events (i.e., rewards and
punishments). In contrast, the VMPFC is involved in integrating associations between events
and their outcomes (including the emotional aspects of their outcomes) (Bechara et al.,
1999).

Studies show that currently active or recently detoxified alcoholics (Bechara and Damasio,
2002; Bechara et al., 2001; Mazas et al., 2000) and drug abusers (Grant et al., 2000; Petry et
al., 1998) exhibit impaired performance on the SGT. Their performance is characterized by
favoring larger immediate rewards while disregarding long-term negative consequences. This
pattern of impaired decision-making resembles the typical decisions made by an alcoholic to
drink excessively to experience the immediate pleasure of intoxication in spite of the many
longer-term consequences of intoxication (Clark and Robbins, 2002). Recent research suggests
that substance abusers perform poorly on the SGT because they tend to be hyper-responsive
to reward and under-responsive to punishment, (Stout et al., 2004), which might reflect
differences in amygdalar function. Using mathematical models of SGT performance, Stout et
al (2005) found that cocaine abusers differed significantly from controls on the valence model
parameter, reflecting an increased attention/response to gains and decreased attention to losses.

In a recent paper we demonstrated that long-term abstinent alcoholics (AbsAlc) (abstinence
duration ranging from 6 months to 13 years, with a mean abstinence duration of 6.7 years)
were impaired on the SGT compared to age and gender comparable controls (Fein et al.,
2004b). In the current manuscript we used Statical Parametric Mapping (SPM2) voxel based
morphometry (VBM) to examine whether the long-term abstinent alcoholics in whom we found
SGT impairments also have reduced volumes of their VMPFC or amygdala. SPM2, in its
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standard form implements voxel-based morphometry using T1-weighted brain images that
include the scalp, skull and meninges as inputs, and incorporates a morphological clean-up
step to remove ‘non-brain’ tissue. In a recent manuscript (Fein et al., 2006), we found that:
1) SPM2 does a poor job removing the non-brain tissue, 2) poor alignment of individual brains
with the brain in the MNI template, resulting in an incorrect delineation of cortical gray matter,
and 3) that this incorrect delineation of cortical gray matter dramatically increases the error
term in the SPM2 analyses, reducing the sensitivity of standard SPM2 to detect experimental
effects. We modified the SPM2 processing pipeline to accept skull-stripped inputs and
demonstrated that the modification reduced the error term by about one third, with concomitant
increases in the sensitivity to detect experimental effects. In the current manuscript, we use
skull-stripped inputs to take advantage of the increased sensitivity that doing so affords. We
also corrected for multiple comparisons only in a region of interest (ROI) encompassing the
VMPFC and amygdala. Restricting the analysis to a ROI enables testing of a priori hypotheses
with increased power (since the analysis needs to be corrected for fewer multiple comparisons).
While ROI analyses have been used extensively with fMRI data, we believe the work presented
below is the first application of ROI analysis to VBM.

Materials and Methods
Participants

A total of 101 participants were recruited from the community at large by postings at AA
meeting places, café postings, newspaper advertisements and a posting on a local Internet site.
Two groups were recruited, controls (n = 58, 21 men and 37 women), and abstinent alcoholics
(n = 43, 25 men and 18 women). The inclusion criteria for the control group was a lifetime
drinking average of less than 30 drinks per month with no periods of more than 60 drinks per
month. Abstinent alcoholic’s needed to meet the lifetime criteria for alcohol dependence, have
a lifetime drinking average of at least 100 drinks per month for men (80 drinks per month for
women), and be abstinent for at least six months. Table 1 presents demographic and alcohol
use data. All participants were informed of the study’s procedures and aims, and signed a
consent form prior to their participation. A detailed description of the exclusion criteria,
assessments and procedures, including the administration of the computerized SGT are
included in our previous paper (Fein et al., 2004b).

Image Acquisition and Assessment
All MRIs were collected on a 1.5T GE Signa Infinity with the LX platform (GE Medical
Systems, Waukesha, WI) located at the Pacific Campus of the California Pacific Medical
Center. The imaging protocol included a transaxial T1-weighted Spoiled Gradient image (TR/
TE/NEX = 35/5/1: 0.859 × 0.859 mm2 in-plane resolution; contiguous 1.3 mm thick slices).
A neuroradiologist read all MRI scans. All scans were free from abnormalities other than white
matter signal hyperintensities. Fifteen participants (9 controls and 5 abstinent alcoholics had
white matter signal hyperintensities, and of those people only six (3 controls and 3 abstinent
alcoholics) were advised to seek clinical correlation by the neuroradiologist. White matter
signal hyperintensities are commonly associated with the aging process (Cook et al., 2002;
Fazekas et al., 2005; Gunning-Dixon and Raz, 2000; Ketonen, 1998), and are seen in many
individuals without clinical history or impairment, thus participants were not excluded for the
presence of these findings.

Image and VBM Processing
Non-brain tissue was removed from each subject’s MRI using FSL’s Brain Extraction Tool
(Smith, 2002) (with default settings) followed by manual editing to remove any additional non-
brain tissue missed by BET using an in-house custom written plugin to Image J (Rasband,
2002). Optimized VBM was implemented in the framework of Statistical Parameter Mapping
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(SPM2) (Good et al., 2001), testing for gray matter differences between groups and included
age, years of education, and cranium size as covariates. The difference in tissue volumes
associated with normal variation in cranium size was removed using the inverse of the FSL v-
scaling parameter (Smith et al., 2002), which we have shown previously is an excellent
surrogate variable for the size of the intracranial vault (Fein et al., 2004a). The analysis included
all voxels in the ROI that segmented as more than 15% gray matter.

Regions of Interest
Regions of Interest (ROIs) were defined prior to the analyses by extracting Brodmann regions
10, 11, 12, and 47 (subset of the prefrontal cortex) for the VMPFC and the amygdala from the
Talairach daemon database. Since the VMPFC is only part of Brodmann regions 10, 11, 12,
and 47, we then edited those areas within Talairach space to focus on the ventral medial aspects
of the prefrontal cortex. Editing of the Broadman areas was accomplished using the in-house
custom plug-in written to Image J described above. Slice by slice manual editing was performed
in order to exclude the lateral and dorsal regions of Broadmann area’s 10, 11, 12, and 47. The
resulting mask was then converted to MNI space using Matthew Brett’s nonlinear Talairach
to MNI Transformation (Brett et al., 2003). All subjects were registered into the common MNI
space that allowed for application of the ROI mask. We applied SPM2’s Full Width Half
Maximum (FWHM) = 12mm smoothing with a Gaussian kernel to the resulting mask in order
to dilate the ROI and account for the area of spatial uncertainty in the registration of each
participant’s data to the MNI template. We note that there was a single mask created for the
regions of interest (it was created in the Talairach Daemon space), which was then applied to
all subjects’ images. Thus the definition of the ROI was applied consistently to the MRIs of
all research participants.

Statistics
The data were analyzed using SPM2 (Ashburner and Friston, 2000), which performs family
wise error correction over all resels (voxels after smoothing) in the analysis region. The SGT
data were analyzed in our previous paper using the General Linear Model analysis in SPSS
(SPSS Inc., 2004).

Results
Gambling Game Results

The SGT results are taken from an earlier paper (Fein et al., 2004b). Compared with controls,
long-term abstinent alcohol-dependent individuals made more disadvantageous decisions on
the SGT (F1,98 = 4.03, p < 0.05), and women made less disadvantageous decisions than men
(F1,98 = 4.08, p < 0.05) (see Figure 1). No group by gender interaction was observed.

VBM Results and Behavioral Correlations
Figure 2 depicts the results of the ROI SPM2 analysis on a glass brain. Abstinent alcoholics
had significant areas of reduced gray matter bilaterally in the area of the amygdala compared
to controls. On the left, there were 370 voxels of significantly reduced gray matter with a
minimum p = 0.013 (family wise error corrected). On the right, there were 218 voxels of
significantly reduced gray matter with a minimum p = 0.015 (family wise error corrected).
There were no areas of difference between men and women, despite gender differences on the
SGT. We also performed an SPM2 analysis on the ROI using SGT performance as the predictor
variable, and an SPM2 analysis on the AbsAlc group only using abstinence duration as the
predictor variable. There were no (family error wise error corrected) voxels in the ROIs that
were associated with either predictor variable. Finally, these analyses were repeated on all
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participants using skulled (non-BET edited) brains, as well as entire brains without the ROI
(both skulled and skull-stripped). No voxels of significance resulted from any of these analyses.

Figure 3 uses a gray MNI render brain with color overlay to show the areas of significantly
reduced gray matter and areas of spatial uncertainty (on the left), and the masks of the VMPFC,
amygdala, and ROI (on the right). Significant voxels were defined as those having SPM2 family
wise error corrected p < 0.05. The spatial uncertainty is the projection of the areas of significant
focus smoothed with a FWHM 12mm Gaussian kernel.

Discussion
The results from our VBM ROI analysis revealed that long-term abstinent alcoholics who show
impairment on the SGT also show bilateral reduction of gray matter in the area of the amygdala
when compared to controls. There was no evidence of differential gray matter reduction
between abstinent alcoholics and controls within the VMPFC. These findings suggest that the
decision-making deficits in these long-term abstinent alcoholics may reflect an abnormality in
brain structure. This structurally based abnormality may be the result of long-term alcohol
abuse or dependence. We have shown in a previous paper that active alcoholics have a reduction
of gray matter in other areas of the brain (Fein et al., 2002). This paper goes one step further
and demonstrates that there are specific areas of reduced gray matter that exist even in multi-
year abstinent alcoholics when sensitive analytic methods (SPM2 with skull-stripping) are used
and the analyses are restricted to the examination of specific structures. It is also possible that
these brain structure abnormalities reflect a pre-existing condition that could predispose one
to severe alcoholism. Individuals with a high genetic-loading for alcoholism may “start out”
with a smaller amygdala, thus putting them at a disadvantage in the area of decision-making.

We did not find any association between gray matter in the ROIs and duration of abstinence.
In our manuscript reporting gambling task impairments in the samples presented here (Fein et
al., 2004b), and in a manuscript on cognitive function in these same subjects (Fein et al., in
press), we did not find any associations between performance and duration of abstinence. In
the cognition paper, we found that AbsAlc were essentially cognitively normal (except for
impairments in spatial functioning which had to be interpreted gingerly because it was the only
domain with impairment of 9 domains assessed – yet it was among the domains that are most
frequently reported to be impaired in alcoholism and drug addiction (Crews et al., 2005; Munro
et al., 2000; Oscar-Berman et al., 1997; Sullivan et al., 2002; Sullivan and Pfefferbaum,
2005). Nonetheless, we found no association between SGT performance and spatial processing
ability. We interpreted the essentially intact cognitive performance of this sample (Fein et al.,
in press) and the lack of correlation between cognitive performance and abstinence duration
as indicating that most of the cognitive recovery had already taken place by six months to one
year of abstinence. As for the gambling task performance and for the reduced amygdalar gray
matter finding reported here, we interpret the lack of association with duration of abstinence
as being consistent with both of these phenomena reflecting predisposing factors that were
present before active alcoholism occurred.

We observed gray matter reductions in the amygdala, but not in the VMPFC. Previous research
indicates that disadvantageous decision-making on the SGT can be associated with gray matter
reductions in either the VMPFC or the amygdala (Bechara et al., 1999). Bechara and colleagues
observed decision-making deficits in patients with focal VMPFC lesions and patients with
bilateral amygdalar lesions. While VMPFC and amygdalar lesions both were associated with
similar overall impairments in SGT performance, the patterns of somatic activity associated
performance differed between the two groups. Patients with amygdalar lesions did not generate
skin conductance responses after rewards or losses, while VMPFC patients did generate such
responses (Bechara et al., 1999). Bechara and colleagues (2003; 1999) propose that deficits in
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amygdalar function are associated with deficits in attaching emotional valence to
motivationally significant events (i.e., a lack of anxiety – negative affect after experiencing
loss), while VMPFC deficits are associated with problems effectively integrating somatic state
information from the amygdala and other brain structures prior to executing a choice. This
formulation is consistent with research that implicates the amygdala in the experience of
emotion, or more specifically with the attachment of emotional valence to specific events
(Aggleton and Mishkin, 1986; Boulis and Davis, 1989; LeDoux et al., 1990). Individuals with
increased amygdalar activity are disposed to develop anxiety disorders (Schwartz et al.,
2003), while those with amygdalar lesions fail to develop classically conditioned fear responses
(Davis, 1989).

Abnormalities in the amygdala have also been related to anxiety disorders, such as social
anxiety and PTSD, as well as a general behavioral inhibition in childhood (Pitman et al.,
2001; Schwartz et al., 2003). However, anxiety disorders appear to be associated with increased
amygdalar activation, while our data suggests that some cases of alcoholism are associated
with decreased amygdala volumes. It is a reasonable hypothesis that this decreased volume is
also associated with reduced amygdalar activation. Individuals with increased amygdalar
activity are disposed to develop anxiety disorders (Schwartz et al., 2003), while those with
lesions in the amygdala fail to develop classically conditioned fear responses (Davis, 1989)
and may be more vulnerable to externalizing disorders (Patrick, 1994). The gray matter
reductions in the amygdala observed in our sample of alcoholics is consistent with theory and
research suggesting that the decision-making problems observed in alcoholics and other
substance abusers are associated with differences in basic motivational processes affecting
approach – avoidance behavior (Finn, 2002). Substance abusers prefer immediate over long-
term rewards (Kirby et al., 1999; Kollins, 2003; Mitchell, 1999), have problems inhibiting
behavior to avoid punishment when engaged in reward-seeking behavior (Finn et al., 2002),
and show evidence of increased attention to rewards on the SGT task (Bechara et al., 2002;
Finn, 2002; Stout et al., 2004). Further research should investigate the association between
amygdala volume and function, SGT decision-making deficits, and decision-making problems
in these populations in other areas of life, such as sexual behavior, finances, work-related
behaviors, eating behaviors, interpersonal conflict, emotion-provoking situations, and other
contexts that are motivationally relevant to the individual.

Poor decision-making also can be associated with hippocampal damage, however the specific
mechanisms and patterns of poor decision-making associated with amygdalar and hippocampal
lesions are different. While Bechara et al (2003) reported that amygdalar lesion patients made
more disadvantageous decisions relative to controls, they note that those amygdalar patients
that had intact hippocampal structures made more disadvantageous decisions than amygdalar
patients who also had hippocampal damage. The decisions of patients with hippocampal
damage, who had an amnestic syndrome, were more random, suggesting that memory for
previous trials was not being accessed to guide the decision on the current trial. On the other
hand memory appeared to guide the decisions of amygdalar patients with spared hippocampal
areas, who were clearly biased to continue to draw from the disadvantageous decks, presumably
because they were not responding with negative emotion to the large losses associated with
disadvantageous deck choices.

We also feel that it is worthwhile to investigate possible differences in brain structure among
individuals with and without a high family history for alcoholism, as well as those who go on
to acquire the addiction and those who do not. Furthermore, we are currently involved in a
project that hopes to investigate alcohol abuse/dependence in its earliest stages. Information
from these studies could aid in deciphering whether or not structural brain abnormalities are a
contributing factor to or a result of alcohol abuse.
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From an image analysis perspective, this work demonstrates the increased sensitivity that
results from using skull stripped inputs and from restricting the analysis to a ROI. Without
both of these methodological advances, no statistically significant finding would have been
forthcoming from this work
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Figure 1.
Figure 1 shows performance on the simulated gambling task (number of cards chosen from the
good decks minus number of cards chosen from the bad decks) separately for males and
females, and abstinent alcoholics and controls. Abstinent alcoholics performed worse on the
gambling task when compared to controls (p < 0.05), and men performed poorer than women
(p < 0.05). No gender by group interaction was observed.

Fein et al. Page 10

Neuroimage. Author manuscript; available in PMC 2007 May 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Figure 2 shows the output from the SPM2 analysis on the glass brain. The results use p(fwe)
< 0.05, where p(fwe) is family wise error corrected in order to determine significance. On the
left (glass brain right), the cluster of significance has 370 voxels having a minimum p(fwe)
value of 0.013. On the right (glassbrain left), the cluster of significance has 218 voxels having
a minimum p(fwe) value of 0.015. The glass brain coordinates are given in Talaraich space.
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Figure 3.
Figure 3 depicts the gray MNI template rendered brain with overlay in colors. The coronal and
axial views on the right show the amygdala (blue), the ventromedial prefrontal cortex
(magenta), and the ROI mask (light pink). The coronal and axial views on the left show the
SPM2 areas of significant reduced gray matter (orange) (SPM2 family wise error corrected p
< 0.05), and the spatial uncertainty of focus (green). The spatial uncertainty of focus is the
projection of the areas of significant focus smoothed with a Full Width Half Maximum
(FWHM) 12 mm Gaussian Kernel.
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Table 1
Demographic and Alcohol Use Variables for the Abstinent Alcoholic and Control Samples

Abstinent Alcoholics Controls
Males (n=24) Females (n=19) Males (n=21) Females (n=37)

Demographic Variables
Age in years 45.8 ± 7.0(35.1 – 55.3) 47.3 ± 6.1(37.2 – 57.4) 43.6 ± 6.2(35.1 –

55.3)
45.2 ± 6.8(35.3 – 55.7)

Years of Education 15.5 ± 2.1(12.0 – 20.0) 15.8 ± 2.3(12.0 – 20.0) 16.0 ± 1.8(12.0 –
20.0)

16.4 ± 1.7(12.0 – 19.0)

Alcohol Use Variables
Average Alcohol Dose
(drinks per month)

183.2 ± 156.2(13.0 –
582.6)

125.7 ± 86.1(33.6 –
370.7)

7.4 ± 8.7(0.0 – 25.6) 6.6 ± 6.1(0.0 – 24.1)

Duration of Alcohol Use
(years)

21.8 ± 8.1(4.3 – 37.8) 21.6 ± 7.7(7.0 – 39.3) 18.5 ± 11.2(0.0 –
37.4)

22.3 ± 10.6(0.0 – 38.2)

Peak Alcohol Dose (drinks
per month)

353.9 ± 270.1(36.0 –
1200.0)

271.3 ± 222.8(70.0 –
960.0)

14.7 ± 14.7(0.0 –
40.0)

16.6 ± 19.9(0.0 – 90.0)

Duration of Peak Alcohol
Use (years)

5.2 ± 5.1(1.0 – 25.8) 7.4 ± 7.2(0.5 – 28.2) 6.6 ± 7.2(0.0 – 31.7) 8.3 ± 8.1(0.0 – 28.2)

Abstinence Duration
(years)

7.1 ± 6.2(.5 – 18.8) 6.2 ± 4.9(.7 – 16.9) N/A N/A

Data are reported as mean ± standard deviation, and range (minimum – maximum).
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