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Abstract
BACKGROUND—Alcohol dependence is associated with neurocognitive deficits related to
neuropathological changes in structure, metabolism, and function of the brain. Impairments of
motor functioning in alcoholics have been attributed to well-characterized neuropathological brain
abnormalities in cerebellum.

METHODS—Using functional magnetic resonance imaging (fMRI), we studied in vivo the
functional connectivity between cerebellar and cortical brain regions. Participants were 10
uncomplicated chronic alcoholic patients studied after 5–7 days of abstinence when signs of
withdrawal had abated, and 10 matched healthy controls. We focused on regions of prefrontal,
frontal, temporal, and parietal cortex that exhibited an fMRI response associated with non-
dominant hand finger tapping in the patients but not in the controls. We predicted that fronto-
cerebellar functional connectivity would be diminished in alcoholics compared to controls.

RESULTS—Functional connectivity in a circuit involving premotor areas (Brodmann Area 6)
and Lobule VI of the superior cerebellum was reduced in the patients compared to the controls.
Functional connectivity was also reduced in a circuit involving prefrontal cortex (Brodmann Area
9) and Lobule VIII of the inferior cerebellum. Reductions in connectivity were specific to fronto-
cerebellar circuits and were not found in other regions examined.

CONCLUSIONS—Our findings show a pattern in recently abstinent alcoholic patients of
specific deficits in functional connectivity and recruitment of additional brain regions for
performance of a simple finger tapping task. A small sample, differences in smoking, and a brief
abstinence period preclude definitive conclusions, but this pattern of diminished fronto-cerebellar
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functional connectivity is highly compatible with the characteristic neuropathological lesions
documented in alcoholics, and may reflect brain dysfunction associated with alcoholism.
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Introduction
Alcohol dependence is associated with deficits in a broad range of neurocognitive functions
(Bowden 1990, Eckardt and Martin 1986, Fein et al. 2006, Oscar-Berman et al. 2004,
Parsons and Nixon 1998, Sullivan et al. 2000). Although the neuropathological
underpinnings of these deficits are incompletely understood, evidence from brain autopsy
studies indicates that the cerebellum is most susceptible to brain injury associated with
chronic alcohol consumption and associated malnutrition (Harper 1998). Findings from
brain magnetic resonance imaging and spectroscopic studies suggest that damage due to
chronic alcohol exposure in cerebellar regions is also associated with frontal lobe
abnormalities (Adams et al. 1995, Martin et al. 1992, Parks et al. 2002, Seitz et al. 1999,
Sullivan 2003, Sullivan et al. 2003). For example, glucose utilization as measured with
positron emission tomography is slightly different in chronic alcoholic patients compared to
controls in brain regions including the cerebellum (Adams et al. 1995, Gilman et al. 1990),
and normal correlations between glucose utilization in frontal and cerebellar regions are
diminished in these patients (Martin et al. 1992). Moreover, morphometric analyses of MR
images in alcohol-naive high risk subjects also implicate cerebellum and frontal lobe
(Benegal et al. 2007, Hill et al. 2007). Some diffusion tensor imaging studies also suggest
that white matter changes in alcoholism, while rather widespread, show some proclivity for
the frontal lobes (Pfefferbaum et al. 2006, Yeh et al. 2009). A recent review suggests that
dysfunction of cortico-thalamo-cerebellar circuitry may be a major predisposing factor in
alcoholism (Tessner and Hill 2010). Though it remains to be determined whether all of the
identified deficits are precursors or consequences of alcohol consumption and related
lifestyle factors, these reports highlight that alcohol dependence is associated with
anatomical and functional abnormalities of frontal and cerebellar regions of the brain.

Impairment of performance on finger-tapping tasks is representative of neurocognitive
deficits in alcoholic patients (Parks et al. 2010, Parks et al. 2003, Welch et al. 1997).
Achieved finger tapping speed is correlated with performance on cognitive tasks that
measure frontal lobe functions, especially in alcoholics with significant neurocognitive
deficits, supporting the presence of significant interactions between frontal and cerebellar
brain regions (Welch et al. 1997). Alcoholic patients also have exhibited less strongly
lateralized functional magnetic resonance imaging (fMRI) responses to self-paced finger
tapping, with the spatial extent of fMRI activation being greater for a given motor response
compared to controls (Parks et al. 2003). This was more apparent during use of the non-
dominant hand compared to the dominant hand, and indeed lesser BOLD signal differences
between dominant and non-dominant hand were observed in the patient group. Similar
findings were noted during an externally paced finger-tapping task, where alcoholic patients
have shown increased fMRI responses in frontal and parietal lobes as well as areas of
activation not present in controls (Parks et al. 2010). Since finger movements involve frontal
and cerebellar systems, these results taken together suggest that finger tapping is a simple
and easily implemented task that interrogates the integrity of fronto-cerebellar circuits.

In this study, we examined the functional connectivity of fronto-cerebellar circuits in
uncomplicated chronic alcoholic patients. Specifically, we examined those brain regions that
we had previously reported (Park et al. 2010) were required by alcoholic patients for simple
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finger tapping but were not activated in control subjects performing the same task. Some of
the regions uniquely activated in alcoholics were in the frontal lobe. and therefore, we
reasoned the connectivity of these regions to cerebellum may be differently configured than
in controls. A different degree of linkage between cerebellum and frontal cortex may
partially explain the mechanism of motor performance deficits observed in alcoholics. We
studied patients after detoxification and 5–7 days of abstinence to avoid acute effects of
alcohol consumption or withdrawal on brain functioning and hemodynamics. Connectivity
measures were based on low frequency signals in residual time series data after removing
task-related responses. Our specific hypothesis was that fronto-cerebellar functional
connectivity would be diminished in alcoholics compared to controls, a reasonable
prediction based on the high prevalence of cerebellar lesions observed at autopsy in
alcoholics.

Materials and Methods
Ethics Statement

All participants in this study gave written informed consent to the study procedures in a
protocol approved by the Vanderbilt University Medical Center (VUMC) Institutional
Review Board.

Participants
Ten right-handed uncomplicated chronic alcohol-dependent patients and ten healthy controls
matched for age and gender participated in this study. Participant characteristics are listed in
Table 1. This sample has been described in detail in our previous publication (Parks et al.
2010). Patients were recruited from the Vanderbilt Addiction Center within 24 hours of
voluntary admission for alcohol detoxification and rehabilitation and were scanned after 5–7
days of abstinence when signs of acute withdrawal had completely abated. Alcohol
consumption has acute effects on brain hemodynamics that could affect group comparisons
in fMRI studies (Luchtmann et al. 2010). The delay prior to scanning was intended to
minimize the effect of this variable on our findings, though it may not completely preclude
residual effects and is still too brief to permit study of longer term recovery. A senior
psychiatrist (PRM) interviewed all patients and reviewed their medical histories and
laboratory tests to determine that they were free of any other Axis I diagnoses (Diagnostic
and Statistical Manual of Mental Disorders, DSM-IV: American Psychiatric Association,
2000). Patients met DSM-IV criteria for alcohol dependence with physiologic dependence;
were between 18 and 70 years of age; and had an estimated pre-morbid Full Scale
Intelligence Quotient of at least 85. Patients consumed alcohol according to their customary
pattern and intensity until approximately 48 hours prior to admission. Alcoholic patients
were excluded from participation if they had a history within the last 6 months of any other
DSM-IV substance dependence (except nicotine), or a major severe psychiatric disorder
prior to the onset of alcohol dependence or during periods of abstinence of 6 months or
more. Patients were excluded if they had any neurological disorders not directly related to
alcoholism or any contraindications to MR examination.

Ten right-handed healthy controls were recruited from the Vanderbilt campus by Internet
postings, as well as by word of mouth. They were enrolled in the study if they had no history
of alcohol or substance abuse or any other psychiatric disorder; no known neurological
disorders, including head trauma; no medical condition known to affect brain functioning;
no medications known to affect brain functions within one week of testing; no alcohol use
within 24 hours prior to study; and no known contraindications to MR procedures. Controls
were matched to patients for age and gender, but not cigarette smoking.
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Image acquisition and task
Images were acquired at 3 Tesla. A high-resolution T1 weighted anatomical image with 1
mm3 isotropic resolution was acquired for each subject. Functional MRI data used a 2D
BOLD-weighted gradient echo EPI sequence: TR 2000 ms, TE 35ms, 80×80 matrix
reconstructed at 128×128, FOV 240 mm in plane, 28 4.5-mm slices with a 0.45 mm gap,
150 volumes per run. Subjects were instructed to tap fingers in response to visual cues. The
cues were presented via video and consisted of a leftward arrow in the left visual hemifield,
or a rightward arrow in the right hemifield, to indicate which hand was to be used. The
arrow flashed at 2 Hz. Tapping was performed in 20 second blocks alternating with a 20-sec
cursor that cued no movement. Responses were made via a button under the index fingers.
Two 5-minute runs each contained three task conditions (left tapping, right tapping, and
fixation). Condition order was counterbalanced.

Image preprocessing
Preprocessing of the functional images consisted of slice timing correction, motion
correction, registration to the MNI152 template space, and spatial smoothing. These
operations were performed using the SPM5 software (Wellcome Department of Imaging
Neuroscience, University College London). Data for each slice were shifted in time to align
temporally with the inferior-most slice. Then each volume was rigidly coregistered with the
others, within run and between runs, to reduce the effects of head motion and produce an
estimate of motion amplitude. Each subject’s high-resolution anatomical image was rigidly
coregistered with the subject’s functional images, then non-linearly registered to the MNI
template image using a mutual information criterion. The nonlinear transformation’s spatial
basis functions had minimum period 25 mm. The nonlinear registration was then applied to
the functional images, which were then smoothed with an 8 mm FWHM Gaussian kernel.

Data quality assessment
Head motion in every subject was less than 3 mm of translation and less than 3 degrees of
rotation relative to the first volume. Maximum extent of head motion did not differ between
patients and controls in most comparisons (p > 0.08, except second run translation p=0.03).
Visual inspection of the intensity distributions of the residual variance images revealed no
group differences in noise. The residual variance was not different between groups (p>0.58).

Activation analysis
BOLD responses to finger tapping were measured as previously described (Parks et al.
2010). Individual subject BOLD responses were calculated by fitting a voxelwise general
linear model with regressors predicting BOLD response for the left and right finger tapping
conditions, using a dual gamma hemodynamic response model. Parametric maps of BOLD
response for right and left tapping conditions relative to fixation were calculated from
contrasts of the regression parameters. Group-level statistical parametric maps were
obtained from the individual subject maps of the contrasts of left tapping versus rest and
right tapping versus rest. A second-level general linear model was used to compare patients
and controls in the whole brain. In that analysis, reported previously (Parks et al. 2010), we
found that during left hand (non-dominant) finger tapping, controls showed no regions of
activation greater than the patients (contrasting controls>patients). However, alcoholic
patients showed BOLD responses in areas of right parietal, right premotor, right prefrontal,
and left temporal cortex where controls showed no statistically significant responses
(contrasting patients>controls, excluding voxels where controls>0). These four areas (shown
in Figure 1A and Table 2) were used as the seed regions for subsequent connectivity
analysis. The seed regions were centered on the peak voxels from the statistical map
comparing BOLD responses to finger tapping in patients versus controls, and included all
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significant voxels from the patient versus control contrast (p<0.001) within 8 mm of the
peak.

Connectivity analysis
Seed region connectivity maps—The seed regions for connectivity analysis were the
four areas shown in Figure 1A and Table 2, derived from the comparison between patients
and controls as described above. These regions exhibited finger tapping activation in
patients but not controls, and we focused on these to determine if differences in functional
connectivity would explain or relate to the observed differences in activation. Our goal was
to measure the seed regions’ connectivity during the finger tapping scans with signals driven
by the task’s block design removed. To accomplish this, the time series of each seed region
was extracted from the preprocessed images. A new design matrix was created to model this
time series: each task block (left or right hand tapping) was modeled with a separate
regressor created by convolving a boxcar with a canonical hemodynamic response.
Additional regressors were added to account for global signal, drift, and head motion. The
residual time series after fitting this model was low-passed filtered to remove signals above
0.1 Hz. This filtered residual seed region time series was then included as an additional
predictor in the individual subject general linear model that had been used for the activation
analysis. The map of the parameter estimate for this new predictor, calculated for each run
of each subject, was the connectivity map for the seed region, with any effects of stimulus,
head motion, global signal, and high-frequency noise removed. These connectivity maps
were averaged over the two runs within each subject, then combined at the group level to
create statistical parametric maps (T) that showed voxels exhibiting functional connectivity
with each seed over all subjects disregarding group.

Target regions—Target regions of interest were defined in the cerebellum to investigate
specific hypotheses regarding fronto-cerebellar connectivity. The target regions were
defined from the seed region connectivity maps, including voxels within 8 mm of local
maxima that exhibited functional connectivity at a voxelwise threshold of p<0.001. The
target regions are shown in Figure 1B, and their coordinates are listed in Tables 3 and 4. We
used the same procedure to select control target regions to verify that group differences in
connectivity were specific to cerebellum. The arbitrary control regions were dorsal medial
frontal cortex and left parietal cortex for the right prefrontal seed, and preSMA for the right
premotor seed.

Statistical analysis—The outcome of interest was the difference in connectivity between
patients and controls; to test for this, we used a two-sample T test for each combination of
seed and target regions (results are presented in Table 3 for the a priori hypothesis and Table
4 for control regions). The connectivity value in each case was the parameter estimate for
the seed time series regressor, averaged within the target region. We also calculated 95%
confidence intervals for the connectivity values in each subject group. Because of the small
sample size, we limited connectivity analysis to the a priori regions of interest and did not
perform whole brain comparisons.

Results
Our goal was to measure the functional connectivity of brain regions recruited for finger
tapping by alcoholic patients but not controls, with particular emphasis on the cerebellum.
Connectivity measures were based on low frequency signals in residual time series data after
removing task-related responses.
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The seed regions for connectivity analyses are shown in Figure 1A, with coordinates listed
in Table 2. The right prefrontal seed exhibited functional connectivity with Lobule VIII in
inferior cerebellum bilaterally. The right premotor and left temporal seeds exhibited
connectivity with Lobule VI in superior cerebellum bilaterally. The right parietal seed
exhibited connectivity with Lobule VI in left superior cerebellum and with superior
cerebellar vermis. Target regions of interest were defined from the connectivity maps of the
seed regions. We focused on the cerebellum: the right prefrontal seed exhibited connectivity
with Lobule VIII in bilateral inferior cerebellum; the right premotor seed with Lobule VI in
bilateral superior cerebellum; the right parietal seed with left Lobule VI and cerebellar
vermis; and the left temporal seed with Lobule VI bilaterally. We also included preSMA,
medial frontal, and left parietal regions as controls. The target regions are shown in Figure
1B, and their coordinates are listed in Tables 3 and 4. The target regions were derived from
the connectivity maps averaged over all subjects regardless of group.

Fronto-cerebellar functional connectivity was lower in alcohol-dependent patients than in
the matched healthy controls. As fronto-cerebellar connectivity was our primary interest, our
first statistical analyses were of connectivity between the right premotor and prefrontal seeds
and the cerebellar target regions. The seed regions had exhibited increased fMRI response to
finger tapping in patients, as described above. The target cerebellar regions of interest were
defined from the connectivity map of the corresponding seed. Connectivity between seed
and target regions was generally significant within each group (p<0.05) as indicated by the
95% confidence intervals reported in Tables 3 and 4. The exceptions were connectivity
between the right premotor seed and Lobule VI, and connectivity between the right
prefrontal seed and Lobule VIII, in the patient group. Premotor-cerebellar connectivity was
significantly weaker in patients than controls for both right (p=0.01) and left (p=0.03)
Lobule VI in superior cerebellum (Table 3, Figure 2). Prefrontal-cerebellar connectivity was
significantly weaker in patients for right Lobule VIII in inferior cerebellum (p=0.04), and
tended to be weaker for left Lobule VIII (p=0.19).

Diminished connectivity in alcohol-dependent patients was specific to the fronto-cerebellar
circuits. To verify this, we followed up the previously described fronto-cerebellar analysis
by measuring connectivity between the right premotor seed and the preSMA; between the
right prefrontal seed and the dorso-medial frontal gyrus; between the right prefrontal seed
and the left parietal cortex; between the right parietal seed and the cerebellum; and between
the left temporal seed and the cerebellum. Each comparison region was defined from the all-
subject connectivity maps in the same way as the other target regions. No differences in
connectivity were found between the patients and the controls in these non-fronto-cerebellar
circuits (p>=0.44, Table 4).

Discussion
Our main finding was a reduction of functional connectivity specifically in fronto-cerebellar
neural circuits in uncomplicated detoxified alcohol-dependent patients compared to age- and
gender-matched controls. Connectivity in alcoholics was reduced between prefrontal cortex
(Brodmann Area 9) and Lobule VIII of inferior cerebellum, and between premotor areas
(Brodmann Area 6) and Lobule VI of superior cerebellum. The reduction was specific to the
fronto-cerebellar circuits: the connectivity between prefrontal and premotor cortex and
several non-cerebellar control regions was not different between alcoholic patients and
controls, nor was the connectivity between parietal cortex and cerebellum or temporal cortex
and cerebellum. These findings add to prior work by demonstrating that compromised
interactions between cerebellar and frontal regions may be an important aspect of the brain
impairments associated with chronic alcohol dependence.
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A number of neuroimaging studies have identified structural or functional abnormalities in
frontal or cerebellar regions in alcoholics. For example, reductions in frontal lobe glucose
metabolic rates correlate with cognitive performance (Adams et al. 1995); glucose
metabolism is abnormal in frontal, parietal, and cerebellar regions (Martin et al. 1992); the
concentrations of N-acetyl-aspartate and choline change in cerebellum (Seitz et al. 1999)
and tend to normalize with abstinence (Martin et al. 1995, Parks et al. 2002); and there are
behavior-correlated gray matter volume differences in nodes of fronto-cerebellar circuits,
including the cerebellar hemispheres as well as prefrontal cortex, frontal cortex, and parietal
cortex (Sullivan et al. 2003). Neuroanatomic tracer studies in non-human primates indicate
the existence of a circuit between motor cortex and anterior cerebellum, distinct from a
circuit between prefrontal cortex and posterior cerebellum (Sullivan and Pfefferbaum 2005).
FMRI functional connectivity patterns of the human cerebellum reflect this distinction
(Krienen and Buckner 2009, O’Reilly et al. 2010). Both of these fronto-cerebellar circuits
showed deficits in connectivity in alcoholic patients in this study. Also, a recent study has
shown decreased connectivity of cerebellar circuits with posterior cingulate in alcoholic
patients (Chanraud et al. 2011).

The reduction in fronto-cerebellar functional connectivity may reflect alcoholism-related
neuronal injury. Cerebellar deficits are known concomitants of alcohol dependence, related
to nutritional deficits associated with chronic alcohol consumption (Martin et al. 2003).
These include reduced cerebellar volume, decreased cell density, and neurochemical
changes (Sullivan et al. 2003, Sullivan and Pfefferbaum 2005). Deficits in prefrontal cortex
include reduced volume in alcoholic patients (Sullivan and Pfefferbaum 2005). Deficits in
motor cortex have been less apparent, but there may be mild neuronal loss (Harper and Kril
1989, Kril et al. 1997) – but see Fabricius et al. (2007) – or alterations in neuron size and
arborization (Harper and Corbett 1990). FMRI responses in motor cortex are affected in
alcoholics (Parks et al. 2010, Parks et al. 2003), possibly reflecting neurocognitive
inefficiencies due to pre-existing or alcohol-related impairments. A recent report of reduced
functional connectivity in alcohol-naïve youth with a family history of alcohol abuse in
fronto-cerebellar circuits adjacent to the ones we studied (Herting et al. 2010) supports our
findings and also suggests that the abnormalities described herein may have their origins
prior to the start of drinking. Hence, it will be important to determine whether the reduced
connectivity we have observed normalizes or persists with longer periods of abstinence
(Parks et al. 2002).

This study examined a small sample of uncomplicated alcoholics. The control group was
matched for sex and age, but the generalizability of the findings may nonetheless be limited.
Smoking and alcohol abuse raise methodological concerns in neuroimaging studies in
general, but are especially problematic for efforts to isolate the effects of either agent as the
two disorders tend to co-occur (Meyerhoff et al. 2006). Ninety percent of the patients in our
sample were smokers, comparable to smoking prevalence among alcoholics in our region;
whereas 20% of the controls were smokers, similar to the prevalence of smoking among
non-alcoholics (Reich et al. 2008). Nicotine dependence is associated with changes in brain
function and connectivity in neuroimaging studies (Azizian et al. 2009, Dager and Friedman
2000, Friedman et al. 2008, McClernon and Gilbert 2004). Additionally, nicotine may affect
cognition differently in recovering alcoholics compared to non-alcoholic controls (Nixon et
al. 2007). Smoking was not the focus of this study, but we cannot rule out smoking history
as a confounding variable. However, the findings of (Herting et al. 2010) in youth who did
not likely smoke to the degree of our sample suggest that our findings in adults are unlikely
to be fully explained by differences in smoking between patients and controls. It is also
unlikely that our observations can be explained by gender differences due to gender
matching of the groups. Nevertheless, future studies are needed to determine how
interactions of gender with alcohol dependence affect fronto-cerebellar connectivity, as

Rogers et al. Page 7

Alcohol Clin Exp Res. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



important gender differences have been documented in alcoholism (Greenfield 2002,
Schulte et al. 2009, Sullivan et al. 2010) as well as brain connectivity (Gong 2011, Tomasi
and Volkow 2011).

Our data analysis approach had some limitations. First, functional connectivity was
measured in the residuals of fMRI time series data after removing task effects. Connectivity
measured this way is similar to resting state connectivity, but not always equivalent (Fair et
al. 2007) because of the underlying cognitive orientation and the inability to perfectly
remove stimulus responses. The connectivity results may therefore be too specific to the
motor tasks to compare directly with resting state results in other studies. Measuring
connectivity from the resting segments between blocks as has been previously suggested
(Fair et al. 2007, Hampson et al. 2002) was not applicable for this experiment because of the
short 20-second periods. However, we removed stimulus responses as cleanly as possible,
and the similarities between our seed region connectivity maps and previous maps of
resting-state connectivity with the cerebellum (Krienen and Buckner 2009) are reassuring.
Second, the regions of interest were defined using the same fMRI data later used to calculate
functional connectivity. However, the seed region definition was based on the differences
between finger tapping blocks and rest blocks modeled with a set of regressors in a general
linear model. The connectivity measures were calculated on the residuals. This means that,
by construction, there was no correlation between the seed-defining signals and the signals
used to calculate functional connectivity. The target regions were defined based on group-
agnostic connectivity maps. For these reasons we do not expect that the patient/control
comparisons in connectivity values were biased by the region selection procedures, and the
absence of any global connectivity differences supports this. Third, because of the limited
sample size, we analyzed only a few anatomical regions chosen a priori based on our
hypothesis regarding recognized neuropathology in alcoholics. The functional deficits in
alcoholism may be broader in extent than we have demonstrated, and may reflect changes in
large-scale brain networks and their interactions. Recent observation of reduced connectivity
in alcoholism between the posterior cingulate and cerebellum during rest and during a
working memory task suggest that connectivity differences may also involve the large-scale
network known as the default-mode network (Chanraud et al. 2011). Nevertheless, our
connectivity findings are consistent with what independent neuropathological observations
would predict, and suggest that dysfunction of the fronto-cerebellar network may be
particularly relevant in alcoholism.

Our findings together demonstrate a pattern in recently abstinent alcoholic patients of
specific deficits in functional connectivity and recruitment of additional brain regions for
performance of a simple finger-tapping task. Diminished connectivity of prefrontal and
premotor cortex with cerebellum may reflect the pattern of neuronal damage in alcoholism
that might be predicted from the common occurrence of characteristic neuropathological
lesions in the cerebellum among alcoholics. The small sample, differences in smoking, and
brief abstinence period preclude definitive conclusions from our data, but this pattern of
diminished functional connectivity is highly compatible with the characteristic
neuropathological lesions documented in alcoholics.
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Figure 1. Regions of interest
(A) Seed regions were areas where patients exhibited fMRI responses to finger tapping but
controls did not. Seed regions were located in right premotor cortex (blue), right prefrontal
cortex (green), right parietal cortex (red), and left temporal cortex (cyan). Seed regions are
further described in Table 2. (B) Additional target regions of interest in cerebellum,
preSMA, medial frontal cortex, and left parietal lobe were defined from the connectivity
maps of the seeds, using voxels that exhibited significant intrinsic functional connectivity
during the finger-tapping experiment (including both patients and controls, p<0.001
uncorrected). These are color-coded according to the seed region that produced them. The
target regions for the middle temporal seed are not shown; they overlap with the target
regions for the premotor seed. Target regions are further described in Table 4.
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Figure 2. Fronto-cerebellar functional connectivity was lower in alcoholic patients than in
matched healthy controls
The seed regions are indicated in blue (premotor) and green (prefrontal); the cerebellar
target regions are magenta. The alcoholic patients exhibited a significant reduction in
connectivity between premotor cortex and Lobule VI in superior cerebellum, and between
prefrontal cortex and Lobule VIII in inferior cerebellum (see Table 3). Connectivity between
a number of other regions did not differ between patients and controls (Table 4), suggesting
that the result was specific to fronto-cerebellar circuits.
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Table 1
Participant characteristics

Variables are reported as mean and (standard deviation).

Variable Alcoholic (n=10) Control (n=10)

Age (years) 43 (12) 40 (13)

Gender (% male) 70% 70%

Education (years) 14 (2) * 16 (2)

Estimated IQ 106 (8) 112 (6)

Average drinks per day 9.6 (3.5) ** 0.2 (0.3)

Total years drinking 18 (7) ** 9 (12)

Cigarette smoker (%) 90% ** 20%

*
p<0.05;

**
p<0.01 comparing alcoholic and control groups.
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Table 2
Seed regions for connectivity analysis, where patients exhibited fMRI responses to non-
dominant hand finger tapping that were not present in controls

The seed regions exhibited a higher fMRI response to finger tapping in patients compared to controls (p<0.05
corrected), but no response in the controls (p>0.05 uncorrected). The seeds included all voxels within 8 mm of
the peak where the patient-control difference was significant at p<0.001 uncorrected.

Seed Region Peak Voxel MNI Coords (mm)

R Premotor 60, 9, 27

R Prefrontal 48, 21, 36

R Parietal 33, −36, 54

L Temporal −51, −66, 9
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