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Abstract 

Background:  Diffusion weighted imaging (DWI) has been widely used to investigate the 

integrity of white matter (WM; indexed by fractional anisotropy, FA) in alcohol dependence and 

cigarette smoking. These disorders are highly comorbid, yet cigarette use has often not been 

adequately controlled in neuroimaging studies of alcohol dependent populations. In addition, 

information on white matter deficits in currently drinking, nontreatment-seeking (NTS) individuals 

with alcohol dependence is limited. Therefore, the aim of this work was to investigate WM 

microstructural integrity in alcohol use disorder by comparing matched samples of cigarette 
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smoking NTS and social drinkers (SD).  Methods:  Thirty-eight smoking NTS and nineteen 

smoking SD subjects underwent DWI as well as structural magnetic resonance imaging. After 

an in-house preprocessing of the DWI data, FA images were analyzed with Tract-Based Spatial 

Statistics (TBSS). FA obtained from the TBSS skeleton was tested for correlation with recent 

alcohol consumption.  Results:  Smoking NTS had lower FA relative to smoking SD, 

predominantly in the left hemisphere (p<0.05, Family Wise Error Rate corrected across FA 

skeleton). Across the full sample, FA and number of drinks per week were negatively related 

(ρ=-0.348, p=0.008). Qualitative analyses of the structural connections through compromised 

white matter as identified by TBSS showed differential connectivity of gray matter in NTS 

compared to SD subjects of left frontal, temporal, and parietal regions.  Conclusions:  NTS 

subjects had lower white matter FA than SD, indicating compromised white matter integrity in 

the NTS population. The inverse relationship of entire white matter skeleton FA with self-

reported alcohol consumption supports previous evidence of a continuum of detrimental effects 

of alcohol consumption on white matter. These results provide additional evidence that alcohol 

dependence is associated with reduced white matter integrity in currently drinking nontreatment-

seeking alcohol dependent individuals, after controlling for the key variable of cigarette smoking. 

Keywords: alcohol use disorder, connectivity, DTI, neuroimaging, TBSS 

Introduction 

An estimated 15 million people in the United States have an alcohol use disorder (AUD) 

(Department of Health and Human Sevices, 2015), which in 2010 cost the nation 249 billion 

dollars (Sacks et al., 2015). Additionally, in AUD, the prevalence of tobacco use has been 

estimated to be ~60-90%, as compared to ~10% in a light-drinking population (Falk et al., 2006, 

Kalman et al., 2005, Romberger and Grant, 2004). Numerous neuroimaging studies have 

reported deleterious effects of alcohol on regional white matter (WM) microstructure in AUD 

(Bagga et al., 2014, Müller-Oehring et al., 2009, Pfefferbaum et al., 2006, Pfefferbaum and 
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Sullivan, 2002, Pfefferbaum et al., 2000, Yeh et al., 2009, Monnig et al., 2013, Pfefferbaum et 

al., 2014, Segobin et al., 2015). However, this established body of research typically does not 

address the potential confound of cigarette smoking in abnormalities of brain structure in AUD. 

There is also a body of literature that indicates cigarette smoking has detrimental effects on WM 

(Zhang et al., 2011, Savjani et al., 2014, Baeza-Loya et al., 2016, Zou et al., 2017). However, 

given that up to 85% of alcoholics are also smokers (Durazzo et al., 2007b, Romberger and 

Grant, 2004), it is still unclear what the relative contribution of chronic alcohol misuse is to 

deficits in WM. Some work in nontreatment-seeking (NTS) individuals with AUD has shown 

differences in brain volumes of NTS compared to light drinking controls (Cardenas et al., 2005), 

that could be, in part, attributed to smoking status (Durazzo et al., 2007a); but the effects of 

extensive alcohol misuse alone have not yet been isolated.  

While research into WM microstructural abnormalities in detoxified/abstinent AUD is extensive, 

the same cannot be said for the NTS population. This is important, as findings from detoxified 

alcoholics may not generalize to community-dwelling NTS. Only 8.3% of those with an AUD 

have sought treatment (Department of Health and Human Sevices, 2015), which makes the 

NTS population the majority of individuals with AUD. Additionally, as noted above, the potential 

influence of comorbid cigarette use in AUD has not been addressed in neuroimaging studies of 

the NTS population. Thus, the overarching goal of this work was to determine if there are 

detectable effects of alcohol dependence on WM microstructure in a currently drinking NTS 

population, while controlling for cigarette smoking status. Based on existing literature in 

detoxified AUD subjects, we hypothesized that smoking NTS will have lower WM microstructural 

integrity (assessed with fractional anisotropy, FA) compared to social drinking (SD) controls. To 

test our hypothesis, we utilized Tract-Based Spatial Statistics (TBSS) to identify areas of 

compromised WM microstructure in NTS. We also applied a novel, WM tractography-based 
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approach, to objectively identify the gray matter regions that could be targets of cortical 

projections that pass through any observed WM differences. 

Materials and Methods 

Subjects 

All procedures were approved by the Indiana University Institutional Review Board in 

accordance with the Belmont Report. Subjects were recruited from the community using 

advertisements in a local paper and social media. Written informed consent was obtained after 

confirmation that breath alcohol concentration (BrAC) was zero in all subjects and study 

procedures were explained. Subjects were 21-55 years old, and able to read, understand, and 

complete all procedures in English. This study was a retrospective analysis of magnetic 

resonance imaging (MRI) data from nineteen smoking social drinkers (SD) and thirty-eight 

smoking nontreatment-seeking (NTS) alcohol dependent participants. MRI data were acquired 

in subjects who participated in the positron emission tomography (PET) studies designed to 

investigate the dopamine system; PET data from most subjects in the current work have been 

published (Albrecht et al., 2013, Yoder et al., 2011b, Oberlin et al., 2015, Yoder et al., 2016, 

Yoder et al., 2011a). All subjects included in the present analyses were cigarette smokers. 

Exclusion criteria were: history or presence of any psychiatric, neurological, or other medical 

disorder, current use of any psychotropic medication, positive urine pregnancy test, positive 

urine toxicology screen for illicit substances, and contraindications for safety in the MRI scanner. 

The Semi-Structured Assessment for the Genetics of Alcoholism was administered to confirm 

presence or absence of AUD. NTS met DSM-IV criteria for alcohol dependence, had not 

received treatment within the past year, and were not actively seeking treatment. The following 

questionnaires were also administered: a medical history and demographics questionnaire, the 

90-day Timeline Follow-Back for alcohol use (TLFB), Alcohol Dependency Scale (ADS),
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Fagerstrom Test for Nicotine Dependence (Pomerleau et al., 1994), Edinburgh Handedness 

Inventory, and an internally-developed substance use questionnaire.  

Imaging 

MRI imaging was done on a 3T Siemens Magnetom Trio with a 12-channel head coil array 

(Siemens, Erlangen, Germany). Diffusion-weighted imaging (DWI) data were acquired using 

monopolar Stejskal-Tanner diffusion weighting, single shell (b-value = 1000 s/mm2), and 48 

distinct diffusion gradients (eight b = 0 images acquired first; GRAPPA with in-plane 

acceleration of 2). Echo time (TE) was 81ms, echo spacing 0.7ms, scan duration 8:10min, 

128x128 matrix, anterior to posterior phase-encoding, 6/8 partial Fourier phase, 68 axial slices, 

and 2x2x2 mm3 isotropic voxels. There were minor variations in TE and scan duration, as the 

DWI sequence was incrementally adjusted over time to minimize bed vibration and image 

artifacts. A small subset of data (n = 7) were collected with one b = 0 volume. A high-resolution, 

T1-weighted, whole-brain magnetization prepared rapid gradient echo (MP-RAGE) image was 

acquired with the parameters optimized for the Alzheimer’s Disease Neuroimaging Initiative 

(http://adni.loni.usc.edu/): 9:14 min, no GRAPPA, matrix size 240x256, 160 sagittal slices, 

2.91ms TE, 1.05x1.05x1.2 mm3 voxels. 

Image Processing 

Processing was carried out with an in-house pipeline implemented in Matlab (MathWorks, 

version 2014b) that incorporated programs from the Oxford Centre for Functional MRI of the 

Brain (FMRIB) Software Library (FSL version 5.0.9)(Jenkinson et al., 2012) and Camino (Cook 

et al., 2006) software suites. Figure 1 illustrates the key steps of the image processing. 

T1 preprocessing 

Preprocessing steps included: (1) Denoising of each subjects’ T1-weighted image with an 

optimized nonlocal means filter for 3D MRI (Coupé et al., 2008), (2) Automated cropping and 
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bias field correction (FSL robustfov and FAST), (3) Brain extraction (FSL-BET), and (4) Tissue-

type (FSL-FAST) and subcortical structure (FSL-FIRST) segmentation.  

Both gray and white matter (GM, WM) images from FSL-FAST were enlarged by a single modal 

dilation. The GM-WM spatial overlap provided an interface region that defined seed regions for 

tractography. A combined cerebrospinal fluid (CSF; from FSL-FAST) and subcortical GM (from 

FSL-FIRST) masks were used to minimize erroneous assignment of WM voxels as GM. 

DWI preprocessing 

Diffusion images were visually inspected for signal dropout and significant head motion artifacts. 

Only datasets that passed visual inspection were included. DWI images were denoised with a 

local principal component analysis filter (Manjón et al., 2013). The eight b = 0 volumes were 

spatially registered (FSL-FLIRT dof6) to the first volume and averaged to optimize image quality 

and minimize effects of head motion. Motion correction of each DWI volume was achieved with 

linear registration (FLIRT dof6) to the reference b = 0 volume. Eddy current correction was 

performed with FSL eddy correct (Jenkinson and Smith, 2001). The b = 0 volume was co-

registered (dof6 and WM boundary-based registration [BBR]) to the preprocessed T1 image and 

this transformation was subsequently applied to the DWI data. Voxel-wise calculation of 

fractional anisotropy (FA) and tensor modeling were conducted using multi-tensor fitting in 

Camino, where each voxel was classified as either isotropic, single-tensor (anisotropic, 

Gaussian), or crossing fibers (anisotropic, non-Gaussian). At multiple points throughout the 

preprocessing steps, images were visually inspected for quality assurance. 

Tract-Based Spatial Statistics (TBSS) 

Voxelwise statistical analysis of the FA data was performed with FSL’s Tract-Based Spatial 

Statistics (TBSS) (Smith et al., 2006). Each subject’s FA data were aligned into a common 

space using the nonlinear registration (FNIRT), which uses a b-spline representation of the 
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registration warp field. Next, a mean FA volume was created and thinned to form an FA 

skeleton that represented the centers of all tracts in the sample. Each subject's aligned FA data 

were then projected onto the skeleton, and the resultant datasets served as input into the 

voxelwise statistics algorithm. Group differences were interrogated with FSL’s randomise 

permutation testing. Contrasts were generated after 10,000 permutations with Threshold-Free 

Cluster Enhancement (TFCE) (Smith and Nichols, 2009), and were corrected for multiple 

comparisons (family-wise error; FWE). The anatomic locations of significant clusters were used 

as a starting point for post-hoc, qualitative tractography analyses (2.6). Cluster size, peak voxel 

significance and the corresponding coordinate, as well as the mean FA value of each significant 

cluster were extracted with the FSL cluster tool. Additionally, the mean FA value from each 

subject’s FA skeleton was extracted using Matlab. These extracted average FA values were 

tested for a relationship with recent alcohol use by nonparametric regressions (Spearman’s rho) 

in SPSS 24. Nonparametric testing was utilized because, across all subjects, recent alcohol use 

(drinks/week) was non-normally distributed. 

Connectivity Analyses 

Deterministic Tractography 

Deterministic tractography conducted in Camino with the Fiber Assignment by Continuous 

Tracking (FACT) algorithm used a single seed per voxel at the GM-WM interface region. Fiber 

assignment began in a seed voxel, with 1 mm increments (1 step per voxel). Except for two-

tensor voxels, fiber tracking followed the major diffusion gradient from voxel-to-voxel except 

when the turning angle exceeded 45º in 5 steps, which resulted in termination of tracking. 

Encountering a two-tensor voxel led to fiber duplication, with each of the two fibers followed one 

of the tensor directions. Streamlines were restricted to WM voxels where FA > 0.1, and were 

terminated when they reached a GM voxel on either end. Very short (< 8 mm) or long (> 180 

mm) streamlines were discarded.
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Tract (Streamline) Isolation 

To isolate fibers passing though voxels with significant group differences in FA, the TBSS output 

images were transformed into each subject’s native space with FSL tbss_deproject. Camino 

procstreamlines projected the cluster maps onto each subject’s tractography results, and 

constrained the tractography data to fibers that passed through the significant clusters (e.g., 

TBSS p-value volumes; Figure 1). To perform quality checks of modeled streamlines, fiber data 

were converted to trk format for visualization in TrackVis (Wang et al., 2007).  

Gray Matter Parcellation 

Each subject’s gray matter was subdivided into 278 regions based on a functionally-derived 

parcellation (Shen et al., 2013). This allowed us to locate gray matter sources of streamlines 

passing through white matter areas of significantly different FA. The parcellation was applied to 

each subject’s data by the following steps: 1) spatial transformation of the native T1 volume into 

MNI space (FSL: flirt-dof6, flirt-dof12, fnirt); 2) application of the individual inverse 

transformation parameters to the MNI template parcellation; and 3) masking the resultant 

native-space parcellation with each subject’s GM mask from FSL-FAST. For quality assurance, 

the final parcellations were overlaid on the respective T1 volumes for visual inspection.  

Connectivity Visualization 

The number of streamlines that connected any pair of gray matter regions was obtained from a 

connectivity matrix generated with the Camino conmat function. Connections were assessed 

separately for NTS and SD. For each group, a region-by-region connectivity matrix was 

generated with the conservative requirement that, to be counted, a given connection must be 

present in all subjects within that group. GM regions that were connected via the significant 

cluster areas were visualized by an overlay of the connected GM regions for each group onto a 

Colin 27 (CH2) MNI brain template. 
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Other Statistical Analyses 

Group differences in sample characteristics were assessed with independent-samples t-tests or 

χ2 tests (R; version 3.3.0). 

Results 

Subjects 

Subject characteristics are presented in Table 1. NTS and SD were well-matched on all 

demographic characteristics and tobacco use. NTS reported significantly higher alcohol 

consumption and scored higher on the Alcohol Dependence Scale (ADS). 

TBSS: SD vs. NTS 

NTS had lower FA compared to SD, predominantly in the left hemisphere (p<0.05 TFCE, FWE-

corrected; Figure 2). Thirty-three significant clusters were identified. Data for the largest 

(exceeding 90 mm3) and likely most relevant clusters are presented in Table 2. For a full list of 

clusters, the reader is referred to Supplementary Table 1.  

Correlations of FA with recent alcohol use 

Across all subjects, number of drinks per week had a significant negative correlation with 

average FA from the TBSS skeleton (Spearman’s ρ = -0.348, p = 0.008; Figure 3).  

Structural Connectivity 

In SD, 42 of the 278 gray matter regions were connected though the significant clusters from the 

NTS < SD TBSS contrast, while NTS had 40 connected gray matter regions. Spatially, these 

regions were largely overlapping between groups, with some regions unique to each group. 

Figure 4 illustrates the connected GM regions for each group. There were qualitative differences 

in regional patterns of GM targets between groups (see Discussion). 
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 Discussion 

This study found effects of alcohol dependence on WM microstructure in smoking nontreatment-

seeking alcohol dependent individuals who had lower FA relative to smoking social drinkers. Not 

matching groups for smoking status is a potentially important confound that is often overlooked 

in neuroimaging studies of addiction. We used our results as a starting point for implementation 

of a novel approach to identify gray matter regions that could be the sources of denervation 

through the areas of compromised white matter (identified via TBSS). We also found that FA 

values in the whole study sample were negatively associated with recent drinking behavior. 

The areas in which NTS had significantly lower FA compared to SD were primarily in the left 

hemisphere, notably, in the external capsule and the superior longitudinal fasciculus. FA deficits 

in regions that contain these tracts have been previously reported in AUD (Pfefferbaum et al., 

2009, Yeh et al., 2009) and altered WM integrity in the tracts has been associated with altered 

cognitive function (Bagga et al., 2014, Trivedi et al., 2013). Also, detrimental effects of AUD on 

callosal WM have been reported to occur preferentially in the genu of the corpus callosum 

(Estruch et al., 1997, Pfefferbaum et al., 1996), and anterior WM tracts have also been shown to 

have greater deficits in FA (Pfefferbaum et al., 2009). Thus, the pattern of WM microstructural 

deficits that we observed in NTS are consistent with previous findings, and provide additional 

evidence that anterior WM and longer tracts, such as the superior longitudinal fasciculus, may 

be more vulnerable to the effects of alcohol. At this time, it is not clear why the results were 

apparently lateralized; however, it is possible that larger sample size may have revealed 

bilateral effects. 

To begin to understand possible changes in brain function secondary to WM disruption, we 

employed a novel filtered tractography approach, whereupon the putative GM endpoints of 

compromised WM tracts were identified. There were some regional differences in the 

connectivity patterns between NTS and SD. Connected GM regions that were only seen in the 
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NTS group included areas in the frontal lobe and anterior cingulate gyrus. Connected regions 

that were only observed in SD included frontal lobe and middle/posterior cingulate gyrus, as well 

the left temporal, parietal, and occipital lobes. In NTS, the absence of connections to posterior 

regions in parietal and occipital lobes may be additional evidence that alcohol has detrimental 

effects on long WM tracts, such as the superior longitudinal fasciculus.  

The observed WM deficits in NTS are likely to have functional ramifications in the brain. Recent 

research with functional MRI showed that functional connectivity of the cingulate cortex was 

associated with time to relapse in a recovering AUD sample (Zakiniaeiz et al., 2017). In addition, 

functional connectivity of the precuneus in response to alcohol cues was associated with 

severity alcohol dependence (Courtney et al., 2014). Thus, it may be the case that with 

continued alcohol misuse, structural differences in individuals with AUD may be related to 

functional deficits that alter brain function. In turn, this may contribute to the maintenance of 

AUD, and potentially increase the risk for relapse in those who attempt to quit drinking.  

Resting state functional MRI has been used to parse the brain into networks with functional 

significance (Yeo et al., 2011), which assists with interpreting structural connectivity results. In 

the present study, regions with differential structural connectivity between NTS and SD 

predominantly were in the ventral and dorsal attention networks (Fox et al., 2006), frontoparietal 

network (Vincent et al., 2008), and the default mode network (Andrews-Hanna et al., 2010). 

Broadly speaking, these networks are involved in orientation of attention to internal and external 

stimuli, decision-making, and self-referential processes – all of which are relevant to addictive 

processes. Indeed, studies of AUD-related populations have reported altered function of these 

networks (Fryer et al., 2013, Wetherill et al., 2012, Chanraud et al., 2011). Thus, the observed 

structural differences in NTS in the present work are consistent with these functional findings. 

However, in this retrospective study, functional MRI data were not available, so we were unable 

to relate brain function to the observed structural differences. 
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There are other limitations to consider for this retrospective study. First, we were unable to test 

for any possible interaction of cigarette and alcohol use because a nonsmoking group was not 

available in this retrospective sample. We also lacked metrics on lifetime exposure to alcohol as 

well as continuous metrics of recent and lifetime smoking rates, which could have provided 

insight as to the putative cumulative effects of alcohol on WM and allowed for a more precise 

control for cigarette use. However, we believe that the observed negative association between 

recent drinking history and FA is likely related to lifetime alcohol exposure, as drinking patterns 

often solidify in early adulthood. Second, recent research suggests that tractography algorithms 

may be prone to false positive results (Maier-Hein et al., 2017). The approach we applied here 

was designed to reduce the likelihood of such effects via application of a conservative, 

deterministic tracking algorithm and by restriction of the seeding area to the GM/WM interface, 

rather than utilizing the full extent of all GM voxels in the brain. Finally, this approach only 

investigated WM connectivity through TBSS skeleton, which represents the center of core WM, 

and not the full extent of the WM tracts. In addition, no distinctions were made as to which 

specific regions were connected to one another. However, this approach provided qualitative 

insight into putative GM connections of compromised WM tracts in AUD. It also sets a premise 

for future work to investigate specific structural connectivity in AUD with regional- and/or 

network-based tractography approaches. 

In conclusion, we used TBSS to assess the effects of alcohol dependence on WM integrity in 

currently-drinking subjects with alcohol dependence, while controlling for cigarette smoking 

status. We also found that recent drinking (a probable proxy for lifetime alcohol exposure) was 

inversely correlated with WM integrity. Additionally, we employed a novel, qualitative method to 

identify the GM regions that may be adversely affected by regions of significantly lower FA in 

NTS, such as the cingulate cortex and precuneus. The results strongly suggest that actively-

smoking and drinking individuals with alcohol dependence have features of WM microstructural 
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deficits. Presence of these deficits in NTS highlights the need for additional research on 

consequences of alcohol misuse in currently drinking, community-dwelling AUD populations, 

who represent the majority of individuals with the disorder. 
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Figure Legends. 

Figure 1.  Overall processing scheme for isolating tractography-derived streamlines that passed 

through regions of significantly different FA in the TBSS group analyses (see text for details). 

Each subject’s gray matter (derived by segmenting the T1 image; top left) is divided into 278 

functionally-derived regions (top middle, GM regions color-coded). Diffusion-weighted image 

(DWI) data (bottom left) are preprocessed to obtain diffusion tensor information and fractional 

anisotropy (FA) volumes. Anatomical and DWI data information are combined to perform 

deterministic tractography (top right). FA data are analyzed with tract-based spatial statistics 

(TBSS). The TBSS-derived significant clusters (bottom middle; orange-red) are used to “filter” 

the reconstructed fiber tracts to identify those that passed through the significant clusters 

(bottom right). The fiber tracts are color-coded to indicate their predominant orientation (left/right 

in red; anterior/posterior in green; inferior/superior in blue). 

 

Figure 2.  TBSS results. Areas of significant group differences in FA (p < 0.05, FWE-corrected, 

red-yellow colors) superimposed on the mean fractional anisotropy (FA) skeleton shown in 

green. Smoking social drinkers (SD) compared to nontreatment seekers NTS. Axial slice 
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positions are illustrated in the sagittal section. For better visualization, significant voxels within 

the white matter skeleton were thickened with tbss_fill. 

 

Figure 3.  Correlation of mean FA obtained from the TBSS white matter skeleton with self-

reported average number of drink per week in the past 90 days across the full sample.  FA: 

fractional anisotropy.  TFLB: Timeline Follow-Back.  ρ: Spearman’s rho. 

 

Figure 4.  Spatial distribution of gray matter regions connected through TBSS-derived white 

matter clusters that showed significant group differences in FA. Connected regions are shown 

for both smoking social drinkers (SD, green) and smoking nontreatment-seeking alcohol use 

disorder subjects (NTS; red). Note that NTS have a qualitatively distinct spatial distribution of 

connected GM regions that are fewer in number compared to SD. Connected gray matter 

regions are overlaid on a Colin 27 (CH2) MNI template brain, with MNI-coordinates provided 

below each slice. 
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Table 1. Subject Characteristics.  

 SD NTS p-value 

N 19 38  

Age 37.8 ± 8.6 38.6 ± 8.1 n.s. 

Gender 3 F 7 F n.s. 

Race 6 AA 17 AA n.s. 

Ethnicity 0 HL 0 HL  

Education (years) 12.8 ± 2.3 12.7 ± 1.9 n.s. 

Handedness 19 R 36 R; 2 A  

Drinks/DD 3.4 ± 1.4 8.8 ± 3.3 < 0.05 

Drinks/Week 6.4 ± 7.5 38.4 ± 18.9 < 0.05 

ADS 3.9 ± 2.8 12.5 ± 5.4 < 0.05 

Fagerstrom (smokers only) 4.4 ± 1.4 4.3 ± 2.1 n.s. 
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Table 2. 

Characteristics of significant clusters from the NTS < SD TBSS contrast. 

Cluster* 

Cluster Size 

(mm3) 

FA 

SD 

FA 

NTS 

Peak 

p-value

(FWE) 

Peak MNI 

coordinates# 

(mm) (x, y, z)

1 1298 0.59 ± 0.07 0.54 ± 0.09 0.028 -39, -12, 28

2 417 0.55 ± 0.10 0.47 ± 0.12 0.045 -31, -24, -7

3 340 0.60 ± 0.09 0.53 ± 0.13 0.044 -19, 42, 4

4 319 0.57 ± 0.10 0.52 ± 0.10 0.045 14, -20, 30 

5 296 0.58 ± 0.08 0.53 ± 0.09 0.045 -33, -20, -1

6 282 0.52 ± 0.08 0.44 ± 0.07 0.044 12, 27, 14 

7 258 0.35 ± 0.09 0.27 ± 0.10 0.042 34, -38, 33 

8 202 0.57 ± 0.07 0.52 ± 0.10 0.044 -45, -46, 30

9 168 0.52 ± 0.09 0.44 ± 0.08 0.046 -30, 8, 5

10 133 0.55 ± 0.08 0.48 ± 0.08 0.048 -36, -54, 26

11 122 0.67 ± 0.06 0.61 ± 0.08 0.046 -30, 12, 32

12 120 0.78 ± 0.08 0.73 ± 0.09 0.042 -27, -3, 42
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Table Legends. 

Table 1. 

Data are mean ± standard deviation.  

TLFB:  TimeLine Follow Back.  ADS:  Alcohol Dependency Scale.  SD:  social drinkers.  NTS:  

nontreatment-seeking alcoholics.  AA:  African-American.  HL:  Hispanic Latino.  R:  right.  A:  

ambidextrous.  n.s.:  not significant.  

 

Table 2. 

* Eleven clusters (< 90 mm3) were omitted (See Supplementary Table 1 for full list). 

# Coordinates are in Montreal Neurological Institute (MNI) space. 

TBSS:  tract-based spatial statistics.  SD:  social drinkers.  NTS:  nontreatment-seekers.  FA:  

fractional anisotropy.  FWE:  Family-wise error.  MNI: Montreal Neurological Institute. 
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