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“Just imagine a sheet of paper. We all live inside that flat sheet of paper…We just deduce 
the nature of our world…by looking at things. And watch what happens. You see a dot 
appear out of nowhere…We bring in our best theoretical physicists; they don’t know 

anything. And what does the dot do next? It turns into a circle. And the circle gets bigger 
to a maximum size and then it shrinks back down, goes back to a dot, and…then 

disappears. Then all the academics go back to the chalkboards and they try to figure it 
out. And all it is, is a sphere passing through the two dimensions of your universe.” 

 
- Neil deGrasse Tyson (Tyson, 2016)
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ABSTRACT 

 Background: Theories suggest two motivations that drive people to consume 

alcohol at pathological levels: (1) seeking of short-term pleasurable effects and (2) 

alleviation of unpleasant states. The former is associated with Binge Drinking (BD; i.e. 

high intake during fewer occasions) and the latter with Heavy Drinking (HD; substantial 

intake during more occasions). Although direct comparisons have not been made, BD has 

been associated with impairments in top-down executive control (related to frontal-

parietal regions) and HD has been linked to bottom-up changes in internal mentation 

(related to the default mode network anatomical structure and function). This dissertation 

compares the two drinking patterns with the goal of testing for differential neurocognitive 

and neuroanatomical characteristics that would be indicative of two disorder subtypes. 

Methods: The sample consisted of adult participants with a history of adolescent onset: 

BD (N = 16), HD (N = 15), and Healthy Controls (HC; N = 21). All groups were equated 

on age, education, amount of lifetime alcohol consumed (BD and HD groups), as well as 

other factors. The study compared group performance on an affective go/no go task and 

group differences in brain volume and cortical thickness based on structural MRI. 
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Results: Behavioral results showed a higher number of errors for the HD group, in 

comparison to other groups. Volumetric results indicated a smaller bilateral ventral 

diencephalon in both BD and HD, in comparison to the HC, and smaller bilateral globus 

pallidus in BD only. Cortical thickness analyses revealed a thinner left superior parietal 

region (overlapping with the dorsal attention and fronto-parietal networks) in BD, 

whereas a left medial occipito-parietal region was thicker in HD (overlapping mainly 

with the visual network). Conclusion: These data, interpreted in the context of prior 

studies, suggest that BD findings might be indicative of an executive control 

dysregulation that could contribute to continued BD. HD findings might be indicative of 

tissue damage due to frequent drinking. Prior research has found the occipital region to 

have the highest concentration γ-Aminobutyric acid receptors that are affected by 

alcohol, which might explain the thicker occipital region findings in the HD group. 
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PREFACE 

In the spirit of the sentiment expressed by Neil deGrasse Tyson, I am hoping for 

this dissertation to serve as a small stepping stone towards improving our measuring tools 

for a better scientific understanding of psychopathology. I believe that a great deal of 

scientific progress comes from the integration and reinterpretation of empirical 

knowledge with the goal of improving the accuracy and elegance of our best models. 

This project is thus an attempt to integrate the published, as well as newly 

collected neurological, developmental, and cognitive data with the goal of enhancing our 

understanding of alcohol use disorders.
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SPECIFIC AIMS 

Aim 1: Examine differential inhibitory and attention processing capacity, using the 

Affective Go/No-Go and Simple Reaction Time tasks (used as a control measure), 

between Binge Drinkers, Heavy Drinkers, and Healthy Controls. 

Hypothesis 1.1: Binge Drinkers will show a higher number of inhibitory errors 

(commission) in response to positive stimuli as compared to Healthy Controls, while 

Heavy Drinkers will show a higher number of inhibitory (commission) as well as 

attention (omission) errors on the Affective Go/No-Go task in response to all valence 

stimuli. 

Hypothesis 1.2: There will be no significant group differences on the Simple Reaction 

Time Task (used as a control measure). 

Aim 2: Examine whole-brain subcortical volumetric differences between Binge Drinkers, 

Heavy Drinkers, and Healthy Controls. 

Hypothesis 2.1: Both pathological drinking groups (Binge and Heavy Drinkers) will 

show an altered volume within the ventral striatal structures, as compared to the Healthy 

Control group. 

Aim 3: Examine whole-brain cortical thickness differences between Binge Drinkers, 

Heavy Drinkers, and Healthy Controls. 

Hypothesis 3.1: Binge Drinkers will show significantly impacted dorsal attention 

network regions (within the top-down processing hubs: frontal and parietal regions), as 

compared to Heavy Drinkers and Healthy Controls. 
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Hypothesis 3.2: Heavy Drinkers will show significantly impacted default mode network 

regions (within the bottom-up processing hubs: posterior cingulate cortex and the 

precuneus regions), as compared to Binge Drinkers and Healthy Controls. 
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CHAPTER 1 – INTRODUCTION 

Significance  

 
Recent theories suggest that certain problem drinkers consume alcohol because of 

its pleasurable effects (positive reinforcement), while others drink in order to alleviate an 

unpleasant state (negative reinforcement) (Koob & Volkow, 2010; Volkow, Koob, & 

McLellan, 2016). The former is attributed to a binge drinking pattern, which involves 

consuming large amounts of alcohol over short periods of time (Koob & Le Moal, 2001). 

The latter is attributed to a heavy drinking pattern, which involves drinking pathological 

amounts of alcohol frequently (Koob, 2004). Although the two types of drinkers have not 

been directly compared, there are a number of neurological and cognitive findings that 

might differentiate them from one another. For example, in comparison to healthy 

controls, Binge Drinkers (BDs) seem to have impaired regulatory abilities with volitional 

control (Koob & Volkow, 2010). Specifically, they have been characterized by reflection 

impulsivity, which is the trait of making premature decisions at the prospect of a reward 

prior to considering all relevant information (Banca et al., 2015). Anatomically, BDs 

were found to have a smaller striatal as well as left frontal and parietal regional volume 

(in comparison to healthy controls), which correlate with reflection impulsivity (Banca et 

al., 2015). Heavy Drinkers (HDs), on the other hand, appear to have a neurocognitive 

disruption of automatic (unconscious) processing of information (Koob & Volkow, 

2010). HDs are characterized by compulsive traits, which are repetitive thoughts or 

actions that occur in order to alleviate discomfort (Koob & Volkow, 2016). They were 
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shown to have reduced functional connectivity within regions of the default mode 

network (including the posterior cingulate cortex and the precuneus), in comparison to 

healthy controls (Shokri-Kojori, Tomasi, Wiers, Wang, & Volkow, 2016). The different 

characteristics of BDs and HDs seem to imply that the two drinking patterns might 

constitute distinct Alcohol Use Disorder (AUD) subtypes. However, empirical findings 

that directly compare BDs and HDs to one another are lacking. Additionally, despite 

numerous findings of impaired inhibitory abilities in AUD, it is unclear whether they 

occur in only one of the drinking patterns or in both. Exploring the differential correlates 

of BDs and HDs will enhance our understanding of AUD by (1) determining whether the 

two types of drinkers differ in their respective neurocognitive characteristics, and, if so, 

(2) identifying the cognitive and anatomical characteristics that are unique to each 

drinking subtype. This information will serve as a stepping-stone for future research and 

offer clinical implications for more targeted treatment of AUDs. This dissertation aims to 

accomplish these goals by directly comparing individuals that fall within each of the 

respective drinking patterns. In order to best isolate the correlates of drinking patterns, all 

subjects will have begun drinking during adolescence and be equated for their current age 

and total quantity of lifetime alcohol consumed, as well as other relevant characteristics. 

Results of this dissertation will serve as the first empirical investigation into whether BDs 

and HDs constitute two distinct AUD subtypes. 

 Scope of Alcohol Use Disorders in the US 

According to the National Institute on Alcohol Abuse and Alcoholism, 16.3 

million adults in the U.S. were diagnosed with an AUD in 2014, and approximately 
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679,000 adolescents under 18 had an AUD (N.I.A.A.A., 2016a). Of these, almost 25% of 

adults engaged in binge drinking (BD; characterized by consuming five or more drinks 

for men and four or more drinks for women, within the course of two hours (N.I.A.A.A., 

2016b)) and 6.7 percent engaged in a heavy drinking (HD; characterized by binge 

drinking on five or more days per month (N.I.A.A.A., 2016b)) pattern of pathological 

alcohol consumption (Substance Abuse and Mental Health Services Administration, 

2014). Almost 88,000 people die from alcohol-related causes per year, making it the 

fourth most preventable cause of death in the United States (Stahre, Roeber, Kanny, 

Brewer, & Zhang, 2014). AUDs are estimated to cost the U.S. $249 billion in an annual 

economic burden (Sacks, Gonzales, Bouchery, Tomedi, & Brewer, 2015). These data 

underscore the urgency and the importance of advancing AUD research aimed at 

enhancing understanding of these disorders and helping those who are effected. 

Background 

Alcohol is produced from the process of fermentation, which involves chemically 

altering an organic substance such as grain, honey, barley, or fruit (Foundation for a 

Drug-Free World, 2016). Largely because of the pleasurable sensation that alcohol 

consumption can produce to the human experience (see the Acute Effects of Alcohol 

section below), people have engaged in fermentation for thousands of years all over the 

world. Historically, perhaps the earliest signs of alcohol use dates back to the Stone Age; 

jugs discovered from the Neolithic period (circa 10,000 B.C.) are indicative of alcohol 

consumption. Following that, numerous references to alcoholic beverages were found 

from early Egyptian Civilization, China (as early as 7,000 B.C.), India (between 3,000 
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and 2,000 B.C.), Babylon, and Ancient Greece (Foundation for a Drug-Free World, 

2016). Despite its pleasurable effects, there is evidence to suggest that the harmful effects 

of alcohol abuse were also recognized. For example, ancient Chinese texts contain 

numerous warnings pertaining to the consequences of pathological drinking (Patrick, 

1952; Williams, 1913). Similarly, Egyptian carvings depict women suffering from the 

effects of alcohol, men standing on their heads from drunkenness, and people being 

carried due to the effects of excessive drinking (Williams, 1913). 

Despite anecdotal knowledge about the ailments that can be associated with 

alcohol use, only relatively recent advancements have allowed for a quantifiable scientific 

understanding of its potential harmful effects. Perhaps one of the major breakthroughs in 

treating AUDs was the recognition that alcoholism is not one disease but rather consists 

of multiple alcohol sub-type disorders that are classified under one umbrella term 

(McGovern & White, 2002). An early scientific theory of alcoholism introduced in the 

1940s argued that alcoholism consists of subtype drinking disorders with varying degrees 

of impairment (Jellinek, 1960); these were proposed to consist of social, psychological, 

and occupational issues (Jellinek, 1960). Roughly a decade later, the first edition of the 

Diagnostic and Statistical Manual of Mental Disorders (DSM) classified alcoholism as a 

subset of psychological diagnoses including neurosis and personality and homosexuality 

disorders (American Psychiatric Association, 1952); the second edition expanded on the 

same criteria (American Psychiatric Association, 1968). Following numerous research 

findings, the third DSM edition reclassified alcoholism as an independent disorder which, 

for the first time, was classified under the substance use disorders category (American 
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Psychiatric Association, 1980). This change reflected the new recognition that alcoholism 

is a distinct pathology with unique symptoms. It was also indicative of the collected body 

of research that showed that alcoholism warranted its own sub-criteria: abuse and 

dependence (American Psychiatric Association, 1980). The three DSM updates that 

followed continued to modify the abuse and dependence categories to better reflect 

ongoing clinical research (see (American Psychiatric Association, 1987, 1994, 2000)). In 

the first significant change in the conceptualization of pathological alcohol use, the DSM-

5 replaced the term alcoholism with alcohol use disorders (American Psychiatric 

Association, 2003). Additional changes involved removing the dichotomous abuse and 

dependence categories and instead applied three levels of AUD severity: mild, moderate, 

and severe (American Psychiatric Association, 2003). This change was based on the most 

recent scientific advances indicating that AUDs consist of multiple sub-types of severity, 

which are best captured by non-dichotomous criteria. 

In parallel to the American diagnostic criteria (as documented in the DSM 

versions), the International Classification for Diseases (ICD) has undergone a similar 

series of changes from the 1960s up until through the present day. The early ICD version 

in the late 1960s classified alcohol drinking together with personality disorders (W.H.O., 

1967). An update in the late 1970s separated alcoholism into two categories: abuse and 

dependence (W.H.O., 1977, 1978), with the 10th version of the ICD being most similar to 

DSM-IV criteria (W.H.O., 1992). The 11th ICD revision draft, which is slated to be 

released in 2018, contains sub-categories of “harmful patterns of alcohol use” as well as 

“alcohol dependence” (W.H.O., 2016). 
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Classification of AUDs into recognizable sub-types and identifiable patterns that 

are quantifiably distinguishable from one another is a major step towards developing 

more targeted treatment methods, more accurate prognostication, and more thorough 

understanding of the disorder. This dissertation aims to contribute to these advancements 

by examining two distinct AUD subtypes with differential biomarkers, based on 

quantifiably unique and commonly occurring drinking patterns.  

The sections below contain brief summaries of research that is related to AUDs 

and addiction. While each of the reviewed fields is large and complex, these sections are 

meant merely to serve as brief introductions to each of the areas of research, as well as to 

highlight their respective relevance to the current project. 

Acute Effects of Alcohol 

Immediate effects of alcohol typically include a pleasurable sensation due to a 

combined impact of positive and negative affective factors (Koob, 2003a). 

Neurochemically, alcohol causes a short-term increase in dopamine (DA), opioid, and γ-

aminobutyric acid (GABA) neurotransmitters, which result in positive affect (Barbaccia 

et al., 1999; Carta, Mameli, & Valenzuela, 2004; Yoshimoto, McBride, Lumeng, & Li, 

1992). Additionally, alcohol decreases the Corticotropin-releasing hormone (CRF), 

which can result in decreased negative affect (for instance, associated with stress) 

(Ketchesin, Stinnett, & Seasholtz, 2016; Zhou, Colombo, Gessa, & Kreek, 2013). In 

healthy individuals, the levels of these neurotransmitters return to a normal baseline state 

after alcohol consumption, following a brief rebound period (see decay time description 
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(Kumar et al., 2009)). Brain regions that are known to send pleasurable signals include 

the nucleus accumbens (NAcc), basal ganglia, and parts of the limbic system (Makris et 

al., 2008). The orbitofrontal cortex and the NAcc have been shown to be selectively 

involved in opioid release during alcohol consumption (Mitchell et al., 2012). 

Additionally, physiologically depressant effects have been observed in the form of 

slowed breathing and decreased heart-rate (Porges & Byrne, 1992). During a state of 

increased GABA levels in the brain, frontal lobes function with a decreased ability to 

inhibit inappropriate information and a diminished ability to make advantageous 

decisions (Field, Wiers, Christiansen, Fillmore, & Verster, 2010). At early stages of 

intoxication, individuals might feel more “at-ease,” relaxed, and disinhibited (Dubowski, 

1957). Further, progressively acute stages of intoxication increase the levels of these 

states, as alcohol depresses the central nervous system even more (Dubowski, 1957). If 

levels of intoxication exceed the liver’s ethanol processing capacity, the nervous system 

depresses the cardiac and respiratory function, which can be fatal (Dubowski, 1957). 

Following non-lethal levels of intoxication, the organism rebounds via decreased levels 

(lower than pre-intoxication levels) of GABA, CRF, along with various physiological 

factors that often lead to a “hangover” cluster of symptoms including nausea, headaches, 

and fatigue (Swift & Davidson, 1998). In healthy individuals, these symptoms are short-

lasting as individuals return to a pre-intoxication state of functioning within several hours 

(Swift & Davidson, 1998). 
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Long Term Effects of Alcohol 

When examining the long-term effects of pathological alcohol consumption, it is 

important to make the distinction between uncomplicated and complicated problem 

drinkers (Zahr, Kaufman, & Harper, 2011). The former term refers to purely alcohol-

related pathology, while the latter term refers to alcohol with comorbid conditions 

common in AUD that are associated with their own neurotoxic effects (Svanberg, 

Withall, Draper, & Bowden, 2014). At the most extreme end of the complicated AUD 

spectrum is the well-studied condition of Wernicke-Korsakoff’s syndrome (Victor, 

Adams, & Collins, 1971). This syndrome develops following an acute episode of 

Wernicke’s encephalopathy resulting from a thiamine deficiency in heavy chronic 

drinkers. It is characterized by a severe memory disorder secondary to damage in the 

diencephalic regions of the brain (McGlinchey�Berroth et al., 1995). Recent policy 

guidelines for adding thiamine to alcoholic beverages, as well as increased availability of 

vitamin B-1 (containing thiamine) in hospital emergency rooms have resulted in a steady 

drop of new Korsakoff’s Syndrome cases (Klooster et al., 2013). Other complicated AUD 

cases often include co-occurring SCID Axis I and II diagnoses, such as depression and 

bipolar disorders, as well as various health complications, such as alcohol-induced 

hypertension (see (Compton, Conway, Stinson, Colliver, & Grant, 2005; Grant & 

Harford, 1995; Klatsky, Friedman, Siegelaub, & Gérard, 1977; Mellos, 2009; Pirkola et 

al., 2005) for examples). 

Most consistent findings pertaining to brain changes related to uncomplicated 

AUDs have been reported from studying participants with decades of heavy and chronic 
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alcohol consumption. Although definitions vary between studies, the uncomplicated 

chronic AUD population generally consumes about 35 drinks/week for men and 28 

drinks/week for women (Oslin, Atkinson, Smith, & Hendrie, 1998). Brain changes have 

been found to be heterogeneous and lay on a continuum of severity (Lisdahl, Thayer, 

Squeglia, McQueeny, & Tapert, 2013; Savage, 2014). The amount of damage seems to 

depend on factors such as the age of onset of drinking, years of drinking, age at the time 

of study assessment, and the amount of lifetime alcohol consumed (Savage, 2014).  

Neuropathological studies provided some of the earliest evidence of brain changes 

associated with alcohol use. For example, some of the earliest such evidence comes from 

in-vitro post-mortem examinations. For example, one study found a total reduction in the 

number of neurons within the frontal cortex in cases with alcoholic history, as compared 

to healthy controls (Harper, Kril, & Daly, 1987). This study used the motor cortex as a 

control brain region to indicate a selective frontal neural loss (Harper et al., 1987). 

Follow-up pathology studies have shown that neural loss occurs within the soma of larger 

(pyramidal) neurons, and is affected within the frontal regions as well as the cerebellum 

(Harper, 1998; Harper & Kril, 1989). 

In vitro, imaging studies have shown more general global cerebral atrophy (Cala, 

Jones, Mastaglia, & Wiley, 1978). Computerized Tomography (CT) scan studies have 

documented global shrinkage of the entire cortex (Carlen, Wortzman, Holgate, 

Wilkinson, & Rankin, 1978; Ron, 1983). More recent Magnetic Resonance Imaging 

(MRI) studies have confirmed these findings, indicating a smaller grey and white matter 
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volume in alcoholics, as compared to healthy controls (Fortier et al., 2011; Savage, 

2014). Additional common alcohol-related in-vivo neuroanatomical findings include 

ventricular enlargement (Savage, 2014; E. V. Sullivan & Pfefferbaum, 2009) and 

cerebellar volumetric reduction (Harper, 1998; Lishman, 1990; Pfefferbaum et al., 1992). 

While in-vivo and in-vitro studies seem to converge on the directionality of 

alcohol impact (as indicated by volumetric reduction), there are some discrepancies when 

it comes to alcohol’s effect on specific structures. Among the subcortical grey matter 

structures, specific findings include volumetric reductions within the thalamus and 

hypothalamus (Beaunieux, Eustache, & Pitel, 2014), cingulate cortex (Savage, 2014), and 

insula (Savage, 2014). Finally, diencephalic shrinkage has also been reported (Antony 

Harding, Halliday, Caine, & Kril, 2000), which was accompanied by functional loss only 

in Wernicke’s patients (Savage, 2014). While in-vivo MRI studies having found that the 

hippocampus is reduced (Pitel et al., 2009; E. V. Sullivan & Marsh, 2003), post-mortem 

pathological examinations have not confirmed hippocampal reduction (AJ Harding, 

Wong, Svoboda, Kril, & Halliday, 1997). Although definitive reasons for this 

inconsistency are unknown, it is suggested that it might be due to the impact of white 

matter loss on grey matter hippocampal structures, which could be biasing the structural 

MRI results (Savage, 2014). Additionally, pathology studies have the advantage of 

examining types of neurons, at a cellular level that is not yet possible with neuroimaging. 

Findings pertaining to frontal lobe alcohol damage do seem to converge between study 

methodology, as they all point to a specific frontal lobe vulnerability to alcohol 
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neuropathology (see (Pfefferbaum, Lim, Desmond, & Sullivan, 1996) and (Harper & 

Matsumoto, 2005)). 

In addition to anatomical studies, a great deal of research has examined the impact 

of long-term alcohol abuse on neuropsychological function. Similar to anatomical results, 

alcohol seems to impact a wide array of neuropsychological domains. While this is a 

broad and complex field of research, a recent review has identified the following 

components to be affected: psychomotor abilities, executive function, memory function, 

emotional processing and psychosocial abilities, and visuospatial skills (Fulton T Crews 

et al., 2005; Oscar Berman et al., 2014; E. Sullivan, Rosenbloom, & Pfefferbaum, 2000; 

E. V. Sullivan, Fama, Rosenbloom, & Pfefferbaum, 2002). The functions vary widely in 

their restorative capacity (Oscar Berman et al., 2014) and in cases of abstinence, and they 

are associated with respective neurological circuit impairment (Oscar Berman, Kirkley, 

Gansler, & Couture, 2004). 

Risk Factors 

Inherited Risk Factors 

 
Studies have identified a number of genetic traits that are associated with various 

aspects of AUDs (Hendershot, Wardell, McPhee, & Ramchandani, 2016; Koob, 2003a; 

Tawa, Hall, & Lohoff, 2016; Wall, Luczak, & Hiller-Sturmhöfel, 2016). One such trait is 

the individual acute response to alcohol intake, which has been shown to be partially 

genetically mediated (Hendershot et al., 2016). Specifically, individuals who inherit the 
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combined traits of heightened hedonic response and lower sedation from alcohol intake 

appear to be at an elevated risk for developing an AUD (A. C. King, De Wit, McNamara, 

& Cao, 2011; A. C. King, McNamara, Hasin, & Cao, 2014; Schuckit, 1994; Schuckit & 

Smith, 2000). Furthermore, several genetic factors relating to the metabolization of 

alcohol have been identified; these are important vulnerability markers because 

individuals who take longer to reach intoxication might be at a higher risk for consuming 

larger amounts of alcohol in a given period of time. Specific alleles that were linked to 

ethanol metabolizing enzymes include the ADH1B*, ADH1C, and ALDH2*2 (Tawa et 

al., 2016). Additionally, the ADH1B* and ALDH2* polymorphisms were found to be 

associated with slower intoxication (Koob, 2003a). 

Inherited risk factors pertaining to the hedonic experience of alcohol use, craving 

aspects, stress processing, and negative affect during withdrawal have been identified as 

well. The C-AMP dependent protein (Koob, 2003a) has been linked to an increased 

hedonic experience from alcohol consumption. This is an important risk factor, as 

heightened pleasurable experience that results from alcohol consumption might make 

alcohol use more appealing and consequently contribute to the development of an AUD. 

When it comes to craving, dopaminergically mediated mechanisms are some of the most 

relevant, as DA has been shown to be involved in motivation and desire (Berridge & 

Robinson, 1998). In this line of research, DA receptor function has been shown to be 

associated with two inherited alleles: TaqI and RFLP (Grandy et al., 1989), indicating 

that craving aspects of AUDs may be at least partially innate (Noble et al., 1994).  
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The ability to deal with stress is another important risk factor for AUD 

development (Marlatt, 1976; Silberman et al., 2009). Given that acute effects of alcohol 

involve increased GABA levels (Santhakumar, Wallner, & Otis, 2007), and that GABA 

has a sedating effect by decreasing anxiety (Cryan & Kaupmann, 2005), individuals who 

have difficulty managing stress have been shown to be at an increased risk for self-

medication via alcohol (Brady & Sonne, 1999; Crum, Muntaner, Eaton, & Anthony, 

1995; Higley, Hasert, Suomi, & Linnoila, 1991). Additionally, the speed and efficiency 

of GABA synthesis is an important factor of self-medicating (Farooqi & O’Rahilly, 

2007); (Sałat et al., 2012), and a major component of innate risk factors (Gorwood, 

Schumann, Treutlein, & Adès, 2006; Tabakoff et al., 2009). In this vein of research, both 

GABA synthesis (found to be mediated by the aldehyde dehydrogenase 1a1 (ALDH1a1 

polymorphism)) (Marchitti, Brocker, Stagos, & Vasiliou, 2008) and stress processing 

have been linked to hereditary factors (Higley et al., 1991). Specifically, engaging in 

rapid alcohol consumption via Binge Drinking (BD) was shown to decrease stress by 

means of GABA synthesis (Koob, 2003a). Heavy alcohol consumption, on the other 

hand, was also shown to decrease stress but was linked to a different polymorphism: the 

rs1876831, C allele (Koob, 2003a). Finally, experiencing heightened negative affect 

during withdrawal stages can be a risk factor for further drinking and relapses. The CRF1 

receptor gene (Corticotropin releasing factor hormone receptor 1) polymorphism was 

found to be associated with negative affect during hangover/withdrawal periods within 

adolescent BD (Koob, 2003a). 
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Non-Inherited Risk Factors  

 
Environmental factors can either serve as crucial trigger points that exploit the 

inherited vulnerability or increase resilience towards developing an AUD. The first 

environmental influence in human development occurs within the fetal environment. It 

was shown that alcohol consumption during pregnancy has an impact on prenatal 

development (Rosett et al., 1983) that can lead to damaged brain tissue before the 

offspring is even born (K. L. Jones, 2011). At the most severe end of prenatal alcohol 

exposure is a group of conditions that make up the Fetal Alcohol Spectrum Disorders that 

can result when a mother consumes large amounts of alcohol during pregnancy (Sokol, 

Delaney-Black, & Nordstrom, 2003). The conditions include abnormal facial 

characteristics, short height, low body weight, small head, and cognitive and behavioral 

problems. These types of damage have been attributed to the effects of alcohol since they 

were evident in infants whose mothers drank during pregnancy, in contrast with those 

who did not (K. L. Jones, 2011). Additionally, mothers who stopped drinking during the 

second trimester had children with lesser damage, in contrast to those who continued to 

drink during pregnancy. In turn, these changes are believed to add to vulnerability and 

contribute to a greater likelihood of developing an AUD during adolescence and 

throughout adulthood (Streissguth et al., 2004). 

During post-fetal development, a nourishing and loving relationship between a 

child and her parents has been shown to be associated with resilience towards stress 
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(Masten, Best, & Garmezy, 1990; Rutter, 1987). Conversely, unhealthy attachment with 

parents characterized by a neglectful and/or abusive upbringing has been predictive of 

substance and alcohol abuse in adulthood (Kumpfer & Bluth, 2004). It is possible that the 

effects of neglectful upbringing work synergistically with inherited genetic risks (Tsuang, 

Bar, Stone, & Faraone, 2004), increasing even more the likelihood of developing an 

AUD. 

Another environmental factor that has been significantly associated with alcohol 

and substance abuse is trauma (Clark, Lesnick, & Hegedus, 1997; Skinner, Holt, 

Schuller, Roy, & Israel, 1984; Stewart, 1996). Women who have experienced childhood 

sexual trauma, for instance, are more likely to self-medicate with alcohol than their 

healthy counterparts (Wilsnack, Vogeltanz, Klassen, & Harris, 1997). Veterans who have 

developed a Posttraumatic Stress Disorder (PTSD) or an acute stress disorder due to a 

history of traumatic event(s), often self-medicate with alcohol (Khantzian, 1997; 

McGlinchey, Milberg, Fonda, & Fortier, 2017; McGlinchey, Milberg, Fonda, & Fortier, 

In press). As mentioned earlier, alcohol’s sedating impact via GABAnergic transmitters, 

are an appealing short term “solution” for reducing the distressing symptomatology of 

traumatic stress. 

A major factor relating to AUDs, particularly for the adolescent population, is the 

social environment (Beattie et al., 1993). Similarly to parenting styles, the social milieu 

can be either a protective factor linked to resilience or a risk factor linked to vulnerability 

(Enoch, 2006). In either scenario, close peers tend to provide social rewards and pressure 
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towards socially acceptable activities, as well as threat of ostracism as a deterrent from 

unaccepted acts (Werner, 2000). Indeed, groups that favor BD (such as fraternities) 

encourage and pressure their members to engage in those acts (Borsari & Carey, 1999). 

Such social environments have been shown to be one of the major risk factors for 

adolescent BD (Larimer et al., 2001; McCabe, 2002). On the contrary, groups that value 

non-drinking activities (such as prayer groups) would serve as deterrents from 

pathological alcohol consumption. Similarly to other environmental factors, the co-

occurrence of a risky social environment with other existing risk factors (inherited or 

environmental) raises the chances of developing an AUD (Repetti, Taylor, & Seeman, 

2002; Sher, Grekin, & Williams, 2005). 

Adolescent Onset AUD 

Introduction 

 
Adolescence is defined as the developmental period that occurs between the ages 

of 12-25, and it is the time during which the brain reaches full maturity (Casey, Jones, & 

Hare, 2008; F. Crews, He, & Hodge, 2007; Giedd et al., 1999; Shaw et al., 2006; Linda P 

Spear, 2000). This point is reached via massive brain restructuring which, amongst other 

changes, involves decreases in frontal grey matter and an increase in whole-brain white 

matter (F. Crews et al., 2007). Importantly, there is a considerable overlap in brain 

systems that undergo most of the adolescent restructuring and those that are affected in 

AUD (described above); specifically, the forebrain systems that are related to the 

cognitive executive processing of motivation towards reward, stress processing, and 
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related attention and inhibitory functions (Galvan, 2010; Monk et al., 2003; Romer, 

2010). Not surprisingly, AUDs most often begin during adolescence and start to emerge 

in the form of either BD or HD patterns (Chassin, Pitts, & Prost, 2002; Donovan, 2004; 

Schulenberg & Maggs, 2002). Each drinking pattern seems to be associated with different 

cognitive and motivational mechanisms that are involved in alcohol consumption. 

 

Adolescent Development  

 
Among a broad range of physiological and cognitive changes that occur during 

adolescence, the PFC undergoes a sort of “sculpting” as a result of genetic and 

environmental influence (Lewis, 1997). Grey matter within the PFC decreases as a result 

of synaptic pruning and white matter connectivity increases, interconnecting the PFC 

with other brain regions to a greater extent than before adolescence (Andersen, 

Thompson, Rutstein, Hostetter, & Teicher, 2000). The maturational changes that are the 

most relevant to AUD vulnerability are those that underlie reward motivation and stress 

processing (Galvan, Hare, Voss, Glover, & Casey, 2007; Romeo & McEwen, 2006; Van 

Leijenhorst et al., 2010). Anatomically, PFC-striatal-limbic connections are restructured, 

which impacts the activity of attention and inhibitory systems (F. Crews et al., 2007). 

Cognitive traits associated with maturing, such as impulsivity and changes in stress 

processing, also begin to emerge (Arnett, 1999; Romer, 2010). Healthy developmental 

changes during adolescence involve non-linear thinning of the entire cortical surface 

(Shaw et al., 2008a). This occurs partially due to synaptic pruning (F. Crews et al., 2007) 
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and accompanies white matter reorganization (via myelination) below the cortical surface 

of the brain (Paus, 2010). Most regional cortical thinning has been shown to follow a 

cubic trajectory, reaching peaks in thickness at the onset of adolescence and thinning 

until 25 years of age ((Shaw et al., 2008a); see Figure 1 below). The two exceptions to 

this trajectory seem to be localized within the insula, anterior cingulate cortex, and 

inferior regions of the brain (Shaw et al., 2008a). Insula and the anterior cingulate cortex 

were shown to follow quadratic curves; reaching peak thickness at approximately 17 

years of age, and thinning after that point onward (Shaw et al., 2008a). Some regions 

within the orbitofrontal cortex, frontal operculum, piriform cortex, medial temporal 

cortex, subgenual cingulate cortex, and medial occipitotemporal cortex appear to follow 

linear trajectories of cortical thinning (Paus, 2010). Figure 1 shows a visual summary of 

these changes (Shaw et al., 2008b). 
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Figure 1. Trajectories of Cortical Grey Matter Adolescent Development. 

These images depict multiple trajectories of cortical thinning throughout 
adolescence based on age, and snapshots of several locations along the linear 
and non-linear functions. Reprinted with permission from (Shaw et al., 
2008a); permission obtained on 10/13/16 (Shaw et al., 2008b).  
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Within the developing PFC-basal ganglia circuits, globus pallidus plays a specific 

role in goal-oriented motivation. Specifically, bilateral global pallidum lesions are 

associated with impaired learning of new rules, as measured by the Wisconsin Card 

Sorting Task (Olzak et al., 2006), as well as impaired attention towards new rule learning 

(Scott et al., 2002). Damage within the pallidum regions that project to orbitofrontal and 

ventromedial prefrontal cortices have resulted in clinical apathy (this condition was 

slightly alleviated with dopaminergic treatments) (Adam et al., 2013). Cell activity 

recordings of the globus pallidus during deep brain stimulation have shown higher 

activity during reward presentation (Howell et al., 2016), as well as a cessation of learned 

compulsive symptoms (Smeets et al., 2016). A recent animal study with monkeys who 

had undergone pallidoctomies, has shown impairments within reward motivated behavior 

via impaired performance on a reward task (Piron et al., 2016). Additionally, it was found 

that volumetric reduction within the globus pallidus is associated with decreased ability 

to make causal inferences in adolescents: an ability that is critical to learning (Griffiths, 

Lagopoulos, Hermens, Hickie, & Balleine, 2015).  

Adolescent development of the globus pallidus is associated with the emergence 

of motivational traits (Lamm et al., 2014). These traits become pathological in AUD, as 

motivation is increased towards the consumption of unhealthy quantities of alcohol and is 

often decreased in relation to other goals (Heinz et al., 2014b). Both BD and HD 

individuals have been shown to have increased motivation (often referred to as incentive 

salience) towards alcohol, and decreased motivation towards pursuing other, healthier 

activities (Lau-Barraco, Linden-Carmichael, Hequembourg, & Pribesh, 2016; 
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Marczinski, Fillmore, Henges, Ramsey, & Young, 2013). Interestingly, a single case 

study examining damage to the globus pallidus, via ischemic injury, reported an 

associated cessation of substance abuse (Moussawi, Kalivas, & Lee, 2016). These 

findings show that the globus pallidus is not only involved in pathological motivation 

towards substance abuse, but it also appears to be necessary for the maintenance of 

pathological drinking. 

In addition to the globus pallidus, other ventral striatal structures function together 

to process rewarding stimuli, and are particularly sensitive to reward during adolescence 

(Fliessbach et al., 2007; Takahashi, Langdon, Niv, & Schoenbaum, 2016; Telzer, 2016). 

Although their role does not seem to be as specific as that of the globus pallidus, they 

have been shown (via functional MRI (fMRI)) to consistently activate in response to 

rewarding stimuli (Schultz, 2000) and decrease in activation when rewards are absent 

(Schultz, Apicella, Scarnati, & Ljungberg, 1992). In the presence of rewards, the ventral 

striatum was shown to be hyperactive in adolescence, in comparison to healthy adults 

(Schultz et al., 1992). Additionally, these structures are hyperactive in response to alcohol 

cues within the AUD population (in adolescents as well as adults (Chambers, Taylor, & 

Potenza, 2003; Jana Wrase et al., 2007)). Taken together, these findings point to a crucial 

component of a reward system, the globus pallidus, which has altered functioning during 

adolescent development and appears to be malfunctioning within the AUD population. 
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Overview of Impulsive and Compulsive Traits 

Prior to classifying AUD subtypes based on their respective impulsive and 

compulsive characteristics, it is worthwhile to review the latest literature on these 

endophenotypes. Impulsivity has been defined as a reckless action that lacks the proper 

foresight and evaluative thinking required to weigh all the positive and negative 

outcomes of an act (Durana, Barnes, Johnson, & Shure, 1993; Evenden, 1999; Voon & 

Dalley, 2015). Impulsive actions are often reinforced by positive goals; the desire to 

obtain a reward, also known as positive reinforcement (Koob & Le Moal, 2001; Voon & 

Dalley, 2015). Impulsivity is argued to involve a flaw in executive reasoning (Bickel, 

Jarmolowicz, Mueller, Gatchalian, & McClure, 2012). The construct of impulsivity has 

been broken down into several different domains involving motor and decision-making 

components. Motor impulsivity can be broken down into waiting impulsivity (restraining 

a response in anticipation of a reward) and response inhibition (stopping a proponent or 

an initiated response).  Decision making impulsivity can refer to (1) delay discounting: 

the extent to which future rewards are devalued in comparison to analogous but 

immediate rewards, or (2) reflection impulsivity: lack of consideration of all necessary 

factors resulting in rash decisions. 

While the neural underpinnings of impulsivity differ depending on the specific 

task, there are certain commonalities that are involved in most tasks that evoke 

impulsivity (Schilling et al., 2013). According to a recent review, the fronto-striatal and 

parietal regions are involved in most impulsivity tasks (Fulton Timm Crews & Boettiger, 

2009). When participants attempt to inhibit an action, the PFC structures communicate 
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with the globus pallidus and the substantia nigra through either the NAcc or the caudate 

nucleus (Aron & Poldrack, 2006). Parietal regions are also involved and are believed 

either to play an evaluator role for judging the magnitude of potential reward or to focus 

volitional attention on the task at hand (Bisley & Goldberg, 2010b; Spechler et al., 2016). 

Smaller left parietal volume has been associated with greater impulsivity, which further 

suggests its role in inhibiting inappropriate behaviors (Banca et al., 2015). Given that 

parietal structures are involved in a broad array of tasks (see (Bisley & Goldberg, 2010a) 

for an overview), in addition to impulsivity, it is likely that they activate as part of a 

volitional control network when attention is focused on a given task. 

Compulsivity, on the other hand, is defined as a repetitive pattern of behavior (in 

the form of thoughts or actions) that is aimed at reducing tension or discomfort (Koob, 

2003a; Voon & Dalley, 2015). Compulsive acts are motivated by negative reinforcement 

(reduction of unpleasant states) and have been shown to be driven by involuntary 

(automatic) urges, as opposed to volitional motivation (Denys, 2014). Compulsion is 

typically measured by repetitive behaviors and cognitive inflexibility; the inability to 

reverse a previously learned behavior despite the updated instructional demands (Voon & 

Dalley, 2015; Voon et al., 2010). Attention set-shifting tasks have demonstrated 

deficiencies in the ability to perceive changing rules and perseverative behaviors in 

compulsive individuals (Voon & Dalley, 2015). This has also been reflected in the 

inability to reverse previously made associations (Banca, Harrison, & Voon, 2016). 

In contrast to impulsivity, compulsive disorders were shown to involve 

disruptions within occipital regions, which serve as global attention hubs (Bagga et al., 
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2014; Gonçalves et al., 2016; Migliaccio et al., 2016; Vossel, Geng, & Fink, 2014). These 

hubs constitute parts of dorsal (volitional) and ventral (involuntary) attention streams 

(Vossel et al., 2014). Involuntary attention is drawn towards cues that indicate tension 

when a certain craving or an “itch” needs to be satisfied (Euser, Oosterhoff, & van 

Balkom, 2016; Voon & Dalley, 2015). Voluntary attention is then deployed when the 

affected individuals makes the decision to focus on the reward of “scratching the itch,” or 

drinking, in order to reduce negative symptoms associated with withdrawal (Stern et al., 

2016; Stern & Taylor, 2014). Given that both types of attention are an organic entity of 

compulsive disorders, it is not surprising that the occipital attention hubs are affected. 

 

Motivational Dysregulation in Binge Drinking 

BD is associated with a disruption in the volitional decision making process that 

is driven by the hedonic rewards of alcohol consumption (Gil-Hernandez & Garcia-

Moreno, 2016; Koob, 2004; Stock, Riegler, Chmielewski, & Beste, 2016). These 

dysregulations become apparent when teenagers become noticeably engaged in BD to a 

higher extent than healthy adolescents (Blakemore & Robbins, 2012; Fulton Timm Crews 

& Boettiger, 2009; Whelan et al., 2012). Studies show that BDs possess impulsive 

characteristics and are motivated to consume alcohol because of its rewarding effects 

(Koob; see Figure 2). This cohort of teenagers appears to possess certain neurocognitive 

vulnerabilities that are exploited during the first few BD episodes. When alcohol is first 

consumed, the reward centers of the brain release opioid and GABA neurotransmitters in 

all drinkers. Those who ultimately become BDs, however, seem to react differently to 
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this experience than their healthy counterparts. For example, they may begin to display 

trouble inhibiting (Balodis, Potenza, & Olmstead, 2009) actions that lead to more alcohol 

consumption (thus increased impulsivity) and start paying more attention to cues that 

relate to alcohol, versus all other stimuli (thus attention bias). Continued BD episodes, in 

turn, impact the developing neural structures that are associated with inhibition and 

impulsivity with changes persisting throughout adulthood. The neurocognitive changes 

are predictive of future BD episodes, as they motivate the affected individuals to keep re-

experiencing the positive effects of alcohol intoxication (thus positive reinforcement). 

This type of reward-driven motivational dysregulation is associated with altered 

functioning of the developing PFC-basal ganglia network (Balodis et al., 2009). In more 

extreme cases, the neural system was said to be “hijacked” by the substance (Volkow & 

Wise, 2005). 
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Figure 2. Compulsive and Impulsive Models of Substance Abuse. 

This figure depicts the impulsive and compulsive models of addictive profiles. Each profile 
respectively involves positive and negative reinforcement as motivation. Adopted models of 
addiction from Koob and colleagues (Koob, 2003b). Permission to use the Figure obtained on 
10/10/16 under the license number 3965571287529 and reprinted with permission.  
 
 

 

Motivation Dysregulation in Heavy Drinking 

HDs were shown to exhibit pathologically elevated obsessive and compulsive 

traits and are motivated to drink frequently via negative reinforcement (Anton, 2000; 

Anton, Moak, & Latham, 1995; Connor, Feeney, & Young, 2004; Flannery, Volpicelli, & 

Pettinati, 1999; Modell, Glaser, Cyr, & Mountz, 1992; Roberts, Anton, Latham, & Moak, 

1999). HDs’ day-to-day qualitative experience, as measured by self-report, is marked by 
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elevated levels of negative affect compared to non-problem drinkers (Colder & Chassin, 

1993; Frone, Barnes, & Farrell, 1994; Hussong & Chassin, 1994). Their neurochemical 

composition includes chronically decreased GABA and elevated cortisol levels which 

“normalize” with steady alcohol intake (Enoch, 2008; Koob, 2004), contributing to ever 

increasing levels of alcohol tolerance. Importantly, the same GABAA receptors that are 

affected by alcohol also increase negative affect and stress (Enoch, 2008). Thus, HDs’ 

reliance on alcohol is tied in to their desire to decrease stressful and uncomfortable states 

that are exacerbated in alcohol’s absence. 

 
 

Attention Overview 

 

Among the developing neurocognitive systems during adolescence are the 

attention systems. Attention systems are divided into two distinct components; dorsal and 

ventral attention streams (Vossel et al., 2014). The ventral attention system was shown to 

activate in response to involuntary deployments of attention, an example of which is a 

saccade in response to a peripheral stimulus (Vossel et al., 2014). Regions most involved 

in this network include ventral frontal components, temporal-parietal junction, and the 

visual cortex (Vossel et al., 2014). The dorsal attention network underlies the volitional 

deployment of attention; for example, fMRI studies have demonstrated that it is activated 

during tasks involving voluntary action (Vossel et al., 2014). Neurologically, this system 

consists of bilateral frontal eye fields, lateral parietal regions (specifically, the 

intraparietal sulcus), as well as the visual cortex (Vossel et al., 2014). The superior 
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parietal lobule, within the lateral parietal region, is a particularly crucial task-positive 

component of this network, as it activates in response to a wide variety of tasks (Corbetta 

& Shulman, 2002; Gmeindl et al., 2016). Specifically, it is active during feature detection 

(Esterman, Tamber-Rosenau, Chiu, & Yantis, 2010; T. Liu, Slotnick, Serences, & Yantis, 

2003), working memory (Tamber-Rosenau, Esterman, Chiu, & Yantis, 2011),  sensory 

processing (Shomstein & Yantis, 2004), object processing (Serences, Schwarzbach, 

Courtney, Golay, & Yantis, 2004), and shifting between various spatial locations 

(Greenberg, Esterman, Wilson, Serences, & Yantis, 2010; Kelley, Serences, Giesbrecht, 

& Yantis, 2008; Vandenberghe, Gitelman, Parrish, & Mesulam, 2001; Yantis et al., 

2002). Importantly, the frontal eye field region (more so on the right side) seems to play a 

more “fine-tuned” role in attention control; it engages and makes small adjustments 

during times when individuals are performing well on a given task (Esterman et al., 

2015). It is important to note that while these attention systems occupy a distinct spatial 

distribution, the visual cortex is a global processing hub for both networks (Vossel et al., 

2014). Additionally, although the basal ganglia structures are not directly a part of the 

attention networks, they provide value “assignments” along with the frontal systems for 

various tasks that might compete for attentional resources (Hazeltine, Grafton, & Ivry, 

1997; Mason et al., 2007). This is important for attention in the context of positive 

information processing and motivation.  

As evident by the review so far, the dorsal attention network is involved in a 

broad number of tasks and types of attention. The focus of this discussion will be on the 

sustained attention component of attentional processing, as it is most relevant to 
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developing AUD disorders. Sustained attention is defined as the ability to focus attention 

on a specific task for a prolonged period of time (Esterman, Noonan, Rosenberg, & 

DeGutis, 2012).  

There are a number of competing theories with regards to the cognitive 

mechanisms of sustained attention processing underlying the dorsal attention network. 

The “resource theory” posits that sustained attention is an interplay between cognitive 

resource availability and the respective resource demands of various tasks (Grier et al., 

2003). Failures in sustained attention occur when task demands become too high, and 

resources are stretched too thin, consequently causing suboptimal task performance 

(Warm, Parasuraman, & Matthews, 2008). This theory is problematic, however, because 

of ungrounded assumptions that participants are (1) fully motivated/engaged in doing the 

task, and (2) maximal effort is consistently exerted (Karen & Sasmita, 2016; Massar, 

Lim, Sasmita, & Chee, 2016; Nicholls, Loveless, Thomas, Loetscher, & Churches, 2015). 

Another problematic theory, often called the “underload theory,” that attempts to explain 

the faulty mechanisms of sustained attention posits that performance decrements occur 

when task demands are too low to maintain arousal at optimal levels (Manly, Robertson, 

Galloway, & Hawkins, 1999). When this happens, unrelated thoughts and mental 

processes begin to form in order to fill the void in an under-stimulated attention network 

(Robertson, Manly, Andrade, Baddeley, & Yiend, 1997). A major problem with this 

explanation is that it does not address why extended task performance is increasingly 

effortful, which, according to this theory, should not result in lower excitation (Warm et 

al., 2008). 
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Perhaps the “effortful allocation theory” is the most promising explanation for the 

functioning of sustained attention. This theory posits that the phenomenon of attention is 

a dynamic process involving the allocation of limited resources between the task at hand 

and other ongoing mental processes (Kurzban, Duckworth, Kable, & Myers, 2013; 

Thomson, Besner, & Smilek, 2015). According to this model, attention is inextricably 

linked to valence and motivational factors. Allocation of task resources is based on 

analyses and assignments of reward and opportunity cost to available tasks (Braver et al., 

2014), which consequently impacts performance. If, for instance, a task is judged as 

boring without a sufficient reward for successful completion, resources might be divided 

between that task and other, more appealing, mental processes (i.e., thinking about what 

dessert to pick after dinner that evening). Additionally, as the agent gets more tired, 

fatigue would add to the cost of performing at peak effort (Boksem & Tops, 2008), which 

an ongoing re-evaluation of the task-resource allocation would take into account. Finally, 

it was recently shown that attention largely depends on how strongly a performance is 

linked to predicted outcomes; this takes past associative learning experience into account 

(Le Pelley, Beesley, & Griffiths, 2016). Past experience with alcohol engagement might 

be particularly important for reinforcement learning that often leads to addiction. 

Ongoing mental processes that interfere with goal oriented attention have been 

shown to be associated with functional activation of the default mode network (Andrews-

Hanna, Smallwood, & Spreng, 2014; Esterman et al., 2012). Briefly, as shown by 

numerous fMRI experiments, the default mode network consists of co-activating brain 

regions that increase in activation when participants are at rest and, comparatively, 
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decrease in activation during active engagement in tasks (Andrews-Hanna, 2012; R. 

Buckner, Andrews-Hanna, & Schacter; Spreng, Mar, & Kim, 2009). One of several 

mental processes that have been attributed to the default mode network is self-referential 

internal mentation (Andrews-Hanna et al., 2014). This refers to internally oriented 

thoughts that are not relevant, and are usually disruptive, to external tasks (Andrews-

Hanna et al., 2014). External attention processes are thus disrupted when participants 

engage in a high level of internal mentation, as allocation of resources becomes strained 

(Esterman et al., 2012). Some of the internal mentation processes are not voluntary (thus 

bottom-up), and have been associated with the posterior regions of the default mode 

network (specifically, the precuneus and the posterior cingulate cortex) (Andrews-Hanna, 

2012). 

Attention Specific to Rewarding Stimuli 

As evident from the above review, attentional and motivational systems are 

orthogonal to one another. Indeed, since one function of attention is to achieve the 

desired goals (Massar et al., 2016), it is not surprising that sustained attention is largely 

dependent on motivational factors. A recent study has shown that simply the prospect of 

a reward triggers activity within the attention network during task anticipation (Esterman, 

Poole, Liu, & DeGutis, 2016). Given that striatal and frontal regions are involved in 

assigning hedonic value to rewards based on past experience (Le Pelley, Beesley, et al., 

2016; Le Pelley, Mitchell, Beesley, George, & Wills, 2016; Mason et al., 2007), this can 

be an additional point of vulnerability in AUD related disruptions. Since alcohol is often 

overvalued, while other unrelated tasks/objects are undervalued, it is not surprising that 
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AUD participants were shown to perform worse on tasks involving sustained attention 

(Crego et al., 2009; Parada et al., 2012; J. M. Townshend & Duka, 2005). Studies have 

shown that AUD participants were biased toward alcohol related cues (Fadardi & Cox, 

2009; Garland, Franken, & Howard, 2012; McAteer, Curran, & Hanna, 2015; 

Schoenmakers, Wiers, & Field, 2008), which impacted their attention performance as 

well as craving (Fadardi & Cox, 2009). Additionally, the degree of attention bias depends 

on the amount of alcohol consumed throughout participants’ lifetime (J. Townshend & 

Duka, 2001) and is predictive of treatment outcomes (Cox, Hogan, Kristian, & Race, 

2002). Thus, the strength of associative learning impacts the hedonic value of immediate 

stimuli via biasing of attention resource allocation. Finally, it has been shown that 

altering attention biases via re-training procedures (away from alcohol cues and towards 

neutral cues) results in alcohol craving reduction (Fadardi & Cox, 2009).  

As discussed, AUDs have been associated with widespread thinning of the entire 

cortex (Fortier et al., 2011). Results pertaining to thinning that is associated with 

adolescent onset AUD are not consistent across studies, which is likely due to the 

heterogeneity of AUD characterization (i.e., participants’ drinking patterns). For 

example, according to a twin study conducted by Wilson and colleagues, pathological 

thinning that precedes developing an adolescent AUD is localized within the right 

superior, middle, and inferior frontal, as well as bilateral middle temporal regions 

(Wilson, Malone, Thomas, & Iacono, 2015). Contradictory to this, a review published a 

year later argued that a thinner cerebral cortex is a vulnerability marker of adolescent 

onset AUD (Lindsay M. Squeglia & Gray, 2016). Inconsistency of findings may be 
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related to a number of factors including a lack of attention to drinking severity, drinking 

patterns, and domain specific effects across studies. For instance, Fein and colleagues 

have shown that cortical grey matter reduction is a function of an interaction of age and 

alcohol use duration (G Fein et al., 2002; George Fein, Shimotsu, & Barakos, 2010). 

Others have argued that global effects on cortical thickness are dependent on AUD 

severity (Thayer et al., 2016). Finally, a recent study has shown that thinning in the dorsal 

attention network occurs independently of substance abuse (Holmes, Hollinshead, 

Roffman, Smoller, & Buckner, 2016). 

Attention in Binge Drinkers 

 Given the wide array of neurocognitive aspects that are involved in attention 

processing, it is quite possible for different neurological changes (i.e., brain regions that 

constitute the default mode network versus the dorsal attention network) to result in 

similar attention deficits. Anatomical alterations that are specific to BDs (Müller-Oehring 

et al., 2013) are likely within the top-down regions supporting the dorsal attention 

network. Although definitive results have not been reported, several studies seem to 

support this theory. A recent study, for instance, measuring event-related potentials in 

BDs has shown that the dorsal attention regions have been altered in their event-related 

response in comparison to healthy controls (Watson, Newton-Mora, & Pirkle, 2016). 

Additionally, a resting state fMRI study has shown that the fronto-parietal aspects of the 

dorsal attention network have disrupted functional connectivity within BDs in 

comparison to healthy controls (Weiland et al., 2014). Interestingly, the parietal 

component of this network has been shown to be involved during the evaluation of 
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immediate versus delayed reward selection (Banca et al., 2015; Furl & Averbeck, 2011). 

Additionally, left parietal regional volume has been shown to be associated with greater 

impulsivity in BDs (Banca et al., 2015). These findings hint at a top-down volitional 

control attention disruption within BDs, characterized by less efficient and/or effective 

functioning during reward processing. 

Attention in Heavy Drinkers 

 Unlike BD, HD is characterized by chronic compulsive alcohol seeking behavior 

that is likely related to disrupted internal mentation (Koob & Le Moal, 2001). While the 

content of these thoughts has not been studied in the HD population, it might be related to 

alcohol (either related to the substance directly, or pertaining to thoughts about 

discomforts of being sober). It thus seems likely that fMRI findings pertaining to an 

altered default mode network within AUDs (Chanraud, Pitel, Pfefferbaum, & Sullivan, 

2011) are related to the compulsive involuntary cognitive processes of HD population 

and driven by them. Indeed, volumetric differences have been found within non-alcoholic 

participants suffering from obsessive-compulsive thoughts within the precuneus node of 

the default mode network (Gonçalves et al., 2016). These findings point to a bottom-up 

dysregulation of the default mode network in HDs that could be associated with proposed 

attention disturbance. 

 
Overview of Inhibitory Control 

The ability to inhibit and excite information are two crucial aspect of the same 

mechanism (Galarreta & Hestrin, 1998; Okun & Lampl, 2008). Computationally, 
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inhibition is defined as expanding energy to suppress a certain signal (Aron, 2007). 

Excitation is the opposite, defined as expanding energy to bring a signal to the forefront 

of cognitive processing (Houghton & Tipper, 1996; Levine, 2000). Stop-signal inhibition 

tasks test for a specific type of inhibition, requiring participants to first perform a certain 

action over and over again, exciting the signals and cues that are associated with that 

action in the process (Aron & Poldrack, 2006). Then, when participants are cued to stop 

that action from occurring, neural energy has to be expanded in order to suppress the 

previously excited action (Verbruggen & Logan, 2008). 

While the cellular computational models of inhibition are outside of the scope of 

this discussion (see (Kuffler, Nicholls, & Martin, 1976) for a review), certain brain 

systems have been identified as playing specific roles in exciting and inhibiting neural 

information from a systems neuroscience perspective (Aron, Robbins, & Poldrack, 2004; 

Knight, Staines, Swick, & Chao, 1999). Frontal lobe regions are generally associated 

with selecting which information to excite and inhibit (Ridderinkhof, Van Den 

Wildenberg, Segalowitz, & Carter, 2004; Shimamura, 2000). Specifically, it has been 

argued that the right inferior frontal gyrus acts as a “neural break” (Aron et al., 2004) 

(although this model is debated; see (Hampshire, Chamberlain, Monti, Duncan, & Owen, 

2010)). Basal ganglia and limbic structures have been implicated in exciting neural 

information, specifically relating to emotionally valance stimuli (J. Brown, Bullock, & 

Grossberg, 1999; Groenewegen, 2003). This region’s activity has been associated with 

the strength of excitation pertaining to specific signals (Carretié et al., 2009; Gujar, Yoo, 

Hu, & Walker, 2011). In this model, the frontal lobes and the limbic/striatal regions act in 
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opposition to one another (Hariri, Bookheimer, & Mazziotta, 2000; Karreman & 

Moghaddam, 1996). Once the frontal structures identify certain information as 

emotionally salient, basal ganglia and striatal structures excite that information. The 

signal is then classified by the frontal systems as either appropriate (thus excited), or 

inappropriate for immediate action (thus inhibited) (Goldin, McRae, Ramel, & Gross, 

2008; E. E. Smith & Jonides, 1999). 

 

Inhibitory Function in Binge Drinkers 

The ability to inhibit positive information constitutes a major aspect of reward 

processing (Quay, 1988) and seems to be deficient in BD. In a dynamic process with 

frontal systems, striatal and limbic structures assign a hedonic value to the stimulus, 

(Dolcos, LaBar, & Cabeza, 2004; Samejima, Ueda, Doya, & Kimura, 2005). 

Consequently, basal ganglia produce a DA mediated incentive salience signal, which 

codes motivation for achieving the presented stimulus (Berridge, 2007; McClure, Daw, & 

Montague, 2003; Nicola, 2007; Niv, Daw, Joel, & Dayan, 2007). Given the complexity of 

day-to-day life, and a multitude of competing signals, the frontal lobe systems are related 

to the cognitive function of exciting certain stimuli and weighting them against the 

opportunity cost of missing other goals (Kennerley, Dahmubed, Lara, & Wallis, 2009). 

Individuals vary in their abilities and preferences for reward selection based on their 

states, experience, and personality characteristics (Cooper, Duke, Pickering, & Smillie, 

2015; Duckworth, Tsukayama, & Kirby, 2013; Keller et al., 2013; Ridderinkhof et al., 
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2004; Schlam, Wilson, Shoda, Mischel, & Ayduk, 2013; Zelazo & Carlson, 2012). It was 

shown that the ability to inhibit immediate actions towards immediate rewards begins to 

develop at a young age, might be innate (Anokhin, Golosheykin, Grant, & Heath, 2011; 

Balogh, Mayes, & Potenza, 2013), and continues to develop throughout adolescence. 

Individuals suffering from AUDs have been shown to possess deficiencies in 

inhibiting positive information pertaining to immediate rewards in favor of delayed larger 

rewards (Dawe, Gullo, & Loxton, 2004; Dawe & Loxton, 2004; De Wit, 2009; Dick et 

al., 2010). For example, AUD individuals seem to be characteristically more impulsive, 

more likely to choose immediate rewards without opting for more long-term 

advantageous options (Claus, Kiehl, & Hutchison, 2011; De Wit, 2009; Dick et al., 2010; 

Petry, 2001; Verdejo-García, Lawrence, & Clark, 2008). Cognitive tests such as Go/No-

Go, which test response inhibition, have shown that AUD participants commit a greater 

number of inhibitory errors than their healthy counterparts (Kamarajan et al., 2005). 

Additionally, fMRI studies have shown that AUD participants’ striatal regions are hyper-

responsive when presented with alcohol related cues, and hypo-responsive to neutral 

cues, in comparison to controls (Grüsser et al., 2004; Schacht et al., 2011; J Wrase et al., 

2002). This exemplifies a positive information bias that interacts with deficient inhibitory 

function that is characteristic of BDs (MacKillop et al., 2011; Voon et al., 2010).  

More recent studies that have focused on the BD pattern of AUDs seem to 

indicate that BDs account for the findings of impulsivity in the AUD population as a 

whole. BDs have been recently shown to have problems with impulse control and commit 

more inhibitory errors (Poulton, Mackenzie, Harrington, Borg, & Hester, 2016). fMRI 
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studies have demonstrated that BD adolescent participants’ fronto-parietal and dorsal 

striatal regions deactivate during decision making tasks to a higher extent than healthy 

controls (S. A. Jones, Cservenka, & Nagel, 2016). Grey matter volume of the left parietal 

region in BDs was associated with higher impulsivity in comparison to healthy 

participants (Banca et al., 2015). 

 

Inhibitory Function in Heavy Drinkers 

 

The ability to inhibit negative information is instrumental in stress management 

and resilience to developing psychopathology (Degnan & Fox, 2007; Joormann, 2006; 

Southwick & Charney, 2012). Generally, negative information processing is a complex 

task involving the interaction of attention systems (discussed below) with inhibitory 

capacity, which is highly dependent on individual affective sensitivity to salient 

information (Beck & Clark, 1988, 1997; Goeleven, De Raedt, Baert, & Koster, 2006; 

Koster, De Raedt, Goeleven, Franck, & Crombez, 2005; Wentura, 1999). Malfunction in 

any one of these aspects can contribute to difficulties with processing and inhibiting 

negative information, which consequently increase the vulnerability for alcohol abuse 

and addiction (Markus & De Raedt, 2011; Pardini, Lochman, & Wells, 2004). Sensitivity 

to negative information, for instance, has been measured via self-report and physiological 

measures such as fMRI (Hamilton & Gotlib, 2008; Siegle, Steinhauer, Thase, Stenger, & 

Carter, 2002). Individuals who are more sensitive to negative salience (similar to stress 
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sensitivity) were found to rate negative information as more negative than less-sensitive 

individuals, and take longer to return to their baseline affective states (often referred to as 

affective recovery) (Ito, Larsen, Smith, & Cacioppo, 1998; Waugh, Panage, Mendes, & 

Gotlib, 2010). Additionally, fMRI studies have shown higher activity within the 

amygdala regions (within the healthy adult population) in response to negative 

information and lower activities within PFC (Kim, Somerville, Johnstone, Alexander, & 

Whalen, 2003). Given that one of the functions ascribed to the PFC is the interpretation 

and processing of negative information while the amygdala interprets and responds to 

fearful and affective stimuli, the described deficiencies demonstrate an affective 

processing deficit across multiple systems.  

A disruption in inhibiting negative information from conscious awareness 

occupies cognitive resources that can be used to attend to other ongoing stimuli 

(Goeleven et al., 2006; Joormann, 2006; Wentura, 1999). Affective Go/No-Go (AGN) 

studies have investigated these possible disruptions by asking participants to inhibit their 

responses to negative information by NOT pressing a button (Erickson et al., 2005) in 

response to positive and negative valence, low probability stimuli. Participants who 

engaged in problem drinking had difficulties inhibiting their responses (Houben, 

Havermans, Nederkoorn, & Jansen, 2012; Houben, Nederkoorn, Wiers, & Jansen, 2011; 

Weafer & Fillmore, 2008). Additionally, other studies have demonstrated less BOLD 

activity in the frontal regions within this population (Chen et al., 2007), which was 

interpreted to indicate an impaired inhibitory capacity. Inability to properly inhibit 

negative information in a timely manner might leave individuals burdened with that 
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information for longer periods of time and at more intense processing levels (Whitmer & 

Banich, 2007; Zetsche, D'Avanzato, & Joormann, 2012). This occurrence creates a 

stressor that might drive individuals towards alcohol consumption as a self-medicating 

means of coping (Colder, 2001; Colder & O'Connor, 2002). 

As mentioned earlier, stressful life events and the ability to cope with negative 

information are major risk factors for developing an AUD. Individuals who either are 

exposed to more stress or have compromised capacity for coping with day-to-day stress 

levels are at a particular risk for problem drinking (Crum et al., 1995; Sher & Levenson, 

1982). A major reason for this link pertains to the sedating, stress reducing effects of 

GABA, a neurotransmitter that is increased as a result of alcohol consumption (Herman 

& Cullinan, 1997; Spivak et al., 2000). Healthy inhibitory capacity allows individuals to 

inhibit stressful stimuli, and excite positive (often goal-oriented) information, thus 

decreasing the need for self-medication (Franklin, Saab, & Mansuy, 2012). Compromised 

inhibitory capacity, on the other hand, not only increases the risk of self-medication but 

also decreases an individual’s ability to withhold themselves from pathological self-

medication, even against better judgment (Colder & Chassin, 1997; Fulton Timm Crews 

& Boettiger, 2009; Franklin et al., 2012; Kreek, Nielsen, Butelman, & LaForge, 2005). 

Stress reactivity is a central aspect of processing and responding to stressful life 

events, which was shown to serve as an additional trigger point for developing an AUD 

(Kreek et al., 2005; Meaney, 2001). Certain individuals have been found to operate at 

higher baseline levels of stress, which is neurologically marked by altered levels of 
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diurnal cortisol and decreased levels of GABA (Barbaccia, Serra, Purdy, & Biggio, 2001; 

Ockenfels et al., 1995; Wood, Walker, Valentino, & Bhatnagar, 2010). Additionally, 

these individuals were found to have high stress reactivity, as measured by physiological 

and self-report indices; their skin conductance response, electrocardiogram indices, and 

pupil dilation were higher than average in response to stress (Bauer, Quas, & Boyce, 

2002; Goleman & Schwartz, 1976; Jacobs et al., 1994; Kagan, Reznick, & Snidman, 

1987; Notarius & Levenson, 1979; Linda Patia Spear, 2009; Tomaka, Blascovich, 

Kelsey, & Leitten, 1993; Travis, 2001). Self-report measures indicate higher levels of 

anxiety and negative affect when presented with information containing negative salience 

(Barrett, 1998; Mathews & MacLeod, 2002). Heightened states or stress reactivity, and 

physiological arousal in response to negative information, were identified as risk factors 

for alcohol consumption, perhaps because of their pacifying effects (S. A. Brown, Vik, 

Patterson, Grant, & Schuckit, 1995; Finn, Earleywine, & Pihl, 1992; Hellemans, Verma, 

Yoon, Yu, & Weinberg, 2008). A reversal in neurotransmitter levels occurs immediately 

after alcohol consumption; stress hormones decrease and GABA increases. Given the 

preexisting increased need for self-medication via alcohol, stress reactivity is an 

important risk factor for AUD (Colder, 2001; Sinha, 2001, 2008). 

Due to pathologically altered states of sobriety that are physiologically and 

psychologically tasking, HDs’ genetically compromised inhibitory capacity is predicted 

to be diminished in response to rewarding, as well as aversive, information. Studies show 

that decreasing levels of blood alcohol between heavy drinking phases are associated 

with physical as well as psychological discomforts (Spechler et al., 2016).  Given that the 
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central nervous system adapts to frequent heavy levels of alcohol consumption, it 

becomes hyper-excited when alcohol levels begin to drop (Becker, 1998). These states 

are often accompanied by anxiety, hypervigilance, and irritability, among a number of 

other symptoms (Economidou et al., 2011). This produces a taxing effect on neural 

systems (Spechler et al., 2016) and exploits the vulnerable inhibitory capacity (Spechler 

et al., 2016). Consequently, the affected individuals have problems processing rewarding 

as well as aversive stimuli (Avila & Parcet, 2001). This evidence is supportive of the 

conclusion that, in case of HDs, rewarding (i.e., alcohol related) as well as negative cues 

are more difficult to inhibit, in comparison to those without a history of AUD. 

 

Study Overview 

 

 The literature reviewed provides several important implications for the current 

study. First, evidence points to a differentiation between inhibitory and attention capacity 

in BDs and HDs. Recent studies have shown that BDs commit more inhibitory errors 

than their healthy counterparts (Poulton et al., 2016). This finding, interpreted in the 

context of other studies, might be indicative of a reward specific inhibitory impairment 

(Dawe et al., 2004; Dawe & Loxton, 2004; De Wit, 2009; Dick et al., 2010). HDs, on the 

other hand, may constitute a subgroup of individuals with AUD that have a more global 

impairment in both attention and inhibitory processing. It is proposed that because HDs 

are more likely to experience daily discomforts when not drinking (Spechler et al., 2016), 

their cognitive capacity may be diminished overall by stimulus-driven processes such as 
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anxiety, hypervigilance, and irritability (Economidou et al., 2011). The taxing effects of 

this pathological mentation, it is proposed, will likely diminish their attention and 

inhibitory capacity towards all stimuli (Avila & Parcet, 2001). Aim 1 will examine the 

differential inhibitory and attention processing capacity, using the AGN and SRT tasks 

(the latter, used as a control measure), in BDs, HDs, and HCs. Hypothesis 1.1 states 

that BDs will show a greater number of inhibitory errors (commission) in response to 

positive stimuli as compared to HDs, while HDs will show a greater number of 

inhibitory (commission) and attention (omission) errors on the AGN task in response 

to all valence stimuli. Since these predictions are not expected to result from a reaction 

time deficit, Hypothesis 1.2 predicts that there will be no significant group differences 

on the SRT Task. 

Second, given the evidence showing that motivation dysregulation occurs in both 

pathological drinking patterns (BDs and HDs), it seems likely that they will both show 

altered ventral striatal volume, in comparison to HCs. These regions have been associated 

with reward processing (Takahashi et al., 2016), were shown to be altered in AUDs in 

general (Nicola, 2007; Spoelder et al., 2017), and will thus likely be altered in their 

morphometry within BDs and HDs. Aim 2, is designed to examine whole-brain 

subcortical volumetric differences between BDs, HDs, and HCs. The whole-brain 

approach will be used in order to avoid biasing results to any specific area. Hypothesis 

2.1 states that both pathological drinking groups (BDs and HDs separately) will show 

an altered volume within ventral striatal structures, as compared to the HC group. 



	

 

46	 

Third, current evidence pertaining to cortical anatomy within the AUD population 

point to two distinct anatomical regions that might be associated with each of the 

proposed AUD subtypes. Given their impulsive characteristics, BDs are likely to have 

anatomical differences within fronto-parietal regions, responsible for top-down volitional 

control (Müller-Oehring et al., 2013; Weiland et al., 2014). On the other hand, given the 

compulsive internal mentation of HDs (Koob & Le Moal, 2001), they are likely show 

altered default mode network regions which goes in line with the previously reported 

AUD results (Chanraud et al., 2011), as well as recent findings from the obsessive-

compulsive disorder population (Gonçalves et al., 2016). Aim 3 will address these 

possibilities by examining whole-brain cortical thickness differences between BDs, 

HDs, and HCs. Hypothesis 3.1 states that BDs will show significantly altered dorsal 

attention network regions (within the top-down processing hubs: frontal and parietal 

regions), as compared to HDs and HCs. Hypothesis 3.2 predicts that HDs will show 

significantly impacted default mode network regions (within the bottom-up processing 

hubs: posterior cingulate cortex and the precuneus regions), as compared to BDs and 

HCs. 

The current study uses a cross-sectional design to accomplish the above aims and 

address the specified hypotheses. Cortical thickness, volumetric, and behavioral measures 

(AGNG and SRT) were abstracted from the Translational Research Center for TBI and 

Stress Disorders (TRACTS) Data Repository (consisting of a sample of young veterans) 

for BD, HD, and healthy control (HC) participants. The respective drinking pattern status 

of each participant was determined by lifetime drinking history (LDH) interview data, 
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which has been designed to retroactively measure participants’ drinking histories. 

Modified NIH guidelines will be used to define BD, HD, and HC groups. Only 

participants who had begun consuming alcohol during adolescence (12-25 years of age), 

and continued to drink in accordance with respective drinking patterns were included in 

the pathological drinking groups. All groups were equated on age, education, total 

quantity of lifetime alcohol consumed (weight adjusted), premorbid intelligence, 

psychiatric variables, as well as combat-related factors. ANOVA (for brain volume and 

behavioral measures) and t-tests (for cortical thickness) will examine group differences in 

the primary dependent measures, including covariates where necessary. 

 

CHAPTER 2 – METHODS 

Participants 

The analyses have been conducted using the TRACTS Data Repository of the VA 

RR&D TBI National Network Research Center Translational Research Center for TBI 

and Stress Disorders (TRACTS) (McGlinchey et al., 2017). The TRACTS longitudinal 

cohort study recruits OEF/OIF/OND Veterans between the ages of 18 and 65, collecting 

an extensive battery of neuropsychological, clinical, physiological, and imaging 

measures. The exclusion criteria of the TRACTS cohort consists of the following factors: 

(1) history of neurological illness (Huntington’s, Parkinson’s, dementia, MS, etc.), (2) 

history of seizure disorders unrelated to head injury(ies), (3) current diagnosis of 

schizophrenia, bipolar or other psychotic disorder, (4) severe depression or anxiety, 

current active homicidal and/or suicidal ideation with intent requiring crisis intervention, 
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(5) cognitive disorder due to general medical condition other than TBI, and (6) unstable 

psychological diagnosis that would interfere with accurate data collection, determined by 

consensus of at least three doctorate-level psychologists. This study sample is an 

excellent cohort to conduct the proposed analyses, as at the time of the analyses there 

were 433 enrolled participants with a high rate of AUDs. The current project 

implemented additional inclusion, exclusion, and equating criteria, as described below, in 

order to select three subgroups of TRACTS participants that were equated across groups 

for critical confounding variables and that are best suited to accomplish the proposed 

aims. 

The proposed aims have been accomplished using a final sample of 52 

participants divided into the groups, as described below. The definitions for these groups 

are based on modified NIAAA criteria consistent with the following rationale. NIAAA 

defines BD as consuming at least 4 drinks for women and 5 for men within the course of 

2 hours (N.I.A.A.A., 2016b). HD is defined as engaging in the BD pattern for 5 or more 

days in a month (N.I.A.A.A., 2016b). Further modification has been made based on our 

previous work, in order to avoid overlap and accommodate the lack of hour-by-hour 

accuracy in the retrospective interview. For the current analyses, individuals were 

classified as BDs if he/she consumed at least 4 drinks (women) and 5 drinks (men) on 12 

or less days per month, whereas HDs consumed 3 drinks (women) and 4 drinks (men) on 

16 or more days per month. HC consisted of participants who consume alcohol at 

healthy, non-pathological levels. BDs and HDs started drinking during adolescence (12-

25) and continued to drink in this manner into adulthood and at the time of enrollment. 
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BD (N = 16): Operationally defined as an individual who reports a pattern of consuming 

≥4 (females) or ≥5 (males) drinks per day on 12 or fewer occasions per month, without a 

history of HD episodes. Age of onset of the first BD period is between the ages of 12-25. 

HD (N = 15): Operationally defined as an individual who reports a pattern of consuming 

≥3 (females) or ≥4 (males) drinks per day on 16 or more occasions per month, without a 

history of BD episodes during adolescence. Age of onset of the first HD period is 

between the ages of 12-25. 

HC (N = 21): Operationally defined as individuals who do not consume alcohol at 

pathological levels and are without any history of BD, HD, or any AUD (as measured by 

SCID DSM-IV). Most individuals in this group consists of socially drinking individuals, 

although 4 participants have not reported any alcohol consumption. 

Study-specific Exclusion Criteria  

 
(1) Participants with known factors that may impact neurological function (such as 

atrophy from malnutrition, anoxia, or congenital defects), neuropsychological 

performance (such as low IQ or English as a second language), or those who 

exhibit significant psychiatric conditions, such as psychosis not otherwise 

specified (NOS) or psychosis resulting from substance abuse or dependence.  

(2) Participants with a history of moderate or severe TBI at any epoch (pre-

deployment, deployment, or post-deployment).  
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(3) Participants with another unspecified and/or multidimensional concern that may 

impact functioning, such as an extreme outlier for blast exposure and other MRI 

measures. 

(4) Any participants with missing data for a variable of interest in this project. 

(5) History of any substance abuse or dependence, other than alcohol or nicotine. 

Equating Study Groups 

 
Group differences on the variables listed below have been examined using 

ANOVA tests. In cases when group differences were found to be significant, the 

respective variable(s) have been classified as covariates in the statistical models (see the 

Covariates section below). 

(1) Psychiatric Variables (summarized in Table 1). 

a. Posttraumatic stress disorder (PTSD) total symptom severity score (as 

measured using Clinician Administered PTSD Scale for DSM-IV (Blake 

et al., 1995; Gray, Litz, Hsu, & Lombardo, 2004; Weathers, Keane, & 

Davidson, 2001; Weathers, Ruscio, & Keane, 1999)). 

b. Anxiety severity (measured by DASS) (Crawford & Henry, 2003). 

c. Depression severity (measured by DASS). 

d. Stress severity (measured by DASS). 

e. DSM-IV SCID Diagnosis. 

(2) Demographic Characteristics (summarized in Table 2). 
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a. Estimated premorbid IQ (as measured by WTAR test of adult intelligence) 

(Wechsler, 2001). 

b. Age at the time of testing. 

c. Years of education. 

d. Gender. 

(3) Relevant Health Information. 

a. Number of mild traumatic brain injury instances throughout the 

participant’s lifetime.  

b. Number of medications taken (total, psychotropic, and non-psychotropic). 

c. Cigarette smoking status. 

(4) Combat impact (summarized in Table 1). 

a. Deployment Risk and Resiliency Inventory (DRRI) combat score (D. 

King, King, & Vogt, 2003). 

b. DRRI “other” score. 

(5) Alcohol consumption factors (summarized in Table 3). 

a. Total weight-adjusted amount of alcohol consumed during the course of 

the participant’s lifetime. 

b. Age of onset of drinking onset. 

c. Total length of all drinking episodes. 

In addition to the variables described above, participants were equated on their 

dominant handedness as well as the total number of medications that participants were 

taking at the time of testing. Chi-square tests do not indicate a significant group 



	

 

52	 

difference for handedness (p > 0.05) and an ANOVA does not show any significant 

group differences for the total number of medications that participants have been taking 

during the time of testing (p > 0.05). The total number of medications has been examined 

as well as psychotropic and non-psychotropic categories. 

Covariates 

 
The following eight variables have been identified as covariates, due to significant 

difference (p < 0.05) between the main groups (BD, HD, and HC) identified using 

ANOVA and post-hoc tests (either chai-square tests for dichotomous measures or 

Student’s t-tests for continuous variables). See the Aims Methods sections for 

descriptions on how these covariates have been handled within each of the respective 

aims. 

• Gender (number of females; HC > HD). 

• Number of smokers (HD > BD/HC). 

• Total CAPS severity Score (HD > BD/HC). 

• DASS Anxiety sub-score (HD > BD). 

• DASS Depression sub-score (HD > BD/HC). 

• DASS Stress sub-score (HD > BD/HC). 

• Number of current (at the time of testing) single depression episodes           

(HD > BD/HC). 

• Number of lifetime recurrent depression episodes (BD < HD/HC). 
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Comorbidity Information 

  
Table 4 presents a breakdown of lifetime and current psychological disorders for 

each of the groups, as measured by the Structured Clinical Interview for DSM-IV Axis I 

Disorders – Non-Patient Edition (SCID-I/NP). Numbers represent the number of 

individuals who met criteria for that diagnosis. 

 

 
 

Psychiatric 
Diagnosis 

 
 

Time of 
Diagnosis 

 
Binge 

Drinkers 
(BD) 

 
Heavy 

Drinkers 
(HD) 

 
Healthy 
Controls 

(HC) 

 
 

Significant 
Difference 

Major Depressive  
Disorder - Single Episode 

Current 0 3 0 HD > BD/HC 
Lifetime 3 1 3 None 

Both 0 2 0 None 
Major Depressive Disorder - 

Recurrent 
Lifetime 0 4 4 BD < HD/HC 

Panic Disorder Without 
Agoraphobia 

Lifetime 1 0 1 None 
Both 0 1 0 None 

Social Phobia Both 0 1 0 None 
Specific Phobia Both 0 1 0 None 

Generalized Anxiety Disorder Current 0 2 0 None 

Alcohol Abuse Current 1 1 0 None 
Lifetime 6 2 0 BD > HD/HC 

Alcohol Dependence Lifetime 4 8 0 HD > BD > HC 
  Both 0 3 0 HD > BD/HC 

Cannabis Dependence Lifetime 0 1 0 None 
Adjustment Disorder Both 0 1 0 None 

Total Diagnoses (Excluding 
Alcohol) 

Current 0 5 0 HD > BD/HC 
Lifetime 4 6 8 None 

Both 0 6 0 HD > BD/HC 
Any 4 17 8 HD > BD/HC 

Table 4. Psychiatric Diagnostic Information. 

This table provides a breakdown of psychiatric diagnoses based on the DSM-IV SCID clinical 
interview. Frequencies of diagnosis that significantly differ between Groups have been verified using 
Fisher’s Exact test, at a significance threshold level of p < 0.05. Specific group differences are 
indicated within the chart and highlighted. Abbreviations: HD = Heavy Drinkers; BD = Binge 
Drinkers; HC = Healthy Controls. 
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Aim 1 – Methods 

Aim 1 examines the differential inhibitory and attention processing capacity using 

the affective Go/No-Go and Simple Reaction Time tasks. Tables 6 and 7 summarize the 

measures and statistical analyses used to evaluate this aim. 

 

Go/No-Go task: Experimental Measures of Attention and Inhibition 

The Go/No-Go task has been shown to be sensitive to the inhibitory and attention 

processing domains of cognitive function (Bezdjian, Baker, Lozano, & Raine, 2009). 

This test requires participants to quickly respond to a category of Go Stimuli, while 

withholding a response to stimuli that fall within the No-Go category (Murphy et al., 

1999). Response biases, as evident by higher errors in response to specific stimuli and not 

others, are established after several blocks of this task (Elliott et al., 2004; Erickson et al., 

2005). Impairments in inhibitory capacity are evident through errors of commission, 

which are defined as erroneous responses that should have been withheld (i.e., “go” 

responses to “no-go” stimuli) (Elliott et al., 2004; Erickson et al., 2005). Additionally, 

difficulties within the domain of inhibitory capacity can be evaluated via the response 

latency for commission errors: the amount of time, measured in milliseconds, that it takes 

for participants to make an erroneous response. Longer latency is evidence of delayed 

processing time and difficulties in processing the specific stimuli. Inattention is measured 

via errors of omission: not making a response within a designated amount of time, when a 

response is required (i.e., “no-go” responses to “go” stimuli).  
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The affective version of the Go/No-Go task (AGN) has been used as it contains 

stimuli that are divided into positive and negative valence categories (Murphy et al., 

1999). These components are designed to examine affect-specific biases within attention 

and inhibitory function. This task consists of 10 blocks, 2 of which are practice and 8 are 

testing blocks. Each block consists of 18 stimuli divided into 9 negative and 9 positive 

stimuli, presented in a randomized and counterbalanced for valence. At the beginning of 

each block, the participant is told which valence stimuli is a target (i.e., which one they 

should press the button for, and which to ignore). Each stimulus is presented for 300 

milliseconds, followed by a 900 millisecond inter-stimulus-interval. See Figure 3 for a 

sample schematic of an AGN task. 

In the current study, AGN test was used to determine specific differential 

deficiencies in BD and HD participants within the domains of attention and response 

inhibition. Lapses in attention have been measured via omission errors, and examined 

within positive and negative affect stimuli. Inhibitory decrements have been measured via 

commission errors and also examined within positive and negative affect stimuli. 

Additionally, processing difficulties has been measured via delayed responses (latencies) 

in each respective condition. Finally, speed-accuracy tradeoff has been measured in each 

affective condition as an indicator of impaired performance under pressure (deficiencies 

in cognitive resource allocation). 
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Below are the definitions of the dependent measures that were used in the current 

analysis from the AGN task: 

(1) Commission Errors: Inappropriate responses at times when they should have been 

withheld. These measures have been collapsed across all conditions: positive and 

negative stimuli. 

(2) Omission Errors: Lack of responses at times when responses are required. These 

measures have been collapsed across all conditions: positive and negative stimuli. 

Figure 3. Affective Go/No-Go Schematic.  

This schematic is an example of a portion of an Affective/Go/No-Go block. As evident from the 
left box, participants are presented with a target valence stimulus for which they are instructed to 
press a button whenever it appears. Stimuli with non-target valence words require participants to 
withhold a button press. Each stimulus was presented for 300 milliseconds, followed by a 900 
millisecond inter-stimulus interval prior to the presentation of the next stimulus. There was a total 
of 10 blocks, divided into two practice and eight testing blocks. Each block consisted of 18 
stimuli, divided into nine positive and nine negative valence types. The order of stimulus 
presentation has been pseudo-random, counterbalancing the order of target valence stimuli within 
and between blocks. Abbreviations: POS = Positive; NEG = Negative; m.s. = milliseconds. 
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(3) Response Latency: For all correct responses, response latency has been recorded. 

It is defined as the time it takes to make a response, after the stimulus has been 

presented. 

(4) Speed Accuracy Tradeoff: This is a linear function used to assess whether 

participants perform worse (by making more errors) as their speed increases. 

 

Simple Reaction Time Task: Control Measure of Reaction Time Speed 

 
The Cambridge Neuroscientific Test Automated Battery Simple Reaction Time 

Task (Lowe & Rabbitt, 1998) was used as a control measure that was not expected to 

differ across our AUD groups. The following dependent variable has been used from this 

task: 

Simple Reaction Time: This is the time it takes participants to make a button-

press response after a presentation of a response-prompt. 

 
Aim 1 - Analyses 

Aim 1 examines attention, inhibitory, and reaction time differences between BDs, 

HDs and HCs. Tables 5 and 6 summarize the measures and statistical analyses used to 

evaluate this aim. 
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Table 5. Aim 1 Analysis Information. 

This table summarizes the statistical models, variables, and corrections for multiple comparisons 
for Aim 1. None of the covariates have been found to be significant as a result of backward 
regression models (using total errors as a dependent measure) and, therefore, they have not been 
included in the final analyses.  Abbreviations: ANOVA: Analysis of Variance; HSD: Honest 
Significance Difference; CAPS: Clinician Administered PTSD Scale for DSM-IV; DASS: 
Depression Anxiety Stress Scale. 

Aim Statistical 
Model(s) 

Independent 
Variables 

Dependent 
Variables 

Covariates Corrections 
for Multiple 
Comparisons 

1 Initial: 
 
ANOVA 
 
Post-Hoc: 
 
Tukey’s  
HSD 
Tests 

3 Groups: 
 
1. Binge  

Drinkers 
2. Heavy  

Drinkers 
3. Healthy  

Controls 

10 Affective Go/No-Go 
Variables: 
 
1. Positive Stimulus 

Latency 
2. Negative Stimulus 

Latency 
3. Total Omission 

Errors 
4. Total Commission 

Errors 
5. Positive Stimulus 

Errors 
6. Negative Stimulus 

Errors 
7. Positive 

Commission Errors 
8. Negative 

Commission Errors 
9. Positive Omission 

Errors 
10. Negative Omission 

Errors 

1. Gender 
(number of 
females). 

2. Number of 
smokers. 

3. Total CAPS 
severity 
Score. 

4. DASS 
Anxiety sub-
score. 

5. DASS 
Depression 
sub-score. 

6. DASS Stress 
sub-score. 

7. Number of 
single 
depression 
episodes 
(current). 

8. Number of 
recurrent 
depression 
episodes 
(lifetime). 

 

Group-wise: 
 
False 
Discovery 
Rate (FDR) 
 
Familywise: 
 
Tukey HSD 
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Between-group differences in dependent measures have been assessed using an 

ANOVA model in JMP software (SAS Institute Inc., 1989-2016.). Significant results (p < 

0.05) have been adjusted for multiple comparisons using the False Discovery Rate (FDR) 

correction. Student’s t-tests have been conducted for all significant results, to examine 

specific between-group differences, with the corresponding correction for multiple 

comparisons. Tables 5 and 6 summarize all variables and statistical tests for these 

Table 6. Aim 1 Additional Analysis Information.  

This table summarizes the statistical models, variables, and corrections for multiple comparisons 
for the control task of Aim 1. Abbreviations: ANOVA: Analysis of Variance; HSD: Honest 
Significance Difference; CAPS: Clinician Administered PTSD Scale for DSM-IV; DASS: 
Depression Anxiety Stress Scale. 

 

Aim Statistical 
Model(s) 

Independent 
Variables 

Dependent 
Variables 

Covariates Corrections 
for Multiple 
Comparisons 

1 Initial: 
 
ANOVA 
 
Post-Hoc: 
 
Tukey’s  
HSD 
Tests 

3 Groups: 
 
1. Binge  

Drinkers 
2. Heavy  

Drinkers 
3. Healthy  

Controls 

1 Simple Reaction 
Time Variable: 
 
1. Mean Correct 

Latency 
Reaction Time 

1. Gender (number of 
females). 

2. Number of 
smokers. 

3. Total CAPS 
severity Score. 

4. DASS Anxiety 
sub-score. 

5. DASS Depression 
sub-score. 

6. DASS Stress sub-
score. 

7. Number of single 
depression episodes 
(current). 

8. Number of 
recurrent 
depression episodes 
(lifetime). 

Group-wise: 
 
False 
Discovery 
Rate (FDR) 
 
Familywise: 
 
Tukey HSD 
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analyses. Results surviving these corrections have been taken into account if the 

following conditions have been met: 

(1) Visual inspections for outliers have been performed, making sure a few 

outliers do not drive results. 

(2) Pathological drinking groups differ from the control group, as well as from 

each other. Since the objective of these tests is to identify differential 

characterization of pathological drinking patterns, satisfaction of both 

conditions is essential. 

(3) Results are replicated after including the identified covariates in the statistical 

models. 

Covariates  

 
In order to determine the relative effect of covariates on the dependent measures, 

the steps below have been taken. This approach does not assume that all covariates 

impact the dependent measures in the same way and, consequently, allows for flexible 

models, with each model adjusted for the respective dependent measure. For example, the 

depression covariate might have an effect on temporal region dependent measure while 

the anxiety covariate might impact insular region dependent measure to a greater extent. 

Thus, separate models have been built for each dependent variable. This is a data-driven 

approach that allows for identification of significant covariates that are related to the 

dependent measures within the current sample. The following steps have been taken to 

identify covariates that might have impacted the dependent measures. 
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(1) Step-wise regression with backward substitution have been run for variables that 

have been identified as covariates (listed within the “Participants” section). 

These models used each of the identified covariates as independent measures. 

Covariates that showed a significant effect on the dependent measures have been 

included in the ANOVA models (see next step). 

(2) The original ANOVA models have been re-run with the inclusion of identified 

covariates (as identified in Step 1). 

(3) In cases when ANOVA showed significant results, post-hoc tests (using Student’s 

t-tests comparisons) have been run. 
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Aim 2 – Methods 

Aim 2 examines the whole-brain subcortical volumetric differences between BDs, 

HDs and HCs. Table 7 summarizes the measures and statistical analyses used to evaluate 

this aim. 

 

Table 7. Aim 2 Analysis Information.  

This table summarizes the statistical models, variables, and corrections for multiple comparisons 
for Aim 2. The “number of smokers” covariate has been found to have a significant impact on the 
dependent measure, and has therefore been included in the final model. Abbreviations: ANOVA: 
Analysis of Variance; HSD: Honest Significance Difference; CAPS: Clinician Administered PTSD 
Scale for DSM-IV; DASS: Depression Anxiety Stress Scale. 

Aim Statistical 
Model(s) 

Independent 
Variables 

Dependent 
Variables 

Covariates Corrections 
for Multiple 
Comparisons 

2 Initial: 
 
ANOVA 
 
Post-Hoc: 
 
Tukey’s  
HSD 
Tests 

3 Groups: 
 
1. Binge  

Drinkers 
2. Heavy  

Drinkers 
3. Healthy  

Controls 

Subcortical 
Brain Structures, 
Adjusted for Brain 
Volume. 

1. Gender (number 
of females). 

2. Number of 
smokers. 

3. Total CAPS 
severity Score. 

4. DASS Anxiety 
sub-score. 

5. DASS 
Depression sub-
score. 

6. DASS Stress sub-
score. 

7. Number of single 
depression 
episodes 
(current). 

8. Number of 
recurrent 
depression 
episodes 
(lifetime). 

Group-wise: 
 
False 
Discovery 
Rate (FDR) 
 
Familywise: 
 
Tukey 
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MRI structural data was acquired in the Neuroimaging Research for Veterans 

Center (NeRVe) at VA Boston using a Siemens 3T TIM Trio system with a 12-

radiofrequency channel head coil. For each subject, two T1-weighted MPRAGE scans 

were collected [3D sequence, flip angle 7°, acquisition matrid= 256×256, echo time=3.32 

ms, repetition time=2530 ms, slice thickness=1 mm, TE= 3.32, in-plane resolution= 1.0 

mm2, 176 sagittal slices] and then averaged to increase the signal to noise ratio. The data 

was stored and processed at the NeRVe Image Processing Cluster. 

 
Aim 2 – Analyses 

Image Preprocessing 

 
Volumetric neuroimaging data were preprocessed using the standard FreeSurfer 

processing stream (Fischl & Dale, 2000). The volumetric preprocessing stream generated 

31 raw volumetric measurements (in mm3) for grey matter subcortical segmentations and 

68 volumetric measurements for white matter segmentations (Fischl et al., 2002; 

Hommer, Momenan, Kaiser, & Rawlings, 2001). The measurements have been calculated 

using the Desikan 2006 and Salat 2009 atlases (Desikan et al., 2006; Salat et al., 2009). 

Prior to measuring the volumetric regions of interest, the data went through an affine 

registration using the Montreal Neurological Institute atlas (MNI305) space with the 

correction of the B1 bias field (generated from the radiofrequency pulse). The total 

volume was then labeled using the subject-specific measurements, as well as a 

probability atlas for greatest accuracy (Fischl et al., 2002). 
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Given the identified effects of subcortical structural scaling with total head size, 

correcting those structures for total brain volume is important before analyses can be 

done. The subcortical structures in these analyses have been corrected for the estimated 

total intracranial volume (eTIV). eTIV has been derived automatically by calculating the 

linear transformation factor between the total intracranial volume and the MNI305 space 

(R. L. Buckner et al., 2004). Since total intracranial volume has been found to correlate 

with the transform matrix, as derived from spatial normalization, this method was 

expected to provide a reasonable estimate. The volume of each individual structure was 

then corrected by taking the ratio of that structure to the eTIV. 

 

Identification of Covariates 

Covariates have been identified and handled using the same approach as 

described within the covariate section for Aim 1. 

 Volumetric	Analyses. Ten ANOVA tests were conducted with Drinking Groups as 

the independent variable, and each volumetric ROI used as a dependent measure 

(independently) without any covariates. Volumetric ROIs with alpha levels below 0.05 

have been identified and corrected for multiple comparisons using the FDR adjustment. 

The original regression was then re-run with the identified significant covariates included 

from the stepwise regression (method described within the Covariate section above). Age 

was added as a covariate to all analyses due to previous findings indicating its effect on 

brain tissue. Post-hoc tests, using the Student’s t-test comparisons have been run on the 

resulting dependent measures that remain significant.  
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Aim 3 – Methods 

Aim 3 examines whole-brain cortical thickness between BDs, HDs, and HC.  

Table 8 summarizes the measures and statistical analyses used to evaluate this aim. 

Aim Statistical 
Model(s) 

Independent 
Variables 

Dependent 
Variables 

Covariates Corrections 
for Multiple 
Comparisons 

3 2-tailed t-test. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Binge 
Drinkers 
Versus 
Healthy 
Controls 
 
Heavy 
Drinkers 
Versus 
Healthy 
Controls 

Whole brain 
voxel-based 
cortical 
thickness. 

1. Gender 
(number of 
females). 

2. Number of 
smokers. 

3. Total CAPS 
severity Score. 

4. DASS Anxiety 
sub-score. 

5. DASS 
Depression 
sub-score. 

6. DASS Stress 
sub-score. 

7. Number of 
single 
depression 
episodes 
(current). 

8. Number of 
recurrent 
depression 
episodes 
(lifetime). 

9. Age.	

Cluster-wise 
correction for 
multiple 
comparisons 
(simulation 
with 5,000 
iteration). 
 
Voxel-wise 
correction for 
multiple 
comparisons. 

3 1-tailed t-test 
(negative) 

Binge 
Drinkers 
Versus 
Heavy 
Drinkers 

Whole brain 
voxel-based 
cortical 
thickness. 

Same as above. Same as above. 

 Table 8. Aim 3 Analysis Information.  

This table summarizes the statistical models, variables, and corrections for multiple 
comparisons for Aim 3. Abbreviations: HSD: Honest Significance Difference; CAPS: 
Clinician Administered PTSD Scale for DSM-IV; DASS: Depression Anxiety Stress 
Scale. 
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Cortical thickness is a measure of thickness of grey matter tissue on the surface of 

the brain with strong evidence linking it to a number of pathological conditions (Fischl & 

Dale, 2000). A common way of measuring brain tissue in this manner is to use structural 

MRI scans, and superimpose a mesh around the brain using the FreeSurfer software 

(Desikan et al., 2006). This method (explained in more detail below) computes grey 

matter thickness measures in millimeters squared (mm2) for regions that can be identified 

via customizable and standardized atlases (Fischl, Liu, & Dale, 2001; Fischl, Sereno, 

Tootell, & Dale, 1999; Ségonne, Pacheco, & Fischl, 2007). A particular advantage of this 

approach is the power to localize and compare regional brain differences between 

pathological samples and healthy controls (Rosas et al., 2002; Salat et al., 2004). This 

method has been validated by using manual methodology (Kuperberg et al., 2003; Salat 

et al., 2004) as well as histological approaches (Rosas et al., 2002). In addition to gaining 

anatomical information, these measures are relatable to various trait and cognitive 

components of participant’s psychological functioning (see (Kühn, Schubert, & Gallinat, 

2011; Rajkowska et al., 1999) for examples). The data have been collected and stored 

using the same methods as described in the Aim 2 section for subcortical volume. 

Aim 3 – Analyses 

 

Image Preprocessing 

 
Two T1-weighted MPRAGE scans have been averaged together for each subject, 

using a combination of FreeSurfer and FSL tools (Desikan et al., 2006; Fischl et al., 
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2004; S. M. Smith et al., 2004; Woolrich et al., 2009). First, Different-Offset, Different-

Slope (DODS) files have been created for each analysis along with corresponding 

contrast matrix files; the matrix files reflected the main contrast of each analysis, along 

with nuance measures (covariates described below). Each subject’s data was then 

resampled into common space (using FreeSurfer’s fsaverage subject), and concatenated 

into a single file. The data have been smoothed at 15 full-width/half-max (FWHD) for 

each hemisphere. Most of these preprocessing steps have been repeated for each analysis 

listed below, using different covariates and contrasts and for each hemisphere. 

Statistical Analyses 

 
The main contrasts using 2-tailed t-tests have been run comparing each group, 

with “age” as a covariate for whole-brain analyses; planned comparisons included: (1) 

BD vs. HC, (2) HD vs. HC, and (3) BD vs. HD (to confirm unique signature of each 

pathology). Age was included as a covariate in all analyses due to prior work indicating 

the sensitivity of brain tissue to aging. The analyses have been rerun to include other 

covariates in the models, and are described in the Covariate section below. Vertex and 

cluster-wise corrections for multiple comparisons have been applied using the p < 0.05 as 

a threshold.  

Cluster-wise correction for multiple comparisons involves using a simulation 

producing maximal cluster size measures under a null hypothesis (i.e. BD = HC). The 

simulation has been produced by synthesizing a smoother z map of the data thresholded 

at the designated significance level. After the resulting clusters have been identified from 
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each simulation run, the area of the maximal cluster has been recorded, and the 

simulation process has been repeated for 5,000 iterations. The original data was then 

thresholded using the same level for each cluster.  

Covariates. As mentioned above, “age” has been included as a covariate in all 

statistical analyses, due to its noted effects on brain tissue. Variables that have been 

identified as significantly different between the Main Groups (BD, HD, and HC) were 

also included as covariates in separate models. In order to examine their maximal effects 

on brain thickness, a separate analysis has been run, including each of the variables as a 

covariate, in addition to “age.” All analysis steps above were repeated for each of the 9 

models. Table 8 summarizes all variables and statistical test for these analyses. 

Resulting clusters have been taken into account if and only if they satisfy the 

following three conditions: (1) significantly differ between each pathological group (BD 

≠ HD), as well as the control group (BD | HD ≠ HC); (2) survive the voxel and cluster-

wise correction for multiple comparisons; (3) remain significant in in each of the models, 

controlling for covariates. 

Obtaining	Final	Clusters.	Finally, given the lack of 100% overlap between the 

clusters, their combined effect has been calculated. This has been accomplished by 

calculating the geometric intersection of all clusters, after overlaying them over one 

another. Geometrically, the intersection of several ROIs can be expressed as follows, in 

terms of hypothetical smaller ROI sets:  
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If:  ROI1 = {ROIa, ROIb, ROIc, ROId, ROIe} 
 ROI2 = {ROIb, ROIe, ROIg, ROIw} 

Then: 
ROI1 ∩ ROI2 = {ROIb, ROIe} 

 

The logic motivating this approach is akin to that of a Venn diagram; only the 

overlapping effect that remains significant after all covariate effects are taken into 

account is of interest. The resulting cluster region-of-interest (ROI) is thus shrunk to 

represent the surviving effect of pathological drinking patterns. 

Effect	of	Drinking	Patterns	on	Yeo	Networks. In order to localize and better 

identify the spatial effect of drinking patterns on cortical tissue, the generated ROI(s) 

from the above process has been quantified according to their impact on brain networks. 

The Yeo cortical network atlas has been used, comprising a 7-network solution. The 

geometric intersection was calculated between each of the ROIs and the type and 

percentage of networks that they impact. This provided quantifiable information 

pertaining to the extent and type of an effect that drinking patterns have on major brain 

networks. See Figure 4 for a Yeo Network atlas overview. 
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Figure 4. Yeo 7 Network Solution. 

Cortical parcellation atlas (left) and confidence measures (on the right) of the Yeo brain networks 
– 7 Network Solution. Original images have been obtained from (Yeo et al., 2011) and modified to 
better fit with the focus of this project; permissions are not required for this type of a replication 
(as indicated by RightsLink). 

Yeo	Network	Color	Legend

VisualSomatomotor Dorsal	Attention Ventral	
AttentionLimbicFrontoparietalDefault	Mode

Yeo	Cortical	Parcellations
7-Network	Solution	(2011)

Left	Lateral	Surface Left	Medial	Surface

Yeo	Cortical	Parcellations
7-Netork	Solution	(2011)
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CHAPTER 3 – RESULTS 

Aim 1 – Cognitive Function Results  

Summary 

Behavioral results indicate that pathological drinking patterns are associated with 

differential findings on the AGN task. The HD group has shown a diminished inhibitory 

and attention performance in comparison to other groups (BDs and HCs), while BD 

participants were not found to have diminished performance in any of the measures in 

comparison to other groups. All results have been corrected for multiple comparisons 

using the FDR correction. Additionally, the ANOVA results have survived the stepwise 

backward regression models in order to test for covariates’ effects. 

Affective Go/No-Go Task 

Heavy	Drinkers. ANOVA and post-hoc t-tests revealed that the HD group 

produced significantly more errors on the AGN task, in comparison to BD and HC 

participants (F(2,49) = 5.17, p = 0.009; HD > BD, p = 0.0106; HD > HC, p = 0.0046). 

Errors have been further broken down into different types (valence type, commission, and 

omission), in order to examine whether the total elevated number of errors was driven by 

a specific error subtype.  

Analyses examining errors of commission, indicated an elevated rate of this error 

type in the HD group in comparison to other groups (F(2,49) = 5.23, p = 0.009; HD > 

BD, p = 0.0099; HD > HC, p = 0.0045). Additional analyses aimed at separating errors of 

commission into positive and negative valence stimuli showed that both valence stimuli 
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were significantly higher in HDs. Specifically, total commission errors in response to 

positive valence stimuli (F(2,49) = 5.38, p = 0.008; HD > BD, p = 0.0051; HD > HC, p = 

0.0066) were significantly higher in the HD group, as compared to BD and HC groups. 

Similarly, total commission errors in response to negative valence stimuli (F(2,49) = 4.3, 

p = 0.02; HD > BD, p = 0.0349; HD > HC, p = 0.0066) followed the same pattern. 

Errors of omission were shown to be elevated in HDs in comparison to other 

groups, at a level that approached significance (F(2,49) = 4.4, p = 0.0899; HD > BD, p = 

0.042; HD > HC, p = 0.071). Given the lack of significant findings for omission errors, 

follow-up statistical tests aimed at examining valence interactions were not conducted. 

Analyses aimed at examining errors in response to valence types (positive and 

negative), collapsed across omission and commission conditions, revealed an elevated 

number of errors in the HD group for both valence categories, in comparison to BDs and 

HCs. Specifically, total errors in response to positive valence stimuli (F(2,49) = 5.24, p = 

0.008; HD > BD, p = 0.0097; HD > HC, p = 0.0045), as well as negative valence stimuli  

(F(2,49) = 4.31, p = 0.0189; HD > BD, p = 0.02; HD > HC, p = 0.0089) have been found 

to be higher in HDs, in comparison to other groups. Figure 5 displays the main results of 

these findings. 
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Figure 5. Affective Go/No-Go Errors.  

The Heavy Drinking (HD) group has shown a significantly higher number of total valence errors 
in comparison to the Binge Drinking (BD) and Healthy Control (HC) groups. Additionally, mean 
commission errors, mean omission errors, mean positive, and mean negative errors were 
significantly higher within the HD group, in comparison to other groups. Mean omission errors 
were shown to trend significance within the HD group, in comparison to other groups. BD Mean 
= 15.5, BD Standard Deviation = 3.69; HD Mean = 29.6, HD Standard Deviation = 3.8; HC 
Mean = 14.76; HC Standard Deviation = 3.22. ANOVA: p < 0.0092; Student’s t-tests: BD < HD 
p < 0.028; HC < HD p < 0.013. 
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Binge	Drinkers.	The BD group was not found to have a higher number of commission or 

omission errors in comparison to other groups (p = 0.5). 

 

Simple Reaction Time Task 

 
As predicted the SRT measure did not reveal any significant group differences for 

the HD group (F(2,49) = 0.96, p = 0.39). See Figure 6 for a graphical representation of 

these findings. 

These results indicate a possible global attention and inhibitory processing deficit 

within HD participants that is likely independent of valence, since both valence stimuli 

are associated with higher errors. Lack of significant findings within the control SRT task 

indicates a dissociative finding specific to inhibitory impairment, rather than a more 

general reaction time deficit. 
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Figure 6. Simple Reaction Time.  

This figure displays mean levels of performance on the simple reaction time task between the 
Binge Drinkers (Mean = 272.916), Heavy Drinkers (Mean = 286.836), and Healthy Controls 
(Mean = 321.829) as measured by the analysis of variance test (ANOVA). The mean differences 
between groups were not found to be significant (p > 0.05). 
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Aim 2 - Volumetric Results  

Summary 

ANOVA examining group differences in the volumetric data revealed a 

significant overall effect for the bilateral globus pallidus (F(2,49) = 6.63, p = 0.0028). 

Post-hoc t-tests showed that the levels are smaller within the BD group as compared to 

HD group (BD < HD, p = 0.0007), as well as between the BD group as compared to HC 

group (BD < HC, p < 0.0234). Additionally, analyses have shown a significant overall 

effect for the ventral diencephalon region in both pathological drinking groups (F(2,49) = 

5.23, p = 0.0087). The region was reduced in BD in comparison to HC (BD < HC, p < 

0.0023) and reduced at a level approaching significance in HD in comparison to HC (HD 

< HC, p < 0.0969).  

These analyses have been adjusted for intracranial volume, tested with the 

relevant covariates, as well as corrected for group and familywise multiple comparisons. 

Stepwise backward regression models revealed “smoking status” and “age” to be 

significant covariates for the ventral diencephalon measure and therefore have been 

included in the final linear models; results remained significant after the inclusion. 

Figures 7 and 8 display the individual and group means for the bilateral globus pallidus 

and ventral diencephalon structures, respectively. As evident in Figure 8, the bilateral 

diencephalon measure shows two outliers within the HC and HD groups; the models 

were re-tested after the removal of the outliers and were confirmed to remain significant. 
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Figure 7. Bilateral Globus Pallidus Volume. 

The black dots represent subject-specific mean values (in mm3) for the bilateral globus pallidus 
volume. The red dots indicate mean values for each of the respective groups (Binge Drinkers: 
0.0021 mm3, Heavy Drinkers: 0.0024 mm3, Healthy Controls: 0.0025 mm3). The Binge Drinking 
group’s volumetric mean values are smaller in comparison to Healthy Controls’ (p < 0.023) and 
Heavy Drinkers’ (p < 0.0007). The image on the right is an example of a one-slice segmented 
FreeSurfer volume with the globus pallidus indicated by the yellow arrows. 
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Figure 8. Bilateral Ventral Diencephalon Volume. 

Black dots represent subject-specific mean values (in mm3) for the bilateral ventral diencephalon 
volume. The red dots indicate mean values for each group (Binge Drinkers: 0.0051 mm3, Heavy 
Drinkers: 0.0054 mm3, Healthy Controls: 0.0058 mm3). Both pathological drinking groups show 
volumetric mean values that are smaller in comparison to Healthy Controls (p < 0.05). The image 
on the right is an example of a one-slice segmented FreeSurfer volume with the ventral 
diencephalon indicated by the yellow arrows. 
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Aim 3 – Cortical Thickness Results 

 

Summary 

 Reduced cortical thickness was found in the BD group in the left superior parietal 

region compared to the HD and HC groups. The resulting cluster overlaps with volitional 

control attention networks. The HD group had larger left occipital cortical thickness 

compared to the BD and HC groups, which primarily overlaps with the visual network, as 

well as other networks to a lesser extent. 

Binge Drinkers 

 Cortical thickness analyses revealed a significantly smaller cluster within the left 

superior parietal region in the BD group, as compared to HD and HC groups (BD < HD, 

p < 0.05; BD < HC, p < 0.05). Smoothing was set at 15 FWHD and p < 0.05 threshold 

was used for vertex as well as cluster values. Age was included as a covariate in all 

analyses, and t-tests have been rerun with the inclusion of each potential confounding 

variable (identified in the previous chapter) separately. Results remained significant after 

the inclusion of covariates. Results from group comparisons are presented in Figure 9, 

and significant cluster group, as well as individual subject, mean values are displayed in 

Figures 10 and 11. 
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Figure 9. Significant Clusters for Group Comparisons. 

These images are a visual representation of t-test results. The tests were used to compare 
pathological drinking groups to one another, as well as to healthy controls. The vertex and cluster 
p-values have been set at p < 0.05 and smoothing has been set at 15 FWHD. Age has been used as 
a covariate in these analyses and additional nuisance variables have been examined separately. 
Clusters within the upper row (in blue) show significantly smaller cortical thickness values 
localized to the left superior parietal region within the Binge Drinking Group, as compared to 
Healthy Controls (upper left), Heavy Drinkers (upper middle), as well as the geometric 
intersection of the two clusters (upper right). The upper right cluster indicates a differential effect 
of Binge Drinking as compared to all other groups. The lower row displays an effect of Heavy 
Drinking via larger cortical thickness values within the left occipital cortex (in red). The bottom 
left image indicates higher values within the Heavy Drinking group as compared the healthy 
controls, the bottom middle image indicates higher values within the Heavy Drinking group as 
compared Binge Drinkers. The bottom right image indicates a geometric intersection of these two 
clusters, showing differentially larger values within the Heavy Drinking group, as compared the 
Healthy Controls as well as Binge Drinkers. 
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Figure 10. Group and Individual Mean Values for the Binge Drinking Cluster. 

The scatterplot on the left indicates individual (in black) and group (in red) mean values for Binge 
Drinkers (Mean: 2.24 mm2, Standard Deviation: 0.2), Heavy Drinkers (Mean: 2.27 mm2, Standard 
Deviation: 0.18), and Healthy Controls (Mean: 2.3 mm2, Standard Deviation: 0.12). These mean 
values are extracted from the Binge Drinking cluster displayed on the right-hand side of the image 
(Binge Drinking < Heavy Drinking/Healthy Controls; p < 0.05; FWHD = 15). 
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Figure 11. Group and Individual Mean Values for the Heavy Drinking Cluster. 

The scatterplot on the left indicates individual (in black) and group (in red) mean values for Heavy 
Drinkers (Mean: 2.1 mm2, Standard Deviation: 0.24), Binge Drinkers (Mean: 2.01 mm2, Standard 
Deviation: 0.12), and Healthy Controls (Mean: 2.05 mm2, Standard Deviation: 0.12). The mean 
values have been extracted from the Heavy Drinking cluster displayed on the right-hand side of the 
image (Heavy Drinking > Binge Drinking/Healthy Controls; p < 0.05; FWHD = 15). 
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Given that each t-test (BD vs. HD, BD vs. HC, as well as a separate model for 

each of the covariates) generated overlapping but slightly different clusters, the initial 

result (described above) has been shrunk in order to isolate the main effect of each 

drinking pattern. This has been done by taking an intersection of all resulting clusters 

(CLUSTER1 ∩ CLUSTER2 ∩ CLUSTERn), and generating a final ROI, which consists of 

areas that all t-test results have in common. The final BD ROI is presented in the top row 

of Figure 12, representing the unique and differential effect of BD. 

 

Heavy Drinkers 

 Results for the HD group show a larger cluster within the left medial occipital 

lobe in comparison to the BD and HC groups (HD > BD, p < 0.05; HD > HC, p < 0.05). 

Smoothing has been set at 15 FWHD, and p < 0.05 threshold has been used for vertex as 

well as cluster values. Age has been included as a covariate in all analyses, and t-tests 

have been rerun with the inclusion of each potential confounding variable (identified in 

the previous chapter) separately. 

 Results from the HC vs. BD comparison are presented in Figure 9 and significant 

mean values for cluster group and for individual subjects, mean values are presented in 

Figure 11.  
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Binge versus Heavy Drinkers 

The significant region has been reduced to accommodate covariates’ effects, 

following the same procedure as described for BD analyses. Results of the resulting 

cortical cluster intersections are presented in the bottom right hand side of Figure 12. 
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Figure 12. Distinguishing the Effect of Drinking Patterns from Nuisance Factors. 

This is a visual display of the process that was followed in order to isolate the effects of drinking 
patterns from the covariates. The original clusters, as generated by t-tests (p < 0.05, FWHD = 15), 
are displayed on the left column; Binge Drinking cluster is on the top row (in blue) and the Heavy 
Drinking cluster is on the bottom row (in red). The middle column indicates a few exemplary 
resulting clusters from various t-tests with the inclusion of each of the covariates. Visible 
covariates include the total CAPS score (in orange), DASS Anxiety Score (in green), and 
smoking status (in purple). Note that not all of the covariate results are displayed, because of the 
high overlap (they would simply not be visible due to the nontransparent superimposition). The 
right row column displays the final clusters that have been generated after including only the 
geometric intersection of all covariates, and excluding all of the extra surface results. These are 
indicative of the cortical thickness effects of Binge and Heavy Drinking groups, with minimal 
effects from nuisance variables. Abbreviations: CAPS = Clinician Administered PTSD Scale; 
DASS = Depression and Anxiety Stress Scale. 
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Drinking Pattern Network Overlap 

 Significant BD and HD clusters, which have been generated from the process 

described above, were examined for the degree of spatial overlap with major cortical 

brain networks. Commonly used networks have been selected from the Yeo 7-Network 

solution cortical parcellation atlas (see Figure 4).  

BD ROI Network Overlap 

The amount of overlap has been calculated between the corresponding portions of 

the networks (within the superior parietal region) and the BD ROI. Results indicate that 

the BD ROI mainly overlaps with the volitional attention networks. Specifically, it 

overlaps with the posterior region of the Dorsal Attention Network by 615.794 mm2 and 

with the fronto-parietal network by 594.938 mm2. Overlap with the ventral attention and 

default mode networks are comparatively minimal, at 1.313 mm2 and 0.676 mm2, 

respectively. Figure 13 shows visual overlap of the BD ROI with Yeo networks and a 

quantifiable metric for comparison purposes is presented in Figure 14. 
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Figure 13. Intersection of Significant Clusters with Yeo Networks. 

Images on the left column indicate the Yeo 7-Network solution cortical parcellation overlay. The 
two images in the middle column show the superimposed Binge (top, in blue) and Heavy 
Drinking (bottom, in red) clusters on top of the Yeo 7-Network atlas. This superimposition has 
allowed for a quantification of the degree and extent to which each of the networks is affected by 
the clusters. Upper right image contains a legend for the 7 major Networks and the bar graph on 
the bottom right summarizes the extent to which each Network is affected; Heavy Drinking 
overlap is in red and Binge Drinking overlap is in blue. As shown, the Heavy Drinking cluster 
primarily intersects with the visual network at 1,201.023 mm2 and to a much lesser extent with 
the Default Mode Network (44.367 mm2), Dorsal Attention Network (50.508 mm2), and the 
Frontoparietal network (46.357 mm2). The Binge Drinking cluster intersects with the Dorsal 
Attention Network (615.794 mm2) as well as the Frontoparietal Network (594.938 mm2). 
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Figure 14. Quantified Intersection of Significant Clusters with Yeo Networks. 

This graph is a quantified representation of the drinking pattern cluster overlap with the Yeo 7-Network 
solution cortical parcellation atlas. Relatively negligible intersection measures (below 1.5 mm2) have not 
been included as they account for less than ~ 0.35%, as compared to an average size of presented 
intersections. 
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HD ROI Network Overlap 

 
Results indicate that the HD ROI cluster overlaps with distinctly different 

networks, as compared to the BD cluster described above. The HD ROI mainly overlaps 

with the dorsal attention network (50.508 mm2 overlap), as well as the visual network 

(1,202.023 mm2 overlap). Other networks overlap to a relatively smaller extent; these 

include the frontoparietal lateral superior region (0.149 mm2 overlap), frontoparietal 

medial superior region (46.357 mm2 overlap), ventral attention lateral region (0.297 mm2 

overlap), ventral attention medial region (0.483 mm2 overlap), the default mode network 

lateral region (0.361 mm2 overlap), and the default mode medial region (43.806 mm2 

overlap). These results are visually summarized in Figure 14. 

CHAPTER 4 - DISCUSSION 

 Results of this comprehensive study examining neuroanatomical and cognitive 

differences in individuals with a history of BD and HD, revealed the following main 

findings. Results from the cognitive function experiment indicate a higher rate of 

inhibitory and attention errors within the HD group, in comparison to the BD and HC 

groups. Results from the volumetric analyses show a smaller volume of the bilateral 

diencephalon within BD and HD group, in comparison to the HC group, and a smaller 

volume of the bilateral globus pallidus within the BD group in comparison to both other 

groups. Cortical thickness analyses reveal thinner tissue within the superior parietal 

region in the BD group, in comparison to other groups, and a thicker medial occipito-
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parietal tissue within the HD group, in comparison to other groups. Cortical thickness 

findings for the BD group primarily impact the fronto-parietal brain networks, while 

findings for the HD group mostly effect the visual network but also several other 

networks to a smaller extent. 

 

Aim 1: Cognitive Function 

 The primary finding with regard to the affective Go/No-Go task was the deficit in 

the HD group compared to both the BD and HC groups. While BD group did not differ 

from the HD or HC groups; post-hoc analyses revealed that these errors were not driven 

by any one stimulus type. HDs were shown to have elevated commission errors, errors in 

response to positive stimuli, errors in response to negative stimuli, as well as omission 

errors (approaching significance). Given that HDs’ reaction time was not significantly 

different that of other participants’, these results imply a potential inhibitory and an 

attention deficit in the HD group that is not a result of merely faster button pressing, and 

one that is not present within the BD or HC groups. 

These findings are in line with prior literature showing an impairment in day-to-

day functioning for individuals who drink heavily and frequently (Mangione et al., 1999). 

Additionally, prior work has shown that individuals with AUDs, with unspecified 

drinking patterns, are impaired in inhibitory functioning (Campanella et al., 2016) as well 

as in attention abilities (Clerkin, Magee, Wells, Beard, & Barnett, 2016). The current 

findings also suggest that inhibitory and attention impairments relating to stopping 
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uninitiated actions might not be present in all types of drinkers, but specific to the HD 

pattern. 

This is an important distinction for differentiating between the two presently 

investigated AUD subtypes, as it indicates that a more frequent alcohol consumption 

pattern might be uniquely associated with global attention and inhibitory impairments. 

These data should not be misinterpreted as supporting a conclusion that BDs do not have 

any inhibitory or attention impairments in comparison to HDs or HCs. On the contrary, as 

discussed earlier, numerous studies have found that BDs are more impulsive than HCs in 

the presence of rewarding stimuli (Poulton et al., 2016) and show an altered attention 

response to alcohol cues (Petit et al., 2012) in comparison to controls. These types of 

cognitive processes have simply not been measured in the current study using the AGN 

task. For instance, the positive valence stimuli on the AGN task might not have been 

rewarding enough for BDs. Furthermore, the negative valence stimuli might not have 

been stress-inducing, and therefore has not resulted in a behavioral effect. While this does 

not take away from the importance of the AGN findings pertaining to HDs, differential 

correlates of BDs remain to be explored with additional measures. 

Aim 2: Brain Volume 

Analysis of brain volume revealed smaller bilateral globus pallidus only in BDs, 

in comparison to other groups. This was in contrast to the hypothesis that both drinking 

groups will show reduced volumes. However, this finding is very consistent with recent 

literature suggesting a role of globus pallidus in reward oriented motivation and is also 

consistent with the notion that BDs are motivated to drink by positive reinforcement. 
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Studies examining brain activation during reward motivation via fMRI have shown that 

the globus pallidus is selectively more active during goal oriented tasks (when higher 

rewards are present (Lamm et al., 2014)), as well as when processing novel stimuli (Scott 

et al., 2002), in comparison to neutral conditions. Additionally, cellular activity of the 

globus pallidus was recently found to be higher during reward presentation (Howell et al., 

2016). Lesions to the anterior globus pallidus regions (projecting to the orbitofrontal and 

ventromedial PFC) were shown to be associated with clinical apathy marked by severe 

amotivation towards rewarding goals that was alleviated with dopaminergic treatment 

(Adam et al., 2013). A recent animal study examining monkeys who have undergone 

pallidoctomies has shown impairments within reward motivated behavior via 

pathologically decreased performance on a reward task (Piron et al., 2016). Furthermore, 

findings show that a volumetric reduction within the globus pallidus is associated with 

decreased ability to make causal inferences in adolescents, an ability that is critical to 

learning (Griffiths et al., 2015).  

Adolescent development of the globus pallidus is associated with the emergence 

of motivational traits (Lamm et al., 2014). These traits become pathological in AUD, as 

motivation is increased towards the consumption of unhealthy quantities of alcohol and 

often decreased in relation to other goals (Heinz et al., 2014b). Exemplary of this, both 

BD and HD individuals have been shown to have increased motivation (often referred to 

as incentive salience) towards alcohol, and decreased motivation towards pursuing other, 

healthier activities (Lau-Barraco et al., 2016; Marczinski et al., 2013). Interestingly, 
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damage to the globus pallidus, via ischemic injury, resulted in cessation of substance 

abuse (Moussawi et al., 2016).  

These findings suggest that the globus pallidus is not only involved in 

pathological motivation towards binge drinking, but also appears to be necessary for its 

maintenance. Additionally, literature suggests that there is a dopaminergic role in this 

structure’s functioning. These results are supportive of BDs reward-driven motivation via 

positive reinforcement. The smaller volume of the globus pallidus with BDs may be 

indicative of a positive reinforcement dysregulation in this group.  

Results also showed that the ventral diencephalon volume was smaller in both 

BDs and HDs, in comparison to HCs. While past research has shown that this structure is 

associated with motivation and reward processing (Makris et al., 2008; Routtenberg & 

Huang, 1968) and is affected in alcohol use disorders (Bowirrat & Oscar-Berman, 2005; 

Makris et al., 2008), more specific conclusions, such as the ones presented for the globus 

pallidus, are difficult to make. The primary reason for lack of specificity is the broad 

array of structures that fall within the FreeSurfer’s segmented Ventral Diencephalic 

structure (Neuromorphometrics, 2005), thus covering a large spectrum of cognitive 

correlates. Within the grey matter structures, ventral diencephalon includes the 

hypothalamus, mammillary body, subthalamic nuclei, substantia nigra, red nucleus, and 

the lateral and medal geniculate nuclei. Given the broad range of structures and 

associated functions, it not surprising that the ventral diencephalon is affected in both 

pathological drinking patterns. A narrower anatomical and functional discrimination 

might be necessary to detect group differences.  
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Aim 3: Cortical Thickness 

Cortical thickness findings showed an area of thinner cortex in the left lateralized 

superior parietal region in BDs, overlapping primarily with the dorsal attention network, 

and a thicker cortex in the left medial occipito-parietal region in HDs overlapping 

primarily with the visual networks, but also impacts the volitional attention and the 

default mode networks. Two intriguing questions arise from these findings. First, what 

are the cognitive implications for the affected brain regions? Second, why are the cortical 

thickness results lateralized to the left side? Although definitive answers cannot be 

provided without additional experiments, empirically informed explanations are 

considered pertaining to each question. 

The BD findings are best interpreted when taking the prefrontal cortices into 

account, given their involvement with respective ipsilateral network functions (Power et 

al., 2011). In this area of research, left PFC lesions were shown to be associated with 

impairments in inhibiting pre-potent responses (via Stroop task; (Cipolotti et al., 2016)). 

Right PFC lesions, on the other hand, were shown to be associated with impaired 

inhibition of dominant strategies, as measured by the Hayling sentence completion task 

(Cipolotti et al., 2016). Since right and left PFCs are involved with respective lateralized 

networks (Yeo et al., 2011), the left cortical thickness findings might point to network-

wide attention problems with modulating previously learned information as well as 

impaired performance under higher demands (as measured by quicker mental fatigue 

onset). Since the left PFC is part of a fronto-parietal network (Yeo et al., 2011), this 
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serves as further evidence for a left attention impairment in BDs. In consideration of this 

interpretation, it is important to note that formal lateralization analyses have not been 

made, and are planned as part of follow-up work. Thus, while the left sided results are 

potentially indicative of lateralization, specific conclusions cannot yet be reached, and the 

discussion thus remains speculative. 

One function ascribed to the PFC is that it mediates striatal activity that is often 

associated with craving (Grüsser et al., 2004; Heinz et al., 2014a; Kober et al., 2010). 

One way in which this is accomplished is through parietal mediation; the PFC works with 

the parietal cortex as part of a fronto-parietal attention network to shift attention towards 

or away from striatally amplified salient cues (Castellanos & Proal, 2012; Shulman et al., 

2009). The PFC might fail to do this by being taken off-line either through a direct 

impairment or an indirect hindrance; an example of the latter impairment is one that 

affects the parietal lobe, which is crucial for accomplishing the PFC’s function (Dodds, 

Morein-Zamir, & Robbins, 2010; Ptak, 2012). In this context, it is important to consider 

that the parietal region that is affected in BDs was recently found to be a task-positive 

“hot spot” (Glasser et al., 2016; Rushworth, Ellison, & Walsh, 2001). It is involved in a 

broad variety of attention and monitoring activities, including ones that regulate striatal 

function related to craving (Cona, Marino, & Bisiacchi, 2016; Do & Galván, 2016). Thus, 

not surprisingly, impulsive individuals such as BDs were shown to have a left PFC-

striatal disconnect (with the PFC failing to properly activate during striatal regulatory 

function) that is mediated by the left superior parietal region (Premi et al., 2016). 

Additionally, evidence suggests that the task-positive left parietal component works 
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harder (via higher event-potential activation) with increasing mental fatigue (X. Liu et al., 

2016). Future work linking cortical thickness findings to BOLD activity as well as 

attention processes, would be in line with prior findings indicating that BDs might not be 

as impaired in day-to-day functioning as HDs, but do show regulatory behavioral 

impairment during periods of binge drinking (Grzywacz & Almeida, 2008; Jennison, 

2004; Lindsay M Squeglia, Schweinsburg, Pulido, & Tapert, 2011; Lindsay M Squeglia 

et al., 2012). 

In order to properly interpret the occipital findings associated with the HD 

pattern, it is important to place them in the context of a plethora of studies reporting on 

the involvement of the occipital regions in AUD. For instance, a recent MRI study has 

found an occipital volumetric reduction within the AUD population, in comparison to 

healthy controls (Shimotsu, Chu, & Fein, 2009). Furthermore, a Positron Emission 

Tomography (PET) scan study has found a whole-brain decrease of the type 1 

cannabinoid receptor (CB1R), which was reduced at the highest extent within the parieto-

occipital regions (Ceccarini et al., 2014). This receptor is known to reinforce the effects 

of GABA, and is thus believed to signal a neurochemical response to pathological 

drinking (Ceccarini et al., 2014). Interestingly, a study examining the acute effects of 

alcohol consumption in healthy individuals has reported a selective increase within the 

visual network connectivity (Esposito et al., 2010). The authors concluded that the visual 

network is a “selective and primary target of acute alcohol administration” (Esposito et 

al., 2010). Thus, the current findings are not only in line with the vast amount of literature 

pertaining to the occipital involvement in AUD, but also offer a new caveat: these regions 
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might be specific to the HD drinking pattern, rather than all AUDs. 

A closer look at the receptor concentration in the occipital cortex suggests that 

HD might be associated with an alcohol-related neurochemical metabolic disruption 

within this region. In addition to the work discussed above, numerous studies have shown 

that the occipital cortex contains a selectively large concentration of GABA receptors 

((Hill & Toffolon, 1990; Nicholson, Andre, Tyrrell, Wang, & Leibowitz, 1995; Pearson 

& Timney, 1998; Watten, Magnussen, & Greenlee, 1998). Furthermore, alcohol was 

shown to impact these neurochemicals as a result of acute, as well as long term, 

consumption (Volkow et al., 2008). It is thus not surprising that numerous PET studies 

have reported that alcohol has a potentiating effect on GABA (Davies, 2003), and 

selectively disrupts this metabolic activity within the occipital lobe (Volkow et al., 2008; 

Wang et al., 2000). In further support of these findings, a recent magnetic resonance 

spectroscopy study has shown a number of neurochemical metabolic alterations within 

AUD participants in comparison to healthy controls, all of which were specific to the 

primary visual cortex (Bagga et al., 2014). Amongst these findings, authors reported an 

AUD related decrease in levels of N-acetyl-aspartate/creatine (NAA/Cr) and glutamate–

glutamine/creatine (Glu-Gln)/Cr ratios and an increase in choline/creatine (Cho/Cr) and 

myo-Inositol/creatine (mI/Cr) ratios (Bagga et al., 2014). While the nuances of these 

metabolic disruptions are beyond the scope of this discussion, it is relevant to note that 

the authors attributed the neurochemical dysregulation to regional neural loss as well 

neuroprotective adaptation in response to pathological drinking (Bagga et al., 2014). 
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In further consideration for the left occipital findings (as opposed to bilateral 

regions), it is important to consider recent cortical aging theory. This work suggests that 

the brain is more lateralized during the earlier stages of development and becomes more 

bilateral with age as a compensatory mechanism for neural decline (Agcaoglu, Miller, 

Mayer, Hugdahl, & Calhoun, 2015). According to this hypothesis, as cortical regions 

become less effective on one side, they begin to work bilaterally in order to keep 

accomplishing the previously unilateral function (Agcaoglu et al., 2015). Given that the 

examined sample is relatively young (mean age of 33), they are not likely to invoke these 

compensatory mechanisms as those who are aged in their late 60s (Cabeza, Anderson, 

Locantore, & McIntosh, 2002; Reuter-Lorenz et al., 2000).  

In addition to the cortical aging theory, recent work has shown that the left 

hemisphere is significantly more sensitive to dopaminergic reward-related processing 

than the right side (Aberg, Doell, & Schwartz, 2016; Reuter-Lorenz et al., 2000; Tomer et 

al., 2014). Thus, while the occipital and parietal regions might be affected for different 

reasons, the common association with dopaminergically sensitive structures seems to 

persist in both drinking patterns, as exemplified by asymmetrical leftward findings. As 

mentioned earlier, formal asymmetry analyses will need to be conducted before specific 

lateralization conclusions can be reached. 

 

Limitations and Future Directions 

 Among the limitations of this research is the lack of sufficient number of female 

participants to examine gender differences. Past studies have shown differential 
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neurological and behavioral findings for male and female pathological drinkers (Sawyer 

et al., 2016; Shokri-Kojori et al., 2016; E. Sullivan et al., 2000; E. V. Sullivan et al., 

2002). For instance, cortical lateralization findings described above were shown to be less 

lateralized for females (Agcaoglu et al., 2015). Separate studies of neuropsychological 

findings indicate that visuospatial, working memory, and gait functions are affected in 

both genders (E. Sullivan et al., 2000; E. V. Sullivan et al., 2002), while men might be 

more impaired in their executive abilities (E. Sullivan et al., 2000). Given the recent rise 

of binge drinking among women (Dwyer-Lindgren et al., 2015), studies directly 

comparing differential effects of alcohol on gender are particularly important. Given that 

the current dataset consists of mostly males, it should be interpreted with caution for 

female participants until further analyses can be carried out. 

Another limitation of this project pertains to the retrospective assessment of 

drinking. While the LDH questionnaire has been administered by trained staff and 

verified in a clinical consensus, it has two major shortfalls. First, it relies on participants’ 

ability to recall their drinking history information. Such recollection might be flawed by 

poor memory (that could be exacerbated by a history of drinking) and is not as accurate 

as more on-line objective drinking tracking. Second, drinking patterns were estimated 

based on the general LDH measures, which are not specific enough to provide hour-by-

hour drinking information. Since the LDH covers broader drinking stages, BD and HD 

patterns have been deduced via estimates. Although costly, an important future extension 

of this project would benefit from utilizing a real-time drinking tracker in order to 
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increase the accuracy of the rate and frequency of alcohol consumption without relying 

on self-report or mathematical approximations. 

Finally, the cross-sectional nature of these analyses falls short of conclusions that 

could be reached by using a longitudinal design. Specifically, while significant group 

differences have been found, the design does not permit the conclusion that one drinking 

pattern is associated with a decrease in behavioral function or neurological structure in 

comparison to other groups. Additionally, this design does not lend itself to conclusions 

about whether the significant findings have preceded or resulted from each of the 

respective drinking patterns. A longitudinal design, tracking participants over time and 

beginning prior to the onset of pathological drinking, would provide evidence as to which 

changes precede alcohol consumption, which is caused by drinking, and how the brain 

and behavior changes over time with years of pathological drinking. 

 

 

Conclusion 

 
This project serves as a stepping-stone, amongst a series of recent advancements 

in alcohol research, for identifying two distinct alcohol disorder sub-types: Binge and 

Heaving Drinking. As discussed earlier, diagnostic criteria have evolved over the decades 

from a simple binary diagnosis (alcoholic or not) to more nuanced methods of identifying 

alcohol related disorders. Although data from these analyses needs to be replicated and 

extended in further research in order to address all of the limitations, it does provide the 



	

 

104	 

first direct experimental comparison for the anatomical and cognitive correlates of 

common drinking patterns.  

The current study contributes three major findings to the literature of AUD’s 

drinking patterns. Aim 1 results show that only HDs produce more errors on a task 

involving paying attention and stopping themselves from committing an action (i.e., 

pressing a button). Findings from Aim 2 show that both pathological drinking patterns are 

associated with smaller volume of the bilateral ventral diencephalon, and only the binge 

drinking pattern is associated with a smaller volume of the globus pallidus. Aim 3 results 

indicate that binge drinking is associated with a thinner superior parietal region and 

heavy drinking is associated with a thicker medial occipito-parietal area. Networks that 

are affected in binge drinking involve fronto-parietal components, and the heavy drinking 

pattern seems to primarily be linked with the impacted visual network, but also the 

fronto-parietal and the default mode network to a smaller extent. 

Thus far, this project is hinting at a potential dissociation between the two 

drinking patterns, which might be indicative of their status as two differential AUD 

subtypes. Extending this work in the proposed directions will provide additional 

information about the motivational mechanisms in each of the drinking patterns and 

solidify the two forms of drinking as distinct AUD disorders with different 

symptomatology. 
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