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Abstract 

Long-term chronic alcoholism is associated with disparate and widespread residual consequences for brain 

functioning and behavior, and alcoholics suffer a variety of cognitive deficiencies and emotional 

abnormalities. Alcoholism has heterogeneous origins and outcomes, depending upon factors such as family 

history, age, gender, and mental or physical health. Consequently, the neuropsychological profiles 

associated with alcoholism are not uniform among individuals. Moreover, within and across research 

studies, variability among participants is substantial and contributes to characteristics associated with 

differential treatment outcomes after detoxification. In order to refine our understanding of alcoholism-

related impaired, spared, and recovered abilities, we focus on five specific functional domains: (1) memory, 

(2) executive functions, (3) emotion and psychosocial skills, (4) visuospatial cognition, and (5) psychomotor 

abilities. The brain systems that are most vulnerable to alcoholism are the frontocerebellar and 

mesocorticolimbic circuitries. Over time, with abstinence from alcohol, the brain appears to become 

reorganized to provide compensation for structural and behavioral deficits. By relying on a combination of 

clinical and scientific approaches, future research will help to refine the compensatory roles of healthy brain 

systems, the degree to which abstinence and treatment facilitate the reversal of brain atrophy and 

dysfunction, and the importance of individual differences to outcome.  
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Introduction 

In this chapter, we first survey research related to general cognitive competencies and deficiencies in 

alcoholism, and the broad areas of brain involvement. This is followed by a review of five principal profiles 

of alcoholism-related neuropsychological functions: memory, executive functions, emotion and 

psychosocial skills, visuospatial cognition, and psychomotor abilities. Our review of the evidence indicates 

that while certain features of these functions are impaired, other aspects may be spared or recovered. The 

research has employed diverse neuropsychological and behavioral assessment procedures, as well as 

measures of brain structure and function. We begin our review by addressing some concerns regarding the 

selection of research participants and the tests used to study them. Attention to methodology is important, 

because variations and inconsistencies among studies can lead to discordant findings and conclusions. We 

also consider problems related to assessing impaired, spared, and recovered functions. Ultimately, our 

objective is to reveal areas for future research and to inform clinical strategies in the treatment of 

alcoholism.  
 

The Participants and the Tests 

Our review focuses on studies of uncomplicated alcoholism as distinguished from special cases of alcohol-

related disorders such as Korsakoff’s syndrome (Oscar-Berman, 2012), alcohol dementia (Brust, 2010; 

Vetreno et al., 2011), and Marchiafava-Bignami disease (Kim et al., 2007). Our review excludes studies of 

adolescent drinkers, as well as research investigating binge drinking, the episodic heavy consumption of 

alcohol. Additionally, although studies using acute alcohol administration have direct applicability to 

driving situations, work-related hazards, and other societally relevant concerns, here we consider residual 

neuropsychological functions associated with long-term chronic alcoholism.  
Characteristics of the participants. In understanding the consequences of alcoholism, drinking 

patterns are important considerations, i.e., the type, amount, and frequency of alcohol consumed; the age of 

onset of drinking; the severity and duration of the abuse or dependency; and the duration of alcohol 

abstinence. Repeated episodes of withdrawal also may be a risk factor for cognitive impairment and for 

decreased cognitive recovery due to neurotoxic lesions and excitotoxicity (Loeber et al., 2010). Studies of 

residual effects typically include participants who have abused alcohol for a long period of time (e.g., five 

years or more), as this permits the measurement of cumulative effects. Additionally, investigators interested 

in studying alcohol’s residual influences generally enroll participants who have been abstinent for a 

minimum of three to four weeks. This duration of abstinence is important for obtaining stable levels of 
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performance after ethanol and its metabolites have been eliminated from the body (Oscar-Berman and 

Marinkovic, 2007). In this review, we include studies meeting that criterion unless specified otherwise.  

When investigating brain-behavior relationships in individuals with a history of alcoholism, it is 

imperative to keep in mind that, in addition to drinking patterns, many factors influence the expression and 

course of the disease, and can interact to aggravate alcoholism’s effects (Petrakis et al., 2002). 

Consequently, methodological differences with respect to exclusion and inclusion criteria contribute to 

disparate findings across studies. These differences include the following: family history of alcoholism 

(Cardenas et al., 2005); treatment history (Di Sclafani et al., 2008); age (Pfefferbaum et al., 2006; 

Schottenbauer et al., 2007; Westlye et al., 2010); gender (Fattore et al., 2008; Devaud and Prendergast, 

2009; Nixon, 2013; Ruiz et al., 2013); the use or abuse of medicines, nicotine, or other drugs (Durazzo et 

al., 2006; Cosgrove et al., 2011); body mass index (Pfefferbaum et al., 2009; Gazdzinski et al., 2010a); and 

comorbid medical, neurological, and psychiatric conditions (Di Sclafani et al., 2007; Fama et al., 2009; 

Oscar-Berman et al., 2009; Charness, 2010; Sameti et al., 2011; Martin, 2013). Common comorbid medical 

complications are malnutrition, diseases of the liver and the cardiovascular system, HIV/AIDS, neurological 

conditions such as head injury and inflammation of the brain (encephalopathy), and fetal alcohol spectrum 

disorders. Common comorbid psychiatric conditions are depression, anxiety, posttraumatic stress disorder, 

antisocial personality disorder, and schizophrenia. 
Assessing neuropsychological functions and the brain. In an attempt to clarify the deficits and 

intact abilities of individuals with obvious or suspected central nervous system (CNS) pathology, 

neuropsychologists have relied on a variety of assessment procedures. Test instruments are selected to 

engage both general and specific abilities that depend upon the integrity of the brain regions involved in 

those functions. In general, the primary neuropsychological domains assessed in alcoholics have been 

memory, executive functions (e.g., attention, abstraction, problem solving, organizing and planning, and 

inhibition), emotion and psychosocial skills, visuospatial cognition, and psychomotor abilities. Examples of 

specific assessment instruments are referred to in the sections below, and descriptions of the tests can be 

found in secondary sources (Strauss et al., 2006; Lezak et al., 2012). Importantly, because these tests tend to 

measure broad categories of abilities, there is no universally accepted consensus on specific attributes that 

define the functions they assess.  

Neuroimaging techniques have become essential adjunctive tools used to investigate functional, 

anatomical, and biochemical characteristics of the brain. In the study of alcoholism, commonly used methods 

include magnetic resonance imaging (MRI), functional MRI (fMRI), diffusion tensor imaging (DTI), positron 
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emission tomography (PET), magnetoencephalography (MEG), MR perfusion, and MR spectroscopy (Schulte 

et al., 2012c). These measurement tools permit researchers to evaluate attributes of the brain associated with 

particular neuropsychological processes, and to assess the size and integrity of the underlying neural tissues. 

Most research endeavors typically employ a single neuroimaging method with individual participants. 

However, Schulte et al. (2012c) have suggested that the combined use of several techniques would be highly 

advantageous in defining brain abnormalities, because each method has unique strengths and weaknesses.  

The Impaired, the Spared, and the Recovered 
The various domains of neuropsychological functioning and their associated brain networks have different 

patterns of impairment, preservation, and recovery, hence our tripartite categorization. Before reviewing the 

alcoholism-related functional domains of interest, we first consider separate issues relevant to each of the 

three categories. 
Impairments. Chronic alcoholism has been associated with abnormalities in cognitive, behavioral, 

and emotional functioning. Although these abnormalities may not be evident through superficial 

observation, neuropsychological tests have been able to illuminate the impairments (Leber and Parsons, 

1982; Tivis et al., 1995; Clark et al., 2007; Rourke and Grant, 2009). Similarly, neuroimaging techniques 

have revealed reliable differences between alcoholic and nonalcoholic control groups in brain activation 

patterns and structural integrity, with the most vulnerable networks being the frontocerebellar system and 

mesocorticolimbic circuitry (Agartz et al., 1999; Makris et al., 2008; Fama et al., 2012; Chanraud et al., 

2013). However, relatively few studies have demonstrated definitive and direct links between specific 

component neuropsychological impairments and measures of highly localized brain abnormalities. 

Spared functions and compensation. Individuals with a history of long-term uncomplicated 

alcoholism appear free from impairments in certain basic neuropsychological functions. Some researchers 

have suggested that the lack of detectable deficits in these seemingly spared domains could be due to 

compensatory recruitment of alternative brain regions to facilitate cognitive processes (Sullivan and 

Pfefferbaum, 2005; Oscar-Berman and Marinkovic, 2007; Chanraud et al., 2013). In support of this notion, 

fMRI studies have demonstrated altered patterns of neural activation among alcoholics, with 

reduced activity in some regions (Chanraud et al., 2010; Chanraud et al., 2011), but simultaneous increases 

in activity in others (Pfefferbaum et al., 2001a; Desmond et al., 2003; Chanraud-Guillermo et al., 2009; 

Chanraud et al., 2013). As such, it can be difficult to distinguish between functions that have been truly 

spared and those that appear unimpaired due to compensatory mechanisms or other recovery of function.  
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Descriptions of spared CNS structures, while not prone to concerns about compensation in the same 

way as neuropsychological performance, are subject to issues of tissue regrowth with sustained sobriety, 

which could mask effects that might have been observable earlier in abstinence (Ruiz et al., 2013). The 

picture is further complicated in cross-sectional studies when trying to identify structures that have been 

truly spared and those that have recovered after cessation of drinking. In other words, brain regions that 

appear to be spared from damage might contain tissues that have been repaired or regenerated.  
Another cautionary note is in order with regard to neuropsychological processes or brain structures 

in which there has been a failure to detect alcoholism-related relationships. That is, although negative results 

from research studies may be due to genuinely preserved abilities and brain tissue, it is possible that the data 

sets lack the statistical power needed to detect bona fide differences between populations. Accordingly, 

studies that have examined certain functions and structures but have not found alcoholism-related 

abnormalities cannot characterize confidently the functions or regions as spared, because the results may 

have been obtained from inadequate sample sizes or because the variability within the measures was too 

large. In many of those studies, the probability that real associations exist but were not detected (Type II 

error) might be high but not reported. Thus, conclusions regarding spared functions cannot always be drawn 

with adequate certainty from the current literature. In any case, the identification of preserved functions — 

whether they are spared, compensatory, or recovered — is of great benefit to the scientific and healthcare 

communities. Once intact functions are identified, clinicians can work with patients to harness and 

strengthen these abilities in order to accelerate recovery and improve their quality of life.  
Recovery. Although differences in outcomes observed in neuropsychological and brain 

abnormalities are complicated by the fact that the course of recovery can be dependent on the extent of 

impairment at the time of drinking cessation, abstinent alcoholics have shown improvements in 

neuropsychological functioning with continued sobriety (Kish et al., 1980; Oscar-Berman et al., 2004; 

Rosenbloom et al., 2004; Erickson and White, 2009). Likewise, abstinence is accompanied by brain 

structural changes, such as increased cortical thickness in the brain’s extended reward and oversight system 

(Durazzo et al., 2011). Processes proposed to account for recovery of cognitive functioning in alcoholism 

include neural repair (regeneration) and reorganization, such that new or additional neural networks are 

recruited to accomplish a task (Crews et al., 2005; Sullivan and Pfefferbaum, 2005; Chanraud et al., 2013).  

Neuropsychological findings provided the earliest insights into restored function in abstinent 

alcoholics (Oscar-Berman and Marinkovic, 2007), and neuroimaging has permitted the quantification of 

neural tissue repair and recovery with abstinence (Buhler and Mann, 2011). Early neuroimaging evidence 
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for structural brain damage and subsequent improvement among abstinent alcoholics was reported by 

Carlen et al. (1978), who demonstrated reduced atrophy in recently abstinent alcoholics; improvement was 

not seen in those who relapsed. Modern MRI studies have confirmed and extended those findings to include 

demonstrations of recovery in brain volume, microstructure, and neurochemistry (Pfefferbaum et al., 1995; 

Demirakca et al., 2011; Durazzo et al., 2011; Alhassoon et al., 2012). This body of knowledge has grown 

steadily to include manifestations of recovery in a wide spectrum of tissue properties across several imaging 

modalities (Oscar-Berman and Marinkovic, 2007; Schulte et al., 2012c). In particular, improvements in 

brain tissue volumes following periods of abstinence from alcohol have been observed in gray matter 

(Durazzo et al., 2011) and in white matter (Ruiz et al., 2013), often with corresponding decreases in the 

volume of cerebrospinal fluid (CSF). Potential mechanisms underlying recovery of neural tissue during 

sobriety include remyelination, neurogenesis, and rehydration (Nixon, 2006; Rosenbloom and Pfefferbaum, 

2008). Accordingly, recovery of neuropsychological functioning has been directly associated with 

improvements in the structure of neural tissue (Muller-Oehring et al., 2009; Stavro et al., 2012).  

Profiles of Damage and Repair 

In the following sections, we review neuropsychological functioning in alcoholism. We begin with an 

overview of general abilities and intelligence in conjunction with findings related to widespread structural 

brain abnormalities and evidence of recovery. We then review profiles of five functional domains and 

associated brain regions. 

General neuropsychological abilities. Methods for evaluating general abilities and overall 

intelligence have been in use for more than a century, and continue to be employed regularly today (Strauss 

et al., 2006; Lezak et al., 2012). Here we describe examples from research that has looked at general 

abilities in the study of long-term chronic alcoholism, and we conclude that their utility in characterizing 

deficits in alcoholism has been limited, in part because of the variety of functions they assess.   

Many studies have reported poorer performance by alcoholics as compared to nonalcoholic controls 

in general cognitive abilities or intelligence (Sullivan et al., 2000b; Sullivan et al., 2002b; Davies et al., 

2005; Rosenbloom et al., 2007), but the deficits have been mild, or they tended to improve within a year of 

abstinence (Bates et al., 2002). Other studies have reported no alcoholism-related impairments in general 

intelligence (Oscar-Berman et al., 2004; Fein et al., 2006; Foisy et al., 2007; Marinkovic et al., 2009; 

Sullivan et al., 2010; Pitel et al., 2012b). When general abilities are assessed according to discrete 

component factors and functional domains, a different picture emerges. That is, investigators who have 

examined performance on specific IQ subtests or have employed extensive batteries of specialized 
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neuropsychological tests have observed alcoholism-related impairments in some domains but not in others 

(Tivis et al., 1995; Beatty et al., 2000; Davies et al., 2005; Fein et al., 2006; Oscar-Berman et al., 2009). For 

example, Davies et al. (2005) reported no differences between alcoholics and controls on prorated Full Scale 

IQ scores, but alcoholics performed worse on Vocabulary and Digit Symbol subtests. Stavro et al. (2012) 

found only a minimal impairment in general intelligence in a meta-analysis of 62 studies examining 

cognitive abilities in alcoholism. However, they did find moderate impairments across 11 separate cognitive 

functions: verbal fluency/language, speed of processing, working memory, attention, problem 

solving/executive functions, inhibition/impulsivity, verbal learning, verbal memory, visual learning, visual 

memory, and visuospatial abilities. The meta-analysis indicated that the levels of impairment for the 

separate areas of dysfunction remained impaired after one year of sobriety. Importantly, the study stressed 

the need to examine the distinct component processes that contribute to general abilities and intelligence.  

Widespread brain damage in alcoholism. Structural abnormalities have been found in widespread 

brain regions of alcoholics. Relatively smaller volumes have been noted not only in total brain size 

(Pfefferbaum et al., 1992; Mann et al., 2005; Chen et al., 2012) including the cerebellum (Chanraud et al, 

2007), but also in cerebral subdivisions and regional areas (Pfefferbaum et al., 1992; Pfefferbaum et al., 

2001b; Makris et al., 2008; Fein et al., 2009; Chen et al., 2012) and numerous subcortical structures 

(Chanraud et al., 2007; Makris et al., 2008). Smaller white matter volumes likewise have been reported 

(Harper et al., 1990; Pfefferbaum et al., 1995; Pfefferbaum et al., 2001b; Chen et al., 2012), including the 

corpus callosum (see Figure 1) (Pfefferbaum et al., 1996; Agartz et al., 1999; Ruiz et al., 2013). Smaller 

brain volume is accompanied by larger CSF volume (Pfefferbaum et al., 1992; Pfefferbaum et al., 1998; 

Agartz et al., 1999; Bendszus et al., 2001; Pfefferbaum et al., 2001b; Chen et al., 2012), and researchers 

have reported larger volumes of the lateral ventricles (Zipursky et al., 1989; Pfefferbaum et al., 1998; 

Pfefferbaum et al., 2001b; Ruiz et al., 2013) and the third ventricle (Pfefferbaum et al., 2001b).  

  

Figure 1. Severe brain atrophy in a 72-year-old alcoholic woman (top row) compared to an age-matched nonalcoholic 
control woman (bottom row). Most prominent indications of alcoholism-related brain damage include enlarged ventricles, 
thinning of the corpus callosum, and hippocampal atrophy. 
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Structural improvement of gray and white matter tissue has been associated with abstinence. 

Pfefferbaum et al. (1995) found a trend for increases in anterior cortical gray matter volumes after 20 days 

of sobriety, and Agartz et al. (2003) reported whole-brain increases in white matter volumes and 

corresponding decreases in CSF after one month of abstinence. Recovery of white matter microstructure has 

been demonstrated in longitudinal studies, with improvements in fractional anisotropy (a measure of 

microscopic abnormalities in axons) in the corpus callosum after one year of abstinence (Alhassoon et al., 

2012) and decreases in mean radial diffusivity (a measure related to axonal demyelination) after only one 

month of sobriety, suggesting recovery of axonal integrity (Gazdzinski et al., 2010b). However, Monnig et 

al. (2012) reported persistent widespread fractional anisotropy deficits in bilateral parietal regions after a 

year of abstinence. Another marker for detecting reversal of global alcoholism-related brain damage that 

remains understudied is cerebral perfusion. The few studies examining perfusion improvements using 

arterial spin labeling MRI have yielded conflicting results. Mon et al. (2009) reported improvement of 

frontal and parietal gray matter perfusion after five weeks of abstinence, but Durazzo et al. (2010) were 

unable to detect longitudinal perfusion increases in parietal gray matter after an average of 35 days of 

abstinence. Thus, findings associated with recovery of overall brain integrity have been inconsistent.  

Frontocerebellar and mesocorticolimbic structures. It is important to note that although 

abnormalities have been found in widespread brain regions of alcoholics, researchers who have investigated 

networks of neural structures subserving the specific profiles of neuropsychological domains observed to be 

impaired (as discussed below) have emphasized the contributions of two distinct but overlapping systems: 

the frontocerebellar system (Figure 2) and the mesocorticolimbic circuitry (Figure 3) (Sullivan et al., 2003; 

Fuster, 2008; Harris et al., 2008; Makris et al., 2008; Goldstein and Volkow, 2011). Importantly, both of 

these extensive systems control functions that could prevent alcoholics from being able to employ good 

judgment and avoid the negative behaviors and actions associated with addiction. 

                                 
Figure 2. The frontocerebellar system           Figure 3. The mesocorticolimbic circuitry 
(Cisek and Kalaska, 2010).          (Salloway et al., 2001).  
 



 11 

The Five Functional Domains  

In order to refine our understanding of alcoholism-related impaired, spared, and recovered abilities, we 

focus on five specific functional domains: (1) memory, (2) executive functions, (3) emotion and 

psychosocial skills, (4) visuospatial cognition, and (5) psychomotor abilities. Each neuropsychological 

domain has a unique profile of relative impairment, or lack thereof. For each domain, behavioral deficits are 

discussed first (summarized in Appendix: Table 1) along with their associated brain abnormalities 

(Appendix: Table 2), followed by evidence of compensation or recovery.  

 

1. Memory 
Memory refers to the storage of new and old information for later use. Memories can be stored for very short 

periods of time — seconds or even milliseconds, during which information is encoded and consolidated — 

or for long periods of time — weeks, years, or a lifetime. Figure 4 represents a descriptive, atheoretical way 

of viewing human memory, emphasizing temporal characteristics of the information being stored. Because 

memory is not unitary, theorists have considered its many different forms, mediated by separate component 

processes, governed by different principles, and controlled by extensive brain circuitries (Tulving and Craik, 

2000). In relation to alcoholism, memory has been explored most frequently with respect to the type of 

material or event being remembered and the duration of storage. “Working memory,” which stores 

transitory information in the service of future action despite distractions, is considered a component of 

executive functions (discussed below). 

 Sensory 
Memory 

Immediate 
Memory 

Short-Term 
Memory 

Long-Term 
Memory 

Terms Used Iconic/Acoustic 
Storage 

Primary/Working 
Memory 

Secondary 
Memory 

Tertiary Memory 

Durations Fractions of a 
second 

Up to about 45 
seconds 

Minutes to 
weeks 

Weeks to years;  
can be permanent 

Examples Subliminal 
perception 

Digit span A new song Your name 

 

Figure 4. Forms of human memory. Memories are stored for time periods ranging from milliseconds to years. 
Working memory, a component of executive functions, also is discussed in the section on executive functions. 
Long-term memory is divided into declarative (explicit) memory and procedural (implicit) memory. Declarative 
memory can be further subdivided into episodic memory (memory for our experiences) and semantic memory (for 
facts). Procedural memory is memory of skills and knowing how to do things. 
 
Impairments. Alcoholics have demonstrated some degree of memory impairment, despite evidence 

that they tend to overestimate their memory capacity (metamemory; Le Berre et al., 2010). The nature and 

extent of the impairments depend to some degree upon characteristics of the neuropsychological tests (task 
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parameters such as timing of stimulus presentation and type of materials) and on the integrity of other 

cognitive functions supporting memory. For example, Marinkovic et al. (2009), using the Wechsler Memory 

Scale, which measures a number of different types of memory including verbal, auditory, visual, short-term, 

and working memory, found that alcoholics’ reaction times in a deep word-encoding task were negatively 

correlated both with working memory scores, and performance on a separate test of verbal fluency. These 

findings suggest that participants with worse executive functioning skills found the encoding task more 

difficult. The reaction times also showed a tendency to correlate with duration of heavy drinking, indicating 

that long-term heavy alcohol intake impacted speed of word-encoding. Other investigators used extensive 

batteries of neuropsychological tests (including the Wechsler Memory Scale, Dementia Rating Scale, Rey-

Osterrieth Complex Figures Test, and a word/face recognition test) and found that alcoholics had 

significantly impaired verbal, nonverbal, and spatial short-term memory (Sullivan et al., 2000b; Sullivan et 

al., 2002b).  

Alcoholics also have been found to perform below normal on tests that evaluate memory typologies 

or processes such as episodic memory (Le Berre et al., 2010) and free and delayed recall (Pitel et al., 2007; 

Noël et al., 2012).  The tests of episodic memory used by Le Berre et al. (2010) examined free recall, 

semantic cued recall, and recognition memory for shallow and deeply encoded words; total recall and 

recognition scores were below those of the controls. Similarly, Pitel et al. (2007) employed a variety of 

episodic memory tests and found impairments in several components, including encoding and retrieval 

processes, contextual memory, autonoetic consciousness (the ability to analyze our own thoughts), and 

learning abilities. Noël et al. (2012) also detected impairments in episodic memory using the California 

Verbal Learning Test, and suggested that this defect likely reflected executive dysfunction. That is, rather 

than a retrieval deficit, alcoholics might have difficulties applying strategies in organizing information for 

later use. Kopera et al. (2012) studied alcoholic patients who presented with deficits in visual episodic 

memory, and observed that nonverbal domains such as attention, visual memory, and working memory were 

impaired.   
Neuropsychological indications of dysfunctional memory acquisition and processing have been 

investigated using neuroimaging techniques. In an fMRI study, Akine et al. (2007) employed a long-term 

false-recognition memory paradigm comparing alcoholics to controls on task performance and brain 

activation. Although the researchers did not find alcoholics to be impaired on the task, they did find 

differing patterns of brain activity between the groups. Alcoholics exhibited diminished responses in several 

small and isolated locations of the brain (right prefrontal cortex, anterior cingulate, right pulvinar, and right 
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ventral striatum). Because the alcoholics in this study were relatively young (mean age in their 30s) and had 

been abstinent for an average of more than three years, the authors suggested that the abnormal fMRI 

results, in the absence of observed behavioral deficits, might indicate latent lesions or subclinical pathology. 
In addition to abnormal brain activation, structural compromise has been observed in brain regions 

important for memory functions. Investigators have reported reduced alcoholism-related volumes in the 

mesocorticolimbic system, including medial temporal-lobe structures (Sullivan et al., 1995; Harding et al., 

1997; Agartz et al., 1999; Gazdzinski et al., 2005a; Cardenas et al., 2007; Chanraud et al., 2007; Cardenas et 

al., 2011; Sameti et al., 2011). White matter abnormalities in memory-associated regions also have been 

reported. Pfefferbaum et al. (2009), using quantitative fiber tracking derived from DTI, observed defects in 

microstructural fiber integrity in frontal forceps, internal and external capsules, fornix, and superior 

cingulate and longitudinal fasciculi. Chanraud et al. (2009) examined white matter integrity in conjunction 

with measures of verbal episodic memory derived from the Free and Cued Selective Reminding Test. The 

investigators found that low verbal episodic memory performance in alcoholics was associated with 

structural compromise of axons in frontal, temporal, hippocampal, and parahippocampal regions. 

Compensation and recovery. Although metamemory, short-term memory, episodic memory, and 

free and delayed recall are impaired in uncomplicated alcoholism, deficits in other memory components 

have not consistently been identified (Crews et al., 2005). Remote memories, especially those formed before 

the onset of prolonged heavy drinking, remain relatively preserved compared to recently acquired memories 

(Mearns and Lees-Haley, 1993). Recovery of some forms of memory functioning has been found to vary in 

relation to duration of abstinence. On episodic memory tasks, deficits generally have not been found 

following prolonged abstinence (Reed et al., 1992; Rourke and Grant, 1999; Fein et al., 2006). Pitel et al. 

(2009) reported that for alcoholics who abstained over a six-month interval, episodic memory performance 

(as assessed by a selective reminding test) returned to a level of functioning comparable to that of 

nonalcoholic controls, while this level of recovery was not observed in alcoholic patients who relapsed. 

Additionally, Pitel et al. (2012a) tested abstinent alcoholics on a face-name learning and recognition-

memory task during an fMRI scan. At rest, fMRI activation patterns in the left hippocampal and cerebellar 

regions were positively synchronized in controls, but negatively synchronized in the alcoholics. During 

initial learning of the task, the alcoholics did not differ from controls on measures of performance, but the 

alcoholic group had lower cerebellar activation. During memory-task engagement, both groups exhibited 

hippocampal-cerebellar fMRI desynchronization. The authors speculated that because there were no 
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significant group differences in recognition-memory performance, the alcoholics’ modulated hippocampal-

cerebellar activity was compensatory. 

In summary, the consequences of chronic alcoholism for memory functioning are complex and 

varied (Pitel and Beaunieux, 2013). Uncomplicated alcoholics often experience impairments in working 

memory, short-term memory, and episodic memory. Some of these deficiencies have been linked to 

executive dysfunction and damage to associated structures, while others have been connected with damaged 

mesocorticolimbic regions. Fortunately, long-term memories tend to be preserved, and episodic memory 

abilities can improve with sobriety. 

2. Executive Functions 

Executive functions are complex cognitive abilities requiring the synchronization of several sub-processes 

to achieve conscious and non-conscious goals (Alvarez and Emory, 2006). They control and regulate other 

abilities and behaviors and involve complicated mental skills that help us to connect past experiences with 

present actions, plan future behavior, organize, judge, change behavior and strategies, and remember details 

for our decision-making. Relevant skills include sustained and selective attention, working memory, 

planning, organization, problem solving, abstraction, and the ability to inhibit inappropriate responses. 

Intact executive functioning has been associated with integrity of frontal brain circuitry, which involves an 

overlapping and interconnected network. In alcoholics, the most compromised cortical areas of this network 

are dorsolateral prefrontal, ventral/orbitofrontal, and anterior cingulate regions. Although theorists differ on 

whether executive functions are unified with respect to process and component cognitive abilities (Lezak et 

al., 2012), there is abundant evidence that executive functioning is impaired in uncomplicated alcoholics, 

and that abnormal frontal brain circuitry is involved.  

Impairments. Using tasks adopted from nonhuman animal models (comparative neuropsychology) 

to test components of executive functioning in alcoholics, Oscar-Berman and colleagues have demonstrated 

deficits in working memory, problem solving, and susceptibility to interference (see Oscar-Berman and 

Bardenhagen, 1998, for review). Fernández-Serrano et al. (2010) administered conventional 

neuropsychological measures of fluency, analogical reasoning, interference, cognitive flexibility, decision-

making, self-regulation, and working memory to alcoholics and other drug abusers and found that alcohol 

abuse was associated with verbal fluency and decision-making deficits. Several groups have reported that 

alcoholics performed significantly worse than nonalcoholic controls on the Trail Making Test, a measure of 

visual-conceptual abilities requiring divided attention, mental flexibility, set-shifting proficiency, and motor 

skills (e.g., Davies et al., 2005; Chanraud et al., 2007; Oscar-Berman et al., 2009; Loeber et al., 2010). 
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Others have reported alcoholism-related impairments on the Wisconsin Card Sorting Test (e.g., Sullivan et 

al., 1993; Ratti et al., 2002; Oscar-Berman et al., 2009), which measures abstract thinking, cognitive 

flexibility and shifting, concept identification, hypothesis generation, and sensitivity to feedback. Additional 

evidence of executive dysfunction in alcoholics has been reported as deficits on the Stroop Color-Word 

Association test (Ratti et al., 2002) or modifications of the Stroop test (Lusher et al., 2004) that tap into 

selective attention, perceptual interference, response inhibition, and information-processing speed. Tests of 

impulsivity have shown alcoholism-related impairments on Go/No-Go tasks (Pandey et al., 2012) that 

require participants to respond quickly to a target while inhibiting responses when a stop-signal appears. 

Additional reports of poor executive functioning in alcoholics come from a variety of other tests, including 

the Letter-Number Sequencing test, which relies on working memory (Chanraud et al., 2007); the Ruff 

Figural Frequency Test, requiring participants to quickly draw as many unique designs as possible by 

connecting dots (Oscar-Berman et al., 2009); a delay-discounting decision-making test in which participants 

choose between a large but delayed reward and a small but more immediate reward (Mitchell et al., 2005); 

and the Iowa Gambling Test (Fernández-Serrano et al., 2010). The many findings from these combined 

studies of alcoholics clearly demonstrate executive dysfunction as a characteristic of the disorder. Even 

though descriptions of the impairments vary across reports, the inconsistencies are plausible because of the 

multiplicity and complexity of executive functioning components, and because researchers have used 

diverse tasks to measure them. In any case, executive dysfunction has been found to be associated with low 

motivation to change drinking behaviors (Le Berre et al., 2012). This creates difficult conditions for 

recovery from addiction and therefore, likely serves as a cognitive barrier to treatment. Loss of inhibition, 

poor insight, distractibility, perseverative responding, impaired decision-making, and difficulties with 

impulse control contribute to increased likelihood of relapse (Crews and Boettiger, 2009; Sullivan et al., 

2010).  

 Goldstein and Volkow (2002) have provided an informative review of neuroimaging findings 

showing dysfunction of prefrontal cortex in addictions. They suggested that prefrontal abnormalities affect 

limbic reward regions and lead to dysregulation of executive functions, especially the ability to inhibit 

maladaptive or disadvantageous behaviors. In alcoholism, abnormalities of task-related and resting-state 

functional connectivity have been documented in frontal brain circuitry supporting executive functions. In 

an fMRI study designed to assess reward-guided adaptive decision-making during a visual reinforcement-

learning task, Park et al. (2010) found that compared to controls, alcoholics had lower functional 

connectivity in the right dorsolateral prefrontal cortex and ventral striatum. The abnormalities in 
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frontostriatal activity were associated with decision-making difficulties; however, mean sobriety was only 

17 days and may not represent persistent effects. Schulte et al. (2012a) used a modified Stroop task to 

examine inhibitory control and conflict processing. In controls, posterior cingulate cortex was activated 

during response switching and deactivated during response repetition, whereas alcoholics showed the 

opposite pattern, and greater deviations from the normal activity correlated with higher amounts of lifetime 

alcohol consumption. A functional dissociation of brain network connectivity between the groups further 

showed that the controls exhibited greater corticocortical connectivity among medial prefrontal, middle 

cingulate, and posterior cingulate cortices than the alcoholics. In contrast, the alcoholics exhibited greater 

orbitofrontal-midbrain network connectivity than the controls.  

Impairments in executive functioning in alcoholics have been associated with underlying structural 

abnormalities in frontocerebellar circuitry (Moselhy et al., 2001; Sullivan, 2003; Sullivan et al., 2003; 

Chanraud et al., 2007; Oscar-Berman and Marinkovic, 2007; Oscar-Berman et al., 2009). Significant 

volume reductions have been reported in the frontal lobes (Pfefferbaum et al., 1992; Agartz et al., 1999; 

Kubota et al., 2001; Chanraud et al., 2007; Chen et al., 2012) including reduced gray matter in dorsolateral 

prefrontal cortex (Chanraud et al., 2007; Makris et al., 2008) and anterior cingulate cortex (Chanraud et al., 

2007). Analyses of cortical thickness in alcoholics have demonstrated that the frontal lobes are particularly 

vulnerable to thinning (Fortier et al., 2011). With DTI scans, researchers have found white matter 

abnormalities in the cingulum bundle, superior longitudinal fasciculi, and internal and external capsules 

(Harris et al., 2008; Pfefferbaum et al., 2009; Rosenbloom et al., 2009; Schulte et al., 2012b). 

 Compensation and recovery. Studies have reported positive associations between executive 

functioning and maintenance of sobriety. For example, Loeber et al. (2010) reported that improvement of 

attention and executive functioning, measured by the Trail-Making Test and the Wisconsin Card Sorting 

Test, occurred within the second of two three-month follow-up sessions subsequent to initial detoxification. 

Also, Pitel et al. (2009) reported that alcoholic patients who abstained over a six month interval returned to 

levels of performance comparable to nonalcoholic controls on executive functioning tasks measuring 

inhibition, flexibility, and updating, while recovery was not observed for relapsers. Additionally, factors 

such as relapse rates and personality disorders have been associated with different outcomes in recovery of 

executive functioning. Andó et al. (2012) compared personality traits in recovering alcoholics abstinent for 

12 weeks to those abstinent for three years or more. Compared to the long-term abstinent patients, the short-

term abstinent patients perceived higher levels of stress and used non-adaptive coping strategies. However, 

both groups showed evidence of persistent decision-making deficits. The researchers suggested that an 
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adaptive personality profile of stress reduction skills and effective coping strategies likely helps to 

compensate for decision-making deficits and assists in maintaining long-term abstinence.  

When component processes of executive functions have not been found to be impaired, there may 

have been compensatory input through alternate brain pathways. For example, Gilman et al. (2010) found 

that despite not showing performance deficits during decision-making fMRI tasks, alcoholics recruited a 

larger frontal brain network than nonalcoholics, especially in the left inferior and right middle frontal gyri. 

Additionally, Pfefferbaum et al. (2001a) did not identify differences between alcoholics and controls in a 

spatial working memory fMRI task, but did find that alcoholics used more inferior- and posterior-frontal 

regions than controls, who activated dorsolateral prefrontal cortex primarily. Similarly, Desmond et al. 

(2003) reported that alcoholics with sobriety periods from four weeks to two years, while not showing 

performance impairments (accuracy and reaction time) on a verbal working-memory fMRI task, exhibited 

greater fMRI activation than a control group in left frontal and right superior cerebellar regions. These 

findings suggested that increased activation in language and articulatory-control regions may reflect the 

compensatory recruitment necessary to perform simple decision-making or working-memory tasks.  

Recovery of neurocognitive functioning in the executive domain has been associated with 

improvements in brain neurochemistry. Bartsch et al. (2007) administered an attentional test, requiring 

prompt detection of three subtly different target stimuli, which also measures aspects of concentration and 

coordination. They found that performance by alcoholics correlated with increases in choline and N-

acetylaspartate levels with six to seven weeks of sobriety, particularly in frontomesial areas. Durazzo et al. 

(2011) used arterial spin labeling perfusion MRI of frontal and parietal gray matter to study groups of 

alcoholics with differing durations of abstinence. They found that compared to alcoholics who abstained 

during a 12-month period, those who resumed drinking showed significantly lower frontal gray matter 

perfusion; there were no group differences for parietal gray matter.  

In summary, impairments in the domain of executive functioning consistently have been shown in 

alcoholics, but some executive impairments may be reversed with sobriety. Because of the role of frontal 

brain systems in directing cognition and behavior, this finding has important implications for overcoming 

addiction. Because many alcoholics report that a central problem is an inability to act in concert with their 

conscious plans and intentions, especially with respect to abstaining from alcohol, it may be encouraging to 

note that the brain system involved in these cognitive processes can and does recover with continued 

abstinence 
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3. Emotion and Psychosocial Skills  

Emotional signals, expressed in voices, faces, and body language, are important aspects of social 

interactions. Deficiencies in expressing and interpreting these signals can interfere with interpersonal 

relations, which in turn can lead to increased alcohol consumption as a dysfunctional coping mechanism. 

Affective and social functions are complex and rely on neural substrates of emotion, intrinsic motivation, 

decision-making, and sensitivity to reinforcement. Multiple brain networks are involved, most notably 

mesocorticolimbic and frontoparietal circuitries (Insel and Fernald, 2004; Frith and Frith, 2007; Schulte et 

al., 2010; Goldstein and Volkow, 2011). These circuitries are involved in many bio-behavioral functions 

impaired in alcoholics, and breakdown within the networks can initiate drug use or relapse after protracted 

abstinence (Oscar-Berman and Bowirrat, 2005). 

Impairments. Alcoholics exhibit deficits in several aspects of emotional functioning. Research on 

the perception and decoding of emotional expressions has shown that alcoholics are impaired in perceiving 

emotions in facial expressions (Philippot et al., 1999; Kornreich et al., 2001; Kornreich et al., 2002; 

Maurage et al., 2008; Maurage et al., 2009) and in recognizing emotional prosody in speech — a non-

linguistic aspect of language that conveys the speaker’s feelings and attitudes (Oscar-Berman et al., 1990a; 

Monnot et al., 2001; Monnot et al., 2002). For example, Oscar-Berman et al. (1990a) reported that 

alcoholics had difficulty judging emotional intonations and emotional semantic content of spoken sentences, 

and Monnot et al. (2001, 2002) found that alcoholics were deficient in the ability to detect emotion and 

attitude in the voice. These findings indicate a defect in decoding affective prosody. Uekermann et al. 

(2005) reported that alcoholics were impaired in identifying semantic content when it did not match 

affective prosody and in matching affective prosody to facial expressions, deficits that may be related to 

cross-modal difficulties (Oscar-Berman et al., 1990b; Maurage et al., 2007; Maurage et al., 2012a). 

Research has found that alcoholics responded abnormally to negative emotional stimuli (Clark et al., 2007) 

and overestimated the intensity of negative facial expressions such as fear, sadness, anger, and threat 

(Oscar-Berman et al., 1990a; Kornreich et al., 2001; Townshend and Duka, 2003; Clark et al., 2007; 

Maurage et al., 2009; Kornreich et al., 2013). Using images of morphed facial expressions with varying 

emotional intensities, Philippot et al. (1999) also reported that alcoholics overestimated the intensity of 

emotional expressions, and they misinterpreted most of the emotional expressions at all levels of intensity. 

Moreover, the alcoholics were unaware of their misperceptions.  

In an extensive review of studies of social cognition in alcoholics, Uekermann and Daum (2008) 

summarized behavioral findings of diminished social cognitive functioning in alcoholism such as 
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impairments in facial affect perception (as noted above), humor processing (Uekermann et al., 2007), 

empathy (Maurage et al., 2007; Uekermann et al., 2007), and theory-of-mind (the ability to ascribe mental 

states to others) (Uekermann et al., 2007). Kornreich et al. (2011) reported that alcoholics demonstrated 

impaired reasoning for social contract, precaution, and understanding conditional social rules. The 

alcoholics also had lower emotional intelligence scores, suggesting that these factors contributed to impaired 

interpersonal functioning. Further, higher levels of alexithymia, characterized by difficulties identifying, 

differentiating, and expressing feelings, have been reported in alcoholism (Maurage et al., 2011; Stasiewicz 

et al., 2012), and positive correlations between alexithymia measures and severity of alcohol use have been 

reported (Thorberg et al., 2011).  

A number of fMRI studies have shown alcoholism-related abnormalities in the prefrontal cortex and 

the limbic system, which are important in emotion and cognition. For example, one fMRI study examined 

brain activation patterns in alcoholic and control participants as they were shown photographs of faces with 

positive, negative, and neutral expressions (Marinkovic et al., 2009). Nonalcoholic participants had strong 

amygdala and hippocampus activation when viewing emotional (compared with neutral) expressions, while 

alcoholics had similar responses to both neutral and emotional stimuli, which reflected blunted limbic 

activation to emotional faces. Another fMRI study showed that alcoholic participants were impaired in 

recognizing expressions of fearful faces and had lower activation in orbitofrontal and insular cortex than 

controls when viewing emotional faces (O'Daly et al., 2012). Gilman et al. (2010) found that alcoholics 

demonstrated greater activation in the inferior frontal gyrus, fusiform gyrus, and amygdala when they 

passively viewed negative facial expressions, and decreased activation in the precuneus and 

parahippocampal gyrus when they viewed positive facial expressions. Low activation in the anterior 

cingulate cortex during decoding of facial expressions of fear, disgust, and sadness also has been reported 

(Salloum et al., 2007). In a study examining functional brain activity during a task assessing cognitive and 

affective aspects of empathy, Gizewski et al. (2013) found that alcohol history was associated with low 

activation in the right anterior insula and deficits in affective empathy. Maurage et al. (2012b) studied 

psychosocial functioning in the context of a game that simulated interpersonal interactions, and found 

higher insula and lower frontal activation during social exclusion conditions. In another fMRI study, 

Maurage et al. (2012a) found that during a face-voice interaction task, alcoholic participants had less 

activation than controls in the superior temporal sulcus, inferior occipital gyrus, middle frontal gyrus, and 

superior parietal lobule, as well as poor functional connectivity in frontal regions.   
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In addition to atypical activation patterns in alcoholics, diminished volumes have been reported for 

brain structures associated with emotional and social functioning, such as orbitofrontal cortex, rostral 

anterior cingulate cortex, nucleus accumbens, amygdala, hippocampus, and insula (Makris et al., 2008; 

Wobrock et al., 2009). These regions, which are part of the “social brain” (Insel and Fernald, 2004) and 

neural circuitry underlying emotion and reward processing (Schulte et al., 2010), are disproportionately 

affected in alcoholism (Moselhy et al., 2001; Oscar-Berman and Marinkovic, 2007; Makris et al., 2008). In 

a study that examined the relationship between DTI-based fiber tracking and fMRI during an emotional 

Stroop task, Schulte et al. (2012b) found that alcoholics demonstrated poorer Stroop-word performance, 

suggesting higher emotional interference, and this performance was correlated with lower white-matter 

integrity in the cingulate and corpus callosum.  

Compensation and recovery. Despite persistence of emotional and psychosocial impairments 

(Kornreich et al., 2001; Kornreich et al., 2002; Foisy et al., 2007; Maurage et al., 2008), recovery of these 

functions has been reported in relation to relapse rates. For example, Witkiewitz and Aracelliz (2009) found 

in a longitudinal study that negative affect such as depression and anger contributed to relapse risk. Also, 

Berking et al. (2011) found that deficits in emotion-regulation skills, especially the ability to tolerate 

negative emotions, predicted relapse three months after cognitive behavioral treatment for alcoholism. 

Impairments in decoding of emotional facial expressions are related to interpersonal problems (Kornreich et 

al., 2002) and may contribute to relapse risk. As such, social and interpersonal skills training for individuals 

in recovery have focused on the overestimation of intensity of emotions, and misattribution of negative 

emotions such as anger and fear have been developed as components of cognitive behavioral treatments in 

relapse prevention (for reviews, see Morgenstern and Longabaugh, 2000; Witkiewitz and Marlatt, 2004). 

Additionally, social-cognitive and emotional-processing factors may affect the recovery of alcoholic men 

and alcoholic women differently as gender differences in interpersonal problem solving skills have been 

reported (Nixon et al., 1992). In any case, abstinence has been associated with increases in positive social 

relationships (Hibbert and Best, 2011), improved self-efficacy and coping abilities (Rose et al., 2012), and 

higher rates of help seeking behavior (Dawson et al., 2006). 
 In summary, alcoholics have been shown to have dysfunctional social and emotional processing 

abilities. Although those problems continue after abstinence, recovery of emotional and psychosocial 

functioning is central to positive treatment outcomes, relapse prevention, and maintenance of significant 

relationships. 
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4. Visuospatial Cognition 

Visuospatial cognition refers to visuoperceptual, visuospatial, and visuoconstruction abilities involving 

conscious and non-conscious visually guided competencies. These abilities are defined operationally in 

terms of performance on specific tests. Visuoperceptual skills are reflected in the ability to identify stimuli 

such as objects, faces, and patterns. Visuospatial skills involve the localization of objects in space, 

navigation, and conceptualization of distances, areas, and volumes. Visuoconstructive abilities involve 

organizing elements into correct spatial relationships such as when drawing a house or doing a jigsaw 

puzzle. Alcoholism-related impairments in visuospatial cognition are among the most frequently reported.!

Impairments. Neuropsychological tests consistently have shown that alcoholics suffer from 

persistent deficits in visuospatial cognition (Beatty et al., 1996; Oscar-Berman and Schendan, 2000; 

Sullivan et al., 2000b; Sullivan et al., 2002b; Fama et al., 2004; Fein et al., 2006; Sullivan et al., 2010). 

Early demonstrations of these deficits in alcoholics were apparent as relatively lower scores on Wechsler 

Adult Intelligence Scale Performance subtests compared to Verbal subtests (reviewed by Ellis and Oscar-

Berman, 1989). This discrepancy was largely accounted for by scores on three of the individual 

Performance subtests, which relied strongly on visuospatial cognitive capacities: Block Design, Object 

Assembly, and Digit Symbol. Other examples of tests on which alcoholics have performed poorly are the 

Wechsler Memory Scale Drawing Test (Sullivan et al., 2000b), a letter/symbol cancellation test (Beatty et 

al., 1996), the Mental Rotation Test (Beatty et al., 1996), the Hidden Figures Test (Sullivan et al., 2000b; 

Fama et al., 2004), the Rey-Osterrieth Complex Figure Test (Beatty et al., 1996; Sullivan et al., 2000b), and 

the Gollin Incomplete Pictures Test (Sullivan et al., 2000b; Fama et al., 2004). These tests clearly do not 

measure homogeneous abilities. Despite the array of subcomponents that have been examined, however, 

alcoholics’ impairments in visuospatial cognition are evident and endure over time.  

In accordance with the neuropsychological deficits observed, brain abnormalities have been 

identified in a large network of interconnected areas communicating with each other in feedforward and 

feedback loops to serve visuospatial cognition. Cortical regions throughout the entire cerebrum are 

involved, as well as the cerebellum and the thalamus (reviewed by Fitzpatrick et al., 2008, 2012). 

Morphometry studies have shown volume deficits among alcoholics, compared with controls, within the 

parietal lobes (Fein et al., 2002; Gazdzinski et al., 2005b; Chanraud et al., 2007), and cortical shrinkage in 

the parietal lobes has been associated with poor performance in spatial processing (Fein et al., 2009). 

Although parietal cortical volume (measured with conventional MRI) was not a predictor of visuospatial 

ability in alcoholics, cerebellar hemispheric white matter was such a predictor (Sullivan, 2003). Rosenbloom 
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et al. (2009) examined associations between regional white matter microstructural integrity (measured with 

DTI) and visuoconstruction accuracy (as measured by the Rey-Osterrieth Complex Figure Test) in 

alcoholics and healthy controls. For both groups, the investigators found an association between poorer copy 

accuracy and increased radial diffusivity in the occipital forceps and external capsule. In the alcoholics, poor 

immediate recall of the Figure was associated with compromised fiber microstructure (lower fractional 

anisotropy) in inferior cingulate bundles. 

Compensation and recovery. Despite the persistence of deficits in visuospatial cognition after years 

of abstinence, when intact performance levels are observed, they have been attributed to reorganization of 

brain functioning (Pfefferbaum et al., 2001a). For example, Fama et al. (2004) reported that whereas 

visuospatial abilities predicted performance on visuoperception tasks by nonalcoholic control participants, 

for alcoholics it was executive ability, as measured by the Wisconsin Card Sorting Test, that consistently 

predicted performance on visuoperception tasks. Because completing the Wisconsin Card Sorting Test relies 

heavily on frontal brain circuitry, the authors suggested that alcoholics likely engage additional frontal 

systems to perform visuoperceptal tasks at the level of nonalcoholics. In another study, Rosenbloom et al. 

(2004) compared the cognitive performance of alcoholic and nonalcoholic women across three durations of 

abstinence (three months, one year, and four years) and found better performance with increased lengths of 

sobriety for visuospatial scores as measured by the Digit Symbol subtest of the Wechsler Adult Intelligence 

Scale. After four years of abstinence, the alcoholic women had achieved a performance level that was not 

significantly different from that of nonalcoholic women.  

In summary, a considerable body of research indicates selective deficiencies of multiple facets of 

visuospatial cognition in association with long-term alcoholism. There is evidence that some of these 

deficits may recover with abstinence, and that improvements are associated with reorganized brain 

functioning. In other words, the abilities that appear to have remained intact or recovered through significant 

lengths of abstinence may be explained by recourse to the compensatory action of recruitment of other brain 

regions through a dynamic process of reorganization.  

5. Psychomotor Abilities  

Psychomotor abilities include skills such as quick reaction time, grip strength, fine-finger movement, 

postural abilities, gait, and balance. Persistent alcoholism-related psychomotor impairments are 

characteristic of the disorder. !

Impairments. Accounts of impairments in reaction time pervade the literature on alcoholism and 

range from simple tests of psychomotor speed to complex tasks that incorporate higher-level skills. An 
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example of the former was reported by Pfefferbaum et al. (2009) who tested alcoholics and controls for fine-

finger movement. The test was timed and required that participants turn a knurled post with the index finger 

and thumb of each hand separately, and then both hands. The alcoholics were slower than controls on both 

the unimanual and bimanual conditions. In another study, Kopera et al. (2012) found that alcoholics 

performed poorly on a simple reaction time task that was part of a larger neuropsychological assessment 

battery. The task required participants to push a button in response to a stimulus that appeared at random 

intervals in the same location on a computer screen. In a similar study, Ratti et al. (2002) found that 

alcoholics were impaired in both simple and choice reaction times. In the simple reaction time task, 

participants released or pressed a key when a target appeared. In the choice reaction time task, a stimulus 

could appear in one of three locations, and participants had to press a corresponding key. In both of these 

studies, the authors suggested that the motor response speeds themselves were not necessarily impaired, but 

the slower reaction times likely reflected reduced cognitive processing speed. In fact, some researchers have 

proposed that alcoholics are impaired in cognitive efficiency, that is, the ability to process information both 

quickly and accurately. In other words, alcoholics demonstrate a speed-accuracy trade-off, such that greater 

emphasis is placed on responding accurately at the expense of speed, leading to decrements in efficiency 

(Sullivan et al., 2002a). This conjecture appears confirmed by additional reports of deficits in reaction time, 

which have ranged from simple target-striking tasks (York and Biederman, 1991) to delays in identifying 

emotional expressions in facial stimuli (Maurage et al., 2008; Marinkovic et al., 2009; Fein et al., 2010), and 

performing executive functioning tasks (Pandey et al., 2012).  

Although upper limb strength usually remains intact, alcoholics often tend to demonstrate deficits in 

lower limb competencies, such as posture, gait, and balance (Sullivan et al., 2000b). A number of studies 

have tested alcoholic and control participants on the Walk-a-Line Ataxia Battery (Sullivan et al., 2000b; 

Pfefferbaum et al., 2006; Smith and Fein, 2011; Fein and Greenstein, 2013), which consists of three parts, 

each to be performed with eyes open and then closed. First, participants stand with feet placed heel-to-toe 

and arms folded across the chest; next, participants stand on one foot; finally, participants walk heel-to-toe. 

Each of these studies showed impairments in alcoholics; the deficits were persistent and slow to improve 

(Fein and Greenstein, 2013). Finally, lifetime alcohol consumption, disease duration, and age have been 

negatively associated with scores on the International Cooperative Ataxia Rating Scale, representing not 

only poor posture and gait, but also kinetic, speech, and oculomotor abilities (Fitzpatrick et al., 2012). 

Neuroimaging has augmented many of these neuropsychological measures in understanding the 

psychomotor functioning deficits in alcoholics. Rogers et al. (2012) investigated the functional connectivity 
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between cerebellar and cortical brain regions in alcoholic patients. The connectivity analyses focused on 

cortical regions that exhibited fMRI responses associated with nondominant hand finger tapping in the 

patients, but not in controls. Functional connectivity in the patients was attenuated in circuits involving (a) 

premotor areas and the superior cerebellum and (b) prefrontal cortex and the inferior cerebellum. This pattern 

suggested that structural damage within frontocerebellar circuitry might be responsible for the motor deficits. 

However, because the alcoholics were abstinent for short durations (average of five days), the results might 

not reflect persistent effects. Pfefferbaum et al. (2009) also used DTI to assess white matter structural 

integrity in conjunction with psychomotor measures of balance and response speed. Balance was measured 

by requiring participants to stand on one foot, and response speed was measured when participants turned a 

knurled post between the thumb and forefinger, and when participants performed the Digit Symbol subtest of 

the Wechsler Adult Intelligence Scale. Alcoholics had poorer balance, and they were slower on the speed 

tests. Poorer performance on all tests correlated with DTI measures of regional white matter degradation in 

frontal and occipital forceps, internal and external capsules, fornix, and inferior cingulate bundle.  

Compensation and recovery. Psychomotor functions, including postural and gait stability, have 

varying rates of recovery in relation to length of abstinence and gender. Sullivan and colleagues found 

marginally improved gait and balance in abstinent alcoholic men tested after one month of sobriety and 

again two to 12 months later (Sullivan et al., 2000a; Sullivan et al., 2000b). However, Rosenbloom et al. 

(2004) found that alcoholic women tested at 15 weeks of sobriety, and then retested one and four years later, 

still showed persistent deficits in gait and balance, although there were improvements in psychomotor 

speed. Smith and Fein (2011) found that alcoholic men and women with multi-year abstinence (1.5 to 22.4 

years) showed more normal gait and balance than alcoholics with short-term (6 to 15 weeks) abstinence. For 

the short-term abstinent alcoholics only, gender comparisons indicated that women performed worse than 

men on two static balance measures with eyes closed (standing heel-to-toe and standing on left leg).  

Parks and colleagues used fMRI to explore brain activation patterns during finger-tapping tasks 

performed by recently abstinent alcoholics (less than two weeks on average) and control participants (Parks 

et al., 2003; Parks et al., 2010). In the 2003 study, alcoholics were significantly slower than controls. 

Although alcoholics’ brain activation patterns were more extensive in motor and premotor cortex and in 

cerebellar regions compared to the controls, a measure of efficiency of brain activation (tapping rate per unit 

of brain activation) suggested motor inefficiency and compensatory alterations of corticocerebellar circuits. 

In the 2010 study, Parks and colleagues were able to equate the groups on self-paced and externally-paced 

finger-tapping rates, and still found that brain activation patterns for alcoholics differed from controls. Under 
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both conditions, tapping with the nondominant hand was associated with more activation by the alcoholics in 

frontal, parietal, and temporal brain regions. Additionally, the self-paced tapping activated frontocerebellar 

networks in the controls, but only precuneus in the alcoholics. Thus, rather than enlisting a frontocerebellar 

network, as did the controls, the alcoholics recruited a higher-order, “more effortful” or “less automatic,” 

parietal planning mode not required by the controls. The authors concluded that their findings reflected 

different neurocognitive strategies and brain circuitries used by alcoholics and controls to complete the task.  

In summary, severe deficits in psychomotor abilities demonstrated by alcoholics are associated with 

functional and structural brain abnormalities. Improvements in these abilities tend to correspond to duration 

of abstinence, and may differ for men and women. Additionally, to compensate for behavioral 

inefficiencies, alcoholics may employ brain circuitry that differs from nonalcoholics.  

Summary and Conclusions 

Alcoholism has heterogeneous origins and manifestations, depending upon variables such as family history, 

age, gender, and mental or physical health. Consequently, the neuropsychological profiles associated with 

alcoholism are not uniform among individuals. Within and across research studies, variability among 

participants is substantial and contributes to the characteristics associated with differential outcomes. 

Nevertheless, evidence for impairments of neuropsychological processes following years of chronic 

alcoholism is unequivocal. These impairments are accompanied by structural damage to gray and white 

matter in the brains of alcoholics, and are measurable on both macrostructural and microstructural levels. 

The profiles of impairments among alcoholics show that some neuropsychological processes are more 

permanently disrupted than others. Memory, executive functions, emotion and psychosocial skills, 

visuospatial cognition, and psychomotor abilities are particularly affected. In accordance with this pattern of 

deficits, the brain networks that underlie the most impaired functions involve the frontocerebellar system 

and mesocorticolimbic circuitry.  

Over time, usually with abstinence from alcohol, behavioral functions can appear relatively 

unimpaired. Although it can be difficult to distinguish processes that have been spared, compensated for, or 

recovered, the brain appears to become reorganized to provide compensation for structural and behavioral 

deficits. Longitudinal studies have provided clear evidence for recovery of both neuropsychological 

functioning and brain tissues. Further support for recovery of brain volumes with abstinence has come from 

cross-sectional studies that have demonstrated positive associations between prolonged abstinence and 

larger volumes of cortical and subcortical gray matter, and cortical and callosal white matter. Despite 

substantial evidence for recovery of neuropsychological performance and brain structure with sobriety, 
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some abnormalities persist through abstinence, especially problems with executive functioning, visuospatial 

cognition, and motor functions. 

Because of differences in participant characteristics and methodological variations across 

studies, aspects of neurobehavioral and brain disruption and repair remain insufficiently documented. 

However, by relying on a combination of clinical and scientific approaches, including the continued use 

of longitudinal studies and multiple neuroimaging technologies, future research will help to refine the 

compensatory roles of healthy brain systems, the degree to which abstinence and treatment facilitate the 

reversal of brain atrophy and dysfunction, and the importance of individual differences to outcome. 

Ultimately, an important goal of neuropsychological and neuroimaging research into profiles of 

impaired, spared, and recovered functions in alcoholism is to inform successful strategies for prevention 

and treatment. Commendable advances already have been made.
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Figure Headings 

 

Figure 1. Severe brain atrophy in a 72-year-old alcoholic woman (top row) compared to an age-

matched nonalcoholic control woman (bottom row). Most prominent indications of alcoholism-

related brain damage include enlarged ventricles, thinning of the corpus callosum, and hippocampal 

atrophy. 

 

Figure 2. The frontocerebellar system (Cisek and Kalaska, 2010). This figure illustrates 

interactions among cortical areas, basal ganglia, and the cerebellum. Reproduced with 

permission of Annual Reviews. 

 

Figure 3. The mesocorticolimbic circuitry (Salloway et al., 2001). This figure highlights the 

following structures: orbitofrontal cortex (OFC), medial prefrontal cortex (mPFC), anterior 

cingulate (AC), amygdala (AMG), hippocampus (Hipp), thalamus (Thal), ventral striatum (VS), 

dorsal striatum (DS), and globus pallidus (GP). Adapted with permission from The Frontal 

Lobes and Neuropsychiatric Illness (Copyright 2001), American Psychiatric Association. 

 

Figure 4. Forms of human memory. Memories are stored for time periods ranging from 

milliseconds to years. Working memory, a component of executive functions, also is discussed in 

the section on executive functions. Long-term memory is divided into declarative (explicit) 

memory and procedural (implicit) memory. Declarative memory can be further subdivided into 

episodic memory (memory for our experiences) and semantic memory (for facts). Procedural 

memory is memory of skills and knowing how to do things. 
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Appendix: Table 1 

NEUROPSYCHOLOGICAL 
MEASURES 

IMPAIRMENTS COMPENSATION AND 
RECOVERY 

General Ability and Intelligence     
Global Assessment of Functioning Pfefferbaum et al., 2009; Rosenbloom et 

al., 2009; Schulte et al., 2012b 
 

Mehrfachwahl-Wortschatz-
Intelligenztest MWT-B 

Mann et al., 2005  

National Adult Reading Test Score Pfefferbaum et al., 2001b  

Peabody IQ Rosenbloom et al., 2009  
SILS Abstraction: mental age Beatty et al., 1996; Beatty et al., 2000  
SILS Vocabulary: mental age Beatty et al., 1996; Beatty et al., 2000  

WAIS Full Scale IQ Davies et al., 2005  
WAIS Performance IQ Makris et al., 2008  

WAIS Similarities  Kish et al., 1980 (between 15 
and 21 days) 

WAIS Vocabulary Pfefferbaum et al., 1992; Davies et al., 
2005 

 

WASI General IQ Index Rosenbloom et al., 2007   

Memory     
California Verbal Learning Test Noel et al., 2012  

Dementia Rating Scale Sullivan et al., 2002b; Davies et al., 2005; 
Sullivan et al., 2010 

 

Dementia Rating Scale: Memory 
Scale 

Rosenbloom et al., 2004 Rosenbloom et al., 2004 (4 year 
follow-up) 

Ecological Contextual Memory 
Test  

Pitel et al., 2007   

Face-name association learning 
and recognition fMRI tasks 

Pitel et al., 2012b  

Feeling of Knowing Task  Le Berre et al., 2010; Le Berre et al., 
2012 

 

Free and Cued Selective 
Reminding Test 

Pitel et al., 2007  

Free and Cued Selective 
Reminding Test 

PItel et al., 2007; Le Berre et al., 2012  

Grobe and Buchske (free recall) Chanraud-Guillermo et al., 2009  
Other word recall tasks Le Berre et al., 2010  

Spondee Test PItel et al., 2007; Le Berre et al., 2012  
WMS Delayed Memory Fama et al., 2012  

WMS Logical Memory I and II 
(story recall) 

Sullivan et al., 2000b; Davies et al., 2005  

WMS Verbal composite Reed et al., 1992; Fama et al., 2004  
WMS Verbal Recall  Sullivan et al., 2000a (2 to 12 

month follow-up) 
WMS Visual Memory Fama et al., 2012  

WMS-R Memory Index Sullivan et al., 2002b; Davies et al., 2005; 
Sullivan et al., 2010 

 

Executive Functions     
Alternate Response Task  Pitel et al., 2009 (6 month 

follow up) 
Iowa Gambling Task Fernandez-Serrano et al., 2010; Le Berre 

et al., 2012 
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Recency Sullivan et al., 2000b  
Ruff Figural Fluency Task Sullivan et al., 2002b; Oscar-Berman et 

al., 2009 
 

Self Ordered Pointing Sullivan et al., 2000b  
Trail Making Test (A and/or B) Ratti et al., 2002; Sullivan et al., 2002b; 

Davies et al., 2005; Pfefferbaum et al., 
2006 (component of working memory 
composite score); Chanraud et al., 2007; 
Oscar-Berman et al., 2009; Loeber et al., 
2010; Le Berre et al., 2012 

Kish et al., 1980 (between 15 
and 21 days); Loeber et al., 
2010 (6 month follow-up) 

Verbal Fluency (e.g. FAS, 
COWAT) 

Pitel et al., 2007; Oscar-Berman et al., 
2009; Fernandez-Serrano et al., 2010 

 

Visual Search Sullivan et al., 2000b  
Wisconsin Card Sorting Test Sullivan et al., 1993; Sullivan et al., 

2000b; Sullivan et al., 2002b; Ratti et al., 
2002; Fama et al., 2004; Chanraud et al., 
2007; Oscar-Berman et al., 2009 

Sullivan et al., 2000a (2 to 12 
month follow-up) 

Working and Short Term Memory   
Brown-Peterson Distractor Test Sullivan et al., 2000b  

STM Nonverbal Sullivan et al., 2002b; Rosenbloom et al., 
2004 

Sullivan et al., 2000a (2 to 12 
month follow-up); Rosenbloom 
et al., 2004 (4 year follow-up) 

STM Verbal Sullivan et al., 2002b; Rosenbloom et al., 
2004 

 

WAIS Block Span Pfefferbaum et al., 2006 Sullivan et al., 2000a (2 to 12 
month follow-up) 

WAIS Digit Span Pfefferbaum et al., 2006 Kish et al., 1980 (between 15 
and 21 days, and 21 and 110 
days of abstinence); Sullivan et 
al., 2000a (2 to 12 month 
follow-up); Alhassoon et al., 
2012 (1 year follow-up) 

WAIS Digit Symbol Reed et al., 1992; Beatty et al., 2000; 
Ratti et al., 2002; Oscar-Berman et al., 
2004; Rosenbloom et al., 2004; Davies et 
al., 2005; Makris et al., 2008; Oscar-
Berman et al., 2009 

 

WAIS Letter-Number Sequencing Chanraud et al., 2007; Uekermann et al., 
2007 

 

Executive Functions - Selective 
Attention 

  

WAIS Digit Cancellation Ratti et al., 2002  
Inhibition and Impulsivity   

Attentional Assessment Test Pitel et al., 2007  
Childhood Behavior Disorders 

Checklist 
Beatty et al., 1996   

Modified Card Sorting Task Le Berre et al., 2012  
Modified Stroop Lusher et al., 2004; Pitel et al., 2007  

N-back task Pitel et al., 2007  
South Oaks Gambling Screen Mitchell et al., 2005  

Stroop Color Naming Ratti et al., 2002; Uekermann et al., 2007  
Stroop Color Word Naming Ratti et al., 2002; Le Berre et al., 2012  

Stroop Word Reading Uekermann et al., 2007  
Utah Criteria Beatty et al., 1996  

Weintraub and Mesulam's 
Letter/Symbol Cancellation Task 

Beatty et al., 1996  
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Emotion and Psychosocial Skills     
Emotions and Mood   

Beck Depression Inventory Beatty et al., 1996; Monnot et al., 2001; 
Mann et al., 2005; Mitchell et al., 2005; 
Uekermann et al., 2005; Foisy et al., 
2007; Maurage et al., 2007, 2008, 2009, 
2011, 2012a; Pfefferbaum et al., 2009; 
Rosenbloom et al., 2009; Witkiewitz 
2009; Durazzo et al., 2010; Loeber et al., 
2010; Kornreich et al., 2011, 2013 

 

Depression Scale of the Minnesota 
Multiphasic Personality Inventory 

Di Sclafani et al., 2008  

Depression, Anxiety, and Stress 
Scale 

Mitchell et al., 2005  

Hamilton Rating Scale for 
Depression 

Makris et al., 2008; Oscar-Berman et al., 
2009 

 

POMS Anger Oscar-Berman et al., 2009  
POMS Depression Makris et al., 2008; Oscar-Berman et al., 

2009 
 

POMS Tension Oscar-Berman et al., 2009  
Reiss-Epstein Anxiety Sensitivity 

Index 
Di Sclafani et al., 2008  

Spielberger Trait Anxiety Davies et al., 2005  
State-Trait Anxiety Index Beatty et al., 1996; Di Sclafani et al., 

2008; Maurage et al., 2008, 2011, 2012a; 
Townshend and Duka, 2003; O'Daly et 
al., 2012; Foisy et al., 2007; Kornreich et 
al., 2011, 2013 

 

Zung Anxiety Scale Kornreich et al., 2001, 2002  
Zung Depression Scale Kornreich et al., 2001, 2002  

Face Processing   
Benton Facial Recognition Test Foisy et al., 2007  

Ekman and Friesen Pictures Maurage et al., 2007; Kornreich et al., 
2013 

 

Emotional Facial Expression Test Foisy et al., 2007  
International Affective Picture 

System 
Gilman et al., 2010  

Matsumoto and Ekman Pictures Kornreich et al., 2002; Philippot et al., 
1999 

 

Personality   
Hypomania Scale of the Minnesota 
Multiphasic Personality Inventory 

Di Sclafani et al., 2008  

NEO Personality Inventory Salloum et al., 2007  
Psychopathic Deviance Scale of 

the Minnesota Multiphasic 
Personality Inventory 

Di Sclafani et al., 2008  

Psychosocial Skills   
Adaptation Skills Battery Nixon et al., 1992  

Aprosodia Battery Monnot et al., 2001, 2002  
Barratt Impulsivity Scale Mitchell et al., 2005  

Emotion-Regulation Skills 
Questionnaire 

Berking et al., 2011  

Empathy Quotient Maurage et al., 2011  
Florida Affect Battery-Revised 

(German Version) 
Uekermann et al., 2005  
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Interpersonal Reactivity Index 
(Emotional Empathy Factors) 

Maurage et al., 2011; Gizewski et al., 
2013 

 

Inventory of Interpersonal 
Problems 

Kornreich et al., 2002; Maurage et al., 
2009, 2011 

 

Montreal Affective Voices Kornreich et al., 2013  
Rotter's Locus of Control Scale Mitchell et al., 2005  

Socialization Scale of the 
California Psychological Inventory 

Di Sclafani et al., 2008  

Toronto Alexithymia Scale Stasiewicz et al., 2012, Thorberg et al., 
2011, Maurage et al., 2011 

 

Trait Emotional intelligence 
Questionnaire 

Kornreich et al., 2011  

WAIS Comprehension Oscar-Berman et al., 2009  
WAIS Object Assembly Beatty et al., 1996  

WAIS Picture Arrangement Oscar-Berman et al., 2009  
Wason Selection Task Kornreich et al., 2011  

World Health Organisation Quality 
of Life BREF 

Hibbert and Best, 2011   

Visuospatial Cognition     
CANTAB Pattern Recognition 

Memory 
Townshend and Duka, 2003; Kopera et 
al., 2012 

 

CANTAB Spatial Working 
Memory Span 

Kopera et al., 2012  

Category Test Reed et al., 1992   
Gollin Incomplete Pictures Sullivan et al., 2000b; Fama et al., 2004  

Hidden Figures Test Sullivan et al., 2000b; Sullivan et al., 
2002b; Fama et al., 2004 

 

Memory for Designs  Kish et al., 1980 (between 15 
and 21 days) 

Mental Rotation Test Beatty et al., 1996  
Rey-Osterrieth Beatty et al., 1996; Sullivan et al., 2000b; 

Sullivan et al., 2002b 
 

Spatial Processing (Mean of Block 
Design, Microcog Clocks, 

Microcog Tic Tac) 

Fein et al., 2006  

WAIS Block Design Beatty et al., 1996; Sullivan et al., 2002b; 
Oscar-Berman et al., 2009 

Kish et al., 1980 (between 15 
and 21 days) 

WAIS Matrix Reasoning Pfefferbaum et al., 2006  
WMS Drawing Sullivan et al., 2000b; Sullivan et al., 2000a (2 to 12 

month follow-up) 
WMS Visual Learning Reed et al., 1992  

WMS Visual Recall Reed et al., 1992  
Psychomotor Skills     

Alternated Finger Tapping Sullivan et al., 2002a   
Finger Tapping Parks et al., 2003  

Fregly-Graybiel Walk-a-Line Test Pfefferbaum et al., 2006  
Walk-a-Line Ataxia Battery Sullivan et al., 2000b; Fein et al., 2013 Rosenbloom et al., 2004 (4 year 

follow-up) 
ICARS Kinetic Fitzpatrick et al., 2012  

ICARS Occulomotor Fitzpatrick et al., 2012  
ICARS Posture and Gait Fitzpatrick et al., 2012  

ICARS Speech Fitzpatrick et al., 2012  
ICARS Total Fitzpatrick et al., 2012  

Movement Time Sullivan et al., 2002a  



 46 

Simple Reaction Time Task York and Biederman, 1991; Ratti et al., 
2002; Maurage et al., 2008; Kopera et al., 
2012 

 

Stand Heel-to-Toe Rosenbloom et al., 2004  
Stand on One Foot Rosenbloom et al., 2004  

Symbol Digit Modalities Fama et al., 2012  

Symbol-Digit Substitution Test 
and Digit Symbol Substitution 

Test 

 Rosenbloom et al., 2004 (4 year 
follow-up) 

Task-Based Reaction Time Maurage et al., 2008; Fein et al., 2010; 
Pandey et al., 2012 

 

Walk Heel-to-Toe Rosenbloom et al., 2004 
 

 

 
 
Appendix Table 1. References to research reviewed in this chapter. The table is organized by 

neuropsychological domain and assessment tool, and it indicates findings of (a) residual impairments 

associated with long-term chronic alcoholism, and (b) compensation or recovery of functions with 

abstinence. Abbreviations: BADS, Behavioral Assessment of the Dysexecutive Syndrome; CANTAB, 

Cambridge Neuropsychological Test Automated Battery; COWAT, Controlled Oral Word Association 

Test; ICARS, International Cooperative Ataxia Rating Scale; IQ, Intelligence Quotient; POMS, Profile of 

Mood States; SILS, Shipley Institute of Living Scale; STM, Short-Term Memory; WAIS, Wechsler Adult 

Intelligence Scale; WASI, Wechsler Abbreviated Scale of Intelligence; WMS, Wechsler Memory Scale. 

For descriptions of most tests cited, refer to Lezak et al. (2012) and Strauss et al. (2006).  

 

!!
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Appendix: Table 2 
!

  VOLUMETRIC 
IMPAIRMENTS 

VOLUMETRIC 
RECOVERY  

TOTAL BRAIN 
VOLUME 

Pfefferbaum et al., 1992; 
Mann et al., 2005; Chen et 
al., 2012 

Gazdzinski et al., 2005a 
(1 month follow-up); 
Mann et al., 2005 (5 
week follow-up) 

  

   FUNCTIONAL BRAIN ABNORMALITIES 

TOTAL GRAY 
MATTER 

Fein et al., 2009; Chen et 
al., 2012   

Total Cortical Gray 
Matter 

Pfefferbaum et al., 1992; 
Pfefferbaum et al., 2001b; 
Makris et al., 2008 

  

Frontal Lobes 
Pfefferbaum et al., 1992; 
Pfefferbaum et al., 1998; 
Gazdzinski et al., 2005b 

  

Prefrontal  Pfefferbaum et al., 1992 Sullivan, 2003  

Dorsolateral 
prefrontal cortex 

Cardenas et al., 2007; 
Chanraud et al., 2007; 
Makris et al., 2008 

 
Pfefferbaum et al., 2001a (2-Back Task); Akine 
et al., 2007 (Modified False Recognition Task); 
Parks et al., 2010 (Finger-Tapping) 

Ventrolateral 
prefrontal cortex   Maurage et al., 2012b (Cyberball Task) 

Orbitofrontal cortex  Demirakca et al., 2011 
(3 month follow-up) 

O'Daly et al., 2012 (Facial Expression 
Recognition Task) 

Superior frontal gyrus   
Chanraud-Guillermo et al., 2009 (Auditory 
Language Task); Maurage et al., 2012a (Face-
Voice Interaction Task) 

Middle frontal gyrus   

Pfefferbaum et al., 2001a (2-Back Task); 
Chanraud-Guillermo et al., 2009 (Auditory 
Language Task); Maurage et al., 2012a (Face-
Voice Interaction Task); Maurage et al., 2012b 
(Cyberball Task); Pitel et al., 2012a (Face-Name 
Associative Learning Task) 

Inferior frontal gyrus   
Pfefferbaum et al., 2001a (2-Back Task); Pitel et 
al., 2012a (Face-Name Associative Learning 
Task) 

Pre-central gyrus 
(primary motor 
cortex) 

Fein et al., 2009  

Pfefferbaum et al., 2001a (2-Back Task); Parks 
et al., 2003 (Finger-Tapping Task); Maurage et 
al., 2012a (Face-Voice Interaction Task); O'Daly 
et al., 2012 (Facial Expression Recognition 
Task); Pitel et al., 2012a (Face-Name 
Associative Learning Task) 

Cingulate Gyrus  Demirakca et al., 2011 
(3 month follow-up) 

Maurage et al., 2012a (Face-Voice Interaction 
Task) 

Anterior cingulate Chanraud et al., 2007; 
Fein et al., 2009  

Akine et al., 2007 (Modified False Recognition 
Task); Salloum et al., 2007 (Emotional Facial 
Expressions) 

Middle cingulate 
gyrus   Pitel et al., 2012a (Face-Name Associative 

Learning Task) 
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Posterior cingulate 
cortex   

Maurage et al., 2012a (Face-Voice Interaction 
Task); Schulte et al., 2012a (Stroop Match-to-
Sample Task) 

Parietal Lobes 
Pfefferbaum et al., 1992; 
Gazdzinski et al. 2005a; 
Fein et al., 2009 

  

Superior parietal   
Maurage et al., 2012a (Face-Voice Interaction 
Task); Pitel et al., 2012a (Face-Name 
Associative Learning Task) 

Mesial parietal Fein et al., 2009   

Lateral parietal Fein et al., 2009   

Inferior parietal   
Pfefferbaum et al., 2001a (2-Back Task); Pitel et 
al., 2012a (Face-Name Associative Learning 
Task) 

Supramarginal gyrus    

Angular gyrus   
Pfefferbaum et al., 2001a (2-Back Task); Pitel et 
al., 2012a (Face-Name Associative Learning 
Task) 

Post-central gyrus 
(primary 
somatosensory 
cortex) 

Fein et al., 2009  Parks et al., 2010 (Finger-Tapping) 

Temporo-parietal Pfefferbaum et al., 1992   

Dorsolateral frontal 
& parietal Chanraud et al., 2007   

Precuneus   Maurage et al., 2012a (Face-Voice Interaction 
Task) 

Insular Cortex 
Chanraud et al 2007; 
Makris et al., 2008; Fein 
et al., 2009 

Demirakca et al., 2011 
(3 month follow-up) 

Gizewski et al., 2013 (modified Reading the 
Mind In The Eyes Test); Maurage et al., 2012b 
(Cyberball Task); O'Daly et al., 2012 (Facial 
Expression Recognition Task); Pitel et al., 2012a 
(Face-Name Associative Learning Task) 

Temporal Lobes Gazdzinski 2005b; 
Cardenas et al., 2007   

Superior temporal Chanraud et al., 2007  
Maurage et al., 2012a (Face-Voice Interaction 
Task); Pitel et al., 2012a (Face-Name 
Associative Learning Task) 

Inferior temporal 
(lingual gyrus) 

Chanraud et al., 2007; 
Fein et al., 2009   

Fronto-temporal Pfefferbaum et al., 1992   

Middle temporal   Maurage et al., 2012a (Face-Voice Interaction 
Task) 

Parahippocampal 
gyrus    
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Fusiform gyrus   Maurage et al., 2012a (Face-Voice Interaction 
Task) 

Occipital Lobes Fein et al., 2009   

Parieto-occipital Pfefferbaum et al., 1992   

Medial occipital   Maurage et al., 2012a (Face-Voice Interaction 
Task) 

Inferior occipital   Maurage et al., 2012a (Face-Voice Interaction 
Task) 

Visual association (in 
occipital lobe) Fein et al., 2009  Pfefferbaum et al., 2001a (2-back task) 

Primary visual (in 
occipital lobe) Fein et al., 2009   

Calcarine gyrus   Pitel et al., 2012a (Face-Name Associative 
Learning Task) 

Total Subcortical Pfefferbaum et al., 1992   

Thalamus Gazdzinski et al., 2005b; 
Chanraud et al., 2007  Akine et al., 2007 (Modified False Recognition 

Task) 

Ventral striatum   Akine et al., 2007 (Modified False Recognition 
Task) 

Nucleus accumbens Makris et al., 2008   

Caudate   Pitel et al., 2012a (Face-Name Associative 
Learning Task) 

Amygdala Makris et al., 2008; 
Wobrock et al., 2009  

Marinkovic et al., 2009 (Face-Encoding Task); 
O'Daly et al., 2012 (Facial Expression 
Recognition Task) 

Hippocampus 
Sullivan et al., 1995; 
Harding et al., 1997; 
Agartz et al., 1999 

 Marinkovic et al., 2009 (Face-Encoding Task) 

Midbrain   Schulte et al., 2012a (Stroop Match-to-Sample 
Task) 

Pons Sullivan, 2003; Chanraud 
et al., 2007   

    

Total Cerebellum Chanraud et al., 2007   

Cerebellar other Chanraud et al., 2007   

Parks et al., 2003 (Finger-Tapping Task); 
Chanraud-Guillermo et al., 2009 (Auditory 
Language Task); Pitel et al., 2012a (Face-Name 
Associative Learning Task) 
 

    DIFFUSION 
IMPAIRMENTS 

DIFFUSION 
RECOVERY 

TOTAL WHITE 
MATTER (WM)   

Agartz et al., 2003; 
Demirakca et al., 2011 
(3 month follow-up) 
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Total Cerebral WM 

Harper et al., 1990; 
Pfefferbaum et al., 1992, 
1995, 2001b; Chen et al., 
2012 

   

Frontal WM Gazdzinski et al., 2005b; 
Chanraud et al., 2007 

Gazdzinski et al., 2010b 
(1 month follow-up) 

Gazdzinski et al., 
2010b (high MD) 

Gazdzinski et al., 2010b 
(increased MD after 1 
week of abstinence, 
decreased MD and 
increased FA after 1 
month of abstinence) 

Frontal forceps   

Pfefferbaum et al., 
2009 (low FA, high 
ADC); Rosenbloom et 
al., 2009 (low FA) 

 

Parietal WM Gazdzinski et al., 2005b  Gazdzinski et al., 
2010b (high MD) 

Gazdzinski et al., 2010b 
(increased MD after 1 
week of abstinence) 

Temporal WM Chanraud et al., 2007  Gazdzinski et al., 
2010b (high MD) 

Gazdzinski et al., 2010b 
(decreased MD and 
increased FA after 1 
month of abstinence) 

Occipital WM    
Gazdzinski et al., 2010b 
(increased MD after 1 
week of abstinence) 

     

Cingulum bundle   

Harris et al., 2008 (low 
FA); Pfefferbaum et 
al., 2009 (low FA, 
high ADC); 
Rosenbloom et al., 
2009 (high ADC) 

 

Corpus callosum 

Agartz et al., 1999; 
Pfefferbaum et al., 1996, 
2006; Chanraud et al., 
2007; Ruiz et al., 2013 

 
Muller-Oehring et al., 
2009; Alhassoon et al., 
2012 (low FA) 

 

Internal capsule   Pfefferbaum et al., 
2009 (high ADC)  

External capsule   

Pfefferbaum et al., 
2009 (high ADC); 
Rosenbloom et al., 
2009 (high ADC) 

 

Superior longitudinal 
fasciculus   

Harris et al., 2008 (low 
FA); Pfefferbaum et 
al., 2009 (high ADC); 
Rosenbloom et al., 
2009 (high ADC) 

 

Fornix   Pfefferbaum et al., 
2009 (high ADC)  

Superior temporal 
gyrus WM   Harris et al., 2008 (low 

FA)  

Arcuate fasciculus   Harris et al., 2008 (low 
FA)  

Fronto-temporal 
junction, limen insula   Harris et al., 2008 (low 

FA)  
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Anterior 
paracingulate WM Chanraud et al., 2007    

Uncinate fasciculus     Schulte et al., 2012b 
(low FA)   

TOTAL 
VENTRICLES OR 
CSF 

Pfefferbaum et al., 1992; 
Agartz et al., 1999; 
Kubota et al., 2001; 
Bendszus et al., 2001; 
Mann et al., 2005; 
Chanraud et al., 2007; 
Chen et al., 2012 

Carlen et al., 1978; 
Gazdzinski et al., 2005a 
(1 month follow-up); 
Mann et al., 2005 (5 
week follow-up), 
Demirakca et al., 2011 
(3 month follow-up) 

  

Lateral ventricles Pfefferbaum et al., 1992, 
1998, 2001b 

Zipursky et al., 1989 
(19-28 day follow-up); 
Wobrock et al., 2009 (6 
to 9 month follow-up) 

  

Third ventricle Pfefferbaum et al., 1992, 
2001b    

Sulcal or 
extracerebral CSF 

Pfefferbaum et al., 1998, 
2001b; Mann et al., 2005 

Mann et al., 2005  
(5 week follow-up)     

 
Appendix Table 2. References to research reviewed in this chapter. The table is organized by anatomical regions, 

and it indicates neuroimaging findings based upon brain functional and structural methods. The names of the 

anatomical regions are listed as given by the researchers in the citations. All impairments are compared to healthy 

controls. Abbreviations: ADC, apparent diffusion coefficient; FA, fractional anisotropy; MD, mean diffusivity. 
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