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Preface
Ari Kalechstein and Wilfred van Gorp

Substance misuse continues to be a major public health problem, and the
ramiﬁcations of this are manifold. For instance, at present, on a yearly basis,
the total economic cost of substance misuse is literally hundreds of billions
of dollars. These costs are related to a number of factors, including, but
not limited to, treatment and prevention, reduced job productivity and/or
absenteeism, interdiction by the criminal justice system, and incarceration.
The adverse eﬀects of substance misuse can also be measured by calculating the number of treatment admissions for substance misuse. For example,
in 2003 there were 1.7 million admissions to publicly funded substance abuse
treatment programs. This does not take into account the number of admissions into private facilities. While the substance most likely to be misused was
alcohol, there was marked misuse of other drugs, such as marijuana, opioids,
cocaine, and amphetamine/methamphetamine. Thus, the issue does not
appear to be speciﬁc to any particular substance.
There are many more psychosocial consequences of substance misuse, and
these have been well documented over the past four to ﬁve decades; in contrast, with the exception of alcohol, the cognitive eﬀects of substance misuse
on the brain have received attention only in the past 10–15 years. An
emerging body of literature has reported on the eﬀects of various drugs on
neuropsychological functioning, including benzodiazepines, cocaine, marijuana, MDMA, methamphetamine, nicotine, and opioids. Notably, there has
been debate of whether certain drugs, such as MDMA, actually cause
residual neuropsychological impairment. Furthermore, the co-occurrence of
substance misuse and various medical and mental health disorders, such as
schizophrenia and HIV, has received increased attention. Moreover, innovative researchers have sought to clarify the associations between these neuropsychological abnormalities and other indices of brain function, such as
neuroimaging. Additionally, within the last two to three years, researchers
have begun to document the relationship between neuropsychological proﬁle
and important functional outcomes, such as relapse to dependence.
Despite the fact that the neuropsychological consequences of many drugs
of abuse are well documented, to our knowledge, no one has previously
published an edited volume that focused exclusively on this issue involving
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multiple substances of misuse. Based on this fact, we decided to create a
volume that would review the available literature regarding this topic. For
example, in order to highlight the incidence and prevalence of substance
misuse, the ﬁrst chapter of the volume focuses exclusively on epidemiology.
The next eight chapters discuss the neuropsychological consequences of
substances that are most likely to be misused. Three additional chapters focus
on the co-occurrence of substance misuse in at-risk populations.
Astute readers may note that the neuropsychological consequences of
certain drugs, such as PCP and LSD, were not reviewed. There are a number
of reasons for this. First, and to our surprise, there were very few studies that
examined the neuropsychological consequences of these drugs. Moreover, the
prevalence rate of misuse of these substances was relatively low in comparison to that of other drugs. Because one of our goals was to maximize the
relevance of this volume, it seemed most appropriate to include reviews on
substances that are currently misused rather than those that might have been
abused in decades past.
While we recognized the need to include thorough reviews of the literature
for each topic, it was our intent to have chapters that were innovative and/or
challenged current thinking in the ﬁeld. For instance, one of the chapters
focuses on an exciting new ﬁeld, neuroeconomics, which addresses the link
between neuropsychological functioning and cost/beneﬁt analyses. Another
chapter examines the manner in which context can inﬂuence brain structure
and function, as well as behavior. These are exciting new ﬁelds of scientiﬁc
endeavor.
Finally, to the extent that it was feasible, we asked authors to address
ecologically valid questions related to the use of various drugs. For example,
with respect to the use of benzodiazepines, it is clear that these medications
are an eﬀective treatment for various types of anxiety disorder; however, if
individuals who take benzodiazepines are at risk to experience neuropsychological impairment, then what does that mean for the ability of these
individuals to perform various day-to-day activities? Similarly, it has been
demonstrated that marijuana can be used eﬀectively as an analgesic and
to counteract the anorectic eﬀects of various medical disorders (e.g., HIV,
cancer). Nonetheless, it is important to consider if there are potentially
detrimental eﬀects of controlled marijuana use that outweigh these beneﬁts.
Before proceeding to the body of the volume, we wish to express our
profound gratitude to each of the authors who contributed to this volume.
Their dedication and hard work made this volume possible.
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2 Alcohol
Marlene Oscar-Berman and Ksenija Marinkovic

Introduction
Alcoholism is a multidimensional disorder involving excessive ethanol ingestion. The course of the disease is inﬂuenced by an interaction of environmental factors with speciﬁc biological components, and manifests in the form
of behavior abnormalities. In this chapter, we begin with an overview of the
acute and residual eﬀects of alcoholism, including its prevalence and the risk
factors for developing neuropsychological deﬁcits. Risk factors include genetics and family history, age, gender, and physical as well as mental health
conditions. Next, we review the cognitive and emotional eﬀects of intoxication. Examples of these eﬀects are given for attentional, semantic, and
psychomotor functions. We also consider the regions of the brain that
are most vulnerable to the eﬀects of alcoholism, i.e., the frontal lobes, the
cerebellum, and the limbic system. Brain imaging techniques hold great
promise for localizing brain areas most aﬀected by intoxication. We suggest
that these techniques be used in combination with other methodologies
for maximal beneﬁts in the treatment of alcoholism and in charting the
course of recovery of function. Ideally, the collective methodologies will
include neuropsychological testing, electromagnetic recordings (e.g., eventrelated potentials and magnetoencephalography), and brain scans (especially
structural and functional magnetic resonance imaging).

Deﬁnitions and overview of acute and residual eﬀects of alcoholism
The American Psychiatric Association’s Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV; APA, 1994) deﬁnes two alcohol use disorders, alcohol abuse and alcohol dependence. Abuse involves psychological, social, and work-related impairments or distress, causing problems
with activities of daily living, in which alcohol consumption is implicated.
Dependence stresses a disability (manifested by craving, tolerance, and
physical dependence) in which drinking behaviors cannot be adequately
restrained.
It is important to distinguish between the acute and the residual eﬀects
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of alcoholism. The most obvious acute eﬀect of ethanol consumption is
intoxication. Residual neurobehavioral eﬀects are those that remain after a
person has been abstinent for at least a month. Researchers interested in
studying the residual eﬀects will restrict patient enrollment to alcoholics who
have been abstinent for a minimum of four weeks; this is important for
obtaining stable levels of performance.

Scope of the problem: Prevalence of brain-related deﬁcits associated
with alcoholism
Approximately half of the nearly 20 million people in the United States who
are problem drinkers have not been diagnosed with cognitive impairments.
The remaining problem drinkers have neuropsychological diﬃculties that
range from mild to very severe. For example, up to 2 million alcoholics
develop permanent and debilitating conditions that require lifetime custodial
care (Rourke & Løberg, 1996). Examples of such conditions include alcoholinduced persisting amnesic disorder (also called alcoholic Korsakoﬀ’s syndrome) (Butters, 1981), and alcohol-induced persisting dementia (APA, 1994)
which seriously aﬀects many mental functions in addition to memory (e.g.,
language, reasoning, and problem-solving abilities).
Most alcoholics with neuropsychological impairments show at least some
improvement in brain structure and functioning within a year of abstinence.
However, some alcoholics require additional time, and others have permanent deﬁcits (Bates, Bowden, & Barry, 2002; Gansler et al., 2000; Sullivan,
2000). To date, little is known about the rate and extent to which people
recover speciﬁc structural and functional processes after they stop drinking.
In contrast, a number of studies have identiﬁed various factors that increase
the likelihood that alcohol misuse will result in brain deﬁcits.
Alcoholism’s eﬀects on the brain and behavior are diverse, and they are
moderated and/or mediated by many factors (Oscar-Berman, 2000; Parsons,
1996). Consequently, no single measuring instrument can establish deﬁnitive
criteria for alcoholism or the putative neurobehavioral sequelae of the disease. Among the numerous factors inﬂuencing the expression and course of
alcoholism are: demographic variables (e.g., age, level of education, gender),
genetic background, temperament, family history of alcoholism, alcohol
exposure in the prenatal and perinatal periods, the social and ethnic surroundings during childhood, alcohol use patterns (e.g., the age of onset of
alcohol consumption, the type and amount of alcohol consumed, severity
and duration of the dependency, duration of abstinence, nutritional status
during periods of consumption), and the use or abuse of other psychoactive
substances. Additionally, overall physical and mental health are important
factors, because comorbid medical, neurological, and psychiatric conditions
can interact to aggravate alcoholism’s eﬀects on the brain and behavior
(Petrakis, Gonzalez, Rosenheck, & Krystal, 2002). Examples of common
comorbid conditions include:
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medical conditions such as malnutrition and diseases of the liver and the
cardiovascular system;
neurological conditions such as head injury, inﬂammation of the brain
(i.e., encephalopathy), and fetal alcohol syndrome (or fetal alcohol
eﬀects); and
psychiatric conditions such as depression, anxiety, post-traumatic stress
disorder, schizophrenia, and the use of medicines or other drugs.

These conditions also can contribute to further drinking.

Risk factors and comorbid conditions that inﬂuence alcohol-related
brain damage
The manner in which alcoholism leads to brain and behavior abnormalities is
not surprising, because of the many diﬀerent factors having an inﬂuence on the
outcome measures used by clinicians and researchers (Grant, 1987; Parsons,
1996). In this section, we consider the following critical inﬂuences: genetic
background and family history of alcoholism; age; gender; and health status.
Genetics and family history
In 1989, based on the results of twin, family, and adoption studies showing
that hereditary factors inﬂuence vulnerability to alcoholism, the National
Institute on Alcohol Abuse and Alcoholism (NIAAA) funded Collaborative
Studies on Genetics of Alcoholism (COGA). The goal of COGA is to identify speciﬁc genes that underlie this vulnerability. COGA investigators have
successfully recruited over 3000 individuals from more than 300 extended
families densely aﬀected by alcoholism. The investigators have collected
extensive clinical, neuropsychological, electrophysiological, biochemical, and
genetic data. Evidence from these studies supports the idea that genes play an
important role in alcoholism (e.g., see a review by Dick & Foroud, 2003).
At least 40% of the addictions to alcohol, tobacco, and other drugs have
genetic inﬂuences (Bierut et al., 2002; Bowirrat & Oscar-Berman, 2005;
McGue, 1999; Tsuang et al., 1998; Uhl & Grow, 2004). For example, oﬀspring
of monozygotic and dizygotic twins with a history of alcohol dependence
were found to exhibit alcohol abuse or addiction more frequently than oﬀspring of nonalcoholic fathers, and oﬀspring of an alcohol-abusing monozygotic twin whose co-twin was alcohol dependent were more likely to be
alcohol dependent than oﬀspring of nonalcoholic twins (Jacob et al., 2003).
However, in the absence of paternal alcoholism, oﬀspring with high genetic
risk (the unaﬀected father’s co-twin is alcoholic) showed lower rates of alcoholism than children of alcoholics (Jacob et al., 2003). Genome scans have
identiﬁed multiple addiction vulnerability loci but no regions that seem to
contain genes of major eﬀect in alcoholics (Foroud & Li, 1999; Harper, 1998).
The physiological basis of alcoholism is the subject of considerable
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research, along with the possible genetic underpinnings of its eﬀects on ion
channels (Davies et al., 2003). A complete picture of the basic mechanisms of
alcohol ingestion has been diﬃcult to achieve partly because, unlike other
psychoactive drugs, ethanol does not selectively bind to speciﬁc receptor sites.
Instead, it aﬀects the state of the membranes and thus modiﬁes a variety of
ion channels or receptors. As noted by Dick and Foroud (2003), sequencing
of the human genome will facilitate the development of a catalog of human
genes. Based on the ﬁndings from this catalog, researchers can identify candidate genes to determine the degree to which they are associated with alcoholism. Once replicable associations are established, the next step will be to
identify the causative genetic variants responsible for the role of that gene in
alcohol dependence.
Age
Neuropathological analyses provided some of the earliest insights into the
relationship between alcoholism and aging. In postmortem specimens of
brains of alcoholics, cerebral atrophy was found to resemble the brain
shrinkage that occurs with normal chronological aging (Harper, 1998). The
atrophy is most prominent in the frontal lobes, and it extends backwards to
the parietal lobes. Other eﬀects include ventricular enlargement and widening
of the cerebral sulci of alcoholics in relation to increasing age (Fein et al.,
2002; Pfeﬀerbaum, Sullivan, Mathalon, & Lim, 1997; Sullivan, 2000).
Given the observed morphological similarities in the brains of alcoholic
and aging individuals, more recent studies sought to characterize parallels in
functional decline associated with alcoholism and aging (Gansler et al., 2000).
Some investigators proposed that alcoholism is associated with premature
aging. The Premature Aging hypothesis has been put forth in two versions
(reviewed by Ellis & Oscar-Berman, 1989; Oscar-Berman & Schendan, 2000).
The initial model, the “accelerated aging” (or “cumulative eﬀects”) model,
purported that alcoholism is accompanied by the precocious onset of neuroanatomical and behavioral changes typically associated with advancing age.
Essentially, alcoholics become “cognitively old” before their time; thus,
alcoholics at all ages are impaired compared to age-matched nonalcoholic
controls. The second version places the timing of the changes somewhat
diﬀerently. In this view (the “increased vulnerability” interpretation), an
aging brain is more vulnerable to the inﬂuences of toxic substances, including
ethanol, than is the brain of a younger person. This version proposes that
only older alcoholics (over age 50) are impaired compared to age-matched
controls, not younger alcoholics.
Taken together, most of the evidence from neuropathological and neuroradiological investigations supports the increased vulnerability model of
premature aging. That is, certain brain structures show greater reduction
in size (or blood ﬂow) in older alcoholics than in younger alcoholics: the
cerebral cortex (Di Sclafani et al., 1995; Harris et al., 1999; Pfeﬀerbaum et al.,
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1997), the corpus callosum (Pfeﬀerbaum, Lim, Desmond, & Sullivan, 1996),
the hippocampus (Laakso et al., 2000; Pfeﬀerbaum et al., 1995), and the
cerebellum (Harris et al., 1999; Sullivan, 2003). Although cortical changes
have been reported throughout the brain, there is evidence that some cortical
regions (especially the frontal lobes) are more consistently vulnerable to aging
and alcoholism than other regions (e.g., Gansler et al., 2000; Gilman et al.,
1996; Moselhy, Georgiou, & Kahn, 2001; Oscar-Berman & Hutner, 1993;
Sullivan, 2000). Results of neurobehavioral investigations tend to support
the view that aging increases one’s vulnerability to alcohol-related decline
(Gansler et al., 2000; Sullivan, 2000).
Gender
Until recently, research on gender diﬀerences in the biological eﬀects of
alcoholism had focused mainly on the reproductive system and hepatic
injury rather than on the central nervous system. Evidence suggests that
women alcoholics have increased menstrual disturbances, spontaneous abortions, and miscarriages, and women are more susceptible to alcoholic liver
disease than men (NIAAA, 1997). Only in the last decade have gender
diﬀerences been the focus of research on alcohol-related brain damage
(Lancaster, 1995; NIAAA, 1997; Wuethrich, 2001), and the degree to which
gender moderates the nature and extent of brain vulnerability remains controversial (Pfeﬀerbaum, Rosenbloom, Serventi, & Sullivan, 2002; Sullivan,
2003). Parsons (1994) reported that although male and female alcoholics
showed impaired performance on neuropsychological tests relative to samesex controls, only the male alcoholics diﬀered from their controls using eventrelated brain potentials (ERPs). Other investigators found that male and
female alcoholics displayed similar electrophysiological abnormalities (Hill &
Steinhauer, 1993).
Neuroimaging studies measuring gender diﬀerences in alcoholics’ brain
size and functioning have yielded contradictory evidence, with some studies
showing women to be more susceptible than men to brain impairments, and
other studies showing no such distinction. Using functional magnetic resonance imaging (fMRI), Tapert and colleagues (Tapert et al., 2001) found
decreased activity in parietal and frontal cortex, particularly in the right
hemisphere, in alcohol-dependent women during performance of a spatial
working memory task. Using structural MRI, Kroft et al. (1991) found that
the average ventricular volume in female alcoholics was within the typical
range found in MRI studies of nonalcoholic females of similar ages. Using
computerized tomography (CT) scans to measure brain atrophy, another
group found evidence of a similar degree of brain shrinkage in men and
women, despite shorter drinking histories in the women (Mann, Batra,
Gunthner, & Schroth, 1992). Hommer et al. (1996) used structural MRI
technology to measure the size of the corpus callosum in male and female
alcoholics. The alcoholic women had smaller callosal areas than alcoholic
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men and nonalcoholic controls; alcoholic men did not diﬀer from nonalcoholic male controls. Abnormalities in the structure of the corpus callosum
can occur as a consequence of diﬀuse cortical damage and subsequent
degeneration of cortical axons. Interestingly, the size of the corpus callosum
is notably reduced with age in alcoholic men (Pfeﬀerbaum et al., 1996). In
another study, Pfeﬀerbaum and his group measured white matter brain
macrostructure in women alcoholics to determine whether observed
abnormalities interact with age (Pfeﬀerbaum et al., 2002). Although the
alcoholic women did not diﬀer from controls in any brain measures, in the
alcoholics, greater length of sobriety was associated with more cortical white
matter (Pfeﬀerbaum et al., 2002). Based on the results of a similar study
employing Diﬀusion Tensor Imaging (a technique highly sensitive to microstructure damage) on separate subject groups, Pfeﬀerbaum and Sullivan
(2002b) suggested that alcohol use by women causes white matter microstructural disruption that is not detectable with grosser measures of white
matter mass, and may antedate its appearance.
Physical and mental health
The medical conditions most likely to inﬂuence neurobiological function
include liver disease, cardiovascular disease, and malnutrition. Common
neurological conditions in alcoholics are head injury, encephalopathy (inﬂammation of the brain), and fetal alcohol syndrome (or fetal alcohol eﬀects).
Frequently occurring psychiatric conditions include depression, anxiety,
post-traumatic stress disorder, schizophrenia, and the use of other drugs
(Petrakis et al., 2002). Additionally, and apart from individual characteristics
and vulnerabilities of the alcoholic, there are speciﬁc “outcome measures”
(results of evaluations and tests performed by researchers and clinicians).
Certain tests that are used to measure alcohol’s eﬀects on brain and behavior
are more sensitive than others, and diﬀerent tests are aimed at assessing
very distinct functions or structures. Finally, it is important to consider each
person’s motivation to perform well on the tests, and expectations about
failure.

Cognitive and emotional eﬀects of intoxication
Whether considering the acute or the residual consequences of ethanol
ingestion, its eﬀects reach across various cognitive, emotional, psychomotor,
and social abilities (Rourke & Løberg, 1996). The type and extent of
the abnormalities are dependent upon factors such as those noted above.
Although alcohol intoxication aﬀects functioning at multiple levels of the
central nervous system, cognitive abilities in situations of increased complexity are most likely to be disrupted. Alcohol may interfere with cognitive
assessment of the environment and the capacity to inhibit impulsive responses.
These impairments may contribute to socially important eﬀects of acute
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intoxication, as well as to the development of alcohol dependence itself.
Indeed, in concert with studies on chronic alcoholics and populations at risk,
studies using acute alcohol challenges are important as they may help to
parse out the eﬀects of alcohol neurotoxicity, genetic susceptibility, and
environmental factors. An understanding of the dose- and task-related
parameters of acute alcohol eﬀects on the brain may oﬀer insight into neural
systems that are most susceptible to chronic alcohol abuse. Furthermore,
studies of acute alcohol challenge are valuable, as they indicate the types of
functions and the neural circuits that underlie impairments due to alcohol
intoxication. The importance of such evidence derives from its direct applicability to driving situations, work-related hazards, and other societally
relevant concerns.
Eﬀects of alcohol depend on an individual’s blood alcohol concentration
(BAC), as low doses may have a stimulatory eﬀect and higher levels may have
depressant eﬀects on behavior. In addition, eﬀects can diﬀer depending on
the time lapsed since ingestion; the same BAC may result in diﬀerent eﬀects
on the ascending versus descending limbs of the BAC curve. Furthermore,
there are signiﬁcant interindividual diﬀerences in tolerance to acute intoxication. Even when people are subjected to the same environmental conditions,
their responses to a given dose of alcohol vary signiﬁcantly on metabolic,
physiological, subjective, cognitive, motor, and other measures (Reed, 1985).
The pharmacokinetics (time course of absorption, distribution, metabolism,
and excretion of ethanol) vary signiﬁcantly when alcohol is administered
orally, but much less so under intravenous administration conditions (Grant,
Millar, & Kenny, 2000). Furthermore, there are marked intraindividual differences (Nagoshi & Wilson, 1989) in the consistency of responses of the
same individual when measured at diﬀerent points across time. In general,
eﬀects of alcohol intoxication follow a biphasic time course as the initial
feelings of relaxation and exuberance give way to hangover, exhaustion,
and depression, or vomiting and loss of consciousness in cases of higher
doses. Impairments in mental functions such as attention or vigilance can
be detected at BAC levels much lower than the legal intoxication levels,
such as 0.02–0.03% (Koelega, 1995). Furthermore, consistent with the evidence obtained from chronic alcoholics, acute intoxication results in a disproportionate impairment of the executive functions such as planning,
working memory, or complex psychomotor control (Peterson, Rothﬂeisch,
Zelazo, & Pihl, 1990). A more detailed picture of the neurophysiological basis
of these eﬀects emerges from neuroimaging studies.
Eﬀects of alcohol on cognitive event-related potentials: Attentional Networks
Event-related potentials (ERPs) reﬂect moment-to-moment changes in the
electrical activity of the brain as it relates to parameters of the stimuli occurring either in the environment or in internally generated thoughts. ERPs have
been used extensively to investigate eﬀects of acute intoxication as well as
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chronic abuse of alcohol (Porjesz & Begleiter, 1985, 1996). A commonly used
“oddball” paradigm consists of frequently presented standard stimuli and
rarely occurring task-relevant target (oddball) stimuli such as tones or light
ﬂashes. In addition, a task-irrelevant, novel stimulus is presented in some
versions of the task (Marinkovic, Halgren, Klopp, & Maltzman, 2000;
Rodriguez Holguin, Porjesz, Chorlian, Polich, & Begleiter, 1999). Infrequently
occurring stimuli elicit a large positive potential termed P3 with a latency of
about 300 ms in simple tasks. P3 amplitude is smaller under alcohol intoxication (Pfeﬀerbaum, Horvath, Roth, Cliﬀord, & Kopell, 1980; Porjesz &
Begleiter, 1985), suggesting a disruption of the central processing of novel,
task-irrelevant stimuli even at very low BAC levels (Grillon, Sinha, &
O’Malley, 1995; Jääskeläinen, Schroger, & Näätänen, 1999; Marinkovic,
Halgren, & Maltzman, 2001). This eﬀect is inversely related to the alcohol
dose (Rohrbaugh et al., 1987; Teo & Ferguson, 1986) and is modulated by
task diﬃculty (Campbell, Marois, & Arcand, 1984). Furthermore, it has been
shown that the P3 is not a unitary component but a composite of at least
two deﬂections (termed P3a and P3b) diﬀering in task correlates, latency,
scalp topography, and generating structures (Halgren, 1990). The P3a is
evoked in the frontocentral parts of the brain by novel, unexpected stimuli
(Courchesne, Hillyard, & Galambos, 1975). It is highly correlated with sympathetic arousal, and is selectively aﬀected by acute intoxication (Marinkovic
et al., 2001) (see Figure 2.1).
Inasmuch as the P3a reﬂects orienting to novelty, these results indicate high susceptibility of the attentional domain relevant for processing
of the signiﬁcant stimuli to alcohol intoxication. Conversely, P3b is the
largest over the posterior scalp regions, it is elicited by task-relevant stimuli
and may index cognitive closure of stimulus event processing (Knight,
Grabowecky, & Scabini, 1995). Consistent with this evidence, irreversible

Figure 2.1

Group-average event-related potential waveforms recorded at frequency
Fz. Alcohol (average BAC = 0.045%) decreases the late positive deﬂection
to target and novel stimuli (left panel) and it selectively abolishes the P3a
to novel sounds on trials with autonomic arousal (right panel). (Adapted
from Marinkovic et al., 2001, with permission.)
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amplitude attenuation and sometimes latency increase of the P3 deﬂection
(Porjesz & Begleiter, 1985, 1996) have been observed in chronic alcoholics.
Furthermore, the suspected role of genetics (Begleiter & Porjesz, 1999a;
Goodwin, 1977; Schuckit, 1983) in increasing the risk for alcoholism has
promoted the search for biological markers that could help to identify
such individuals and could potentially allow for early diagnosis, focused prevention, and treatment of alcoholism. Attenuated P3 amplitude has been
documented in individuals at high risk for alcoholism, such as oﬀspring of
alcoholics, and has given rise to a vulnerability marker hypothesis whereby
attenuated P3 may suggest predisposition to an array of disinhibitory disorders including alcohol dependence (Begleiter & Porjesz, 1999b; Monteiro &
Schuckit, 1988; Pfeﬀerbaum, Ford, White, & Mathalon, 1991). Inasmuch as
the commonly used “oddball” paradigm engages attentional brain circuits,
this converging evidence also implicates their susceptibility to alcohol eﬀects.
Semantic networks
Studies using semantic, more cognitively challenging tasks have explored
alcohol eﬀects on verbal, semantic, and memory brain networks. It has been
established that the reaction speed and accuracy in word categorization
and recognition tasks are impaired by acute alcohol intoxication (Haut,
Beckwith, Petros, & Russell, 1989; Maylor, Rabbitt, & Kingstone, 1987).
Some behavioral evidence suggests that alcohol impairs semantic processing
(Maylor, Rabbitt, James, & Kerr, 1990). In light of this evidence, it is surprising to note that alcohol’s eﬀects on the brain during verbal cognitive processing have not been adequately studied, in spite of a proliferation of ERP
studies of language processing. A negative ERP component with a latency of
about 400–450 ms (N400 or N4) has been described (Kutas & Hillyard, 1980)
which is sensitive to the semantic, but not orthographic, aspects of congruity
with the preceding context. Novel words with an unexpected or incongruent
meaning evoke a large N4 (such as “I like my tea with nails”). Conversely,
semantic priming decreases N4 amplitude and latency (Nagy & Rugg, 1989;
Smith & Halgren, 1987), suggesting its dependence on the ease of semantic
contextual integration (Halgren, 1990; Holcomb, 1993). Recent studies indicate that alcohol intoxication aﬀects verbal processing during early, prelexical, and late semantic stages, resulting in the increased diﬃculty of semantic
access and integration (see Figure 2.2; Marinkovic, Halgren, & Maltzman,
2004). Neuroimaging studies indicate that the early, prelexical visual feature
analysis is subserved by the ventrotemporal area, whereas the later stage of
semantic and contextual integration relies on the distributed circuits that
primarily encompass the left prefrontal and temporal regions (Buckner,
Logan, Donaldson, & Wheeler, 2000; Marinkovic, 2004). Future studies will
need to determine whether alcohol’s eﬀects on these stages of verbal processing are independent or merely cumulative, and to what degree they are
modulated via attentional impairments.
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Figure 2.2

Alcohol aﬀects the early (prelexical, peaking at 180 ms) and late (semantic, contextual, peaking at 450 ms) stages of verbal processing, as shown
with group-average event-related potentials. (Adapted from Marinkovic
et al., 2004, with permission.)

Psychomotor eﬀects and impulsivity
Stimulus events evoke two seamlessly integrated brain-processing streams:
one stream evaluates the stimulus (“input”), whereas the other prepares the
response (“output”). Both of these aspects occur in parallel and form an
integrated processing stream, but are rarely considered together. As outlined
above, it has been shown that alcohol intoxication disrupts cognitive stimulus
processing in the attentional and semantic domains. Research evidence
suggests that alcohol impairs the psychomotor aspects of functioning as well.
It is a common belief that alcohol ingestion leads to impulsive or aggressive behavior. Indeed, laboratory research shows that alcohol intoxication
increases the likelihood of aggressive behavior (Bushman & Cooper, 1990).
However, careful examination of the doubtlessly complex interactions
between alcohol intoxication and the multifaceted construct of aggression is
still lacking. For instance, a behavior labeled as “aggressive” could include
combinations of impulsivity, disinhibition, social or sexual inappropriateness,
thought or decision-making impairments, or some other feature. Some evidence suggests that alcohol may have disinhibitory eﬀects on behavior. Rather
low alcohol doses (peak BAC of ~ 0.04%) decrease the latency of arousal to
sexually explicit stimuli (Wilson & Niaura, 1984). Alcohol-induced disinhibition is also reﬂected in premature motor preparation based on incomplete
stimulus evaluation (Marinkovic et al., 2000). The disinhibitory eﬀects could
result from the psychomotor stimulant properties of alcohol (Wise, 1988), or
may reﬂect a disruption in the inhibitory control of behavior subserved by
prefrontal regions (Peterson, Rothﬂeisch, Zelazo, & Pihl, 1990). Indeed,
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alcohol decreases inhibitory control under the conditions of stop-signal
imperative stimuli (Mulvihill, Skilling, & Vogel-Sprott, 1997) and a demanding continuous performance task (Dougherty et al., 1999), as moderately
intoxicated subjects are impaired in withholding inappropriate responses.
Furthermore, these disinhibitory eﬀects of alcohol are correlated with
personality traits related to impulsivity and hyperactivity (Dougherty et al.,
1999; Marinkovic et al., 2000). Impulsivity is negatively correlated with
alcohol-induced motor impairment but positively correlated with drinking
problems (Nagoshi, Wilson, & Rodriguez, 1991). Disinhibition and antisocial
traits are associated with increased risk for early-onset alcoholism (Mazas,
Finn & Steinmetz, 2000) and sensation/novelty seeking is associated with
increased drinking (Finn, Sharkansky, Brandt, & Turcotte, 2000). Indeed, a
cluster of traits termed “antisocial personality disorder,” inclusive of hyperactivity and impulsivity, correlates highly with chronic alcohol use (Regier
et al., 1990). Research has indicated that the shared neurochemical markers
may underlie the commonalities between alcohol abuse and traits subsumed
in “antisocial personality disorder” (Virkkunen & Linnoila, 1993). This may
be suggestive of a preexisting neurochemical milieu in certain individuals that
is associated with the impulsive, hyperactive, or aggressive behaviors and
which, in turn, is susceptible to alcohol. Thus, impulsive behavior may be a
premorbid trait predisposing individuals to a spectrum of disorders including
alcohol dependence (Pihl, Peterson, & Lau, 1993).
In addition to the “input” and “output” processing streams, there are also
“self-monitoring” functions such as error monitoring and error correction.
An ERP component termed error-related negativity (ERN) is evoked when
an error is made on a task trial and is presumed to be generated by the
anterior cingulate cortex (Coles, Scheﬀers, & Fournier, 1995). It has been
recently shown that moderate intoxication reduces the ERN amplitude
(Ridderinkhof et al., 2002). Because errors are detected via a complex system
involving multiple stages of stimulus processing, response monitoring, and
feedback loops, future research will have to establish which stages are most
impaired by alcohol intoxication (Holroyd & Yeung, 2003).
Overall, the ERP literature suggests that signiﬁcant alterations in brain
function can be detected in both semantic and attentional domains at
rather low alcohol doses and that the measures of brain function are more
sensitive to alcohol-induced impairments than behavioral measures alone.
Because they reﬂect neural events with a millisecond temporal resolution, the
electromagnetic methods (ERPs and MEG – magnetoencephalography) can
delineate alcohol-induced changes in distinct waveform components, and can
consequently indicate alterations in stages of processing. However, the underlying neural substrate cannot be inferred unambiguously from ERP/MEG. In
contrast, methods relying on hemodynamic changes in brain activity (such as
functional magnetic resonance imaging – fMRI, or positron emission tomography – PET) are temporally limited as they reﬂect the neural activity only
indirectly. Nevertheless, they can provide millimeter spatial sampling and

Page 53

Page 54

54

Oscar-Berman & Marinkovic

can thus indicate reliably where in the brain alcohol-induced changes are
occurring.
Eﬀects of inebriation revealed with hemodynamic methods (fMRI and PET)
As previously noted, MRI technology, which has been used to investigate
structural brain abnormalities due to chronic alcohol use, revealed the presence of frontal lobe atrophy (Jernigan et al., 1991; Pfeﬀerbaum et al., 1992;
Sullivan, 2000). Few studies have utilized newer technologies, such as fMRI,
to study the neurobiological eﬀects of alcohol. Functional MRI, which
measures hemodynamic changes resulting from increased metabolic demands
of an activated brain region, indirectly measures neural activity. This might
be related to several factors, one being that the physiological basis deﬁning
the linkage between neural functioning and hemodynamics is not well understood. This linkage is complicated by the fact that alcohol is vasoactive. As a
result, additional studies are required to delineate the basic physiological
interactions between alcohol intoxication and the resulting hemodynamic
changes.
The fMRI studies conducted thus far indicate a decrease in the activation
levels (Levin et al., 1998; Seifritz et al., 2000), but the functional and regional
speciﬁcity of these eﬀects needs further investigation in view of alcohol’s
vasoactive properties. These results concur with PET, some studies showing
that an alcohol-induced global decrease in glucose metabolism may be doserelated (Bonthius & West, 1990) and gender-speciﬁc (Wang et al., 2003).
Another PET study (Volkow et al., 1988) reported decreased blood ﬂow to
cerebellum but increased blood ﬂow to right temporal and prefrontal cortices
at higher alcohol doses (1 g/kg). Other PET studies, however, reported a
global increase in cerebral blood ﬂow, but functionally- and regionallyspeciﬁc blood ﬂow reduction in the left prefrontal region during a verbal task
(Wendt & Risberg, 2001). In a recent study using fMRI (Calhoun et al.,
2004), two alcohol doses were administered to healthy subjects on separate
occasions as they engaged in a visual perception task. In addition to a global
activation decrease, there were dose-related changes in the prefrontal, insular,
temporal, occipital, and parietal regions. Future fMRI studies of cognitive
functions will reveal task-speciﬁc activation patterns and dose-related eﬀects
of alcohol intoxication with more precision.
PET also has been utilized successfully for the purpose of delineating
the neural circuits of alcohol’s reinforcing properties. For example, alcohol
increases blood ﬂow to the cerebral reward system, including the anterior
cingulate and septum, medial temporal lobe, and lower brainstem (Ingvar
et al., 1998). Moreover, a recent study showed that alcohol administration
correlated with increased release of dopamine in the ventral striatum, which is
similar to the eﬀects observed during the administration of psychostimulants
(Boileau et al., 2003). Future PET studies using alcohol challenge will reveal
dose-speciﬁc changes in neurotransmitter function. They can be particularly
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valuable in revealing the neural basis of the rewarding properties of intoxication (alcohol-induced “high”) and delineating possible mechanisms of alcohol
dependence (Bowirrat & Oscar-Berman, 2005).
In general, hemodynamic brain scanning techniques are highly sensitive to
localization of brain function. Moreover, these techniques will be instrumental in the development of pharmacological treatments that will target
brain areas activated during inebriation. Furthermore, they will be helpful in
charting the course of recovery of brain functioning with abstinence.

Vulnerable brain structures
Results of research employing techniques from pathology, neuroimaging,
electrophysiology, and behavioral neuroscience have determined that the
brain structures most vulnerable to the eﬀects of alcoholism are the neocortex (especially the frontal lobes), the limbic system (especially the hippocampus and hypothalamus), and the cerebellum (Gansler et al., 2000; Sullivan,
2000) (see Figure 2.3). Each of these is considered in turn.
The frontal lobes
The frontal lobes are connected with all of the other lobes of the brain,
and they receive and send ﬁbers to numerous subcortical structures as well

Figure 2.3

The human brain in cross-section.
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(Fuster, 1997). While control of motor function takes place in the posterior
region of the frontal lobes, the anterior region of the frontal lobes (prefrontal
cortex) plays a kind of executive regulatory role within the brain (Goldberg,
2001; Lichter & Cummings, 2001). Executive functions (which depend upon
many of our cognitive abilities, such as attention, perception, memory, and
language) are deﬁned diﬀerently by diﬀerent theorists and researchers. Most
agree, however, that executive functions are human qualities, including selfawareness, that allow us to be independent individuals with purpose and
foresight about what we will do and how we behave. For example, executive
abilities include judgment, problem-solving, decision-making, planning, and
social conduct.
Damage to frontal brain systems consists of aberrations in personality, as
well as cognitive changes such as those just mentioned. Frontal personality
traits have been described in terms of “disinhibition” and lack of concern for
the consequences of untoward behaviors. In comparison to dramatic personality changes, intellectual or cognitive changes are mild, but unmistakable.
Frontal-system features have been only partially deﬁned, but it is generally
agreed that executive function deﬁcits follow dorsolateral circuit damage, and
that disinhibition and emotional changes follow orbitofrontal circuit lesions
(Miller & Cummings, 1999).
Many studies have found the frontal lobes to be more susceptible to
alcohol-related brain damage than other cerebral regions (Gansler et al.,
2000; Moselhy et al., 2001; Ratti, Bo, Giardini, & Soragna, 2002; Sullivan,
2000). Studies of brain pathology at autopsy have revealed decreased neuron
density in the frontal cortex of alcoholics (Harding, Wong, Svoboda, Kril, &
Halliday, 1997). Harper (1998) and his collaborators established that 15–23%
of cortical neurons are selectively lost from the frontal association cortex
following chronic alcohol consumption. MRI studies have shown frontal lobe
volume losses in alcoholic subjects (Pfeﬀerbaum et al., 1997), and prefrontal
neurobehavioral dysfunctioning has been frequently observed in alcoholics
with and without the dense amnesia of Korsakoﬀ’s syndrome (Gansler et al.,
2000; Oscar-Berman & Evert, 1997). Frontal abnormalities in alcoholics have
been identiﬁed with fMRI scans (Tapert et al., 2001), reduced regional blood
ﬂow measurements (Melgaard et al., 1990), and with measurements of lower
glucose metabolism throughout the brain (including prefrontal cortex) during alcohol intoxication (Volkow et al., 1995). Frontal lobe blood ﬂow
(Nicolás et al., 1993) and metabolism (Volkow et al., 1992) may decrease in
alcoholics before signiﬁcant shrinkage or major cognitive problems become
detectable (Nicolás et al., 1993; Wang et al., 1993).
Cognitive functions and motor coordination may improve at least partially
within three to four weeks of abstinence (Oscar-Berman & Evert, 1997;
Sullivan, 2000), accompanied by at least partial reversal of brain shrinkage
(O’Neill, Cardenas, & Meyerhoﬀ, 2001; Pfeﬀerbaum et al., 1995; Shear,
Jernigan, & Butters, 1994) and some recovery of metabolic functions in the
frontal lobes (Johnson-Greene, Adams, & Gilman, 1997) and cerebellum
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(Martin, Nimmerrichter, Riddle, Welch, & Willcott, 1995; Seitz, Widmann, &
Seeger, 1999). Frontal lobe blood ﬂow continues to increase with abstinence,
returning to approximately normal levels within four years (Gansler et al.,
2000). Relapse to drinking leads to resumption of shrinkage (Pfeﬀerbaum
et al., 1995), continued declines in metabolism and cognitive function
(Johnson-Greene et al., 1997), and evidence of neuronal cell damage (Martin
et al., 1995).
The cerebellum
The cerebellum is a portion of the brain that coordinates movement of voluntary muscles, balance, and eye movements, and it also is essential to the
neural circuitry subserving cognition and emotion (Schmahmann, 1997,
2000). The cerebellum contains about half of the brain’s neurons, but the
nerve cells are so small that the cerebellum accounts for only 10% of the
brain’s total weight. The cerebellum consists mainly of two large, tightly
folded lobes, joined at the middle by the vermis. Also located anteriorly are
the small ﬂocculonodular lobes (ﬂocculi). The cerebellum connects with
the other brain structures through the cerebellar peduncles, located to the
anterior of the cerebellum. Five diﬀerent nerve cell types make up the cerebellum: stellate, basket, Purkinje, Golgi, and granule cells. The Purkinje cells are
the only ones to send axons out of the cerebellum.
Atrophy of the cerebellum is commonly associated with alcoholism.
White matter volume of the cerebellar vermis is signiﬁcantly reduced (Baker,
Harding, Halliday, Kril, & Harper, 1999; Pentney, Mullan, Felong, & Dlugos,
2002; Sullivan, 2003), and cerebellar vermian atrophy occurs in 25–40% of all
alcoholics. Vermal white matter volume was reduced in ataxic alcoholics by
42%. It occurs even more often in people with additional thiamine deﬁciency,
with 35–50% of those individuals showing evidence of superior vermian
degeneration (Victor, 1992). Gross vermian atrophy is commonly seen postmortem in alcoholics (Phillips, Harper, & Kril, 1987), and it also has been
observed with in vivo neuroimaging techniques (Sullivan, 2003).
Over the past two decades, careful study has expanded the purview of
the cerebellum to include inﬂuence on functions classically associated with
frontal lobe functioning (Schmahmann, 2000; Sullivan, 2003). As noted in
the previous section on frontal lobes, this part of the brain has executive
control functions such as cognitive ﬂexibility, speed in allocation of attentional resources, shifting ability, inhibition of perservative errors, abstractive
and planning skills, and suppression of irrelevant information. Together,
these observations suggest a functional role for frontocerebellar circuitry
(Schmahmann, 1997). Thus, there is ample evidence for alcohol’s untoward
eﬀects on the structure and function of the cerebellum and frontal lobes,
and disruption of this circuitry is a potential mechanism underlying the
behavioral impairment characteristic of alcoholism (Harris et al., 1999;
Ilinsky & Kultas-Ilinsky, 2002; Sullivan et al., 2003).
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Alcoholics with Korsakoﬀ’s syndrome have shown a signiﬁcant decrease in
Purkinje cell density in the cerebellar vermis and molecular layer volume
(Baker et al., 1999). A 36% reduction in Purkinje cell numbers in the ﬂocculi
suggests disruption of vestibulocerebellar pathways. This is of particular
interest given recent data showing the importance of cerebellum in the
organization of higher order cerebral functions (Schmahmann, 2000).
The limbic system
The limbic system is responsible for monitoring internal homeostasis, mediating memory and learning, and contributing to emotions. The limbic system
also drives important aspects of sexual behavior, motivation, and feeding
behaviors. Primary areas of the limbic system include the hippocampus,
amygdala, septal nuclei, hypothalamus, and anterior cingulate gyrus. For
the purpose of this chapter, because numerous studies of alcoholics have
reported abnormalities in the amygdala, hippocampus, and hypothalamus,
the discussion is focused on those brain regions.
Amygdala
The amygdala is a small almond-shaped structure, deep inside the anteroinferior region of the temporal lobe. It is a heterogeneous brain area consisting of
13 nuclei and cortical regions and their subdivisions (Pitkänen, Pikkarainen,
Nurminen, & Ylinen, 2000; Sah, Faber, Lopez De Armentia, & Power, 2003).
It connects with prefrontal cortex, the hippocampus, the septal nuclei, and
the medial dorsal nucleus of the thalamus. These connections make it possible for the amygdala to play its important role on the mediation and control
of major aﬀective states such as love, fear, rage, anxiety, and general negative
aﬀectivity (Aggleton, 2000; Amaral et al., 2003; Pitkänen et al., 2000). The
amygdala, being a center for the identiﬁcation of danger, is fundamental for
self-preservation.
Neuroimaging studies in humans have shown that the amygdala responds
to facial expressions of many emotions, especially those with negative aﬀective qualities such as sadness, anger, and fear (Blair, Morris, Frith, Perrettand,
& Dolan, 1999; Breiter & Rosen, 1999; Wang, McCarthy, Song, & LaBar,
2005; Winston, O’Doherty, & Dolan, 2003). In fact, facial expressions convey such strong emotional information that merely observing anger or fearful faces elicits visceral responses, including increased heart rate and sweating
(Ohman & Soares, 1998). Neuroimaging studies (Davis & Whalen, 2001)
have illustrated that these fearful responses to facial expressions are processed and largely mediated by the amygdala (having connections to both
early sensory processing areas and autonomic reﬂex centers). Furthermore,
amygdala responses to fearful faces have been observed even in the absence
of conscious awareness of their presentation to subjects (Whalen et al.,
1998).
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A number of studies have linked the amygdala to the processing of
motivational signiﬁcance of stimuli and to the control of emotion (Breiter &
Rosen, 1999; Everitt, Cardinal, Parkinson, & Robbins, 2003; LeDoux, 2003;
Rolls, 2000). The amygdala is controlled in part by the brain’s dopamine
system (Delaveau, Salgado-Pineda, Wicker, Micallef-Roll, & Blin, 2005), the
same system that responds to alcohol and produces feelings of pleasure when
good things happen. In a recent study using fMRI in our laboratory, we
observed clear evidence of diﬀerences between abstinent long-term alcoholics
and nonalcoholic controls in amygdala activation to emotional materials.
The subjects were scanned while viewing emotional words and emotional
facial expressions. Subjects were given either shallow processing instructions
(“Decide if the word [or the face] appears in color or black/white”) or semantic deep processing instructions (“Decide if the word is abstract or concrete,”
or “if the person is intelligent or not”). After each of the four conditions,
subjects were tested for recognition of the stimuli (“Have you seen this
face/word before?”). Results indicated group diﬀerences in activation of
mesial temporal brain regions, depending upon whether the materials were
faces or words, and whether the processing level was deep or shallow. These
diﬀerences were most apparent in the amygdala (and in the hippocampus to a
lesser extent) with face stimuli. Thus, the alcoholic group showed signiﬁcantly
reduced activity during the deep processing of emotional faces. As can be
seen in Figure 2.4, faces with negative and positive emotional expressions
evoked stronger bilateral amygdala activity in the controls than in the
alcoholics, whose responses were blunted. These results suggest that the
alcoholics responded to the emotionally valenced stimuli in an undiﬀerentiated manner. A similar lack of emotional diﬀerentiation by alcoholics also
was observed in the hippocampus, although to a lesser degree than in the
amygdala.

Figure 2.4

Group diﬀerences in amygdala activation to faces and words (controls
minus alcoholics). Deep encoding of positive and negative faces evoked
signiﬁcantly more amygdala activity in the controls than in the alcoholics.
However, this group diﬀerence was not observed during deep encoding of
neutral faces (nor for word stimuli).

Page 59

Page 60

60

Oscar-Berman & Marinkovic

Hippocampus
The hippocampus is a horseshoe-shaped sheet of neurons located on the ﬂoor
of each lateral ventricle within the temporal lobes and adjacent to the amygdala (Pitkänen et al., 2000). As part of the limbic system, it is intimately
involved in motivation and emotion, and it also plays a central role in the
formation of memories. The hippocampus consists of the complex interfolded layers of the dentate gyrus and Ammon’s horn, which are continuous
with the subiculum, which in turn merges with the parahippocampal gyrus.
Although the idea that the hippocampus may play a role in brain mechanisms
underlying anxiety is not new (Bannerman et al., 2002; Gray & McNaughton,
2000), there is now mounting evidence that the ventral hippocampus plays
an important role in a brain system associated with fear and/or anxiety
(Bannerman et al., 2002; Kjelstrup et al., 2002; McHugh, Deacon, Rawlins, &
al, 2004). The anatomy of the hippocampus is closely associated with subcortical structures which contribute to the hypothalamic-pituitary-adrenal
axis (Kjelstrup et al., 2002). A recent study also demonstrated that encoding
of emotional memories depends on the hippocampus in conjunction with the
amygdala, as well as their interaction with each other (Richardson, Strange,
& Dolan, 2004).
The hippocampus is a target site for the teratogenic eﬀects of ethanol
(West & Pierce, 1986). Morphological changes in this brain region may play a
critical role in the mental deﬁciency and behavioral abnormalities of individuals with fetal alcohol syndrome or alcohol-related neurodevelopmental
disorder (Roebuck, Mattson, & Riley, 1998). There is evidence that certain
hippocampal neuronal cell types are particularly sensitive to ethanol teratogenicity. For example, in nonhuman animals, chronic exposure of the
developing hippocampus to ethanol can result in selective damage, such as a
decrease in the number of CA1 pyramidal cells (Abdollah, Catlin, & Brien,
1993; Bonthius & West, 1990; Gibson, Reynolds, & Brien, 2000; Miller,
1995). One study of human alcoholics aged 45 years and under reported an
early neuronal loss of the dentate gyrus and the ammonic ﬁelds CA1–CA4
(Bengochea & Gonzalo, 1990). Another study discovered glial cell loss (especially astrocytes and oligodendrocytes) in the hippocampus of alcoholics
(Korbo, 1999).
The results of a recent study suggested that the eﬀect of ethanol on the
survival of newly formed neurons in the adult hippocampus could result
in impairment of hippocampal-dependent cognitive functions, or, alternatively, the changes in cognition observed in alcoholism could lead to
decreased neuronal survival (Herrera et al., 2003). Neurogenesis is primarily
a developmental process that involves the proliferation, migration, and differentiation into neurons of primordial stem cells of the central nervous
system. Neurogenesis declines until it ceases in the young adult mammalian
brain, with two exceptions: The olfactory bulb and the hippocampus produce new neurons throughout adult life. The ethanol-induced reductions in
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hippocampal neurogenesis can be attributed to two general mechanisms: an
eﬀect on cell proliferation or on cell survival. These changes in hippocampal
structure could be part of the anatomical basis for cognitive deﬁcits observed
in alcoholism.
Structural neuroimaging studies have demonstrated a reduction of hippocampal volume in alcoholics (Agartz, Momenam, Rawlings, Kerich, &
Hommer, 1999; Kurth et al., 2004; Pfeﬀerbaum & Sullivan, 2002a). The loss
of hippocampal volume has been attributed to changes in white matter
(Harding et al., 1997), but the incorporation of newly formed neurons to the
dentate gyrus could also be aﬀected by alcohol. One MRI study measured
hippocampus volume in late-onset alcoholics (Type I) and violent early-onset
alcoholics (Type II), compared to nonalcoholic controls (Laakso et al.,
2000). The right, but not left, hippocampus was signiﬁcantly smaller in
both alcoholic groups. While there was no correlation between the hippocampal volumes with age in the control subjects, there was tendency
toward decreased volumes with aging and also with the duration of alcoholism in the Type I alcoholics. In a study of teens (aged 15–17 years) with
alcohol use disorders, Nagel, Schweinsburg, Phan, and Tapert (2005) found
reduced left – but not right – hippocampal volume compared to healthy ageequivalent controls. The groups were equivalent in right hippocampal, intracranial gray and white matter volumes, and memory performance. The
authors suggested that premorbid volumetric diﬀerences might account
for some of the observed group diﬀerences in hippocampal volume. Reduction of hippocampal volume in alcoholics is reversible after short periods
of abstinence (White, Matthews, & Best, 2000). Similarly, hippocampaldependent cognitive functions have also shown reversibility after comparable
periods of abstinence.
Hypothalamus
The hypothalamus literally means “under the thalamus.” It is a small structure nestled within the limbic system directly above the brainstem. The hypothalamus plays a role in many regulatory functions, such as eating and
drinking, temperature control, hormone regulation, and emotional functions.
The hypothalamus has connections with many other brain regions, and is
involved in learning (Simonov, 1986).
Alcohol-related damage to the mammillary bodies of the hypothalamus is
considered to lead to Korsakoﬀ’s syndrome (Oscar-Berman & Evert, 1997).
Lesions of the mammillary bodies or to other regions of the brain (basal
forebrain, hippocampus, fornix, medial and anterior nuclei of the thalamus)
are associated with memory impairments (Butters, 1981; Mesulam, 2000).
The speciﬁc memory impairments include severe anterograde amnesia for
recent events, and some retrograde amnesia, i.e., loss of memory for events
that happened long ago (prior to the appearance of obvious symptomatology). Damage to basal forebrain structures (important in the production of
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neurotransmitters, which are needed for normal memory functions) may also
be involved.
Amnesia, especially anterograde amnesia, or memory loss for recent
events, is an intriguing and serious disorder. When amnesia occurs as a consequence of long-term alcoholism, it is referred to as alcohol-induced persisting amnestic disorder (APA, 1994), or alcoholic Korsakoﬀ’s syndrome.
Patients with Korsakoﬀ’s syndrome are permanently unable to remember
new information for more than a few seconds. Because new events are forgotten a few seconds after they occur, virtually nothing new is learned, and
patients with Korsakoﬀ’s syndrome live perpetually in the past. However, in
contrast to patients with alcoholic dementia, who have generalized cognitive
decline (including widespread memory loss), patients with Korsakoﬀ’s syndrome retain old memories formed prior to the onset of alcohol-related brain
damage.
Although anterograde amnesia is the most obvious presenting symptom
in Korsakoﬀ patients, these individuals have other cognitive impairments
as well. Like patients with bilateral prefrontal cortical lesions, Korsakoﬀ
patients are abnormally sensitive to distractions (proactive interference). This
sensitivity may be due to alcoholism-related prefrontal dysfunction, which
impairs the ability to counteract the eﬀects of cognitive interruptions. In
addition to their memory problems and their sensitivity to interference,
Korsakoﬀ patients also tend to repeat unnecessary behaviors (perseverative
responding), have restricted attention, retarded perceptual processing abilities,
ataxia, and decreased sensitivity to reward contingencies (Oscar-Berman &
Evert, 1997). These additional abnormalities reﬂect widespread cerebral
atrophy accompanying sustained alcohol abuse. Thus, consideration should
be given to sensory and cognitive deﬁcits that may be integral to the disease
process caused by chronic alcoholism.

Implications for treatment and recovery
Clinicians must consider a variety of treatment methods to promote cessation
of drinking, maintenance of sobriety, and recovery of impaired functioning.
Because alcoholism is associated with diverse changes to the brain and
behavior, treatment professionals might ﬁnd it most helpful to use a combination of neuropsychological observations and structural and functional brain
imaging results in developing predictors of abstinence versus relapse, with
the purpose of tailoring treatment methods to each individual patient. For
example, the development of eﬀective medications for controlling alcoholism
relies upon knowledge about the neuroanatomical origins of neurotransmitters involved in craving, intoxication, and addiction. Neuroimaging methods
have already provided signiﬁcant insight into the nature of brain damage
caused by heavy alcohol use, and the integration of results from diﬀerent
methods of neuroimaging will spur further advances in the diagnosis and
treatment of alcoholism-related damage. Clinicians also can use brain imaging
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techniques to monitor the course of treatment because these techniques can
reveal structural, functional, and biochemical changes in patients across time
as a result of abstinence, therapeutic interventions, withdrawal, or relapse.
Neuroimaging research already has shown that abstinence of less than a
month can result in an increase in cerebral metabolism, particularly in the
frontal lobes, and that continued abstinence can lead to at least partial
reversal in loss of brain tissue (Gansler et al., 2000; Sullivan, 2000). Thus,
through the combined eﬀorts of scientists and clinicians, important strides
already have been made in the diagnosis, prevention, and treatment of
alcoholism, and hopefully there will be continued advances in the future.

Conclusions
Alcoholics are a diverse group. They experience diﬀerent subsets of symptoms, and the disease has diﬀerent origins and modulating inﬂuences for
diﬀerent people. Therefore, to understand the eﬀects of alcoholism, it is
important to consider the inﬂuence of a wide range of variables on a particular behavior or set of behaviors. The underpinnings of alcohol-induced brain
defects are multivariate; to date, the available literature does not support the
assertion that any one variable can consistently and completely account for
these impairments.
The most plausible conclusion is that neurobehavioral deﬁcits in some
alcoholics result from prolonged ingestion of alcohol, which impairs the way
the brain normally works, by people who are vulnerable to some forms of
brain damage. The identiﬁcation of these vulnerabilities is a primary focus of
current research. In the search for answers, it is necessary to use as many
kinds of tools as possible, keeping in mind that speciﬁc deﬁcits can be
observed only with certain methods, with speciﬁc paradigms, and with particular types of people with distinct risk factors. Such conﬂuence of information can provide evidence linking structural damage, functional alterations,
and the speciﬁc behavioral and neuropsychological eﬀects of alcoholism.
These measures also can determine the degree to which abstinence and treatment result in the reversal of atrophy and dysfunction.
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