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1“ hether they are used recreationally

or addictively, alcohol and other
drugs affect every organ system in the
human body. Advances in medicine, tox-
icology, and epidemiology have been so
rapid that periodic updates of the litera-
ture are an absolute necessity for the phy-
sician, the neuroscientist, the student,
and the addiction treatment professional.
That’s what makes Handbook of the Medi-
cal Consequences of Alcohol and Drug Abuse
a pleasure to read and a treasure on the
bookshelf. John Brick has assembled a
very readable guide to the most recent
evidence on the medical consequences of
substance abuse. Ranging from the prac-
tical to the theoretical, the chapters tell a
compelling story about the burden of ill-
ness and disability that is caused by sub-
stance abuse.”
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University of Connecticut Health Center

Handbook of the Medical
Consequences of Alcohol
and Drug Abuse

44 his book effectively incorporates
the world literature and expert
opinions on the medical outcomes of
drug and alcohol abuse in our society,
offering invaluable information for all
health care providers as well as re-
searchers and forensic investigators.
The contributors have thoroughly cov-
ered a broad range of topics—from
the common knowledge base of drug
effects and drug-induced disease to
the less well-known conditions such
as holoprosencephaly in fetal alcohol
syndrome and leukoencephalopathy
associated with inhaled heroin. In a
society that spends more on interdic-
tion than treatment for drug abuse,
this text will assist the development
of the recently emerging disease model
of substance abuse and pave the way
for treatment as the medical norm.”

Alan Clark, MD
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a“ Society has long understood that

use of alcohol and other drugs
can have serious negative social, psy-
chological, and medical effects. Hand-
book of the Medical Consequences of Alco-
hol and Drug Abuse offers a detailed
overview of how these substances act
on various organs and systems of the
body, and the resulting acute and chronic
health effects. Chapters cover alcohol
and the major drugs of abuse—mari-
juana, opiates, cocaine and other stim-
ulants, and inhalants. All chapters are
thoroughly referenced, providing up-
to-date reviews of the significant litera-
ture on their topics.

Particularly strong are the chapters
on the effects of alcohol and other drugs
on the brain, providing a microscopic
look at how drugs affect neuronal path-
ways and the subsequent damage that
can result to cognitive and motor func-
tions. Also of note, the chapters on pre-
natal exposure to alcohol and other
drugs explore the full spectrum of po-
tential physiological and developmen-
tal effects—from growth and motor co-
ordination to cognition and behavioral
results. This handbook succeeds as a
comprehensive and indispensable ref-
erence for the scientist, the health prac-
titioner, and the serious student of alco-
hol and drug problems.”

Penny Booth Page, MLS
Director of Information Services,
Rutgers University Center

of Alcohol Studies,

Piscataway, New Jersey

44 I Jandbook of the Medical Consequen-

ces of Alcohol and Drug Abuse in-
cludes the most up-to-date findings on
alcohol and other abused drugs. This
book provides a highly readable source
of information on a wide range of med-
ical and other health consequences for
physicians and key health profession-
als at a time when mainstreaming treat-
ment of addictive disease is of critical
importance. The chapter on the neuro-
anatomical and neurobehavioral effects
of heavy prenatal alcohol exposure is of
particular importance for both family
physicians and pediatricians, present-
ing much new information on the ef-
fects of prenatal exposure to alcohol
and other drugs.”

David E. Smith, MD
President and Medical Director,
Huaight Ashbury Free Clinics,
San Francisco
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Foreword

Although the medical consequences of alcohol and drug abuse have been
known for decades, new research is adding to the base of knowledge on this
topic on a regular basis. Thus, recent and accurate information on such criti-
cal issues is always welcome. This peer-reviewed book is intended to pro-
vide the reader with such information.

The editor has gathered together an impressive mix of established scien-
tists and young talent to write the ten chapters in this book. The scope of the
topics is broad, ranging from effects of various drugs on peripheral organ
systems from the fetus to the brain. Drugs discussed include alcohol (five
chapters), and one chapter each on marijuana, opioids, cocaine, and inhal-
ants. An additional chapter examines the medical consequences of prenatal
exposure to many drugs.

The opening chapter provides basic information on alcohol, including
definitions of alcohol (ethanol), use, abuse, and dependence. There is also a
quick review of the measurement of alcohol concentrations in body prod-
ucts (along with an extremely helpful discussion of how to compare scien-
tific notations of alcohol concentrations) and a brief discussion of what con-
stitutes a drink. This chapter explains many of the terms used in the chapters
that follow as well as the current literature.

Chapter 2 begins the scientific discussion of alcohol, with clear descrip-
tions of the relationship between alcohol and accidental injuries (including
driving, cycling, pedestrian, water sports, aircraft), and alcohol’s effects on
organ systems (skeletal, pancreas, liver, heart) and risk for certain cancers.
This is an extremely detailed chapter, which is certain to answer many ques-
tions people have about the detrimental (and beneficial) effects of alcohol
on the body.

Chapter 3 concerns the effects of alcohol and other drug use on neuro-
psychological function. This is the only chapter in the book to focus on
brain-behavior relationships of abused drugs, and the authors indicate that,
unlike the discrete effects on tissue and organs, drugs produce a more gener-
alized, pervasive effect on the brain. These effects may be immediate and
acute, or long-lasting and chronic. Most of the chapter deals with alcohol,
and some overlap occurs with the following chapter with regard to discus-
sions of alcohol’s effects on brain pathways, brain damage, and neurotrans-
mitter function. Brief but useful sections on polydrug abuse, cocaine, mari-
juana, LSD, phencyclidine, amphetamines, and ecstasy conclude the chapter.

XLl
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Chapter 4 is an in-depth review of the involvement of alcohol on neuron
signaling, neurotransmitter function (with a heavy emphasis on NMDA and
GABA), and alcoholic brain damage and cognitive dysfunction. Informa-
tion regarding recovery from long-term brain damage provides hope for suf-
fering alcohol abusers and alcohol-dependent individuals. Also included is
a brief discussion of treatment and recovery from alcohol dependence, not
found in any other chapter. The basic neurobiological information in this
chapter, written by a leading expert in alcohol research, is probably best
suited to scientists or “budding scientists.” Practitioners in the field will find
it interesting in exposing the complexity of alcohol’s actions in the brain.

Chapter 5 discusses the fetal effects of alcohol. “Everything you always
wanted to know” about this topic is included. Topics include autopsy and
brain-scan studies on affected children and neurobehavioral effects of heavy
prenatal alcohol exposure. Readers will be especially interested in the de-
scriptions of alcohol’s prenatal effects on intelligence, language, learning
and memory, attention and activity, executive function (decision making
and judgment), and psychosocial functioning.

Marijuana is a difficult drug to review because of the relative paucity of
solid scientific information on human psychological and physical health,
particularly regarding marijuana’s chronic effects. The authors of Chapter 6
have carefully studied the existing literature, however, and synthesized it
into a clear review of available information. Particularly impressive are their
comments on the strength and quality of data that support the effects of this
drug on the respiratory system, immune system, cardiovascular system,
hormones and fertility, and perinatal effects. There are also lucid discus-
sions of the psychological and psychiatric effects of marijuana, effects on
psychomotor performance, attention and memory, academic performance
(not covered in many reviews of marijuana!), driving performance, motiva-
tion, and dependence (‘“‘addiction”). Finally, a fair and balanced discussion
of the contemporary issue of medical marijuana helps make this chapter one
of the highlights of the book.

Equally impressive is Chapter 7’s examination of opioids (opium and its
derivatives) and methadone pharmacotherapy. The issue of methadone and
the need for broader use of this effective medication in the treatment of her-
oin-dependent individuals is of utmost importance. This is an interesting
chapter because it begins with a discussion of the worst direct medical con-
sequence of heroin (death) and ends with indirect causes of medical illness
resulting from heroin use which many readers probably do not think about—
such as infection and contamination with adulterants used to cut the drug.
Methadone is compared with heroin throughout the chapter with respect to
their effects on organ system function and dysfunction. This chapter is filled
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with interesting details. How many readers would know that opiates have
negative pulmonary, renal, and skeletal effects when injected?

Chapter 8 focuses on the detrimental effects of cocaine, with a brief dis-
cussion of methamphetamine and phenylpropanolamine. A review is in-
cluded of cocaine’s history and the forms of cocaine, its physiologic effects,
and finally the adverse effects of cocaine on the cardiovascular, neurologic,
and pulmonary systems. Brief descriptions of cocaine’s effects on other,
usually neglected, systems (genitourinary, gastrointestinal, hepatic, pancre-
atic, ocular, for example) and on the fetus are highlights of this chapter.

Chapter 9 is an excellent review of the prenatal effects of nicotine, co-
caine, marijuana, and opiate drugs. The chapter begins with an introduction
to the principles of teratology and behavioral teratology, and then methodi-
cally covers the epidemiology and effects of each of the drugs on growth,
cognition, language, auditory processing, attention and activity levels, mo-
tor and behavioral effects. As expected, these drugs produce temporary fetal
changes and may have long-term effects that have not been completely re-
searched.

One of the briefer chapters in the book, Chapter 10, involves the medical
consequences of inhalants. There is a reason for this—not much is known
about this broad class of chemicals. Inhalants constitute a category of
abused substances that is very broad, ranging from nitrous oxide to gasoline.
These compounds are extremely organotoxic, a fact nicely reviewed in this
chapter. The authors cover the epidemiology of inhalant use and abuse (who
uses them and why), a history of use of these substances, how they are ad-
ministered, and how to treat their toxic effects. This is a wonderfully com-
plete and up-to-date review of this class of abused substances.

The purpose of a foreword is to provide a critical review and summary of
the contents of a book and to verify the importance of the book’s contents. I
also believe in trying to guide the reader toward specific chapters of interest.
For this book, however, virtually every chapter is valuable for anyone inter-
ested in the medical consequences of drug use in adults and adolescents.
Thus, this book is worth taking the time to read in its entirety. Furthermore,
because the research on chemical abuse is relatively sparse, this information
will remain “current” for many years to come.

Carlton K. Erickson, PhD
Pfizer Centennial Professor of Pharmacology
The University of Texas at Austin






Preface

The philosopher Thomas Hobbes (1588-1679) described the condition of
humanity as “nasty, brutish and short.” Interestingly, he was among the first
proponents to write about the biological basis of behavior. In the ensuing
250 years or so, the great human condition and the quality of life have im-
proved in most societies. Life is less nasty, less brutish, and far longer than it
has ever been. With few exceptions, life as Hobbes knew it has changed dra-
matically, although then, as now, alcohol and other drugs were available and
abused. Today, highly sophisticated neuroscientific research techniques en-
able scientists to study the neurophysiological and molecular changes that
produce acute intoxication, and the increased longevity provided by ad-
vances in medical science allow the long-term consequences of alcohol and
drug abuse to be more fully appreciated. Centuries ago, one was more likely
to die from infectious diseases, other ailments, or occupational injuries be-
fore the pernicious medical consequences of alcohol or drug abuse pre-
sented themselves. That is no longer true.

Handbook of the Medical Consequences of Alcohol and Drug Abuse is
part of a book series in neuropharmacology whose purpose is to bring the
most recent findings to scientists, physicians, other clinicians, and advanced
students of this fascinating and important topic. Alcohol scientists know
more about the long-term consequences of alcohol and other drugs than at
any other time in our history. Basic and clinical research in this area must
continue, as must the efforts to educate physicians and other health care pro-
fessionals, and increase public education and awareness of this problem. In-
cluded in this book are those drugs that generate the most interest and great-
est consequences. Because of size constraints and deadlines, the exclusion
of some drugs and the works of some outstanding researchers was unavoid-
able but will be addressed in future volumes in this series. No special signif-
icance should be given to the use of the phrase “alcohol and other drugs,”
which appears throughout this book. Alcohol is a drug and the use of the
phrase is for heuristic convenience only.

The contributors have made this a pleasant and worthwhile endeavor and
I thank them for taking time from their busy schedules to share their per-
spectives on this complicated problem. Several others whose names do not
appear in the list of contributors have nonetheless been influential in this en-
deavor. Thanks to Dr. Mary E. Reuder, who has been a great teacher and a
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model mentor for many years, and to Jacquelyn Kaizar, my secretary, whose
organization and hard work I greatly appreciate.

Finally, my deepest thanks to my wife, Laurie, and my daughters, Steph-
anie and Kyla, whose understanding, support, and inspiration are unending,
and to my mother, Violet Holmes Treimanis, who always encouraged me to
think with my head, not with my feet.



Chapter 1

Characteristics of Alcohol:
Chemistry, Use, and Abuse

John Brick

Alcohol is one of the oldest and most widely used psychoactive drugs on
earth. In an effort to provide a foundation for the interpretation of terms re-
lated to alcohol and its use throughout this text and elsewhere, this introduc-
tory chapter will define alcohol both as a chemical and as a drug, explain the
scientific notation for reporting alcohol in blood or serum, and present an
overview of the use of alcohol: how we currently define alcohol use, abuse,
and dependence in American society.

WHAT IS ALCOHOL?

The term “alcohol” is used to define several types of alcohol, including
the three most common: ethyl alcohol (ethanol), methyl alcohol (methanol),
and isopropyl alcohol (isopropanol). All alcohols have a similar chemical
structure and contain a hydroxyl group, OH, attached to a saturated carbon
molecule. Methyl alcohol, also known as methanol or wood alcohol, is so
highly toxic that even small amounts (less than an ounce) can cause retinal
damage. Methanol’s toxicity is the result of its metabolism to formaldehyde
and then to formic acid, a cellular toxin that is about six times more poison-
ous than methanol. The accumulation of formic acid produces severe meta-
bolic acidosis and six to seven ounces of methanol are lethal for most adults.

Isopropyl alcohol, also known as isopropanol or common rubbing alco-
hol, is also highly toxic. Small amounts, as little as several ounces, can also
cause permanent damage to the visual system, and eight ounces is consid-
ered a lethal dose. Some alcoholics may consume methanol or isopropyl al-
cohol, intentionally or unknowingly, with potentially lethal consequences.

The alcohol that is the subject of this review, and the alcohol consumed
as a beverage by most people is ethyl alcohol or ethanol, a clear, relatively
odorless chemical. The lethal dose (LD:50) of acute ethanol is estimated to
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be a blood alcohol concentration of about .40 percent, although death may
occur at higher or lower concentrations depending upon factors such as tol-
erance. Given reasonable alcohol pharmacokinetics, a 150-pound male
would reach LD:50 after consuming about four to five drinks per hour over a
four-hour period. Sublethal doses are more insidious and are the primary fo-
cus of this review. Throughout this chapter and throughout this book, the
term alcohol will be synonymous with ethanol.

Whether we are discussing alcohol as a chemical or psychoactive drug,
alcohol is arelatively simple molecule, CH;- CH,-OH, formed during a pro-
cess of fermentation that occurs when yeast combines with water and sugar.
The yeast recombines carbon, hydrogen, oxygen, and water to form alcohol
and carbon dioxide. The different types of alcoholic beverages are derived
from the use of different fermenting ingredients. Wine manufacturing, for
example, may utilize grapes, apricots, berries, and other fruits that are rich
in sugars and provide the necessary oxygen for fermentation. Fermentation
continues until a maximum alcohol concentration of about 15 percent is
reached, at which point, the concentration of alcohol is so high the yeast
dies. Beers are manufactured with a different source of sugar, namely, the
starch found in cereal grains, which is enzymatically converted to sugar
through a malting process. This process involves sprouting cereal, such as
barley, in water. The dried sprouts are then mixed with water. The enzymes
formed during sprouting convert starch to sugar, which allows fermentation
to proceed. For beers, the process of fermentation is stopped when the alco-
hol concentration reaches about 3 to 6 percent. For wines, the process is
stopped, or self-limiting, at higher concentrations (typically 11 to 13 per-
cent). Distillation of fermented beverages allows exceptionally high alcohol
concentrations (typically 50 to 60 percent in some beverages and up to
nearly 100 percent in other products) to be obtained.

The range of alcohol concentration in alcoholic beverages is determined
by biological processes, manufacturing design, or some combination of the
two. Alcoholic beverage contents are usually expressed as a percentage of
alcohol by volume, as in the case of beers and wines, or as “proof,” an ar-
chaic term that is twice the alcohol concentration by volume. From a scien-
tific perspective, the total amount of alcohol in a measured drink is for all
practical purposes the same from drink to drink. However, the differences in
alcohol concentrations among beverages may have medical consequences
because of the direct action of alcohol on the tissues with which it comes in
contact. Since peak alcohol absorption in blood takes from about 30 to 90
minutes in most social-drinking cases, and total absorption takes even lon-
ger, beverage type and beverage concentration may be a factor in determin-
ing some of the medical consequences of alcohol use. Therefore, studies re-
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garding the acute effects of alcohol should be conducted, and the results
interpreted with this fact in mind.

SCIENTIFIC NOTATION
FOR ALCOHOL CONCENTRATIONS

Throughout this book, alcohol concentrations are expressed using vari-
ous scientific notations. When comparing the results within these chapters
with other references, it may be necessary to convert from one scientific no-
tation to another. The concentration of alcohol in blood, serum, water, or
any other liquid is the quantity of absolute alcohol by weight in a fixed vol-
ume of fluid. When alcohol is measured in breath, most breath-testing in-
struments are calibrated to take a fixed breath sample size. Instruments are
designed based upon certain physiological assumptions and calibrated so
the results are reported as whole blood equivalents (e.g., .10 percent). In
some literature, alcohol concentrations are reported as grams/2100 cc air,
and in blood or other tissues or fluids, they are more commonly reported in
milligrams per deciliter (mg/dl). In molecular biological studies of how
alcohol affects tissues, alcohol is sometimes reported in millimolar concen-
trations (mM). In those studies, mg/dl alcohol = mM alcohol x 4.6 provides
a good conversion to a more identifiable concentration. This will be helpful
for interpreting some of the data presented in Chapter 4, for example.

When alcohol is measured in blood, the reported blood alcohol concen-
tration (BAC) is the amount of alcohol by weight in a fixed volume of blood,
which is usually 100 milliliters (ml) in the United States. BAC is usually ex-
pressed in grams per 100 ml or milligrams per 100 ml of whole blood or se-
rum. The following BAC notations are identical with regard to the amount
of alcohol expressed: .10 percent, .10 grams percent, .10 grams/100 ml,
.10 grams/deciliter (g/dL), 100 mg/dl, 100 mg percent, 100 mg/100 cc or ml.

Clinical Measurement of Alcohol

Most hospital clinical laboratories measure alcohol in serum, rather than
in whole blood. Since serum contains more alcohol than the whole blood
from which it is derived, the concentration of alcohol in serum is propor-
tionally higher than the equivalent whole blood concentration. In most
cases, a serum alcohol value can be converted to its whole blood equivalent
using a simple formula: Alcohol in Serum x .85 = BAC. The same result can
be obtained by dividing the serum alcohol by the reciprocal of .85: Alcohol
in Serum / 1.18 = BAC. For example, a serum alcohol concentration of .10
percent is equal, under normal physiological conditions, to a whole blood



4 Handbook of the Medical Consequences of Alcohol and Drug Abuse

alcohol concentration of about 0.085 percent (Brick and Erickson, 1999).
Variations between or within subjects due to hematocrit or other clinical
chemical differences produce minor variations in the conversion of serum to
whole blood alcohol.

DEFINING ALCOHOL USE

Alcohol has been used for thousands of years, but the medical conse-
quences of alcohol abuse have only come to the attention of the medical/
scientific community in the last 150 years or so. Alcohol consumption and
related problems have been well documented (National Institute on Alcohol
Abuse and Alcoholism, 2000). In the United States, for example, nearly half
the adult population consumes alcohol, and alcohol-related medical prob-
lems account for a disproportionate number of hospital admissions. Data
from the 1992 National Longitudinal Epidemiologic Survey indicate that
nearly 9 percent of adults in the United States consume, on average, more
than two drinks per day (Dawson et al., 1995), and the results of an ongoing
national survey of high school students recently reported that 24 percent of
eighth graders, 40 percent of tenth graders, and 51 percent of twelfth graders
had used alcohol within the last month (Johnston et al., 1999). The use of al-
cohol and other drugs also has a profound economic impact. Estimates
place the cost of addiction at more than $200 billion per year from direct ef-
fects on families and society through lost wages, absent or ineffectual pa-
rental models, and shared exposure to high risks and resulting injuries asso-
ciated with intoxication.

Alcohol use is not always associated with deleterious medical conse-
quences. In fact, some research suggests that alcohol use under some condi-
tions has beneficial health effects. How alcohol exerts such biphasic effects
has been the subject of considerable research and debate. However, we can
define alcohol use in two ways: first, through current definitions of use,
abuse, and dependence and, second, by defining what constitutes ““a drink.”
The social use of alcohol is now generally described as a cold beer after a
ball game, a glass of wine with meals, or a glass of champagne at festive oc-
casions. Alcohol consumption is often defined as drug abuse (or misuse)
whenever it places the drinker or others affected by the drinker’s behavior at
increased risk for injury. The term “moderate” drinking is sometimes used
by clinicians, and often used by laypersons, to describe consumption that is
neither abusive nor very infrequent, or that describes a constellation of be-
havioral or other factors that differentiate it from “light” or “heavy.” How-
ever, these terms are relative. For example, a “moderate” drinker may drink
heavily (e.g., more than six drinks a day on some days) but not be classified
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as a “heavy” drinker. On the other hand, the Department of Agriculture
(USDA) and the U.S. Department of Health and Human Services in the Di-
etary Guidelines for Americans defines moderate drinking as one drink per
day or less for women and two or fewer drinks per day for men (USDA,
1995). In addition, the NIAAA further recommends that people ages 65 and
older limit their consumption of alcohol to one drink per day. The terms
light, moderate, and heavy should be interpreted carefully based on the op-
erational definition of the study since the definitions of these terms vary.

The Diagnostic and Statistical Manual of Mental Disorders (DSM-1V)
(1996) defines two types of problem drinkers: (1) abusers, who intention-
ally drink too much, too often, and make wrong choices about their use of
alcohol, and (2) dependent users (i.e., alcoholics), who lack control over
their use of alcohol in lifestyle situations in which abusers would ordinarily
stop drinking. Voluntary alcohol abuse is a significant problem that contrib-
utes to accidents, medical expenses, lost productivity, family problems, and,
of course, a host of direct and indirect medical consequences. Drug depend-
ence, whether the drug is alcohol or some other psychoactive substance, is a
brain disease caused by a neurochemical imbalance. The addict has no con-
trol of his or her alcohol or other drug use (see Erickson and Wilcox, 2001
for a recent review). Both types of drinkers are overly represented as inpa-
tients and as patients in hospital emergency rooms.

What Constitutes a Drink?

We can also define what is meant by a drink by standardizing this defini-
tion across beverage types so that the interpretation is meaningful and use-
ful. Many epidemiological and empirical research studies define alcohol
consumption in terms of the number of drinks consumed or the number of
grams of absolute alcohol consumed. In many such studies, and certainly in
terms of practical definitions, a drink can be defined as 1.5 ounces of 80-proof
alcohol, 5 ounces of 12 percent wine or a 12-ounce standard beer (~4.8 per-
cent v/v). Each of these contain approximately 14 grams of absolute alcohol
and about 100 kilocalories. Outside of the laboratory, a mixed drink may
contain more or less than 1.5 ounces of 80-proof alcohol (or the equivalent)
and wine may be served in volumes larger or smaller than five ounces. Simi-
larly, the concentration of alcohol in beers varies from an average of about
3.8 percent (v/v) for “lite” beers to about 4.75 to 4.9 percent (v/v) for most
typical American beers. Imported or specialty beers may contain signifi-
cantly more alcohol by volume.

Regardless of the type of alcoholic beverage consumed, it is the psycho-
active drug ethanol that produces the effects on the brain, virtually all cells
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within the body, and behavior. The degree of those effects is determined by
the concentration, amount and time of consumption, bioavailability due to
factors such as absorption and the biotransformation of alcohol, and drink-
ing experience. All of these factors ultimately result in the exposure and re-
sponse of various cells to concentrations of alcohol.
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Chapter 2

Medical Consequences of Alcohol Abuse

John Brick

OVERVIEW

Alcohol is one of the oldest drugs known and it affects virtually every
organ system in the body. The number of physiological systems affected by
alcohol is staggering both in the scope of medical consequences and in
terms of the economics of medical treatment of alcohol-related disorders.
Alcohol damages the heart and can elevate blood pressure. It can increase
the risk for heart failure and stroke. Excessive alcohol consumption can in-
jure various tissues, produce diverse physiological changes, and impair and
interfere with the hormonal and biochemical regulation of a variety of cellu-
lar and metabolic functions. Chronic alcohol exposure increases the risk for
certain forms of cancer, and both acute and chronic alcohol use significantly
increases the risk for accidental injuries and impairs the recovery from those
injuries. However, not all of the medical consequences of alcohol use are
deleterious. Substantial research indicates beneficial effects of this drug.
Nonetheless, the economic and psychosocial costs of alcohol use in Ameri-
can society alone are estimated at more than $200 billion per year. This
chapter will review the most significant and well-known medical conse-
quences of alcohol use and abuse in four basic areas: accidental injuries, the
skeletal system, the hepatic system, and the cardiovascular system.

ALCOHOL AND ACCIDENTAL INJURIES

Accidental injuries are a direct medical consequence of alcohol intoxica-
tion and it is well known that alcohol increases the risk for injuries through
impairment of cognitive and psychomotor functioning while performing or
engaging in a variety of behavioral activities. Among these, the effects of al-
cohol on automobile, bicycling, motorcycle, boating, aquatic and pedestrian
injuries, as well as homicide, suicide, and death from fire have been exam-
ined.
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Impaired Driving

Driving while intoxicated is probably the most well-studied injurious
consequence of drinking. Whereas the older scientific literature on drinking
and driving focused on the effects of high blood alcohol levels on simple re-
action time, on the visual system, and on gross impairment, it is now known
that the effects of alcohol are much broader and occur at relatively low
blood alcohol levels. For example, alcohol use is coupled with increased
risk taking and impulsivity, at least among young males (Cherpitel, 1993),
and decreased seat belt use (CDC, 1991) which invariably places drinkers
at increased risk for injury. Moreover, whereas high blood alcohol levels
(>.15 percent) may produce obvious visible impairment in the absence of
any testing (Brick and Carpenter, 2001), it is now known that very low levels
of alcohol (.02 to .03 percent) impair the performance of complex divided
attention tasks, at least in laboratory studies. Divided attention is believed to
be a critical factor in a variety of tasks outside the laboratory, and divided at-
tention failure is the most likely cause of motor vehicle collisions at blood
alcohol levels above .05 percent, for it is at this level that impairment trans-
lates into actual highway statistics (in which the intoxicated driver is the
cause of the accident). At higher blood alcohol levels (e.g., .15 percent or
more), impairment in proprioception, visual perception, and lengthened sim-
ple reaction time are additional significant contributing factors to motor ve-
hicle accidents.

Regardless of which functions are affected by alcohol, impaired drivers
clearly present a public health risk because of the increased number of acci-
dental injuries due to intoxication. About 16,000 people are killed each year
as a result of drunk driving (NIAAA, 2000), and about 10 percent of all per-
sonal injury accidents and at least 180,000 to 200,000 property and personal
injury crashes, respectively, are caused by alcohol intoxication per year
(Wieczorek, 1995). The risk of injury as well as the responsibility for caus-
ing a collision when driving while intoxicated is proportional to the blood
alcohol level. At the current legal definition of driving while intoxicated
(.08 to .10 percent for most states), the relative risk for a crash is conserva-
tively estimated to be five to six times greater than driving while sober (see
Figure 2.1). More recent studies that examine the interaction between blood
alcohol level, gender, and single versus multiple vehicle collision reveal the
relative risk is many times greater than previously believed. For example, a
recent study suggests the relative risk of a single car collision for a 16-to-20-
year-old male with a blood alcohol level of .10 to .15 percent is about 49 to
1,187 times greater when compared to controls (Zador, Krawchuk, and
Voas, 2000).
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Pedestrian and Fall-Down Injuries

Although the relationship between alcohol intoxication and automobile
accidents is by far the most well studied of alcohol-caused injuries, investi-

gation of the role of alcohol intoxication in other types of injuries is grow-

ing. For example, pedestrian-like behaviors are also impaired by alcohol.
Since driving and pedestrian activity rely on divided attention and visual-

motor processes, it is reasonable to infer that they share similar alcohol-

induced changes in relative risk.

Injuries related to falls are the second leading cause of accidents in the
United States, and account for about 13,000 deaths per year. Most studies
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suggest that alcohol increases the risk for injuries due to falls, but one study
in particular included a control group that allowed researchers to analyze in-
creases in relative risk for a fall due to alcohol intoxication. Honkanen and
colleagues evaluated 313 emergency room patients, more than half of whom
had blood alcohol levels greater than .20 percent, and compared them with
pedestrians who were at the same location of the accident one week later at
the same time of day (Honkanen et al., 1983). The comparison revealed the
relative risk for a fall was three times greater for patients with blood alcohol
levels between .05 and .10 percent, ten times greater for patients with blood
alcohol levels between .10 and .15 percent, and 60 times greater for patients
with blood alcohol concentrations .16 percent or higher (Honkanen et al.,
1983). More than two-thirds of drivers, pedestrians, and bicyclists who are
killed each year are intoxicated (NHTSA, 1994).

Bicycling

Intoxication is believed to be a factor in other types of injuries as well.
For example, Li and colleagues reported that fatally injured bicyclists were
about twice as likely to be intoxicated as cyclists treated for nonfatal injuries
(Li et al., 1996). Alcohol intoxication is a contributing factor in injuries
from fires and burns, which account for an estimated 5,000 fatalities and
about 1.4 million injuries a year, and is a leading cause of accidents and
deaths in the United States (Baker et al., 1992). It is noteworthy that in a
study of deaths due to fire, Hingson and Howland found that one-third to
two-thirds of these victims had blood alcohol levels greater than .10 percent.
At the time of the study, .10 percent represented the blood alcohol level that
defined intoxicated driving in most states. The authors concluded from
these data that alcohol intoxication is a risk factor for fire deaths (Hingson
and Howland, 1993). More recent studies further revealed that alcohol was a
factor in about 22 percent (Cherpitel, 1989) to 26 percent (Jones et al., 1991)
of burn injuries. Moreover, intoxicated patients have a significantly higher
fatality rate in severe burn cases. These data are more thoroughly reviewed
in the Ninth Special Report to the U.S. Congress on Alcohol and Health
(NIAAA, 1997).

Water Sports

The relationship between alcohol intoxication and leisure activities, such
as swimming and boating, has been a subject of scientific interest for some
time. For example, it can be reasonably predicted that since alcohol impairment
causes errors in judgment, disorientation, hypothermia, impaired psychomotor
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skills, and a decrease in the ability to hold one’s breath, it would increase
drowning accidents. However, studies published prior to 1985 did not estab-
lish a causal relationship between these effects of alcohol intoxication and
drowning. Hoxie and colleagues reported that 45 percent of drowning vic-
tims had some alcohol in their system and 22 percent were intoxicated with
blood alcohol levels of .10 percent or more at the time of death (Hoxie et al.,
1988). More recent studies suggest that alcohol consumption significantly
increases risk for boating fatalities. In a review of the Boating Accident Re-
port Files in Ohio from 1983-1986, Molberg and colleagues found that alco-
hol consumption was a factor in up to 21 percent of reported boating acci-
dents (Molberg et al., 1993). Because alcohol deleteriously impairs balance,
motor function, and judgment, intoxicated passengers, as well as vessel op-
erators, are probably at risk for injury (Hingson and Howland, 1993).

In another water sport activity, diving, alcohol intoxication contributes to
and aggravates spinal cord injuries that frequently follow diving accidents.
In this context, Perrine and colleagues examined the effects of alcohol on
the ability to perform shallow-water entry dives under experimental condi-
tions (Perrine et al., 1994). The data revealed a progressive and significant
impairment of specific aspects of diving performance at blood alcohol lev-
els of .04 percent and higher. Interestingly, this study also correlated diving
performance with psychomotor performance using the same standardized
field sobriety tests used by many police to detect drunk drivers. Impaired
diving correlated well with subjects who failed the validated scoring criteria
for the detection of drivers with a blood alcohol level of more than .10 per-
cent (Perrine et al., 1994).

Aircraft Operation

One of the more complex divided attention tasks to challenge persons
outside of the laboratory is flying an aircraft. Pilots must attend to an array
of instrumentation and make perceptual and cognitive decisions based on a
large amount of information in an environment that changes in more than
one plane. Although there have been few cases of fatal airline crashes due to
pilot intoxication, sufficient data is available to raise concern about this is-
sue of airline safety. For example, it is known from research in other fields
that alcohol impairs skills such as divided attention that are believed neces-
sary for safe motor vehicle operation. It is also known that alcohol deleteri-
ously influences the ability of pilots to evaluate their performance (Morrow
et al., 1991) and that low levels of alcohol (.025 to .04 percent) impair per-
formance of trained pilots in flight simulators (Billings et al., 1991; Ross
et al., 1992).
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The effects of alcohol on piloting skills may exceed the direct pharmaco-
logical action of alcohol. It has also been suggested that alcohol can impair
performance on flight simulators many hours after blood alcohol levels have
returned to zero (Yesavage et al., 1994). Although these studies are based on
known biobehavioral effects or on flight simulator results, rather than epide-
miological data, it is clear more research is needed to understand this impor-
tant relationship.

Miscellaneous Injuries

In a recent case-control study, Dawson examined the relationship between
intoxication and the risk of death from external causes (e.g., suicide, homi-
cide, and accidental injuries) and found that relative to lifetime abstainers and
infrequent drinkers, the risk of death from external causes increased logari-
thmically among infrequent binge drinkers (Dawson, 2001). There was no
evidence of reduced risk of death among light or moderate drinkers. The
group at highest risk of death from external causes were drinkers who drank
less than once a month, but when they did drink, consumed five or more
drinks. Within this group, older subjects (defined as 65+ years) were at the
highest risk, but younger drinkers (defined as 18 to 24 years of age) were
also at high risk of death. Middle-aged drinkers (25 to 64 years of age) did
not show the same increased mortality risk, which the author suggested was
related to tolerance and experience. Although these data suggest that infre-
quent binge drinking, as defined, increases risk as a function of age,
possible tolerance, and age-related experience, the blood alcohol level that
would result from five drinks would be relatively low, allowing the other
variables to have a measurable impact.

Intoxication and Injury Outcome

Not only does alcohol intoxication produce direct medical consequences
as a result of injuries (e.g., fractures, traumatic amputations, etc.) sustained
in a motor vehicle crash, for example, it may also affect injury outcome, par-
ticularly head injuries. This is highly significant since up to half of traumatic
brain-injured patients have blood alcohol concentrations of .10 percent or
more at the time of injury (Zink et al., 2001). For example, motorcycle rid-
ers with head injuries are about twice as likely to have fatal head injuries if
they are intoxicated than similarly injured riders who are sober (Luna et al.,
1984), and contrary to popular misconception, drunk drivers are more likely
to be seriously or fatally injured than sober drivers (Waller et al., 1986). Al-
cohol-intoxicated accident victims with central nervous system injuries
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were more than twice as likely to die sooner than anatomically matched
controls (Zink et al., 1996).

The mechanisms of the exacerbating effects of alcohol on central ner-
vous system injuries are intriguing, but not well understood. Animal studies
suggest that the mechanism may be due to the inhibition of free radical scav-
engers such as dimethyl sulfoxide (Albin and Bunegin, 1986), alcohol-
induced cerebral edema as a result of lipid peroxidation (DeCrescito et al.,
1974), or increases in plasma osmolality (Elmer et al., 1984; Steinbok and
Thompson, 1978). However, Ward and colleagues found that hospitalized
major trauma victims with average blood alcohol levels of about .15 percent
were significantly less likely to die from injuries than victims in the sober
control group (Ward et al., 1982). Similarly, Kraus and colleagues found
that contrary to expectations, injury severity and mortality were inversely
related to blood alcohol levels (Kraus et al., 1989). This may imply that the
mechanisms through which alcohol exacerbates some injuries may be re-
lated to metabolic by-products as well as direct pharmacological actions of
alcohol itself. In any case, these older study results support the commonly
held belief that being intoxicated somehow protects against injuries. How-
ever, such a belief is not supported by the majority of more current research
on this topic (e.g., Fell and Hertz, 1993). More recent studies suggest that
the severity of hemorrhagic shock is greater when intoxicated and results in
a higher mortality rate compared to sober controls (Molina et al., 2002).
Hemorragic shock also induces acidosis with marked hypercarbia. In such
cases, alcohol-induced acidosis would likely increase morbidity and mor-
tality (Chen et al., 2000; Kinkaid et al., 1998; Molina et al., 2002) possibly
because of the effects of acidosis on ventilatory responses. Although the lit-
erature is complex, some evidence suggests that the effects of alcohol on
respiration are mediated through an opioid system. Zink and colleagues
(and others) found that the opiate antagonist naloxone can improve hemo-
dynamics and cerebral infusion following traumatic brain injury and hemor-
rhagic shock but not in alcohol-treated animals. However, alcohol-induced
depression of hypercapic (carbon monoxide) ventilatory drive was reversed
by naltrexone (Zink et al., 2001).

ALCOHOL AND THE SKELETAL SYSTEM

Although it is not difficult to appreciate the positive and causal relation-
ship between alcohol intoxication and skeletal fractures—one need only
look at the large number of motor vehicle and slip-and-fall injuries involv-
ing alcohol intoxication—this relationship is more complex and certainly
did not start with current epidemiological studies. In fact, the relationship
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between alcohol abuse and increased risks for skeletal fractures was ob-
served by the ancient Egyptians (Conn, 1985; Mathew, 1992; Seller, 1985).
This relationship has since been confirmed by research that suggests alco-
holics suffer from a generalized skeletal fragility and are prone to fracture.

Alcohol-Induced Fractures

Current scientific research on the prevalence of fractures in alcoholic
subjects is based on epidemiological studies. Those results are generally in-
consistent, but there is some evidence of a positive association between al-
cohol intake and fracture occurrence. For example, men hospitalized for
alcohol-related problems are four times more likely to have rib fractures
than nondrinking patients (Lindsell et al., 1982) and up to 14 times more
likely to have spinal-crush fractures (Crilly et al., 1988; Israel et al., 1980).

In a prospective study, Tuppurainen et al. (1995) found alcohol intake
higher among 3,140 perimenopausal women who experienced fractures
than among those without fractures. Women who drank alcohol had a risk of
a fracture that was about 50 percent higher than among women who did not
drink. In another study, increased weekly alcohol intake was associated with
greater risks for osteoporotic fractures in postmenopausal women (Paganini-
Hill et al., 1981). In the Paganini-Hill study, osteoporotic fractures in women
who consumed more than eight drinks per week were almost twice as likely as
in nondrinkers. Similarly, a survey of 84,500 U.S. women (ages 34 to 59) who
consumed 25 grams of alcohol per day was associated with a 133 percent
increase in risk for hip fractures and a 38 percent increase in risk for wrist
fractures (Hernandez-Avila et al., 1991). This effect is less common in other
populations where the consumption of seven or more standard drinks per week
was associated with a twofold increased risk of hip fractures in Japanese
women (Fujiwara et al., 1997) and a 4.6-fold increased risk of fractures in a
study of black women (Grisso et al., 1994).

Alcohol also increases the risk for fractures in men. In men under the age
of 65, two to six drinks per week significantly increased the risk of fractures
compared with the same injuries in subjects who consumed less than two
drinks per week. For male heavy drinkers younger than age 65, there was al-
most ten times the risk of hip fractures as men in the same age group who
drank lightly (Felson et al., 1988). As sobering as the results for men may
be, other investigators have not identified any significant association be-
tween alcohol intake and risks for various fractures in women (Johnell et al.,
1995; Cumming and Klineberg, 1994; Huang et al., 1996; Naves Diaz et al.,
1997; O’Neill et al., 1996). Thus, evidence suggests that excessive alcohol
intake increases the risk of fracture but the results are not unanimous. Fur-



Medical Consequences of Alcohol Abuse 15

ther, the consequences of low levels of alcohol consumption on skeletal in-
tegrity are not well understood.

Studies involving older or intoxicated patients, two groups at high risk
for fractures, have methodological limitations including but not limited to
defining and quantifying alcohol use due to memory impairment. Despite
these problems, including a host of confounding environmental factors such
as diet, exercise, and general health, a thorough scientific investigation of
the relationship between (moderate) alcohol intake and fracture risks would
still have enormous public health implications.

Alcohol-Induced Osteoporosis

In addition to the risk of falls and related injuries previously reviewed,
some evidence suggests that alcoholics may also suffer from a generalized
skeletal fragility. Bone density is a predictor of fractures and the term osteo-
porosis is synonymous with low bone density or osteopenia (NIAAA,
2000). Saville was the first to demonstrate the association of osteopenia
with alcohol abuse (Saville, 1965). Studying the bone mass of cadavers,
Saville found marked reductions in the bone mass of persons with a history
of alcoholism and further noted that the bone mass of young alcoholic males
were comparable to elderly, postmenopausal females. Since those initial ob-
servations, numerous studies have confirmed this effect (Peris et al., 1995;
Spencer et al., 1986). In a prospective case-control analysis of risk factors
for the development of osteoporosis, Blaauw and colleagues found that
average alcohol consumption was two to three times higher in both osteo-
porotic men and women than in age-matched controls (Blaauw et al., 1994).
A similar finding was made in an earlier study in which premenopausal
women who consumed more than two standard drinks per day exhibited 13
percent lower bone density of the hip, compared with women who con-
sumed less than one standard drink per week (Gonzalez-Calvin et al., 1993).

Alcohol-reduced bone density is not universally reported within or be-
tween studies. Some studies have suggested that increasing alcohol con-
sumption was positively, but anatomically and selectively correlated with
bone density (Holbrook and Barrett-Connor, 1993; Lairinen et al., 1993;
Lairinen et al., 1991). The Study of Osteoporotic Fractures (7,963 ambula-
tory, nonblack women ages 65 and older) revealed that modest alcohol in-
take, less than one drink per day in about 85 percent of the subjects, was as-
sociated with higher bone density (Orwoll et al., 1996).

Alcohol’s contribution to osteopenia in the overall population is not
known, although it is tempting to speculate that lower levels of consumption
are less likely to be associated with low bone density and may even be
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associated with higher bone density. However, the evidence for a protective
effect of moderate alcohol consumption is not entirely compelling and
should be interpreted with caution as many confounding factors exist in
and between many of these studies.

Microscopic Changes in Bone

Microscopic examination of bone (bone histomorphometry) from alco-
holics has been helpful in understanding the etiology of skeletal disorders
induced by alcohol. Bone mass is controlled by a remodeling cycle that be-
gins with bone breakdown by cells called osteoclasts. This initial period of
resorption is coupled with an equal amount of new bone formation by cells
called osteoblasts. Bone mass remodeling is an ongoing process throughout
most of the life cycle, but one that can be disrupted by alcohol. Alcoholics
generally show a reduction in new bone formation with varying reports of
increases (Schnitzler and Soloman, 1984) or no changes in bone resorption
(Diamond et al., 1989). Overall, these studies suggest that alcoholic bone
disease is characterized by considerable suppression of bone formation.

Although alcohol can disrupt the modeling cycle, these changes are re-
versible. Rapid recovery of osteoblast function occurs within two weeks of
abstinence (Diamond et al., 1989; Feitelberg et al., 1987; Lairinen et al.,
1992). Evidence also suggests that lost bone tissue is recovered following
abstinence (Peris et al., 1994).

Potential Mechanisms of Alcohol-Induced Bone Disease

The normal growth of bone cells depends upon a variety of orchestrated
factors, including adequate nutrition and the function and interaction of var-
ious hormones and intercellular regulating factors. Research in this area
suggests that while the exact mechanism through which alcohol affects the
integrity of the skeleton is not known, much has been learned. Even so,
likely candidates have not been clearly identified.

Chronic consumption of relatively low amounts of alcohol (one to two
drinks per day for women; three to four drinks per day for men) can interfere
with the normal metabolism of nutrients. As a result of poor diets, impaired
nutrient absorption, or increased renal excretion, alcoholics often have defi-
ciencies in minerals such as calcium, phosphate, and magnesium (Bikle
et al., 1985; Kalbfleisch et al., 1963; Lairinen et al., 1992; Tetrito and
Tanaka, 1974), as well as low levels of vitamin D, which is necessary for the
absorption of calcium from the intestinal system (Lalor et al., 1986; Morbarhan
etal., 1984). However, there is little histomorphometric evidence that nutri-
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tional deficiencies related to alcohol use are a major cause of alcohol-
induced bone disease.

Another candidate that may contribute to alcohol-induced bone disease
is calcitonin, a peptide produced by the thyroid gland. Calcitonin inhibits
bone resorption, in effect protecting bone. Some evidence suggests that the
acute administration of alcohol (equal to about four drinks in a 150-pound
male) increases calcitonin levels by about 38 percent three hours after con-
sumption by nonalcoholic males (Williams et al., 1978). Such hypercalci-
toninemia might explain why moderate intake of alcohol is associated with
higher bone density. However, little is known about repeated alcohol use or
how chronic alcohol affects calcitonin.

Blood calcium levels are regulated primarily through parathyroid hor-
mone (PTH). When blood calcium levels drop, PTH induces the release of
calcium from bone and reduces renal excretion of calcium. In nonalcoholic
subjects, acute alcohol consumption decreased PTH levels three hours after
drinking, but prolonged drinking for three weeks increased PTH levels as
well as serum calcium (Lairinen et al., 1991). It is still unclear how alcohol
might affect PTH and calcium in a clinical population where decreases in
bone density are typically observed.

Gonadal hormones may also play a role in alcohol-induced bone disease
since impaired gonadal function is a well-known risk factor for osteoporo-
sis. Moreover, alcohol abuse has long been associated with impotence, ste-
rility, testicular atrophy (Valimaki et al., 1982), and low testosterone (Van
Thiel et al., 1974) in men, and menstrual disturbances, spontaneous abor-
tions and miscarriages, impaired fertility, sexual function, and premature
menopause in women (Gavaler, 1991; Hugues et al., 1980; Mello et al.,
1993; Valimaki et al., 1984). Studies in women have yielded inconsistent re-
sults. Alcohol increases estradiol, a potent form of estrogen, but this effect
has only been reported in postmenopausal women who are undergoing hor-
mone replacement therapy. Nonetheless, if moderate alcohol consumption
increases estrogen, it could explain the positive relationship between alco-
hol use and increased bone density in women (Orwoll et al., 1996; Holbrook
and Barrett-Connor, 1993).

Chronic heavy drinking alters the growth and proliferation of many dif-
ferent cell types. In alcoholics, biochemical and histomorphometric studies
reveal a significant impairment in osteoblastic, but not osteoclastic activity,
suggesting that alcohol’s primary adverse effects on bones is through osteo-
blasts. Since bone remodeling and mineralization both are dependent on os-
teoblasts, chronic heavy alcohol consumption will ultimately reduce bone
mass and consequently lead to fractures.

Alcohol may decrease osteoblast proliferation through a direct toxic
mechanism or by the inhibition of intracellular signaling processes that reg-
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ulate cell replication. Preprogrammed cell death (apoptosis) of some cells is
enhanced by alcohol (De et al., 1994; Ewald and Shao, 1993).

Alcohol reduces cell protein and deoxyribonucleic acid (DNA) synthesis
in normal osteoblasts (Friday and Howard, 1991; Chavassieux et al., 1993)
and impairs the induction of compounds called polyamines (Klein and
Carlos, 1995) which regulate the synthesis of DNA. By disrupting the intra-
cellular process that normally stimulates polyamine biosynthesis vital to
osteoblast proliferation, alcohol even at low blood alcohol levels (.04 per-
cent range) may inhibit cell division. Exogenous polyamines antagonize the
inhibitory effect of alcohol on cell proliferation (NIAAA, 2000). Osteo-
calcin is a small peptide synthesized by osteoblasts. When released into the
circulation, osteocalcin levels are positively correlated with histomorpho-
metric parameters of bone formation in healthy individuals (Garcia-Carrasco
et al., 1988) and patients with metabolic bone disease (Delmas et al., 1985).
Alcohol produces a dose-dependent decrease in osteocalcin levels and chronic
alcoholic patients have significantly lower osteocalcin levels than controls
(Labib et al., 1989).

CANCERS
Gastrointestinal Diseases

Not all of the effects of alcohol occur rapidly, as in the cases of motor ve-
hicle crashes, pedestrian falls, and subsequent skeletal injuries. Some medi-
cal consequences of alcohol are more insidious, taking years to unfold be-
fore any significant medical consequence is detected. Among these are cell
damage caused by the direct or indirect toxic effects of alcohol. The first tis-
sue that alcohol comes into contact with is, in most instances, the upper gas-
trointestinal system.* With the exception of minute quantities of alcohol
that are directly absorbed through membranes in the buccal cavity and
esophagus, when swallowed, alcohol goes directly to the stomach in high
concentrations. Since the toxic effects of alcohol are directly related to dose
and concentrations, one might reasonably predict that high concentrations
of alcohol have potentially deleterious effects throughout the cells of the
gastrointestinal system.

Alcohol inhibits smooth muscle contractions in the lower esophagus
(Keshavarzian et al., 1994), which may cause chronic esophageal inflam-
mation. Impaired contraction of the smooth muscles in the esophagus and in

*The author has received anecdotal reports from clinicians and recovering alcoholics
about intravenous and rectal administration of alcohol, but it is believed that such exper-
imental drug use is rare.
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the stomach can also precipitate gastric acid reflux, resulting in a range of
symptoms from the relatively benign but very uncomfortable heartburn, to
severe esophagitis (inflammation of the esophagus). Prolonged gastric re-
flux may lead to a permanent tissue alteration, or metaplasia, of the esopha-
geal lining that may progress to esophageal adenocarcinoma (Gray et al.,
1993).

The relationship between alcohol consumption and various cancers of
the gastrointestinal and other systems has been the subject of considerable
research. Several studies have demonstrated a positive relationship between
alcohol and esophageal cancer, for example. People who consume more
than three drinks per day (21 drinks per week) have almost a tenfold higher
risk of esophageal cancer than those who drink less than one drink per day
(Vaughan et al., 1995). Esophageal cancers include adenocarcinomas as
well as cancers that are derived from normal esophageal cells (i.e., squamous
cell carcinomas). Both types of carcinomas are related by the local effects of
alcohol metabolites or alcohol-metabolizing enzymes such as alcohol de-
hydrogenase (ADH) on esophageal cells (Yin et al., 1993). For example,
acetaldehyde may alter normal DNA repair mechanisms in esophageal cells
and lead to gene alterations and tumor formation (Wilson et al., 1994). Al-
cohol also increases levels of the CYP2E 1 isozyme in the esophageal mu-
cosa, which can activate dietary carcinogens such as nitrosamines (Shimizu
et al., 1990).

Despite the high concentrations of alcohol that reach the stomach from
the esophagus, and the effects of alcohol consumption or alcohol metabo-
lites on DNA, alcohol use is not clearly associated with a risk of stomach
cancer (Franceschi and La Vecchia, 1994). Alcohol can cause gastritis, but
other factors, such as bacterium, may be responsible for inflammation of the
stomach. For example, gastritis and ulcer disease in nonalcoholics is often
caused by Helicobacter pylori. Heavy drinkers have a higher incidence of
H. pylori and gastritis, than do light drinkers (Paunio et al., 1994). Since al-
coholic gastritis is not readily cured by abstinence but is improved by treat-
ment with antibiotics, it has been quite reasonably suggested that gastritis is
caused by bacterium (Uppal et al., 1991).

The nexus between gastritis and increased risk for stomach cancer is not
well established, and the mechanism that leads the progression from chronic
gastritis to neoplasia probably involves many factors besides alcohol. For
example, nutritional factors, and in particular the deleterious effects of alco-
hol on the bioavailability of nutrients, probably play a role in alcohol-
related colon cancer in humans. Alcohol in combination with diets low in
essential nutrients such as methionine and folate, measurably increases the
risk for colon cancer (Giovannucci and Willett, 1994; Giovannucci et al.,
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1995). Alcohol also induces the formation of benign hyperplastic polyps in
the colon and rectum in humans (Kearney et al., 1995).

The association between alcohol and cancers of the colon and rectum is
positive, but weak (Doll et al., 1993; Longnecker, 1992; Longnecker et al.,
1990; Seitz and Poschl, 1997). Again, although alcohol probably plays
some role, other mechanisms are probably involved. Recent studies indicate
that smoking tobacco coupled with drinking alcohol may serve as a trigger-
ing mechanism for colon cancer (Yamada et al., 1997). Acetaldehyde may
also have arole as a cocarcinogen in cases of rectal cancer (Seitz and Poschl,
1997). See NIAAA (2000) for further discussion of this topic.

Does Alcohol Increase the Risk for Breast Cancer?

Despite decades of research suggesting that alcohol increases the risk
for breast cancer, reviews of this relationship suggest that the evidence for
this relationship is not compelling (English et al., 1995; International Agency
for Research on Cancer, 1988; McPherson et al., 1993; Longnecker, 1992,
1994; Longnecker, 1995; Smith-Warner et al., 1998). One factor may be
that a complex alcohol-endocrine interaction exists that may be related to
postmenopause hormone replacement therapy (Zumoff, 1997; Schatzkin
and Longnecker, 1994; Colditz, 1990; Gapstur et al., 1992).

ALCOHOL-INDUCED PANCREATIC INJURY

It is well known that alcohol abuse can lead to chronic pancreatic inflam-
mation, atrophy, and fibrosis, although only a small proportion of alcoholics
develop pancreatic injury. Specific risk and mechanisms that lead to alco-
holic pancreatitis have been difficult to identify (Haber et al., 1995; Doll
et al., 1993), but research from animal models suggests that acetaldehyde
may play some role in the development of alcoholic pancreatitis, as may di-
ets high in polyunsaturated fat. Although alcohol is believed to be a cause of
pancreatitis, a link between alcohol and pancreatic cancer has not been
made (NIAAA, 2000).

ALCOHOL-INDUCED LIVER INJURY

As the majority of alcohol leaves the gastrointestinal tract, it travels via
the hepatic portal vein from the small intestines to the liver, the largest organ
in the body and the primary site of alcohol metabolism. Since some alcohol
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metabolites are toxic, and because the concentration of alcohol reaching the
liver is so high and the liver is the primary site of alcohol metabolism, liver
damage may be among the most likely and most serious physiological con-
sequences of alcohol abuse. This is particularly significant because of the
central role the liver plays in so many physiological activities. Epidemiolog-
ical data clearly reveals that alcohol abuse is by far the leading cause of
liver-related mortality in the United States. Excessive alcohol consumption
leads to three serious types of liver injuries: fatty liver, hepatic inflammation
(alcoholic hepatitis), and progressive liver scarring (fibrosis or cirrhosis).
Chronic heavy drinking can alter normal metabolism and lead to an accu-
mulation of fat in the liver. As a result, the liver cells become infiltrated and
the liver itself becomes enlarged. The bad news is that extensive lipid infil-
tration may damage cells. The good news is that fatty liver is reversible with
abstinence.

Hepatitis is a more serious medical condition, characterized by prolific
inflammation and tissue damage. Hepatitis is life-threatening but there can
be significant recovery following abstinence. The most serious form of liver
damage is cirrhosis. This irreversible liver disease is characterized by scar-
ring and cell death. Impaired liver functioning can cause primary hepatic
encephalopathy, a brain disorder characterized by altered psychomotor, in-
tellectual, and behavioral functioning.

Although chronic, heavy drinking may produce metabolic tolerance and
unusually high rates of alcohol elimination, hepatitis and fibrosis ultimately
will impair liver function and produce a reverse metabolic tolerance and im-
paired oxidation of alcohol. Underreporting of alcohol consumption makes
the exact prevalence of alcoholic liver disease in the United States difficult
to measure, but health statistics suggest that some form of alcoholic liver
disease affects more than 2 million drinkers (Dufour et al., 1993). It is esti-
mated that 900,000 Americans have cirrhosis, and of the 26,000 who die
each year, 40 to 90 percent have a history of alcohol abuse (Dufour et al.,
1993).

It is clear that the development of alcoholic liver disease is due to a
combination of factors, most notably, prolonged alcohol consumption. One
commonly asked question by both scientists and concerned drinkers is
“How much alcohol does one need to drink before liver damage occurs?”
Epidemiological studies suggest that reliable signs of injury begin after a
“threshold” dose of alcohol is reached. Although there are always individ-
ual exceptions, the evidence suggests that the threshold is equal to a cumula-
tive dose of about 600 kilograms for men, and between 150 and 300 kilo-
grams for women. To place this in perspective, at the high end (for men),
this is roughly equivalent to the average consumption of 10 to 12 drinks a
day for ten years, and at the low end (for women), about three drinks per day
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(see Chapter 1). Below these doses, it is difficult (but certainly not impossi-
ble) to reliably detect liver injury (Lelbach, 1975; Marbet et al., 1987;
Mezey et al., 1988; Tuyns and Pequignot, 1984), or the damage is not signif-
icant enough to warrant medical attention. The differences in threshold
doses between men and women cannot be accounted for by anthropometrics
or pharmacokinetics. In addition, many individuals who consume these
amounts of alcohol never develop liver disease and less than one-half of
heavy drinkers develop alcoholic hepatitis or liver fibrosis (Lelbach, 1975).
This suggests that alcohol does not produce its effects independently and
that hereditary and/or environmental factors interact with alcohol to affect
the natural history of liver injury (Marbet et al., 1987). Marbet and col-
leagues suggested that other factors contribute to the pathogenesis of liver
disease in alcoholics because even though a substantial amount of alcohol is
required to induce liver injury, alcohol dose alone is not a good predictor of
the severity of liver injury (Marbet et al., 1987).

Numerous possible mechanisms may affect the susceptibility of certain
people to alcohol-induced liver damage, but the exact mechanisms by which
chronic alcohol abuse leads to liver disease are not known. A number of
mechanisms have been suggested which will be briefly reviewed below.

Mechanisms of Liver Injury

The metabolism of alcohol by hepatocytes requires oxygen, a process
that produces free radicals, such as hydroxyl and 1-hydroxyethyl radicals
and superoxide anions (Kukielka et al., 1994; Rashba-Step et al., 1993;
Reinke et al., 1994). These highly reactive compounds can interact with
proteins, lipids, and DNA to cause damage or death to liver cells (Fromenty
et al., 1995; Nordmann et al., 1992). Chronic alcohol consumption also
causes white blood cells (neutrophils) to migrate to the liver where they are
activated by an inflammatory substance to release large amounts of super-
oxides which may contribute to liver pathology (Bautista et al., 1992).

Normal liver cells contain antioxidants that can neutralize free radicals.
Chronic alcohol consumption decreases antioxidant levels in the liver re-
sulting in a state of oxidative stress that makes liver cells more susceptible to
free-radical-induced injury. One such antioxidant is glutathione, which is
present at high concentrations in liver cytosol and mitochondria. Alcohol
inhibits glutathione transport from the cytosol to the mitochondria of the
cell, causing impaired mitochondrial functioning, which is believed to cause
necrosis (Fernandez-Checa et al., 1991; Garcia-Ruiz et al., 1994).

Acetaldehyde is another highly reactive compound that may promote
hepatic injury because high concentrations of this metabolite can become a
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substrate for aldehyde oxidase and other enzymes which produce free radi-
cals as by-products of this reaction (Kato et al., 1990; Shaw and Jayatilleke,
1990, 1992; Tsukamoto et al., 1995). Since earlier studies have demon-
strated that alcoholics accumulate high levels of acetaldehyde (Baraona
et al., 1987), acetaldehyde may be part of the process by which the produc-
tion of free radicals increase and injure liver cells. Acetaldehyde also can re-
act with specific amino acid residues on cellular proteins to form acet-
aldehyde-protein adducts (Holstege et al., 1994; Niemela et al., 1991),
which tend to be localized in sites of greatest liver injury. Acetaldehyde-
protein adducts also may stimulate liver cells to produce collagen, which
may result in fibrosis and, ultimately, cirrhosis (Bedossa et al., 1994; Casini
et al., 1993). Eriksson (2001) recently pointed out that the most compelling
evidence that acetaldehyde plays a role in alcoholic liver disease comes
from a study of alcoholics who carry the ALDH2*2 and ADH2*2 alleles. In
Asian, but not Caucasian alcoholics, there is an association between ADH2*2
alleles and cirrhosis. Interestingly, people with this allele drink less than
those without it but are not protected from alcoholic liver disease. In fact,
they may develop liver disease (i.e., cirrhosis) at lower levels of alcohol con-
sumption (Eriksson, 2001).

Chronic alcohol use also depletes hepatic levels of vitamins A and E anti-
oxidants (Hagen et al., 1989; Leo et al., 1993), which enhance alcohol-
induced lipid peroxidation and exacerbates liver injury in animals (Kawase
et al., 1989; Sadrzadeh and Nanji, 1994). However, health-supplement drink-
ers should note that neither vitamins A nor E have been shown to have any
significant preventative effects against alcoholic liver injury (Sadrzadeh
et al., 1995; Ahmed et al., 1994; Leo et al., 1992).

Cytokines are a diverse group of substances with inflammatory, fibro-
genic, and growth-promoting properties. Many cytokines associated with
alcohol-related liver disease are also believed to be mediators of liver injury
because patients with alcohol-related hepatitis frequently have high circu-
lating levels of cytokines such as interleukin-1 (IL-1), interleukin-6 (IL-6),
interleukin-8 (IL-8), and tumor necrosis factor-alpha (TNF-alpha) (Bird
et al., 1990; Hill et al., 1992, 1993; Khoruts et al., 1991; Ohlinger et al.,
1993; Sheron et al., 1993; Tilg et al., 1992). Cytokines IL-8 and TNF-alpha,
in particular, correlate negatively with prognosis of liver disease (Felver
et al., 1990; Hill et al., 1992, 1993; Sheron et al., 1993). Another cytokine-
transforming growth factor-beta (TGF-beta), which is found in the livers of
alcoholics, is believed to be critical in the development of hepatic fibrosis.
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Cirrhosis

Chronic alcohol consumption induces liver fibrosis (scarring) by stimulat-
ing the fat-storing cells of the liver to differentiate into collagen-producing
stellate cells. It is believed this leads to irreversible cirrhosis. Alcoholic liver
fibrosis may occur indirectly through acetaldehyde-protein adducts that can
enhance collagen synthesis by stellate cells in vitro (Bedossa et al., 1994;
Casini et al., 1993; Moshage et al., 1990). Products of lipid peroxidation also
increase collagen synthesis which may lead to fibrosis (Maher et al., 1994;
Parola et al., 1993; Tsukamoto, 1993).

Although there are a variety of biomechanical mechanisms through which
alcohol or alcohol-metabolites may cause liver damage, the problem is
more complex. Hereditary variations in enzymes may explain why only a
small proportion of alcoholics develop serious liver disease. Although ge-
neric variants, polymorphisms in alcohol dehydrogenase (ADH), CYP2E1
isozyme, and aldehyde dehydrogenase (ALDH) result in various rates of al-
cohol metabolism among different ethnic groups, no single ADH allele has
been causally linked to alcoholic liver injury (Chao et al., 1994; Day et al.,
1991; Poupon et al., 1992).

ALDH polymorphisms may also play a role in the development of alco-
holic liver injury. ALDHY, an allele which is present in about half of all Chi-
nese and Japanese, encodes an enzyme that is completely nonreactive to-
ward acetaldehyde. ALDHY homozygotic individuals (those who have two
copies of this allele) generally have an aversion to alcohol because of the ac-
cumulation of acetaldehyde. However, chronic drinkers who are ALDHY
heterozygotes (those who have one copy of the ALDHY allele) do not have
an alcohol aversion and develop liver injury more frequently and at lower
cumulative doses than people with normal ALDH (Enomoto et al., 1991;
see Eriksson, 2001).

Finally, gender also may play a role in the development of alcohol-
induced liver damage. Some evidence indicates that women are more sus-
ceptible than men to the cumulative effects of alcohol on the liver, even
though women drink less than men (Becker et al., 1996; Gavaler and Arria,
1995; Hisatomi et al., 1997; Naveau et al., 1997; NIAAA, 1997). Compared
with men, women who have alcoholic liver injuries remain at higher risk of
disease progression even with abstinence (Galambos, 1972; Pares et al.,
1986). This curious gender difference suggests that gastric ADH may be a
causative factor. ADH is present at high levels in the liver in both men and
women, but differences in gastrointestinal ADH between men and women
may affect its bioavailability. Women have lower levels of gastric ADH ac-
tivity than men (Frezia et al., 1990; Seitz et al., 1992) so their livers receive
more concentrated levels of alcohol from the gut, thereby placing women at
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greater risk for liver damage. Although this is an interesting concept, other
investigators have found no such gender differences in gastric ADH activity
(Thuluvath et al., 1994), and some researchers question the significance of
the stomach in the first-pass metabolism of alcohol (Levitt and Levitt,
1994).

Gender differences in alcohol-induced liver injury may be related to gen-
der differences in the metabolism of fatty acids rather than alcohol itself.
The accumulation of nonmetabolized fatty acids in the liver through alcohol
inhibition of the oxidation of fatty acids by hepatic mitochondria has long
been known to be part of the alcoholic disease process (Lieber et al., 1965;
Lieber and DeCarli, 1970). It is believed the infiltration of fat impairs
intracellular functioning and causes cell injury (NIAAA, 1997).

CARDIOVASCULAR DISEASES

Cardiovascular disease is the leading cause of death among Americans,
followed by cancer and stroke (USDHHS, 1995). The role of alcohol as
both arisk factor and a potential protective factor for cardiovascular disease
has been the focus of intense investigation for many years (see NIAAA,
1997; Zakhari and Wassef, 1996). The results are clear: alcohol has both
deleterious and beneficial effects, but the conditions under which alcohol
exerts these unusual behavior effects and the mechanisms involved are com-
plex at best.

Alcohol and Heart Disease

It has been known for nearly eighty years that heavy drinking decreases
longevity. Pearl noted that moderate drinkers lived longer than either ab-
stainers or heavy drinkers (Pearl, 1926). Over the life span, total alcohol
consumption is inversely associated with heart damage. The deterioration of
heart muscle, a condition known as alcoholic cardiomyopathy, is one of the
most serious consequences of chronic heavy drinking. As cardiac cells dete-
riorate, the unique ability of these cells to contract is impaired. This is par-
ticularly significant in the heart’s left ventricle which pumps freshly oxy-
genated blood throughout the body. Compensatory mechanisms result in an
enlarged heart, but any benefit from such cardiac hypertrophy is temporary.
Eventually the heart is unable to meet the body’s demand for oxygen. Alco-
holic cardiomyopathy is the most common cause of non-ischemic cardio-
myopathy in Western societies and is a major source of heart failure and
death (NIAAA, 1997, 2000).
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As with other diseases, women may also be more sensitive to the toxic ef-
fects of alcohol on the heart, even though women drink less, or report drink-
ing less, than men (Fernandez-Sola et al., 1997; Urbano-Marquez et al.,
1995).

Possible Beneficial Effects of Alcohol
on Coronary Heart Disease

Several prospective studies have reported a reduced risk of death from
coronary heart disease across a wide range of alcohol consumption. These
include studies among men in the United Kingdom (Doll et al., 1994), Ger-
many (Keil etal., 1997), Japan (Kitamura et al., 1998), and the United States
(Fuchs et al., 1995). The definitions of moderate drinking vary among stud-
ies; however, most, if not all, of the apparent protective effect against coro-
nary heart disease (CHD) was realized at low to moderate levels of alcohol
consumption. For example, in the Fuchs study of more than 85,000 U.S.
women, “light to moderate” drinking ranging from one to three drinks per
week to one to two drinks per day was associated with a reduced risk of
death from cardiovascular diseases.

A meta-analysis of data from 19 cohort studies and six case-control stud-
ies found that the risk of death from CHD was reduced at all levels of alco-
hol consumption, but the maximum reduction in risk occurred when alcohol
consumption was low (English et al., 1995). Other studies have suggested
that the protective effects of alcohol are greatest in people already at risk for
cardiovascular diseases. For example, an analysis of data from a nine-year
follow-up of 490,000 Americans in the Cancer Prevention Study II (Thun
et al., 1997) found that both men and women who consumed alcohol had a
30 to 40 percent lower risk of death from all cardiovascular diseases com-
pared to those who abstained from drinking. This effect was greatest among
people diagnosed as at risk and was not related to the amount of alcohol con-
sumed.

Similarly, another large U.S. survey, the National Health and Nutrition
Examination Survey I, found that the incidence of CHD in men who drank
was lower across all levels of consumption than in nondrinkers (Rehm et al.,
1997). CHD was also reduced among women, but only in those who con-
sumed low to moderate levels of alcohol. In fact, an increased risk was ob-
served in subjects who consumed more than 28 drinks per week, a finding
that is not unique (see Hanna et al., 1997).

An association between moderate drinking and lower risk for CHD does
not necessarily mean that alcohol itself is the protective agent. For example,
areview of population studies indicates that the higher mortality risk among
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abstainers may be attributable to shared traits—socioeconomic and employ-
ment status, mental health, overall health, and health habits such as smok-
ing—rather than participants’ nonuse of alcohol (Fillmore et al., 1998).

It is also important to note that the apparent benefits of moderate drink-
ing on CHD mortality are offset at higher drinking levels by increased risk
of death from other types of heart disease, cancer, liver cirrhosis, and trauma
(USDHHS, 1999). For these and other reasons, the U.S. Department of Ag-
riculture (USDA) and the USDHHS have defined moderate drinking as one
drink per day or less for women and two or fewer drinks per day for men
(USDA, 1995). In addition, the NIAAA further recommends that people
ages 65 and older limit their consumption of alcohol to one drink per day
(NIAAA, 2000).

How Does Alcohol Protect Against Heart Disease?

The mechanisms through which alcohol may protect against CHD are di-
verse. Animal studies suggest that alcohol may impede uptake of fatty acids
into the heart (Brick et al., 1987), the accumulation of fatty deposits, or
atherosclerotic plaques in coronary arteries (Dai et al., 1997). Furthermore,
the animals used in these studies showed increased levels of high-density
lipoproteins (HDL), or “good cholesterol,” that is clinically associated with
lower risk of CHD.

Other studies have indicated that alcohol consumption increases HDL-
cholesterol levels by decreasing the activity of cholesteryl ester transfer pro-
tein (CETP), which transfers cholesterol molecules from HDL particles to
low (LDL) or very low (VLDL) density lipoprotein particles. High levels of
LDL and VLDL are associated with increased risk of CHD (Fumeron et al.,
1995). Drinking alcohol seems to alter the gene functioning to increase HDL-
cholesterol. Researchers have confirmed the association between alcohol
consumption and increased HDL-cholesterol in people through several large
epidemiological studies (e.g., Sonnenberg et al., 1996; Marques-Vidal
et al., 1995; Huijbregts et al., 1995). However, these changes in HDL-
cholesterol and LDL-cholesterol levels contribute only about half of the
observed protection against CHD with alcohol consumption. This sug-
gests that other mechanisms may be contributory to the protective effects
of alcohol. For example, alcohol may have antithrombotic effects, and
may reduce platelet activation and clotting factor activity (Rubin and
Rand, 1994). Indeed, evidence suggests that drinking 30 grams of alcohol
(just over two drinks) per day for four weeks causes a reduction of platelet
aggregation and a decrease in blood levels of fibrinogen, which stimulates
clot formation (Pellegrini et al., 1996). Moderate alcohol consumption may
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have other antithrombic effects by increasing blood levels of tissue plas-
minogen activator, an enzyme that breaks down blood clots (Ridker et al.,
1994), or it may suppress the production of substances that promote clotting
(Booyse, 1999).

Beverage Type and Pattern of Consumption

Wine may confer special protection against CHD (Goldberg et al., 1995)
or this protective effect may be due to the alcohol itself (Doll, 1997; Rimm
et al., 1996). Reviews of lipid-reducing effects of wines are available (see
Chadwick and Goode, 1998; Goldberg et al., 1995) and at least one recent
study of Chinese men revealed no additional reduction in overall mortality
associated with drinking rice-fermented wine (Yuan et al., 1997). However,
other factors besides wine may contribute to this effect. The pattern of
drinking, rather than the type of alcohol consumed, may help explain how
drinking wine might protect against CHD (Doll, 1997; Grgnboek et al.,
1995; Klatsky and Armstrong, 1993). For example, wine drinkers tend to
consume small amounts of alcohol daily rather than consume larger amounts
of alcohol on weekends. It has been suggested that the pattern of frequent
drinking may confer some protection against CHD and that large amounts
are not needed to achieve a beneficial effect (Bondy, 1996). Similarly, alco-
hol consumed with meals was found to reduce the postprandial elevations of
blood lipids (Beenstra et al., 1990; Rubin and Rand, 1994). Other studies
have reported a reduced risk of coronary death or acute myocardial infarc-
tion with moderate, regular drinking and an increased risk associated with
binge drinking (McElduff and Dobson, 1997; Kauhanen et al., 1991, 1997).

Finally, because many of the epidemiological studies from which much
of the evidence is derived have involved middle-aged or older persons in sta-
ble social situations, the findings may not necessarily apply to younger
drinkers, whose risk of CHD is low to begin with, or to other social groups.

In summary, lowered CHD risk is most closely associated with a consis-
tent pattern of drinking small amounts of alcohol. The apparent CHD bene-
fit is largely, if not wholly, attributable to alcohol itself and not to specific
beverages or to other constituents of particular beverages such as red wine.
Future research should help bring clarity to this body of literature (Klatsky
et al., 1997; Rimm et al., 1996).

Alcohol and Blood Pressure

There is a well-documented association between heavy alcohol con-
sumption and hypertension (Ascherio et al., 1996; Seppa et al., 1996; York
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and Hirsch, 1997; Campbell et al., 1999). Heavy alcohol consumption ele-
vates blood pressure and causes or exacerbates hypertension (Puddey et al.,
1995; Ueshima et al., 1993). It is estimated that one drink per day can chron-
ically increase blood pressure one millimeter of mercury in middle-aged in-
dividuals, and even more in the elderly and people with preexisting hyper-
tension (Beilin et al., 1996). Controversy remains as to whether moderate
alcohol consumption has any beneficial effects on blood pressure, but
reducing alcohol intake may be one means of reducing blood pressure in
people with hypertension (Lang et al., 1995; World Health Organization,
1996).

Despite the well-recognized association between alcohol and hyperten-
sion, the cellular mechanisms of alcohol’s effect on blood pressure are not
well understood and are made confusing by the fact that, initially, drinking
alcohol dilates blood vessels, which lowers blood pressure. Studies looking
to explain how long-term, heavy alcohol consumption reverses this effect
and leads to elevated blood pressure have generally concluded that this ef-
fect is due to the actions of alcohol on the autonomic nervous system. For
example, heavy alcohol consumption has been associated with increased re-
lease of the stress hormones adrenaline and norepinephrine, which constrict
the blood vessels, increase blood pressure, and decrease sensitivity of
baroreceptors. This may be one mechanism through which alcohol leads to
hypertension.

Moderate alcohol consumption (about one to three drinks per day) is as-
sociated with a slight reduction in blood pressure and may protect against
age-related development of hypertension (Gillman et al., 1995; Palmer
et al., 1995). The significance of these findings may be offset by an in-
creased risk of death from causes unrelated to cardiovascular disease (e.g.,
accidental injuries, liver disease, etc.). Heavy alcohol consumption also
may alter peripheral regulation of blood pressure by affecting smooth mus-
cle cells in the walls of blood vessels (see Altura and Altura, 1996).

Evidence indicates that the increased blood pressure associated with al-
cohol use is related to alcohol withdrawal rather than a direct effect of alco-
hol. Kawano and colleagues found that a single drink of alcohol depresses
the blood pressure of patients with hypertension for several hours (Kawano
et al., 1996). However, patients who consume one drink each evening for
seven days have blood pressure that seesaws; it is low in the evening and in-
creases in the morning, suggesting that regular consumption of alcohol can
raise blood pressure during the hours that alcohol is not consumed (Abe
et al., 1994). These findings are consistent with observations that sympa-
thetic-nervous-system-induced increases in blood pressure occur during al-
cohol withdrawal (Denison et al., 1997).
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Stroke Risk

There are two relevant forms of stroke: ischemic and hemorrhagic.
Ischemic stroke occurs when a blood vessel in the brain is blocked. Hemor-
rhagic stroke occurs when a blood vessel in the brain ruptures. Alcohol-
related hypertension, or high blood pressure, may increase the risk of both
forms of stroke. Yet, in people with normal blood pressure, the risk of
ischemic stroke may be decreased due to the apparent ability of alcohol to
lessen damage to blood vessels due to lipid deposits and to reduce blood
clotting. However, whereas alcohol’s anticlotting effects may decrease the
risk of ischemic stroke, alcohol-induced hypertension may increase the risk
of hemorrhagic stroke (Hillbom and Juvela, 1996).

Two relatively recent reviews of the relationship between alcohol con-
sumption and stroke risk revealed no differences in the risk patterns for
ischemic or hemorrhagic stroke. One study found clear evidence that heavy
drinking was associated with increased stroke risk, particularly in women.
This evidence was inconsistent regarding a protective effect of low doses of
alcohol against stroke (English et al., 1995). In the second review, the author
concluded that although moderate drinking (defined in this review as usual
consumption of fewer than two drinks daily for men and less than one drink
daily for women) does not appear to increase the risk of ischemic stroke, it is
not clear whether moderate drinking protects against this type of stroke
(Camargo, 1996). Other studies also fail to offer clear evidence that moder-
ate drinking protects against stroke (Knuiman and Vu, 1996; Yuan et al.,
1997) and there is evidence, albeit inconsistent, that moderate drinking may
actually increase the risk of hemorrhagic stroke (Camargo, 1996).

In contrast, the Cancer Prevention Study II found that all levels of drink-
ing were associated with a significant decrease in the risk of stroke death in
men, but in women, the decreased risk was significant only among those
who consumed one drink or less per day (Thun et al., 1997). The Physicians’
Health Study reported that male physicians who consumed more than one
drink per week had a reduced overall risk of stroke compared with partici-
pants who had less than one drink per week (Berger et al., 1999). The au-
thors concluded that the benefit was apparent with as little as one drink per
week.

Among young people, long-term heavy alcohol consumption has been
identified as an important risk factor for stroke (You et al., 1997). Very re-
cent alcohol intoxication also has been found to be associated with a signifi-
cant increase in the risk of ischemic stroke, especially in both men and
women ages 16 through 40 (Hillbom et al., 1995). For example, researchers
in another study reported that recent consumption of alcohol was associated
with the onset of stroke in young people during weekends and holidays, pos-
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sibly reflecting an association with heavy drinking (Haapaniemi et al.,
1996).

In summary, heavy drinking appears to increase the risk of hypertension
and, although the evidence is not entirely consistent, also may increase the
risk of stroke. It remains uncertain whether lower levels of alcohol can help
prevent ischemic stroke. In addition to examining how much alcohol is con-
sumed, it may be important to consider drinking patterns in determining
stroke risk.

Peripheral Vascular Disease

The possibility that alcohol may protect against CHD has led researchers
to hypothesize that alcohol also may protect against peripheral vascular dis-
ease. In a 1985 analysis of data from the Framingham Heart Study, alcohol
was not found to have a significant relationship, either harmful or protec-
tive, with regard to peripheral vascular disease (Kannel and McGee, 1985).
Other studies have failed to find a significant relationship between alcohol
consumption and the narrowing of blood vessels that define peripheral vas-
cular disease as well. However, a recent study produced much more encour-
aging results. In an analysis of the 11-year follow-up data from more than
22,000 men enrolled in the Physicians’ Health Study, researchers found that
daily drinkers who consumed seven or more drinks per week had a 26 per-
cent reduction in risk of peripheral vascular disease (Camargo et al., 1997).
This study took into account the effects of smoking, exercise, diabetes, and
parental history of myocardial infarction.

Two other studies found inconsistent results with regard to gender. One
study of middle-aged and older men and women in Scotland showed that as
alcohol consumption increased, the prevalence of peripheral vascular dis-
ease declined in men, but not in women (Jepson et al., 1995). In contrast,
among people with non-insulin-dependent diabetes, alcohol was associated
with a lower prevalence of peripheral vascular disease in women but not in
men (Mingardi et al., 1997). Clearly, the relationship of alcohol consump-
tion to peripheral vascular disease requires further study.

CONCLUSIONS

As a pharmacological agent, alcohol is a relatively simple compound.
The ubiquitous nature of this drug on most, if not all major organ systems is
consistent with its simple molecular structure and its widespread use. Alco-
hol affects the gastrointestinal, hepatic, cardiovascular, and skeletal systems
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included in this review, but these effects extend to the organism as a whole
when accidental injuries due to intoxication are considered.

From the available alcohol research, several conclusions may be drawn
regarding the medical consequences of alcohol use. Most notably and
across physiological systems, alcohol’s effects are multiphasic. Although
the nature of the deleterious and possible protective effects of alcohol con-
tinues to emerge, the conditions under which these medical consequences
present themselves is complex and will, in all probability, remain elusive for
several years. Variables such as gender, diet, environment, lifestyle, genet-
ics, dose and frequency of alcohol use, other drugs, and age interact in com-
plex but sometimes visible ways. The majority of studies suggest that, over-
all, higher doses of alcohol are deleterious to many physiological systems
and precipitate a range of psychosocial and biobehavioral problems. In
some individuals and under some conditions, alcohol use seems to have a
beneficial effect on health. Both experimental and clinical studies suggest
that the protective effects of alcohol, when they do occur, are most often as-
sociated with low doses (the equivalent of about one to two drinks per day).

There are many other medical consequences beyond those selected for
this review, some of which are presented elsewhere in this book. The exclu-
sion of that body of literature was a function of the enormity of the topic and
not the significance of that research. Also, whereas the research relied upon
in this chapter focused on clinical studies, preclinical research has been
helpful in testing and identifying many of the underlying mechanisms
through which alcohol use and abuse causes pernicious as well as beneficial
medical consequences. Finally, the importance of continued multidisciplinary
research to identify the conditions under which, and the subjects in whom,
alcohol produces medical consequences cannot be overstated.
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of Alcohol and Drug Abuse

Rosemarie Scolaro Moser
Corinne E. Frantz

OVERVIEW

The research and popular literature are replete with information discuss-
ing the physical mechanisms of addiction, theories of alcohol and drug ac-
tion within the human body, and the psychosocial impact of substance
abuse. We are gaining insight into the process of addiction and how the
rewarding effects of certain substances are a result of dysregulation of the
brain reward circuit (Leshner and Koob, 1999). However, the body of
research linking the physical effects of substances of abuse to cognitive or
neuropsychological functioning is less comprehensive. We are beginning to
comprehend how physical changes in the brain due to substance abuse may
lead to acute, transient, and permanent alterations in the way one thinks and
processes information.

The purpose of this chapter is to provide the reader with a survey of re-
search identifying the documented relationships between alcohol and drug
abuse and neuropsychological functioning. Clearly, a significant portion of
the research in this area has focused on alcohol abuse and this chapter will be-
gin with an understanding of that body of research. Next will be a review of
the research on polydrug abuse in which population samples are not distin-
guished by a particular drug, as is often the case. It is for this group of drug
abusers that neurotoxicity has been most frequently observed (Hartman, 1995).

Few abusers commit to one substance alone, so it is difficult to find for-
midable research that represents each substance of abuse (Miller, 1985).
Nonetheless, some specific research is available for a few drugs. The illegal
drugs that have been more typically represented in neuropsychological re-
search, including marijuana, cocaine, LSD, and PCP (phencyclidine), will
be reviewed here. Opiates, solvents, and new designer drugs will also be
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mentioned despite the dearth of neuropsychological research pertaining to
them.

Neuropsychology is the scientific study of brain-behavior relationships
and how physiological brain function impacts neuropsychological processes
such as “memory, language skills, sensory/perceptual/motor skills, visual/
spatial skills, mental speed/efficiency/flexibility, physical and mental co-
ordination, listening skills, attention and concentration, problem solving,
and reasoning” (Moser, 1999, p. 2). Neuropsychologists, or cognitive scien-
tists, utilize a variety of assessment tools to measure neuropsychological
processes, a number of which will be referred to in this chapter.

When alcohol and other drugs have an effect on the brain, the effect tends
not to be clear, lateralized, and focal in nature as seen in strokes, tumors, or
other localized brain disorders. Rather, a more generalized, pervasive effect
on the brain, with perhaps particular areas of concentration of dysfunction,
may be observed. Thus, some drugs may specifically affect certain neuro-
psychological functions, although these functions may not be specific to a
certain area of the brain. Effects may be immediate and acute, or long last-
ing and chronic.

Much controversy exists regarding the effects of repeated use of nonpre-
scription drugs because of problems in the experimental design of the exist-
ing studies. With this in mind, the reader is cautioned to consider the limita-
tions of current research in the area of the neuropsychology of alcohol and
drug abuse. Nonetheless, the promise of future research may lie in the com-
plementary use of neuroimaging and neuropsychological assessments that
will offer greater insight into brain-behavior relationships.

BRAIN IMPAIRMENT AND ALCOHOL ABUSE

Alcohol ranks as one of the most serious substances of abuse due to the
prevalence of abuse in the general population and the severity of its toxic ef-
fects. It has been estimated that between 5 and 12 million individuals abuse
alcohol, with a significantly greater proportion being male (Hartman, 1995;
Thompson, 2000). The acute effects of alcohol intoxication are well known.
Some of the effects of chronic alcohol abuse are also well known and have
been extensively reviewed, particularly the dramatic effect of alcohol on
memory in the case of Korsakoff’s syndrome (Butters, 1984; Butters and
Miliotis, 1985). Less clear and still somewhat controversial are answers to
the following questions:
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1. What are the cognitive effects of chronic alcohol abuse in the absence
of Korsakoff’s syndrome?

2. What, if any, are the direct toxic effects of alcohol on brain tissue?

3. Are there cognitive predictive factors for individuals at high risk for
alcohol abuse?

4. What is known about the recovery of cognitive functions after absti-
nence from chronic alcohol abuse?

As with all drugs of abuse, alcohol is initially sought out for its pleasur-
able effects which are mediated in the brain by its impact on the mesolimbic
reward system (Leshner, 1997).

Recent evidence, however, points to alcohol’s impact on the gamma-
aminobutyric acid (GABA) receptor complex embedded in the membrane
of neurons; in particular, the barbiturate site on the GABA (A) receptors
(Thompson, 2000). Converging evidence from a variety of sources indicates
that alcohol significantly alters GABA neurotransmission; may mediate
many of the acute behavioral effects of alcohol, such as motor incoordination,
anxiolysis, and sedation; and plays an important role in the development of
alcohol tolerance and susceptibility to alcohol dependence (Mihic and Har-
ris, 1997; Grobin et al., 1998). Thus, in addition to its common effects on the
brain’s reward system, which are shared by all substances of abuse, alcohol
also affects those brain regions outside of the pleasure system that utilize
GABA (Leshner, 1997; Thompson, 2000; see Chapter 4 for additional in-
formation).

Acute Effects of Alcohol Intoxication

Alcohol crosses the blood-brain barrier; therefore, the acute effects of al-
cohol intoxication are highly correlated with blood alcohol level (Hartman,
1995; Brick and Erickson, 1999). Studies of neuropsychological perfor-
mance associated with acute alcohol intake have found impairments on a
variety of cognitive tasks. Minocha and colleagues (1985), for example,
found impairments in fine motor coordination, attention, concentration,
auditory-verbal skills, and visuospatial skills. In a study comparing the
acute effects of ethanol and temazepam ingestion on the formation of new
semantic and episodic memories, Tiplady and colleagues (1999) found that
the acquisition of new semantic and episodic memories, assessed with a test
of learning-invented facts and by a measure of long-term learning of words
on the Buschke test, were impaired by ingestion of both drugs. The effects
of ethanol were more marked than the effects of temazapam on new learn-
ing. Psychomotor speed, assessed with the digit symbol subtest of the
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Wechsler Adult Intelligence Scale, was equally impaired by both drugs. Se-
mantic memory refers to recall of general knowledge that is not tagged to
specific life experiences (e.g., knowledge of vocabulary and overlearned
facts). Episodic memory, in contrast, refers to recall of events or facts that
are related to an individual’s specific life experiences. Both types of mem-
ory are considered to be declarative in nature, which will be defined later.
GABA exerts a prominent inhibitory effect on brain systems which it
subserves. As already noted, this may account for the anxiolytic effect of al-
cohol intake. Similarly, the agitation and convulsions observed during alco-
hol withdrawal may be due to neuronal hypersensitivity. This is the hyper-
sensitivity theory of withdrawal and addiction (Thompson, 2000).

Neuropsychological Findings in Chronic Alcoholism
with Korsakoff’s Amnesia

Considerable neuropsychological attention has been focused on the cog-
nitive features of Korsakoff’s syndrome. Afflicted individuals first undergo
an acute encephalopathic crisis called Wernicke’s encephalopathy which re-
solves into a persistent and severe amnesia referred to as Korsakoff’s amne-
sia. The characteristics of this amnesia include a severe anterograde loss of
memory during which the afflicted individual is unable to learn new verbal
or nonverbal information that is declarative and episodic in nature. Declara-
tive memory refers to knowledge of facts or events that can be consciously
stated or declared by the individual. Episodic memory, as noted earlier, re-
fers to recall of facts or events that occurred at a specific time in a person’s
life, such as recalling what one ate for breakfast in the morning. The antero-
grade amnesia in Korsakoff’s syndrome is often accompanied by normal or
near normal intellectual functions and a milder retrograde amnesia. Retro-
grade amnesia refers to difficulty retrieving facts or events from long-term
memory that occurred before the onset of the illness. It is usually more
pronounced for events that occurred just prior to the onset of the illness,
while remote events, such as childhood memories, are relatively well pre-
served (Albert et al., 1981; Butters and Miliotis, 1985).

It has been known for some time that the damaging effects to the central
nervous system, or brain, which give rise to Korsakoff’s syndrome occur as
an indirect effect of alcohol on the brain; namely, a severe nutritional defi-
ciency that accompanies increasingly severe and protracted alcohol intake
and results in a complete absence of thiamine in the diet. The immediate
treatment for an individual suffering from Wernicke’s encephalopathy is ad-
ministration of large doses of thiamine. Although considered to be rare,
there is evidence that Wernicke’s encephalopathy is significantly under-
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diagnosed among chronic alcoholics (Hartman, 1995). Autopsy studies of
individuals who have been afflicted with Wernicke-Korsakoff syndrome re-
vealed pronounced damage to several limbic system structures, including
the mammillary bodies of the hypothalamus and the medialis dorsalis nu-
cleus of the thalamus. In addition, damage has been reported to the vermis of
the cerebellum, the oculomotor nucleus which controls eye movements, and
association areas in the cerebral cortex. Damage to the hippocampus has not
been consistently reported (Butters, 1979; Butters and Miliotis, 1985). How-
ever, the mammillary bodies and the medialis dorsalis nucleus of the thalamus
are known to have strong anatomical connections with the hippocampus,
which is involved with memory functions.

Early investigations found that individuals with Korsakoff’s syndrome
were impaired in their retention of new information after delays of only
a few seconds (Butters and Cermak, 1975; Kinsbourne and Wood, 1975;
Piercy, 1978). Analysis of the nature of errors made in recall by Korsakoff
patients revealed a high incidence of intrusions rather than errors of omission,
suggesting that Korsakoff patients were highly vulnerable to distraction; in
particular, they were vulnerable to the effects of proactive interference on
recall (Butters, 1979; Butters and Miliotis, 1985). Proactive interference re-
fers to the inability to acquire new information because of interference from
previously learned material. Since distributed practice of new information
has been known to be effective in reducing the effects of interference on
recall, Butters and colleagues (1976) trained Korsakoff patients on new
learning with distributed practice and found that patients’ recall of new in-
formation was similar to that of control subjects who learned new informa-
tion under conditions of mass practice.

Other studies have pointed to the possibility that the severe retention dif-
ficulties of Korsakoff patients reflect a failure to encode a sufficient number
of attributes of the new information at the time of storage in order to facili-
tate adequate retrieval, thus making the new information more vulnerable to
the effects of interference (Butters, 1979; Butters and Miliotis, 1985). In an
early study, for example, Butters and Cermak (1974) found that semantic
cues did not help Korsakoff patients retrieve new verbal information, even
though phonemic cues did. They suggested that Korsakoff patients might be
deficient in their ability to semantically analyze the material, which would
limit the stored attributes of the material for later recall. This is consistent
with studies in which patients were found to respond to irrelevant para-
phenalia such as hats, etc., in attempting to recall faces in a facial matching
task (Diamond and Carey, 1977; Dricker et al., 1978). These studies sug-
gested that difficulty with retention and recall may be related to limited per-
ceptual analysis. Additional work led to the formulation of the contextual
encoding theory which posits that Korsakoff patients exhibit a specific fail-
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ure to encode the contextual attributes of new information which gives rise
to retrieval impairments (Butters, 1979; Butters and Miliotis, 1985).

Studies of the role of hippocampal neurons in memory and learning con-
ducted with patients suffering from Korsakoff’s amnesia and with animals
have interesting points of convergence.

The mammillary bodies, an important site of damage in Korsakoft’s syn-
drome, have strong anatomical connections to the hippocampus within the
limbic system, a site known to be important in memory functions. For exam-
ple, studies have found that rats with damaged hippocampi can learn which
of two arms in a maze to run down for water in a conditioned brightness dis-
crimination task, but have great difficulty unlearning it if the stimulus con-
ditions change (Kimble, 1968). The animals appear to show behavioral
perseveration which is similar to the phenomenon of proactive interference
in the memory performance of Korsakoff patients. Other rat studies involv-
ing single cell recordings from the hippocampus have led to the discovery of
“place cells” which appear to respond to particular locations in space
(Thompson, 2000). This is consistent with decades of research indicating
that the hippocampus plays a role in various learning paradigms (Graham,
1990). These findings suggest the hippocampus may play an important role
in laying down contextual cues for the facilitation of recall of new informa-
tion, and lend support to the clinical findings of vulnerability to distraction
and interference due to a failure of contextual encoding of new information
in Korsakoff patients.

It has been noted that Korsakoff patients demonstrate relative preserva-
tion of intellectual functions in the presence of their specific memory distur-
bance. Through extensive reviews of clinical research literature, Butters and
colleagues (Butters, 1979; Butters and Miliotis, 1985) have noted that al-
though overall IQ scores are indistinguishable from matched controls,
Korsakoff patients manifest a number of specific cognitive deficits during
formal neuropsychological testing. These deficits include: (1) a low symbol
subtest score on the Wechsler Adult Intelligence Scale-Revised (WAIS-
R); and (2) severely depressed Wechsler Memory Scale scores on logical
memory (verbal passage recall), figural memory, and paired associate learn-
ing subtests. Hartman (1995) notes that Korsakoff patients also have diffi-
culty on cognitive tasks such as the Halstead-Reitan Tactual Performance
Test which involves the ability to create and utilize a visuospatial internal
representation of the location of target stimuli through tactile-kinesthetic
sensory input. Additional deficits are reported to be found in tests involving
visuospatial and constructional abilities, and tests involving categorization,
rule learning, and set shifting or mental flexibility (e.g., Wisconsin Card
Sorting Test and Halstead-Reitan Category Test) (Hartman, 1995).
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Despite the severity of impairment for new declarative memory in Korsakoff
patients, these individuals are able to learn new motor tasks involving im-
plicit, procedural memory (Butters and Miliotis, 1985). Support for this
finding comes from a study by Beaunieux and colleagues (1998) who dis-
covered a Korsakoff patient who was able to learn to solve the Tower of Ha-
noi puzzle, a test that involves cognitive procedural memory. Procedural
memory is also known as nondeclarative or implicit memory and refers to
memory of how a task is accomplished.

Neuropsychological Findings in Nonamnesic
Chronic Alcoholism

More recently, neuropsychological interest has focused on documenting
the chronic effects of alcoholism in the absence of Wernicke-Korsakoff syn-
drome. In 1971 Ryback proposed the continuity hypothesis, which posits
that Korsakoff’s syndrome is the end product of a gradual decline associated
with chronic alcoholism (Hartman, 1995). In addition, chronic alcoholics
without Korsakoff’s syndrome have often been used as control subjects in
studies on Korsakoff patients without a full understanding of the nature of
their specific cognitive deficits.

Studies that have looked directly at the question of similarities or differ-
ences in cognitive functioning between Korsakoff amnesics and nonamnesic
chronic alcoholics do not, in general, support the continuity hypothesis. In
one study, Wilkinson and Carlen (1980) compared Korsakoff patients with
non-Korsakoff alcoholics and found significant differences between the two
groups on most subtests of the Wechsler Memory Scale, the digit symbol
subtest of the Wechsler Adult Intelligence Scale (WAIS), and the memory
score of the Halstead-Reitan Tactual Performance Test. Krabbendam and
colleagues (2000) looked at neuropsychological data and magnetic reso-
nance imaging (MRI) brain structure volumes in a group of Korsakoff pa-
tients and compared their findings with a group of chronic alcoholics and a
normal control group. Significant differences in performance were found
between the Korsakoff patients and the other two groups on tests of mem-
ory, visuoperceptual and executive functions, as well as in brain structure
volumes, leading the investigators to conclude that the cognitive deficits
seen in Korsakoff patients were unlikely to be accounted for by the mere
chronic consumption of alcohol. In keeping with these findings, Hartman
(1995) points out that current prevailing views regarding cognitive deficits
in Korsakoff patients favor an additive model of acute traumatic effects aris-
ing out of avitaminosis superimposed on more chronic traumatic effects as-
sociated with long-term alcoholism.
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In a recent review of studies that have found positive neuropsychological
test results associated with chronic alcoholism, Hartman (1995) identified a
number of important areas of demonstrable cognitive impairment. These ar-
eas include abstract thinking or flexible problem solving, visuospatial pro-
cessing, and memory. A number of studies have found deficits on tests that
assess conceptual problem solving and mental flexibility (e.g., Halstead-
Reitan Category Test, Raven’s Progressive Matrices Test, and Wisconsin
Card Sorting Test) (Hartman, 1995). Impairments in visuospatial abilities
have been repeatedly found throughout the literature. In addition, memory
deficits in chronic alcoholics without Korsakoff’s syndrome have been dem-
onstrated through neuropsychological testing (Hartman, 1995).

Factors that appear to influence neuropsychological test performance in-
clude age at onset of drinking, pattern of drinking (i.e., frequency and
amount consumed), handedness, predisposing risk factors such as family
history, genetic vulnerability, and history of head injury (Hartman, 1995). In
one study, DeBellis and colleagues (2000) used magnetic resonance imaging
to ascertain hippocampal volume in a group of 12 adolescents with adoles-
cent-onset alcohol abuse. A matched control group was also studied. DeBellis
and colleagues found that both left-hemispheric and right-hemispheric
hippocampal volumes were significantly smaller in adolescents who abused
alcohol than in the control group. Other volume indices measured by MRI
in this study, including intracranial, cerebral, cortical gray and white matter,
as well as measures of the midsagittal area of the corpus callosum, were not
significantly different between the two groups. Total hippocampal volume
correlated positively with age at onset (i.e., younger age of onset of drinking
was associated with smaller total hippocampal volumes), and correlated
negatively with the duration of the alcohol-use disorder (i.e., shorter dura-
tion of alcohol-use disorder was associated with larger total hippocampal
volumes). These results suggest that during adolescence, the hippocampus,
an important site for memory functions, may be particularly vulnerable to
the adverse effects of alcohol. Other studies suggest that older alcoholics
may be more vulnerable to the negative impact of alcohol on brain-behavior
functions than younger adult alcoholics. Pfefferbaum and colleagues (1997),
for example, found that a younger group of alcoholic men (ages 26 to 44)
had significant cortical gray matter volume deficits and sulcal and ventricu-
lar enlargement on magnetic resonance imaging when compared to a group
of age-matched controls. However, a group of older alcoholic men (ages 45
to 63) showed volume deficits in both cortical gray and white matter in addi-
tion to sulcal and ventricular enlargement. When Pfefferbaum and col-
leagues looked closer at six cortical areas for MRI volume deficits, they
found that the older alcoholic group had selectively more severe deficits in
prefrontal gray matter compared to the younger alcoholic group. The two
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groups differed in age, but not in disease duration or estimated lifetime alco-
hol consumption.

Regarding pattern of drinking, at least one study found that a pattern of
daily drinking, compared with “bout” drinking, was associated with lower
scores on age-corrected Wechsler Adult Intelligence Scale Performance 1Q
measures, as well as on the Mental Control and Digit Span subtests of the
Wechsler Memory Scale. “Bout” drinking refers to a pattern of periods of
abstinence in between episodes of drinking for days, weeks, or months,
compared with a pattern of drinking five or more days a week (Tarbox et al.,
1986).

Some studies have suggested that left-handedness may be more highly
represented among alcohol abusers than is seen in the general population.
The exact significance of this finding, however, is uncertain in the absence
of more carefully controlled, replicative studies (Hartman, 1995). Handed-
ness has important implications for the interpretation of certain neuro-
psychological test findings and may represent a sign, in some cases, of co-
existing vulnerability to other disorders that may contribute to or may be
part of a predisposing risk factor.

Given the high correlation between alcohol abuse and a family history of
alcoholism, a number of studies have looked at children in an effort to iden-
tify possible patterns of preexisting neuropsychological vulnerabilities in
family members of alcoholics (Hartman, 1995). These studies have been
able to differentiate the sons of alcoholics from control subjects on the basis
of poorer performance on selected neuropsychological tests such as the
Rey-Osterreith Complex Figure Test, the hard (unfamiliar) paired associ-
ates from the Wechsler Memory Scale, and the information subtest of the
WAIS-R (Peterson et al., 1992), as well as on tasks of verbal and nonverbal
abstraction and perceptual-motor skill (Schaeffer et al., 1984). Insufficient
research exists to form a clear consensus about the interpretation or signifi-
cance of these findings; however, the strong possibility of preexisting cogni-
tive vulnerabilities in certain individuals who may be at risk for developing
an alcohol-use disorder represents an important direction for future re-
search.

Demographic data point to a high association between alcohol abuse and
head injury (see Chapter 2 for a review). Dikmen and colleagues (1993)
note:

Alcohol use shortly before injury is the most commonly cited and best
established predisposing factor in head trauma, having a high level of
direct and indirect involvement in motor vehicle accidents, falls, and
assaults, which represent the most common causes of such injuries.
(p- 296)
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According to a variety of sources cited by Dikmen and colleagues
(1993), “Up to two thirds of head trauma victims have a detectable alcohol
level . . . and from a third to a half are intoxicated when they arrive at the
emergency room; . . . a third of head trauma victims [are] diagnosed as alco-
hol dependent” (p. 296). (For more information on alcohol-related injuries,
see Chapter 2.) The latter data indicate a much higher percentage of chronic
alcohol abuse in the premorbid history of head trauma victims than in the
general population. Thus, chronic alcohol abuse represents a serious com-
plicating factor in the neuropsychological profile of head trauma patients,
and vice versa. Dikmen and colleagues (1993) studied the question of
whether a premorbid history of alcohol abuse leads to an increase in
neuropsychological deficits associated with head injuries in a group of di-
verse head-injured patients compared with a group of demographically
matched and preexisting-condition-matched body trauma controls. They
found that severity of head injury and degree of alcohol problems were both
related to neuropsychological test performance; however, an interaction be-
tween head injury and alcohol problems was not able to be demonstrated. In
other words, a head injury sustained by an individual who had a history of
heavy drinking was not more detrimental on neuropsychological test perfor-
mance than a head injury sustained in the absence of a history of heavy
drinking (Dikmen et al., 1993). A subgroup of head-injured patients seen in
this study was characterized by lower levels of education, poor neuro-
psychological test performance (including lower verbal/intellectual skills),
and a lifestyle pattern of heavy drinking. Dikmen and colleagues raised the
possibility that this subgroup may be similar to another subgroup that has
been identified in the literature as meeting diagnostic criteria for antisocial
personality disorder with a high incidence of alcohol abuse, a history of
poorer verbal cognitive abilities possibly associated with premorbid atten-
tion deficit disorder or minimal brain dysfunction, and an increased risk for
head injuries (Malloy et al., 1990; Tarter, 1988; Tarter and Edwards, 1988).

According to Hartman (1995), three neuropathological possibilities have
been proposed in the literature to account for neurological and cognitive
findings associated with nonamnesic chronic alcoholism. The first neuro-
pathological explanation is that chronic alcoholism gives rise to diffuse
brain injury. Neuroradiological studies, for example, have found bilateral
enlargement of the lateral ventricles, the third ventricle, and cerebral sulci
(Hartman, 1995), suggesting the presence of widespread cerebral atrophy.
The second neuropathological explanation is that chronic alcoholism gives
rise to lateralized damage involving the right hemisphere. This is based on
observations of visuospatial and constructional deficits in the test perfor-
mances of chronic alcoholics. However, the localizing value of these find-
ings and the lack of consistent clinical research support for this neuro-
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pathological conclusion have called this explanation into question (Hartman,
1995). The third neuropathological explanation is that chronic alcoholism
gives rise to brain damage or neural compromise in frontal-limbic-dien-
cephalic brain regions. In a recent study, Dao-Castellana and colleagues
(1998) used MRI and positron emission tomography (PET) scans to examine
a group of chronic alcoholics with no known neurological or psychiatric
complications. They found metabolic abnormalities in the mediofrontal and
left dorsolateral prefrontal cortex, which correlated with impairment on
neuropsychological tests assessing verbal fluency and mental flexibility
(Stroop test: Interference condition). In another study, Ratti et al. (1999)
looked at standard computerized axial tomography (CAT) scan data in a
group of male alcoholic inpatients and a matched control group. Atrophy of
the frontal region was found significantly more frequently among the alco-
holic inpatient group than among the controls. Davila et al. (1994) looked at
MRI images of the mammillary bodies, cerebellar hemispheres, and cere-
bellar vermis in a group of middle-aged and older chronic alcoholics (ages
40 to 65 years), who had no history of Korsakoff’s amnesia, alcoholic de-
mentia, or diagnosed cerebellar degeneration. Tissue volume ratings were
evaluated along with performance on neuropsychological tests of long-term
declarative memory and measures of balance. They found that the alcohol-
ics were more impaired on measures of balance than they were on measures
of declarative memory, and that the difficulty with balance (in particular,
ataxia while eyes are closed) showed a modest relationship with volume re-
duction in cerebellar vermis tissue. A high percentage of the alcoholic group
also showed clinically abnormal mammillary body tissue ratings despite a
relative absence of significant deficits on measures of declarative memory,
consistent with expectations for nonamnesic chronic alcoholics. Evidence
of compromise to the mammillary bodies is in keeping with the hypothesis
of frontal-limbic-diencephalic brain involvement in chronic alcohol abuse.
Davila and colleagues noted that brain tissue volume reductions might not
represent atrophy (i.e., cell loss), but rather tissue shrinkage due to possible
intracellular fluid shifts or other factors that may be partly or totally revers-
ible (Davila et al., 1994).

In summary, individuals who present with nonamnesic chronic alcohol
abuse have been found to exhibit a significant picture of neuropsychological
deficit affecting abstract thinking, perceptual processing, memory and learn-
ing, attention and concentration, and psychomotor skills, even though the
continuity hypothesis that neuropsychological deficits are in a simple rela-
tionship with the amount of alcohol consumed over time has not been sup-
ported by clinical research.
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Mechanisms of Indirect and Direct Toxic Effects
Jrom Alcohol Abuse

Several studies have noted the indirect toxic effects of alcohol on brain
memory systems due to severe nutritional depletion. Marchiafava-Bignami
syndrome, a rare condition associated with severe malnourishment in chronic
alcoholism involves demyelination or necrosis of the corpus callosum with
accompanying damage to pericallosal white matter. Symptoms include de-
mentia, dysarthria, spasticity, and inability to ambulate (Hartman, 1995).
Liver disease represents an additional indirect toxic effect of alcohol that can
give rise to hepatic encephalopathy (Hartman, 1995). Hepatic encephalopathy
is associated with brain damage in widespread areas including the basal gan-
glia, thalamus, red nucleus, pons, and cerebellum (Charness, 1994; cited in
Hartman, 1995, p. 235; also see Chapter 4 for additional review). Studies by
Tarter and colleagues (1990) have found that alcoholics who also suffer liver
damage are more compromised than alcoholics without demonstrated liver
damage on tasks involving short-term memory, visual tracking, and eye-
finger coordination (cited in Hartman, 1995, p. 236).

In addition to indirect toxic effects, growing evidence suggests that alco-
hol is also a direct neurotoxin in the central nervous system. Various studies
have documented important neurochemical changes affecting the function-
ing of cell membranes, neurotransmission, and the availability of certain
neurotransmitter substances necessary for the integrity of important brain
circuits (Hartman, 1995). Numerous studies have documented cerebral at-
rophy, including loss of both cortical gray matter and subcortical white mat-
ter (Jernigan et al., 1991; Pfefferbaum et al., 1992). Korbo (1999) studied
the total number of neuron and glial cells in the hippocampus in a small
group of severely affected alcoholics and a group of controls. A statistically
significant loss of glial cells, but not neurons, differentiated the severe alco-
holics from the controls. Glial cells provide important support functions to
help maintain the health of neurons. These functions include taking up ex-
cess chemical transmitters, cleaning away cellular debris after neuronal
damage or death, myelinating axons for effective neurotransmission along
the axon, and establishing the blood-brain barrier. In addition, recent dis-
coveries indicate that some glial cells can transmit information between
themselves within the immediate environment and may play arole in certain
memory processes (Thompson, 2000). Thus, the finding that hippocampal
glial cell loss is associated with severe alcoholism may have important im-
plications for the cognitive finding of memory loss in afflicted individuals.
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Risk Factors for Alcohol Abuse
and Neuropsychological Dysfunction

The issue of predicting risk among adolescent boys for future drug in-
volvement was raised by Aytaclar et al. (1999), who looked at the predictive
value of executive cognitive functioning deficiency, measured by neuro-
psychological tests, and high levels of behavioral activity in a group of high-
risk preadolescent boys whose fathers had a history of lifetime psychoactive
substance-abuse disorder. The boys were compared with a low-to-average-
risk control group of boys whose fathers had neither psychoactive sub-
stance-use disorder nor a history of any other psychiatric diagnosis. Total
number of drugs ever tried, severity of drug involvement, and presence of
tobacco and cannabis use two years later were predicted by the presence of
measurable executive cognitive dysfunction but not by behavioral activity
levels. Another recent study, conducted by Hammoumi et al. (1999), looked
at the relationship of alcohol dependence and dysfunction of the serotonin
5-hydroxytryptamine (5-HT) system based on recent research that suggests
that the serotonin system’s transporter chemical and receptor may be impor-
tant in the etiology of alcohol dependence (Lovinger, 1997). Hammoumi
et al. (1999) found a significant difference between alcohol-dependent pa-
tients and control subjects in the frequency of a genetic variant of serotonin
transmission that might be predictive of a genetic vulnerability for alcohol
dependence.

Recovery of Function after Chronic Alcohol Abuse

The importance of abstinence for the recovery of functions in chronic
alcohol abusers cannot be more strongly emphasized, given the severity of
the risk for permanent brain damage associated with long-term, protracted
abuse and given recent studies that show some recovery of neuropsycho-
logical functioning is possible in abstinent chronic alcohol abusers who
have not suffered Korsakoff’s syndrome, cerebellar degeneration, or irre-
versibly damaging encephalopathic conditions. Rourke and Grant (1999)
found that chronic male alcoholics who maintained interim abstinence for a
period of two years following initial detoxification showed improvement on
neuropsychological tests of abstracting ability compared with a group of
chronic male alcoholics who resumed drinking during the two-year post-
detoxification period, and compared with a control group of long-term
abstinent alcoholics and a control group of nonalcoholics. The latter two
groups were comparable in their neuropsychological performances on mea-
sures of abstracting ability, complex perceptual-motor integration, and sim-
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ple motor skills. The group of relapsed chronic male alcoholics showed de-
terioration in their performance on the motor tests.

In another study that looked at perfusion images in frontal brain systems
of abstinent long-term alcoholics using single photon emission computer-
ized tomography (SPECT), Gansler et al. (2000) found an increased level of
perfusion in the left inferior frontal brain region associated with greater
years of sobriety in recovering alcoholics. Alcoholics with less than four
years of sobriety showed a significantly reduced left inferior-frontal perfu-
sion when compared with a group of nonalcoholic controls and a group of
recovering alcoholics who had been abstinent for a longer period of time.
These findings not only support the hypothesis of the negative impact of
chronic alcohol intake on frontal-limbic-diencephalic brain systems, but
also the possibility for some recovery of function in these brain systems
with prolonged abstinence.

Studies which have looked at the recovery of cognitive functions have
found that maintaining prolonged abstinence is a crucial requirement for
any recovery of cognitive functions. Even with abstinence, however, not all
cognitive functions show recovery or recover to levels equal to the control
subjects. Age at onset of drinking, premorbid intellectual status, history of
head injury, and age at which abstinence begins appear to be important mod-
ifying factors in determining cognitive function recovery (Hartman, 1995).

Despite evidence that chronic alcohol abuse, even in the absence of an
amnesic syndrome, is associated with neuropsychological deficits that are
indicative of moderate to severe cerebral dysfunction (Morris and Lawson,
1998), few treatment programs for recovering alcoholics routinely include
neuropsychological evaluation and consultation as a standard treatment mo-
dality or offer rehabilitation for cognitive deficits as an integral part of their
treatment program. Such deficits can present a significant obstacle to an in-
dividual’s ability to fully participate and benefit from various aspects of the
prescribed treatment program. The need for further research into the effi-
cacy of such an integrated treatment program for recovering alcoholics has
been recently called for (Allen et al., 1997).

BRAIN IMPAIRMENT AND ILLICIT DRUG ABUSE

Studies of General and Polydrug Abuse

Our more recent understanding of how drug addiction occurs involves
the interference of brain reward circuits, resulting in an increase in the de-
sire to use. In particular, it is posited that the amygdala and subregions of the
basal forebrain are involved in a mesolimbic dopamine system that activate
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mesolimbic dopamine function. Repeated use alters dopamine production,
resulting in a dysregulation of the brain reward circuitry. The result is a bio-
logical addiction to the drug (Leshner and Koob, 1999).

With such brain involvement and alteration of the brain circuitry, alter-
ations in neuropsychological functioning is likely. A preliminary report of
neuropsychological functioning in polydrug abusers by Grant and col-
leagues (1977) noted a study in which 15 polydrug users were administered
a comprehensive neuropsychological battery including neuropsychological
tests from the Halstead-Reitan Neuropsychological Test Battery, as well as
the Wechsler Adult Intelligence Scale and the Minnesota Multiphasic Per-
sonality Inventory (MMPI). The 15 polydrug users were compared to a
group of 66 psychiatric inpatients. Although both groups demonstrated se-
vere psychopathology, as measured by the MMPI, the patterns of neuro-
psychological impairment that were observed in both groups were diverse.
The pattern of impairment suggested differences between the two groups in
terms of sensory, motor, perceptual, and verbal abilities. Although no sig-
nificant difference occurred between the level of neuropsychological func-
tioning, there were significant differences in the pattern of functioning in
those ability areas. The polydrug group appeared to rely upon spatial/
perceptual/motor abilities in problem solving and exhibited weakness in
verbal abilities. The converse was true for the psychiatric patients whose
pattern of neuropsychological functioning, although impaired, resembled
that of normal adults. Further results from this research suggested that
greater neuropsychological impairment was related to the use of opiates and
depressants rather than to alcohol, stimulants, or marijuana.

In a later study of polydrug users, Carlin and colleagues (1980) sought to
discern whether any differences occurred in neuropsychological function-
ing between two groups of polydrug users: “streetwise” users “whose life-
style and value orientation reflect the drug culture underworld” (p. 229) and
“straight” users whose lifestyle was more associated with traditional values.
Seventy-nine polydrug users were studied and grouped into one of the two
categories. The Halstead-Reitan Neuropsychological Test Battery was ad-
ministered and neuropsychological impairment was statistically related to
heavy alcohol and opiate abuse in the streetwise abusers. In contrast,
straight abusers who were identified with neuropsychological dysfunction
tended to use fewer drugs in general with the exception of depressants.
These straight abusers were also found to have more medical problems that
were associated with greater events of drug toxicity. It was suggested that
neuropsychological impairment in the straight abusers could be associated
with medical risk that is secondary to developmental history or greater vul-
nerability to drug toxicity, and that for the streetwise users, impairment
could be associated with heavy drug intake resulting in toxicity. The mean-
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ing of these results is not very clear although the authors also posited that al-
cohol, opiates, and “perhaps the depressants” were most related to brain im-
pairment.

Cognitive or neuropsychological impairment clearly affects behavioral
functioning in polysubstance abusers. Schafer et al. (1994) observed that the
emotional and marital functioning of male polysubstance abusers was di-
rectly related to their level of neuropsychological impairment. In a study of
31 married couples, the cognitive functioning of the husband was related to
a pattern of negative communication behaviors, fewer positive behaviors,
and increased events of violence.

Traditional testing of neuropsychological or cognitive performance has
been called into question in a recent study by Beatty and Borrell (2000). It
was suggested that some of the deficits identified by testing drug abusers
could be accounted for by the knowledge these abusers acquire due to their
lifestyle, and that this knowledge may be different than the knowledge ac-
quired by nondrug abusers. Beatty and Borrell compared the test results of
63 methadone clinic clients with 24 nonabusing participants. They devised
a task that included identifying the title, artist, year, and meaning of a song.
There were no significant differences in task performance between the
abusers and nonabusers except that the abusers tended to relate the song to
drug addiction. Beatty and Borrell offered an interesting hypothesis, al-
though the extent of cognitive assessment in their study was both narrow
and limited.

Not surprisingly, drug abusers have been shown to demonstrate impaired
decision-making skills. An interesting study employed a gambling task to
assess decision-making skills, choice, and planning (Grant et al., 2000).
Thirty polysubstance abusers and 24 nonabusers were compared using the
Wisconsin Card Sorting Task, a measure of executive functioning and plan-
ning, as well as on the Gambling Task, which assessed judgment regarding
short-term and long-term losses. There was no significant difference be-
tween the two groups on the Wisconsin Card Sorting Task. However, the
groups demonstrated differences on the Gambling Task, suggesting that the
drug abusers were more likely to use poor decision-making skills.

The questions of whether drug abuse results in deficits in executive func-
tioning and whether individuals with such deficits are predisposed to sub-
stance abuse was investigated by Giancola and Tarter (1999). Giancola and
Tarter identified children who were at high risk for drug abuse by selecting
those children whose parents exhibited a substance-use disorder. High-risk
children tended to exhibit greater dysfunction of the prefrontal cortex as
identified through electrophysiological studies that documented attenuated
amplitudes of the P300 event-related potential. Since the attenuated ampli-
tude measure has been associated with the prefontal cortex, which is be-
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lieved to be involved in executive cognitive functioning, the authors hypoth-
esized that individuals with dysfunction in the prefrontal cortex tend to
experience deficits in executive cognitive functioning that would then leave
them more vulnerable to substance-use disorders. This finding is important
to consider when attempting to infer causality from correlational data re-
garding drug abusers’ cognitive functioning.

The comorbidity of substance abuse, neuropsychological dysfunction,
and violent behavior have been identified as mediated by executive func-
tioning and the prefrontal cortex (Fishbein, 2000). Bauer and Hesselbrock
(1999) related the decrease in P300 amplitude in teenagers to a coincidence
of family alcohol/drug dependence and the prevalence of conduct disorder
problems. In this study, 57 participants (15 to 20 years old) were evaluated.
Smaller P300 amplitudes in the posterior region were associated with in-
creased conduct problems in the teenagers who were younger than 16.5
years. For older teenagers, the effect was seen in the frontal region.

The more recent use of imaging of the brain has been helpful in relating
neuropsychological findings to structural and anatomic functioning in the
substance-abuse population. Gatley and Volkow (1998) noted the value of
PET and SPECT in research designs that employ neuropsychological mea-
sures. Indeed, functional-imaging and brain-imaging studies have contrib-
uted to the understanding of maladaptive behavior as it is associated with
orbitofrontal cortex connections (London et al., 2000). Studies such as Liu
and colleagues’ (1998) have documented the reduced volume of prefrontal
lobe area in polysubstance abusers through the use of magnetic resonance
imaging.

Cognitive functioning is especially important in the patient’s ability to
benefit from rehabilitation. In a study by Blume et al. (1999), 22 dually di-
agnosed inpatients were administered intellectual-executive, and memory-
functioning tests, as well as an assessment of their readiness to change. The
authors reported that, especially for those who are dually diagnosed with
both a substance-abuse and psychiatric disorder, cognitive impairment was
related to a lowered likelihood of motivation to change their substance-
abuse behaviors.

Drug abuse may leave its mark on brain functioning. However, the syner-
gistic effect of drug abuse on an individual who already suffers from a his-
tory of traumatic brain injury can be devastating. The interaction of trau-
matic brain injury and substance abuse has been documented. In a study of
119 participants with severe closed-head traumatic brain injuries, those who
tested positively for drug use at the time of head injury performed signifi-
cantly lower on testing than those patients with a normal drug screening at
the time of trauma. It is suggested that there is an additive effect of sub-
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stance abuse on the neuropsychological outcome of those with traumatic
brain injuries (Kelly et al., 1997).

Cocaine

Cocaine, a derivative of the coca plant, was first noted for its use among
South American Indians sometime between 3000 and 1500 B.C. (Bolla, Ca-
det, et al., 1998; Hartman, 1995). Cocaine became popular for pharmaco-
logical use in medicine in the late 1800s since it offered both anesthetic and
mood-altering properties. In the 1980s, estimated use of cocaine on at least
one occasion affected more than 22 million Americans (Washton and Gold,
1984). With the introduction of “crack” in 1985, a resurgence of cocaine use
was observed. By the mid-1990s, it was estimated that 1.5 million Ameri-
cans used cocaine (Bolla, Cadet, et al., 1998).

The effects of chronic cocaine use include irritability, fatigue, depres-
sion, impotence, and loss of libido. Neurotoxic reactions resulting in car-
diac arrhythmia, convulsions, and respiratory failure have also been noted.
Cocaine has been documented for its powerful psychologically addictive
qualities with a question as to the extent to which there is an actual physical
addiction or associated withdrawal syndrome (Washton and Gold, 1984;
Brick and Erickson, 1999). The neuropsychological studies that have fo-
cused on cocaine use have not been as forthcoming as the studies that have
focused on neuroimaging (Hartman, 1995). Although neuropsychological
impairment has been documented in cocaine abusers, studies have not been
able to support differential diagnoses of specific structural abnormalities
(Hartman, 1995). Thus, the mechanism for the impairment, whether vascu-
lar, metabolic, etc., is not clear. In adults under the age of 45, cocaine abuse
has been reported as a significant risk factor for stroke (Lacayo, 1995). Par-
ticular subgroups of cocaine abusers may reveal abnormalities in brain per-
fusion that are related to cognitive deficits (Strickland and Stein, 1995).

In a review by Strickland and colleagues (1998), the authors noted how
cerebral metabolic and hypoperfusion irregularities are seen in the neuro-
imaging of the cocaine abuser. In particular, techniques such as computer-
ized axial tomography (CAT) and MRI may show significant cerebral
events, although newer techniques such as PET, SPECT, and quantitative
electroencephalography (QEEG) are revealing a greater frequency of changes
in brain functioning that may have initially gone unnoticed.

Findings of these neuroimaging studies have been validated by neuro-
psychological evaluations. For example, in a study of eight long-term
cocaine abusers who were abstinent for six months, the use of SPECT re-
vealed significant differences between abusers and normal subjects. Neuro-
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psychological impairment was documented in users, particularly in the ar-
eas of learning, memory, and executive functioning. Interestingly, the use of
MRI was unremarkable for seven out of the eight patients. The pattern
of multifocal hypoperfusion seen on SPECT exam was associated with defi-
cits in neuropsychological test performance (Strickland et al., 1993).

In another study pairing diagnostic imaging with neuropsychological
testing, Bolla, Cadet, et al. (1998) revealed that use of PET and MRI with
neuropsychological evaluation revealed that those who abuse cocaine expe-
rience specific difficulties in executive functioning, judgment, and decision
making. It is suggested that structures of the prefrontal, orbitofrontal, and
anterior cingulate gyrus are affected in cocaine abusers (Bolla, Cadet, et al.,
1998).

The use of MRI to determine premorbid brain size or intracranial volume
in abstinent crack/cocaine- and crack/cocaine and alcohol-dependent indi-
viduals has been studied (Di Sclafani et al., 1998). Findings concluded that
crack- and crack-and-alcohol-dependent individuals appeared similar both
in neuropsychological performance and in brain size. However, intracranial
volume appeared to account for the variability in neuropsychological test
performance. It was suggested that individuals with larger brains are better
able to maintain cognitive functioning in spite of substance abuse or other
cerebral insult. Thus, it appears that the more brain reserves one has, the
more one can afford to lose.

Although cocaine use has been related to numerous structural brain com-
plications including seizure, stroke, hemorrhage, transient ischemic attacks,
and cerebral vasculitis/spasms, as well as changes in cerebral blood flow
and metabolism, we are still beginning to explore the specific ways in which
cocaine abuse affects neuropsychological or cognitive functioning (Horner,
1999). In a study of 37 crack abusers, Ardila et al. (1991) observed overall
lower neuropsychological test performance in abusers with regard to short-
term verbal memory and attention abilities. In particular, the “lifetime
amount” of cocaine use was related to neuropsychological test perfor-
mance, implicating a direct relationship between cognitive impairment and
long-term use of cocaine.

A subsequent study by Mittenberg and Motta (1993) also examined at-
tention and learning. Sixteen chronic abstinent cocaine abusers were tested
on tasks of verbal learning, word knowledge, and nonverbal visual-motor
perceptual reasoning. When compared to controls, the cocaine abusers dem-
onstrated significantly greater problems with learning and recall of words.
However, there was no significant difference regarding intellectual ability.
The authors concluded from their findings that cognitive impairment related
to chronic cocaine use may be associated more with memory storage diffi-
culties than with problems of attention or general intellectual functioning.
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A study by Horner (1997) further explored memory abilities. An exami-
nation of the neuropsychological functioning of 32 cocaine-dependent alco-
holic patients versus 52 alcoholic patients who did not engage in cocaine
abuse supported poor performance on tests of immediate and delayed verbal
memory for the cocaine-dependent individuals. Although all of the patients
in the study abused alcohol, those who also abused cocaine demonstrated
specific deficits in the area of verbal memory. An assessment of attention,
visual-spatial abilities, and reasoning and judgment skills revealed no sig-
nificant differences between the groups. This study supports the review by
Horner (1999) in which he reported that in seventeen research studies exam-
ining attention skills in cocaine abusers, he observed inconsistent findings
and insufficient evidence regarding the implication of impaired attention in
cocaine abusers. This study also appears to support the previously discussed
findings of Mittenberg and Motta (1993) with regard to inconsiderable im-
pairment of attention.

Instead of examining alcohol abusers with and without cocaine abuse,
Robinson et al. (1999) studied cocaine abusers with and without alcohol de-
pendence. Overall, subjects who abused both cocaine and alcohol demon-
strated few differences on neuropsychological testing measures when com-
pared to nonabusers. However, mild cognitive dysfunction was noted in
those individuals who abused cocaine. Importantly, those young abusers of
both alcohol and cocaine appeared to be less neuropsychologically im-
paired than those who abused cocaine only. These findings may well be a
function of the mediating factor of age.

Few studies have been able to follow substance abusers on a long-term
basis. However, the chronicity of abnormal QEEG profiles in crack cocaine
users has been noted even after six months of abstinence (Alper et al., 1998).
Five to ten days, one month, and six months after last cocaine use, QEEG
measures of seventeen subjects revealed no significant changes over time.
The implications of these findings are not clear. Relating such electro-
physiological studies to neuropsychological test data may provide greater in-
sight into the functional long-term effects of cocaine abuse.

Marijuana

Although the use of marijuana became especially popular during the
1960s, its use since then has appeared to decline significantly (Hartman,
1995). THC, or tetrahydrocannabinol, is the psychoactive ingredient in
marijuana that is now used for experimental medical use and for its anti-
emetic and appetite-enhancing effects in cancer patients. As with cocaine,
the neuropsychological research has been mixed regarding the effects of
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marijuana use on long-term cognitive functioning. An early study of long-
term effects (Carlin and Tupin, 1977) examined a group of ten individuals
who smoked marijuana daily for an average of five years. The authors con-
cluded that when compared to nonusers, minimal differences in cognitive
functioning were observed with no support for any differences between
groups on complex cognitive tasks.

As with most substance-abuse research, the short-term effects of mari-
juana have received greater attention in the research literature. The allega-
tion that marijuana in some way enhances creative or associational thinking
was tested by Tinklenberg and colleagues (1978). In this study, 16 male sub-
jects were tested while under the influence of marijuana. Contrary to myth
and popular belief, the authors concluded that marijuana did not increase
fluency, flexibility, elaboration, or uniqueness in responses to a creative-
thinking task.

Other popular beliefs of enhanced attention and greater access to long-
term memory have also been explored and challenged. Some studies sup-
port that speed in visual scanning is negatively affected in those who begin
use of cannabis at an early age (Ehrenreich et al., 1999). Casswell and
Marks (1973) documented problems with attention on a visual task testing
both experienced and nonexperienced users who were under the influence
of cannabis. The authors reported that the results of this study were similar
to those that would be found in one of alcohol intoxication and that there
was no evidence to support the idea that experienced cannabis users are
better able to negotiate visual stimuli (such as during driving) than non-
users.

Similarly, the idea that marijuana may enhance access to information in
long-term memory has not received much scientific support. To the con-
trary, impairment of memory has been noted as the “single most consis-
tently reported psychological deficit produced by cannabinoids” (Miller
and Branconnier, 1983, p. 453).

The phenomenon of thought disorder and memory intrusions during
marijuana intoxication was tested during a word list learning task (Pfeffer-
baum et al., 1997). Sixteen males were each evaluated under intoxicated and
nonintoxicated conditions. Results suggested that while under the influence
of marijuana, one may be subjected to memory intrusions. Marijuana use
was associated with poor correctly-called list items and increased intru-
sions, or incorrect word recall. These findings suggested the possibility that
marijuana results in disinhibition or intrusive thoughts.

Melges and colleagues (1970) discussed a similar phenomenon called
“temporal incoordination,” suggesting that marijuana use disorganizes se-
quential thought and cognitive processes. Eight male graduate students
were tested on four different days while under the influence of marijuana
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extract or a placebo. Performance on serial subtraction of sevens did not ap-
pear to be impaired by THC consumption. However, performance on for-
ward and backward digit span revealed differences in short-term memory
related to THC. A more complicated goal-directed serial alternation task,
which required more complex serial addition and subtraction, was adminis-
tered to assess for temporal disintegration. Significant differences in perfor-
mance, with greater disorganization and disintegration while under the influ-
ence of THC, were observed. This increased disorganization is reminiscent of
the problems with complex attention and concentration described earlier.

Indeed, discontinuity of thought and disorganization were related to mar-
ijuana in a study where the thought processes of 72 male volunteers were
analyzed based on their responses to the Thematic Apperception Test (TAT)
(Roth et al., 1975). The TAT is a projective test in which pictures of scenes
are presented to the subject and the subject provides a response in the form
of a story. Subjects’ written stories were evaluated with regard to three com-
ponents: (1) events preceding the scene in the picture, (2) a description of
what was happening in the picture, and what each of the characters were
thinking and feeling, and (3) the resolution or outcome of the story. The re-
searchers concluded that while subjects were under the influence of mari-
juana, greater discontinuity of thought and contradictory ideas were ob-
served, as well as a tendency toward unusual ideas.

Neuroimaging has also begun to help researchers understand the effects
of marijuana use. In a recent study, 18 young adult (mean age of 22 years)
frequent marijuana users were compared to nonusers with regard to evi-
dence of tissue volume on MRI (Block et al., 2000). No significant differ-
ences or abnormalities in MRIs were noted between the two groups. Inter-
estingly, ventricular cerebrospinal fluid volumes were lower in marijuana
users despite no differences in tissue volume and composition.

Another neuroimaging procedure, SPECT, has been used to study mari-
juana users with attention deficit hyperactivity disorder (ADHD) (Amen
and Waugh, 1998). Thirty heavy marijuana users with ADHD were com-
pared to ten nonusers with ADHD who served as the control group. The au-
thors concluded that chronic marijuana use results in decreased cerebral
perfusion particularly in the temporal lobe areas of the brain. The temporal
lobe has been commonly associated with memory abilities.

LSD
Lysergic acid diethylamide (LSD-25) is a natural substance and halluci-

nogen that made its appearance in modern times during the mid-1900s. Its
use peaked in the American culture in the 1950s and 1960s. LSD became
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most popular for its mind altering effects, which include visual distortion
and hallucinations, a distorted sense of time, feelings of detachment, alter-
ations in sensory perception, emotional lability, and mystical experiences
(Strassman, 1984). There has been a question as to whether LSD use results
in organic brain damage. An early study by McGlothlin et al. (1969) exam-
ined sixteen subjects who had received LSD in either an experimental or
psychotherapeutic setting. These subjects and controls, who were matched
for sex, age, and education, were administered a number of spatial and
visual tests including the Trail Making Test, which assesses the speed and
accuracy of visual scanning and cognitive flexibility. Also, a measure of
general intelligence, a verbal fluency test, and tests from the Halstead-
Reitan Neuropsychological Test Battery were administered. Results re-
vealed that only the category test, which assesses nonverbal reasoning and
abstract problem solving, demonstrated a significant difference in perfor-
mance between the two groups. Otherwise, there was no support for gener-
alized brain damage related to the amount of LSD ingestion. Although
mean performances for the LSD group on a number of visual perception
tests was lower, none of the differences reached statistical significance. The
authors noted limitations to their research with concern that premorbid
factors might have accounted for the difference in category test scores be-
tween the two groups.

A later study by Wright and Hogan (1972) concluded that there was no
significant difference between a group of 20 LSD users and a control group
matched for age, sex, education, and intelligence when compared on the
Halstead-Reitan Neuropsychological Test Battery. A more comprehensive
evaluation of LSD users was conducted by Culver and King (1974) who
studied undergraduate seniors over a period of two years, comparing a con-
trol group with a marijuana-using group and an LSD-using group. Subjects
were matched on intellectual and personality dimensions, as well as com-
parative drug use. Although LSD users performed within normal limits on
the Trail Making Test, their performances were statistically significantly
lower than either the marijuana users or normal controls. The authors con-
cluded that although such differences were observed, a clear argument for
organic dysfunction could not be made.

Phencyclidine

Phencyclidine was originally synthesized for use as an anesthetic agent
in the late 1950s (Burns et al., 1975). However, it was taken off the market
due to its side effects that include disorientation, hallucinations, and excit-
atory activity. Insufflation or “snorting” low doses of phencyclidine (PCP,
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also called angel dust or crystal) can produce mild agitation, catatonic rigid-
ity, and possible lack of verbal communication. Higher doses can result in
coma, apnea, hypertension, and fatality.

The possibility that PCP produces organic mental impairment was studied
by Carlin and colleagues (1979). PCP abusers who had been abstinent for an
average length of 27 months were compared on a number of neuropsycho-
logical measures to polydrug users who had never used PCP and to controls
who were neither alcohol nor substance abusers. Neuropsychological impair-
ment was demonstrated for six of the 12 PCP users, five of the 12 polydrug
users, and none of the controls. Neuropsychological test protocols of the
Halstead-Reitan Neuropsychological Test Battery and MMPI were rated on
overall level of performance on a scale of 1 to 6. Subjects were matched for age,
education, sex, and ethnicity. The authors found that 50 percent of the PCP
users demonstrated neuropsychological deficits in the range of mild organic
mental impairment.

A comprehensive review by Ellison (1995) documented animal studies
that revealed the neurotoxic effects in, and neuronal degeneration of, limbic
structures. Increased glucose metabolism in the areas of degeneration was
noted. These changes in the limbic circuit with degeneration and alteration
in glucose metabolism appeared to be similar to that seen in “some schizo-
phrenics and most Alzheimers patients” (Ellison, 1995, p. 250). Thus, in-
creased glucose utilization and neuronal degeneration from neurotoxicity
in the limbic structures is seen as the reason for memory disturbances in
schizophrenics, Alzheimers patients, and chronic PCP users. Animal stud-
ies have also suggested that PCP is involved in a number of different brain
neurotransmitter systems (Sircar and Li, 1994). Compared to the illegal
drug studies already discussed, the PCP research seems to most clearly
demonstrate its deleterious effects.

Amphetamines and MDMA (Ecstasy)

Although amphetamine use can result in neurological findings such as
hypertension, stroke, brain hemorrhage, or other neuropathy, neuropsycho-
logical findings in human subjects have not been well documented, except
in the cases of infant and developmental exposure (Hartman, 1995). With
the increase of methamphetamine use in the United States, patients are pre-
senting with chronic psychotic illnesses likely to be related to vasoconstriction
and neurotoxicity resulting in brain damage (Buffenstein et al., 1999).

The decision-making abilities of chronic amphetamine abusers were
studied by Rogers and others (1999). In a computerized decision-making
task, chronic amphetamine abusers tended to exhibit longer response times
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before making their decisions when compared to opiate abusers. In general,
the research data suggested that decision-making performances of chronic
amphetamine abusers was similar to the performances of patients with focal
damage of the prefrontal cortex. In addition, it was found that the chronic
amphetamine abusers’ performances were also similar to that of the perfor-
mances of normal volunteers with induced decreases in plasma tryptophan.
This finding helped support the notion that amphetamine abusers may expe-
rience reduced levels of serotonin (5-hydroxytryptamine, 5-HT) in the or-
bital regions of the brain. The authors suggested that the results supported
the likelihood that amphetamines affect the orbitofrontal/prefrontal cortex.

With the introduction of “designer drugs,” there seems to have been a
shift in the research focus with fewer investigations into the effects of clas-
sic amphetamines per se. One of these new designer drugs is Ecstasy (3,4-
methylenedioxymethamphetamine or MDMA). MDMA is considered a
psychedelic compound that is chemically related to methamphetamine and
results in problems similar to those found in amphetamine and cocaine
usage (Campagna, 1986). This synthetic amphetamine derivative has been
shown to produce effects such as cerebral venous sinus thrombosis (Roth-
well and Grant, 1993) and Parkinsonism (Mintzer et al., 1999). The neuro-
toxicity of MDMA has been well documented (McCann and Ricuarte,
1995). Despite the frightening popularity of MDMA in the U.S. college stu-
dent population, insidious effects of serotonin toxicity may go unnoticed
until significant brain damage has occurred.

With the benefit of neuroimaging, the effects of MDMA can be more
critically documented. In a study of 21 abstinent MDMA users and 21 age-
and-gender-matched nonusers, both SPECT and MRI studies were reviewed
to detect any changes in cerebral blood flow (Chang et al., 2000). Abstinent
MDMA users initially demonstrated no significant differences in cerebral
blood flow when compared to nonusers. Overall results indicated that per-
sistent changes in cerebral blood flow were not observed in low-dose users.
However, higher dosages of MDMA resulted in decreased regional cerebral
blood flow within three weeks post-MDMA administration, in the visual
cortex, the caudate, and the superior parietal and dorsolateral frontal regions
of the brain. In a study of long-term effects on the brain, PET was employed
for seven Ecstasy users and seven controls (Obrocki et al., 1999). The au-
thors concluded that users’ glucose metabolic uptake was altered within the
areas of the amygdala, hippocampus, and Brodmann’s area II (part of the
primary somatosensory cortex on the postcentral gyrus) when compared
with control subjects. Thus, it is possible that cerebral glucose metabolic
rate is altered by MDMA.
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A computerized cognitive performance test battery was administered to
22 MDMA users and 23 control subjects to assess differences in cognitive
performance (McCann et al., 1999). Although controls and MDMA users
performed similarly on some neuropsychological tasks, MDMA users dem-
onstrated weaker sustained attention, short-term memory, and verbal rea-
soning. Results were thought to support “subtle but significant” neuro-
psychological deficits.

Memory disturbances are also noted in a study by Reneman and col-
leagues (2000). To assess for memory disturbance in five abstinent MDMA
users versus nine nonusers, the Rey Auditory Verbal Learning Test was ad-
ministered. SPECT studies of the subjects were compared revealing prelim-
inary results that suggested altered functioning of the occipital cortex asso-
ciated with memory impairment. A previous study conducted by Bolla,
McCann, et al. (1998) documented memory impairment associated with
greater MDMA use. In particular, immediate verbal memory and delayed
visual memory were most affected. The authors concluded that even absti-
nent users could show these pervasive cognitive effects and that impairment
was correlated with serotonin neurotoxicity and degree of exposure to
MDMA. Thus, the research confirms the clear toxicity and deleterious ef-
fects of MDMA, especially in the area of memory.

Other Illegal Drug Use

Although the research on neuropsychological (neurophysiological) con-
sequences of polysubstance abuse, cocaine, marijuana, LSD, phencyclidine,
and amphetamines is, overall, quite limited, research on the remaining illicit
drugs is even more sparse. Use of solvent inhalants, such as toluene, has
been demonstrated to result in dementia and cerebral white-matter deterio-
ration (Filley et al., 1990). Idiopathic Parkinsonism in a case of solvent
abuse has also been documented (Uitti et al., 1994).

Amyl nitrite may have an extensive body of literature associated with
documentation of physiological changes, however, neuropsychological in-
vestigation has not been very forthcoming. Amyl nitrite inhalation has been
found to be related to increases in cerebral blood flood (Mathew et al.,
1989). It also has been employed in medical applications as a coronary
vasodilator (Hartman, 1995). Its recreational use has been documented in
male homosexuals to facilitate intercourse and heighten sexual experience.
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Neuropsychological deficits from chronic use of heroin and other opiates
have not been consistently demonstrated (Hartman, 1995). Furthermore, it
is not clear whether these substances result in any medical neurotoxicity.

SUMMARY

With regard to the neuropsychological consequences of alcohol abuse,
the research indicates that chronic alcohol abuse gives rise to not only se-
vere indirect toxic effects on brain and behavior functioning, but it also is a
source of direct toxic effects on brain functions. In addition to the well-
known and extensively studied syndrome of Korsakoff amnesia arising
from severe nutritional depletion associated with chronic alcoholism, a his-
tory of nonamnesic chronic alcohol abuse is also associated with well-
documented evidence of neuropsychological deficits which include impair-
ments in abstraction and mental flexibility, perceptual skills, memory and
learning functions, attention and concentration, and fine motor skills. Evi-
dence appears to favor the hypothesis of dysfunction in the frontal-limbic-
diencephalon brain regions in addition to involvement of the cerebellum,
even in the absence of evidence of cerebellar degeneration. With prolonged
abstinence, some recovery of cognitive functioning can occur for some indi-
viduals. Because of the high prevalence of neuropsychological deficits in-
dicative of moderate to severe cerebral dysfunction in individuals who
chronically abuse alcohol and because of the impediment that such cogni-
tive deficits can present in an individual’s ability to benefit from certain as-
pects of an alcohol treatment or rehabilitation program, neuropsychological
evaluation and consultation and rehabilitation of cognitive deficits is strongly
recommended to form an integral part of such intervention programs.

Research regarding the neuropsychological consequences of illegal drug
use is especially sparse, limited, or in some cases, nonexistent. A review of
the literature indicates some type of neuropsychological impairment in
polydrug abusers, memory difficulties in cocaine abusers, attention and dis-
organizational problems in users of marijuana, and more serious brain con-
sequences in those who abuse amphetamines and newer, synthetic drugs.
However, available studies tend to be inconclusive, small in size, unable to
control for, or take into account, premorbid functioning or other factors, or
tend to be focused on immediate rather than long-term effects. It is well
known that some neuropsychological effects may be possible with abuse of
any type of drug, especially depending on the dosage administration. How-
ever, the identification of enduring, long-term effects is complicated by the
lack of well-controlled research as well as a myriad of subject and research
factors. Much of the research is correlational, and therefore, it is difficult to
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determine causality and the role of premorbid predisposition to substance
abuse.

In the assessment of neuropsychological/cognitive functioning of any in-
dividual, it is important to identify and recognize preexisting or constitu-
tional factors that may account, in part or in whole, for the individual’s
symptoms and test performance. The value of a thorough developmental,
intellectual, academic, medical, vocational, social, and psychiatric history
cannot be underestimated in the interpretation of current cognitive impair-
ment.
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Chapter 4

Effects of Alcohol Abuse on the Brain

Fulton T. Crews

OVERVIEW

Alcohol is a major drug of use and abuse by Americans. An estimated 15
million Americans are alcohol abusers or are alcohol dependent (Massey
et al., 1989). Lifetime prevalence of alcohol dependence is estimated at 13
percent and 4 percent for American men and women over 18 years of age re-
spectively (Grant and Dawson, 1997). According to the National Drug and
Alcoholism Treatment Unit Survey (Massey et al., 1989), 1.8 million indi-
viduals were treated for alcoholism in the United States in 1989. It is well
established that chronic excessive ethanol consumption produces deficits in
cognitive and motor abilities (Crews, 1999; Sullivan, Rosenbloom, and
Pfefferbaum, 2000; also see Chapters 2 and 3 of this book). Alcoholic de-
mentia is a leading cause of adult dementia in the United States, accounting
for approximately 10 percent of cases (Alzheimer’s disease is the leading
cause, accounting for 40 to 60 percent of cases) (Martin et al., 1986). Al-
though evidence suggests reversibility of deficits with sobriety (Sullivan,
Rosenbloom, Lim, et al., 2000), studies report that 50 to 75 percent of sober,
detoxified, long-term alcohol-dependent individuals suffer from some de-
gree of detectable cognitive impairment, with approximately 10 percent
being seriously demented (Martin et al., 1986). The effects of alcohol ap-
pear as a continuum, with moderate deficits in the majority of long-term
alcoholics, progressing to the more severe deficits of Wernicke’s disease and
Wernicke’s encephalopathy with Korsakoff’s amnestic syndrome (Butter-
worth, 1995; Pfefferbaum et al., 1996). A variety of lifestyle factors, includ-
ing nutrition, are implicated in the more severe cases. However, all alcohol-
induced deficits appear to be related to alcohol consumption and to the
amount of alcohol consumed, i.e., the more severe cases of brain damage
are associated with more severe and long-term alcoholism (Butterworth,
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chapter.
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1995; Pfefferbaum et al., 1996). Thus, alcohol can be neurotoxic when
abused. The acute and chronic effects as well as the neurotoxic actions of al-
cohol appear to be due to changes in neuronal signaling. Our understanding
of the effects of ethanol on the brain has increased tremendously in the past
decade and will likely continue to increase as researchers investigate the
specific sites of action of ethanol on the brain.

Ethanol Effects on Neuronal Signaling

A review of all of the actions of ethanol on neuronal signaling is not ad-
dressed in this chapter due to the extensive number of studies and a poor un-
derstanding of how changes in neuronal signaling relate to the effects of eth-
anol. This chapter will focus on the glutamate and GABA (y-aminobutyric
acid) neurotransmitter systems because they are the major excitatory and in-
hibitory neurotransmitters in the brain, respectively, and appear to be the
predominant neurotransmitters involved in the actions of ethanol on the
brain.

ETHANOL EFFECTS ON GLUTAMATE RECEPTOR
ION CHANNELS

Glutamate receptors are altered by ethanol and represent major excit-
atory receptors in the brain. The three classes of ionotropic glutamate re-
ceptors include the NMDA (N-methyl-D-aspartic acid), kainate, and AMPA
(L-a-amino-3-hydroxy-5-methyl-4-isoxazole proportionate) receptor sub-
types (Bettler and Mulle, 1995; Hollmann and Heineman, 1994; Sommer
and Seeburg, 1992; Sprengel and Seeburg, 1993). There is also a group of
metabotropic receptors that couple to secondary messengers, e.g., G-protein-
coupled receptors. While there is some evidence that ethanol directly or in-
directly affects all types of glutamate receptors, overwhelming evidence
and a vast literature document ethanol’s direct effects on NMDA receptors
and the radical changes in neuronal signaling and cognitive function that re-
sult. As such, the focus of this section will be on NMDA receptors with a
brief discussion of other glutamate receptors.

NMDA Receptors

Late in 1991, a report appeared in Nature that an NMDA-receptor com-
plementary DNA (cDNA) had been cloned from a rat brain (Moriyoshi
etal., 1991). The protein described by Moriyoshi and colleagues was desig-
nated as NMDAR-1 and had significant sequence homology with previ-



Effects of Alcohol Abuse on the Brain 87

ously identified AMPA/kainate receptors (Hollmann et al., 1989). It is now
clear that this cDNA was associated with the classic NMDA receptor previ-
ously identified pharmacologically (Davies et al., 1981; Watkins, 1962).
NMDAR-1 was immediately recognized to have a ubiquitous distribution in
the brain (Monyer et al., 1994; Moriyoshi et al., 1991) and later to have eight
splice variants generated from the presence of three cassettes—two on the
C terminal and one on the N terminal (Durand et al., 1992; Nakanishi et al.,
1992; Sugihara et al., 1992). The discovery of the splice variants for the
NMDAR-1 subunit provided the potential for heterogeneity among NMDA
receptors. Partial probes of these NMDAR-1 variants showed by in situ hy-
bridization that these variants were differentially distributed in the brain
(Laurie and Seeburg, 1994; Monyer et al., 1994; Standaert et al., 1993).
Pharmacologically, the type “A” splice variants (lacking the N-terminal cas-
sette) possess greater agonist potencies, lower antagonist associations and
are potentiated by ZnZ* (Hollmann et al., 1993). The converse is true for
type “B” variants (with the N-terminal insert).

Other NMDA subunits homologous to the NMDAR-1 subunit were sub-
sequently cloned and are referred to as NMDAR-2A, -2B, -2C, and -2D
(Meguro et al., 1992; Monyer et al., 1992; Nakanishi et al., 1992; Yamazaki
et al., 1992), although another classification system based upon cloning
from mouse brains refers to these same subunits as £1-4 (Kutsuwada et al.,
1992; Meguro et al., 1992; Yamazaki et al., 1992). All NMDAR-2 subunits
must be expressed with an NMDAR-1 subunit for maximal sensitivity to
NMDA (Monyer et al., 1992; Nakanishi et al., 1992). As was found for the
variants of the NMDAR-1 subunit, the NMDAR-2 subunits have a discrete
neuroanatomical localization in the brain (Ishii et al., 1993; Monyer et al.,
1992). Comparisons with other ion channel receptors and a variety of other
direct NMDA receptor studies have led to the conclusion that endogenous
NMDA receptors are heteromeric multisubunit complexes of NMDAR-1
and NMDAR-2 subunits with a wide variety of combinations in different
brain regions.

NMDA receptor heterogeneity has also been demonstrated with Mg2+
(Mayer et al., 1984; Nowak et al., 1984), redox manipulations (Sullivan
etal., 1994), polyamines (Bowe and Nadler, 1995; Ransom and Stec, 1988;
Reynolds, 1990; Reynolds and Miller, 1989; Rock and Macdonald, 1995),
glycine (Igarashi and Williams, 1995; Johnson and Ascher, 1987; Kleckner
and Dingledine, 1988; Reynolds et al., 1987), Zn2* (Peters et al., 1987,
Westbrook and Mayer, 1987), and noncompetitive NMDA antagonists
(Reynolds and Miller, 1989; Williams et al., 1993; Williams et al., 1994).
The variants of the NMDAR-1 subunit and the four NMDAR-2 subunits
provide the potential for considerable heterogeneity among NMDA recep-
tor isoforms (Buller et al., 1994; Durand et al., 1992; Ishii et al., 1993;
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Kumar et al., 1991; Meguro et al., 1992; Monaghan, 1991; Monyer et al.,
1994; Monyer et al., 1992; Moriyoshi et al., 1991; Nakanishi et al., 1992;
Sugiharaet al., 1992). Pharmacological studies of the noncompetitive NMDA
antagonist, ifenprodil, provide evidence that multiple NMDA receptor iso-
forms exist in the brain (Williams et al., 1993). The action and binding of
ifenprodil appear to be selective for the NMDAR-2B subunit (Lovinger,
1995; Nicolas and Carter, 1994; Williams et al., 1993; Williams et al., 1994).
Ifenprodil inhibition of NMDA receptors through the NMDAR-2B subunit
was hypothesized from research that ifenprodil inhibited NMDA responses
from a recombinant receptor formed by the NMDAR-1A and NMDAR-2B
subunits, but was found to be relatively inactive against the combination of
NMDAR-1A and NMDAR-2A subunits (Lynch et al., 1995; Williams et al.,
1993; Williams et al., 1994). When developmental expression of NMDA
subunits was evaluated, an association was also found between ifenprodil
binding and the presence of the NMDAR-1A and NMDAR-2B subunits, but
not the NMDAR-2A subunits (Molinoff et al., 1994; Zhong et al., 1994).
Since the NMDAR-2B subunit has a variable distribution in the brain
(Monyer et al., 1994; Monyer et al., 1992), it was presumed that ifenprodil
would affect responses to NMDA in vivo in a subset of neurons which ex-
pressed the NMDAR-2B subunit, and this was indeed found to be the case
(Yang et al., 1996). Although the basic molecular mechanism of ifenprodil
antagonism has yet to be determined, evidence is convincing that the
NMDAR-2B receptor subunit is important to the action of this drug. The
particular importance of ifenprodil to the pharmacological action of ethanol
on NMDA responses will become clear later in this discussion.

Ethanol’s Physiological Actions Mediated Through Changes
in NMDA Receptor Function

Initial evidence that ethanol antagonizes NMDA-induced responses came
from electrophysiological studies (Lima-Landman and Albuquerque, 1989;
Lovinger et al., 1989, 1990; Weight, 1992), as well as in vitro experiments
which show that ethanol inhibits NMDA activation of calcium flux and
cGMP formation (Dildy and Leslie, 1989; Hoffman, Moses, et al., 1989;
Hoffman, Rabe, et al., 1989). Electrophysiological studies performed in
vivo (Frohlich et al., 1994) have provided additional evidence that low-to-
moderate concentrations of ethanol antagonize NMDA-induced increases
in firing rate. Rats trained to discriminate doses of ethanol (1.0, 1.5, and
2.0 g/kg) from water substituted the noncompetitive NMDA antagonists,
phencyclidine (PCP) and MK-801 (dizocipline) for higher doses of ethanol
(Grant and Colombo, 1993). In contrast, the competitive NMDA receptor
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antagonist, CPPene, did not substitute for ethanol in this paradigm (Grant
etal., 1991). It was concluded that antagonism of NMDA receptor function
by a channel-blocking NMDA antagonist is perceived by the animal as
equivalent to the administration of ethanol (Grant and Colombo, 1993).
This latter finding indicates that inhibition of NMDA receptors is an impor-
tant mechanism by which ethanol affects brain function. Thus, strong evi-
dence supports that moderate concentrations of ethanol antagonize NMDA
responses and that this action of ethanol has functional consequences.

Differential Action of Ethanol on NMDA-Stimulated Responses

Following the seminal findings concerning ethanol antagonism of NMDA
(Simson et al., 1993; Simson et al., 1991), using in vivo recording tech-
niques in anesthetized rats, it was found that systemically administered eth-
anol antagonized the effect of NMDA on some, but not all, cells in the me-
dial septum. Local application of ethanol onto neurons was later found to
reduce NMDA stimulated responses, eliminating the possibility that sys-
temic administration of ethanol was acting at distant brain sites to inhibit
NMDA at the recording site (Criswell et al., 1993; Simson et al., 1993).
Initial extracellular recordings that found sensitive and insensitive NMDA -
stimulated responses in the medial septum and substantia nigra reticulata
(SNR) (Breese et al., 1993; Criswell et al., 1993; Simson et al., 1993), have
been extended to additional sites in the brain including the ventral tegmental
area, the deep mesencephalic nucleus, and the red nucleus (Yang et al.,
1996). In the hippocampus, ethanol inhibited NMDA responses from all
neurons, but did not antagonize NMDA-stimulated responses in the lateral
septum, suggesting a degree of brain regional specificity for ethanol’s inhi-
bition. Using calcium flux, Wilson et al. (1990) also found regional differ-
ences in ethanol inhibition of NMDA-stimulated responses that were con-
sistent with earlier findings (Criswell et al., 1993; Simson et al., 1993;
Simson et al., 1991). Regional differences in NMDA antagonism by ethanol
support the hypothesis that these differences were due to regional differ-
ences in NMDA receptor isoform expression.

NMDA Receptor Isoforms and Differential Ethanol Sensitivity

The existence of a relationship between the ability of ifenprodil and etha-
nol to inhibit NMDA-stimulated responses is supported by recent studies.
During a four-week period, neocortical neurons in culture showed a de-
creased sensitivity to both ethanol and ifenprodil inhibition of NMDA-stim-
ulated responses as the neurons matured (Lovinger, 1995). Both ifenprodil
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and ethanol were found to inhibit recombinant NMDA receptors containing
the NMDAR-2B subunit. The ability of ethanol to inhibit NMDA responses
was recently compared to ifenprodil (Yang et al., 1996). Whenever ethanol
antagonized an NMDA-stimulated response, ifenprodil also inhibited this
response. However, neurons were identified to which ifenprodil antago-
nized NMDA-stimulated responses, but ethanol did not (Yang et al.,
1996). Thus, the most likely mechanism of differential ethanol inhibition
of NMDA -stimulated responses appears to be related to the expression of
different NMDA receptor isoforms, i.e., different receptor isoforms are
more or less sensitive to ethanol inhibition (Breese et al., 1993; Criswell
et al., 1993; Simson et al., 1993; Yang et al., 1996).

Several studies support the hypothesis that ethanol has a differential ac-
tion on NMDA receptor isoforms. As mentioned earlier, ifenprodil most po-
tently inhibits a subset of NMDA receptors that contain the NMDAR-2B
subunit (Williams et al., 1993) and inhibits NMDA receptors that are sensi-
tive to ethanol inhibition in cultured neurons (Lovinger, 1995) and in vivo
(Yang et al., 1996). Reconstitution studies also suggest that ethanol has se-
lective actions on particular subtypes of NMDA receptors. Several investi-
gators have combined the NMDAR-1A variant with the four NMDAR-2
subunits in Xenopus oocytes or HEK-293 cells and examined the action of
ethanol on responses to NMDA (Buller et al., 1995; Chu et al., 1995;
Lovinger, 1995; Masood et al., 1994; Mirshahi and Woodward, 1995). Con-
sistent with neuronal studies that suggest NMDAR-2B and ifenprodil pre-
dict potent inhibitory actions of ethanol, the €2 subunit (mouse NMDAR-2B
subunit) when expressed with the {1 (mouse NMDAR-1A variant) in
Xenopus oocytes is significantly inhibited by concentrations of ethanol less
than 25 mM (Masood et al., 1994). Higher concentrations of ethanol also in-
hibited €1 (mouse NMDAR-2A subunit) combined with the {1, but concen-
trations as high as 100 mM had little or no effect on €3 (mouse NMDAR-2C
subunit) and €4 (mouse NMDAR-2D subunit) combined with {1 (mouse
NMDAR-1A subunit). Similar studies done by Buller et al. (1995) found
both NMDAR-2A and NMDAR-2B in combination with NMDAR-1A to be
the NMDA receptor isoforms most sensitive to inhibition by ethanol. All
studies agree that the recombinant NMDA receptors containing either the
NMDAR-2C or the NMDAR-2D subunits with the NMDAR-1A subunit are
not sensitive to ethanol inhibition (Buller et al., 1995; Lovinger, 1995;
Masood et al., 1994). Lovinger (1995) found that the NMDA receptor
formed from NMDAR-1A and NMDAR-2A was inhibited by ethanol, how-
ever, when NMDAR-2B was added, the recombinant NMDA receptor was
considerably more sensitive to ethanol inhibition of NMDA than the recom-
binant receptor containing only the NMDAR-2A subunit. In vivo, NMDA
receptors in the cerebral cortex likely contain combinations of NMDAR-1,
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NMDAR-2A, and NMDAR-2B subunits (Sheng et al., 1994). Taken to-
gether, the findings suggest that NMDA receptors containing NMDAR-2B
subunits, alone or in combination with NMDAR-2A subunits, are likely to
make up the NMDA receptor isoforms most sensitive to ethanol inhibition
whereas those containing NMDAR-2C or NMDAR-2D subunits are likely
to be relatively insensitive to inhibition by ethanol.

The presence of specific NMDAR-1 subunit variants (Monyer et al.,
1992) may also contribute to differential sensitivity of NMDA isoforms to
inhibition by ethanol. Koltchine and colleagues (1993) provided evidence
that four of the NMDAR-1 variants had differential sensitivity to ethanol,
with the variant containing both the N terminal and another cassette being
the most sensitive to inhibition by ethanol when expressed in oocytes as
homomeric assemblies. When the NMDAR-1B subunit, which contains the
N-terminal cassette, was combined with the NMDAR-2B or NMDAR-2A
subunit, the resulting isoforms were more sensitive to ethanol inhibition of
NMDA than isoforms with NMDAR-2C or -2D subunits (Chu et al., 1995).
Since NMDAR-1A variants, which lack an N-terminal insert (Durand et al.,
1993; Durand et al., 1992), are also sensitive to ethanol when combined
with the NMDAR-2B subunit, it is possible that the NMDAR-1 variants in
combination with the NMDAR-2 variants indicate that there is a wide spec-
trum of NMDA receptor isoforms with differential sensitivity to inhibition
by ethanol. Thus, for the NMDAR-1 variants investigated, an interaction of
both the R1 splice variant properties combined with the various NMDAR-2
subunits appears to modulate the sensitivity to ethanol, with NMDAR-1
variants containing inserts and NMDAR-2B subunits apparently being the
most sensitive to inhibition by ethanol.

NMDA Receptor Modulatory Sites and Differential Sensitivity
to Ethanol

Another aspect regarding differential inhibition of NMDA receptors by
ethanol could involve an interaction with specific modulatory sites on the
NMDA receptor (Johnson and Ascher, 1987; Peters et al., 1987; Reynolds
and Miller, 1989). Glycine was reported to reverse ethanol inhibition of
NMDA-induced calcium flux and cyclic guanosine monophosphate (cGMP)
in cerebellar granule cells (Dildy and Leslie, 1989; Hoffman, Rabe, et al.,
1989; Rabe and Tabakoff, 1990). However, glycine did not reverse ethanol
inhibition of NMDA-stimulated excitotoxicity in cerebral cortical neurons
(Chandler et al., 1993) or patch clamp responses in cultured hippocampal
neurons (Peoples and Weight, 1992). Studies by Buller and colleagues
(1995) may explain these contradictory results. Buller and colleagues dem-
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onstrated that NMDA-stimulated responses in Xenopus oocytes containing
the recombinant NMDAR-1A/NMDAR-2B subunits were desensitized by
the addition of ethanol when subsaturating concentrations of glycine were
present (Buller et al., 1995). Increasing the concentration of glycine reversed
this desensitization. However, other aspects of this study clearly demonstrate
glycine-independent components. This work suggests that ethanol can have
two distinct effects on NMDA-stimulated responses depending on the glycine
concentration. Manipulations of various other modulatory sites (e.g., poly-
amines, Mg2+*, Zn2+) or the presence of the drug dithiothreitol (i.e., oxida-
tion and reduction) did not affect ethanol inhibition of NMDA in recombi-
nant systems (Chu et al., 1995; Matsumoto et al., 1993).

NMDA Receptor Phosphorylation and Differential Sensitivity
to Ethanol

Phosphorylation is important in direct and indirect modulation of NMDA
receptors and several studies have demonstrated that phosphorylation may
contribute to NMDA receptors’ differential sensitivity to ethanol (Huganir
and Greengard, 1990; Wright et al., 1993). The NMDA receptor subunits
contain a site that allows for phosphorylation by protein kinase C (PKC) and
other kinases (Lieberman and Mody, 1994; Monyer et al., 1992; Nakanishi
et al., 1992). Snell and colleagues (1994) found that staurosporine or calphostin,
PKC inhibitors, reversed the inhibitory effect of ethanol on NMDA-stimu-
lated responses, suggesting that ethanol may facilitate phosphorylation of the
NMDA receptor and thereby inhibit NMDA-stimulated responses. Conse-
quently, the proper phosphorylation state of the NMDA receptor may be re-
quired for ethanol and ifenprodil inhibition of NMDA. However, Tabakoff
(1995) noted that PKC does not appear to have the same role in all cell popu-
lations in determining the effect of ethanol on NMDA-stimulated responses,
and stated that more investigation is needed to clearly define the role of
NMDA receptor phosphorylation in differential sensitivity to ethanol.

Differential Action of Ethanol on AMPA/
Kainate-Stimulated Responses

Initial investigations with low-to-moderate concentrations of ethanol
suggested that ethanol did not affect the function of non-NMDA glutamate
receptors (Hoffman, Rabe, et al., 1989; Lovinger et al., 1989; Simson et al.,
1993). These reports have given way to data indicating that ethanol can in-
hibit agonist-stimulated responses, but some controversy and uncertainty
still exists about the concentration of ethanol required for this action to occur.
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Lovinger et al. (1989) reported that only high concentrations of ethanol
(~100 mM) can antagonize kainate-stimulated responses in cultured neu-
rons from fetal rodent brains. Likewise, ethanol (>100 mM) was shown to
inhibit responses from recombinant AMPA-type glutamate receptor sub-
units expressed in kidney 243 cells (Lovinger, 1993). Based on work with
cultured neurons Weight and colleagues (1993) reported that only ethanol
concentrations above 50 mM affected the non-NMDA receptors, suggesting
that ethanol’s ability to produce general anesthesia could be attributed to in-
hibition of kainate and AMPA receptor function. High concentrations of
ethanol (100 mM) have also been found to inhibit kainate and AMPA re-
sponses in vivo in the rat locus coeruleus (Frohlich et al., 1994). Collec-
tively, these data suggested that non-NMDA receptors are considerably less
sensitive to ethanol than NMDA receptors, although some regional differ-
ences may exist in brain (Gonzales, 1990).

A particularly important observation made by Dildy-Mayfield and Har-
ris (1992a,b) was that ethanol inhibition was potentiated at lower, rather
than higher, concentrations of kainate. In fact, the inhibition of a low con-
centration of AMPA by ethanol was similar to that seen for NMDA. The re-
gion of the brain may also be a contributing factor as to whether ethanol
affects non-NMDA receptors (Dildy-Mayfield and Harris, 1992a,b). Martin
and colleagues (1995) found that ethanol inhibited agonist responses to the
non-NMDA receptors in hippocampal slices, but as noted in earlier studies,
this action depended greatly on the concentration of the agonist used. Simi-
larly, Chandler and colleagues (1994) found that AMPA-stimulated nitrous
oxide formation in cerebral cortical cultures was inhibited by ethanol. Thus,
there is no question that ethanol can inhibit non-NMDA receptor stimulated
responses. However, a complete understanding of the differences observed
between the various studies as to the concentration of ethanol required to
inhibit kainate- or AMPA-stimulated responses has yet to be resolved. It is
possible that the variable effects of ethanol relate to the differing subunit
composition of various non-NMDA receptor subtypes. Additionally, con-
sensus sites are found on some subunits for protein kinase II and protein
kinase C (Keinanen et al., 1990; Wright et al., 1993). Thus, phosphorylation
could account for some of the differences observed. These potential reasons
for the varying observations need to be critically tested.

Until recently there has been much controversy regarding the effect of
ethanol on kainate receptors. This was mainly due to the inability of re-
searchers to pharmacologically isolate kainate receptors from other gluta-
mate receptors. The few studies mentioned previously found that ethanol in-
hibited kainate receptor function in recombinant receptor systems. But
these findings only suggested such an effect was possible, as the characteris-
tics of recombinant kainate receptors differ from endogenous receptors.
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AMPA receptor antagonists recently became available allowing researchers
to characterize endogenous kainate receptors and ethanol’s effect upon
them. Two groups have since investigated kainate receptors and their sensi-
tivity to ethanol, one in cerebellar granule cells (Valenzuela, Cardoso, et al.,
1998) and one in CA3 pyramidal neurons (Weiner et al., 1999). Both groups
found that intoxicating concentrations of ethanol inhibited kainate currents
and Weiner’s group also found that ethanol in concentrations as low as
20 mM depressed kainate excitatory postsynaptic currents. Further studies
are necessary to more fully characterize ethanol’s inhibition of kainate re-
ceptors and any behavioral or cognitive consequences that may occur.

ETHANOL EFFECTS ON GABA ,/BENZODIAZEPINE
RECEPTORS

y-aminobutyric acid (GABA) is the most ubiquitous inhibitory neurotrans-
mitter in the brain. GABA interacts with a family of receptors containing rec-
ognition sites for the anxiolytic and sedative benzodiazepines, barbiturates,
and endogenous neurosteroids. These binding sites are linked allosterically to
a GABA recognition site, and each site is involved directly or indirectly in the
gating properties of integral chloride channels. GABA receptor-mediated ac-
tivation of CI~ conductance results in membrane hyperpolarization and de-
creased neuronal excitability (Skolnick and Paul, 1982). Ethanol alters the
gating properties of this receptor complex; however, ethanol binds with little
or no affinity to recognition sites for GABA, benzodiazepines, barbiturates,
or cage convulsants (Davis and Ticku, 1981; Greenberg et al., 1984). GABA ,
receptor isoforms are heteromeric protein complexes consisting of five dis-
tinct, yet homologous, membrane-spanning glycoprotein subunits. These
subunits exist in six major classes: a, B, v, 0, and p (Levitan et al., 1988;
Schofield, 1989; Schofield et al., 1987). Within each class of subunits, there
are various isoforms that include a1-6, 1-4, y1-4, 3, and p1-2 (Cutting et al.,
1992; Cutting et al., 1991). Additional variants are possible due to post-
translational processing (see Macdonald and Olsen, 1994, for review; See-
burg et al., 1990). The structural features of GABA , receptor channels have
been inferred to a large extent by analogy to nicotinic, cholinergic, and
glycine receptors which are members of the superfamily of ligand-gated ion
channels (Unwin, 1989). However, the pentameric structure of native GABA ,
receptors has been confirmed by electron microscopy and rotational spin
analysis of isolated receptors (Nayeem et al., 1994).

The actual subunit composition of GABA , receptor isoforms in vivo is
not yet known. However, it is clear that subunit composition determines the
pharmacological and functional properties of GABA, receptor isoforms.
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For example, the coexpression of different 8 and y subunits in recombinant
expression systems results in GABA , receptors with different pharmaco-
logical properties, and may account for the functional heterogeneity of
GABA, receptors (Levitan et al., 1988; Pritchett, Liiddens, et al., 1989;
Pritchett, Sontheimer, et al., 1989; Puia et al., 1991; Wafford et al., 1990). In
transient expression systems, benzodiazepine type I binding characteristics
are observed with the expression of a2xy2 subunits (where x indicates any
3 subunit). In contrast, the expression of a2pxy2, a3pxy2, or aSPxy2 sub-
units results in benzodiazepine type II pharmacology (Pritchett, Liiddens,
etal., 1989). Further diversity of y2 subunits are created by an eight-amino-
acid insertion site of the GABA 4 receptor y2L subunit, which encodes a se-
quence that can be phosphorylated by protein kinase C (Whiting et al.,
1990) and appears to confer ethanol sensitivity to recombinant GABA , re-
ceptors expressed in some circumstances (Wafford et al., 1991; Wafford and
Whiting, 1992). There is increasing evidence that all GABA , receptor sub-
unit combinations contribute to specific functional properties in assembled
receptors. The expression of a1, a2, a3, or a5 subunits with $1, B2, or 33
subunits in conjunction with y2L subunits in frog oocytes results in twelve
receptors that exhibit unique pharmacological properties (White and Gur-
ley, 1995). Understanding the heterogeneity of native GABA, receptors
will provide additional insight into heterogeneous signaling in the brain.

The functional properties of GABA , receptors may also be influenced
by posttranslational mechanisms that are presumed to alter receptor confor-
mation. The potential role of phosphorylation in the regulation of GABA re-
sponses is controversial. Evidence suggests that GABA receptor phos-
phorylation is both associated with (Heuschneider and Schwartz, 1989;
Leidenheimer et al., 1990; Porter et al., 1990) or prevents (Gyenes et al.,
1988; Stelzer et al., 1988) GABA , receptor desensitization. Artifacts re-
lated to the actions of cAMP, which are independent of protein phos-
phorylation, have been described (Heuschneider and Schwartz, 1989; Lei-
denheimer et al., 1990) and complicate the interpretation of the results of
these studies. In addition, the heterogeneity of GABA , receptors may ex-
plain some of the conflicting results. Another mechanism may involve
GABA, receptor isoforms that are phosphorylated by maximal GABA
stimulation, whereas other isoforms are not. GABA , receptors contain pu-
tative phosphorylation sites on $1-3 and y2L subunits (Wang and Burt,
1991; Ymer et al., 1989), but the expression of these subunits varies in dif-
ferent brain regions (Wang and Burt, 1991; Zhang et al., 1995). Thus, the
potential role of phosphorylation and other posttranslational processes re-
mains obscure.
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Ethanol Interactions with GABA , Receptors

Ethanol is believed to act at many sites in the brain, but GABA ,/benzo-
diazepine receptors may be the major targets responsible for many of its be-
havioral effects. GABA-mimetic drugs enhance and prolong the behavioral
effects of ethanol, while antagonists shorten ethanol narcosis (Frye and
Breese, 1982; Martz et al., 1983). Likewise, benzodiazepines and GABA-
mimetics ameliorate the symptoms of ethanol withdrawal (Frye et al.,
1983a; Sellers and Kalant, 1976), while GABA antagonists potentiate these
symptoms (Goldstein, 1973). Furthermore, benzodiazepine receptor in-
verse agonists, such as Ro15-4513 and FG-7142, antagonize many ethanol-
induced behaviors in the rat, including intoxication (Koob et al., 1989; Lis-
ter, 1988; Suzdak, Glowa, et al., 1986; Suzdak et al., 1988). The behavioral
effects of various chain-length alcohols have also been used to establish a
link between alcohol interactions with GABA receptors and the production
of their behavioral effects. Recent studies have shown that while short-chain
alcohols activate GABA 4 receptors (Suzdak et al., 1987), long-chain alco-
hols (greater than ten carbons) no longer activate GABA , receptors (Dildy-
Mayfield et al., 1996). This loss of GABA activation correlates with the ef-
fects of various length alcohols on the loss of righting reflex in tadpoles
(Dildy-Mayfield et al., 1996). Site-specific effects of ethanol on GABA , re-
ceptors that result in sedation have been demonstrated in the medial septum
(Givens and Breese, 1990b).

Direct evidence that ethanol interacts with GABA , receptors at pharma-
cologically relevant concentrations has been demonstrated in studies using
subcellular brain preparations and cultured embryonic neurons, wherein
ethanol and other short-chain alcohols have been shown to stimulate (Suzdak
etal., 1987; Suzdak, Schwartz, et al., 1986) or potentiate GABA , receptor-
mediated 3°C1™ uptake (Allan and Harris, 1986; Mehta and Ticku, 1988;
Suzdak et al., 1987; Suzdak, Schwartz, et al., 1986; Ticku et al., 1986).
Electrophysiological studies have confirmed that ethanol enhances GABA ,
receptor-mediated CI™ conductance, but only in specific brain regions (Cel-
entano et al., 1988; Givens and Breese, 1990a,b; Mereu and Gessa, 1985;
Nestores, 1980) or cell populations (Aguayo, 1990; Reynolds and Prasad,
1991). The regional specificity of ethanol interactions with GABA was first
observed by Givens and Breese (1990a,b), who demonstrated that ethanol
enhances GABA responses in the medial septal nucleus, but not the lateral
septal nucleus. Subsequent studies have defined several brain regions where
electrophysiological responses to GABA are both sensitive and insensitive
to ethanol (Criswell et al., 1993, 1995). Several researchers have suggested
that the subunit composition of GABA , receptors determines the presence
or absence of ethanol sensitivity (Breese et al., 1993; Criswell et al., 1993;
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Givens and Breese, 1990a; Morrow et al., 1992; Wafford et al., 1990). This
hypothesis has been supported by studies of mammalian brain regions in
which ethanol sensitivity is highly correlated with the simultaneous pres-
ence of benzodiazepine type I ([*H]zolpidem) binding sites (Breese et al.,
1993; Criswell et al., 1993, 1995) and GABA 4 receptor a1, 32, and y2 sub-
units (Criswell et al., 1993; Duncan et al., 1995). It is not clear from these
studies whether the y2 subunit splice variants influence ethanol sensitivity
in the rat brain, since y2L subunits were abundant in both ethanol-sensitive
and ethanol-insensitive sites (Criswell et al., 1993; Duncan et al., 1995).
However, it is clear that ethanol potentiation of GABA , receptors may be
limited to very specific subtypes of GABA , receptors that have a unique re-
gional distribution in the brain.

Additional evidence suggests that other GABA , receptor isoforms may
exhibit ethanol sensitivity under certain circumstances. Several investiga-
tors have found that ethanol modulates GABA responses in cerebellar
Purkinje cells if a-adrenergic receptors are coactivated (Knapp et al., 1995;
Linetal., 1991; Palmer et al., 1988). Cerebellar granule cells contain recog-
nition sites for the benzodiazepine inverse agonist, Ro15-4513, which an-
tagonizes the effects of ethanol on GABA-mediated responses such as the
righting reflex. Since this site is not sensitive to zolpidem, it is assumed that
it identifies a distinct GABA , receptor isoform that responds to ethanol.
The subunit composition of this receptor is likely to include a6 subunits
since this subunit appears to contain the Ro15-4513 recognition site (Lii-
ddens et al., 1990). In the cerebral cortex, Ro15-4513 appears to label a
GABAA receptor comprised of a4 subunits (Wisden et al., 1991). Chronic
ethanol administration increases [3H]JR015-4513 binding in the cortex and
cerebellum (Mhatre et al., 1988), as well as a4 (Devaud, Morrow, et al.,
1995) and a6 subunits (Mhatre and Ticku, 1993; Morrow et al., 1992), re-
spectively. Therefore, these GABA, receptor isoforms probably exhibit
ethanol sensitivity in vivo.

The question of whether ethanol enhancement of GABA responses is de-
pendent on receptor subunit composition has been directly addressed in var-
ious recombinant expression systems. In frog oocytes, the expression of the
human y2L subunit has been reported to be required for ethanol potentiation
of GABA responses (Wafford et al., 1991; Wafford and Whiting, 1992), but
other studies have not confirmed this effect (Mihic et al., 1994; Sigel et al.,
1993). In mouse LTK cells, a1B1 y2L and 181 y2S recombinant receptors
are sensitive to ethanol, though greater sensitivity was observed when the
v2L subunit was expressed (Ryan-Jastrow and Macdonald, 1993). Using the
HEK?293 expression system, the y2 splice variant does not influence ethanol
enhancement of GABA responses (Ryan-Jastrow and Macdonald, 1993).
Conversely, stably transfected PA3 cells are only sensitive to ethanol when
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the y2L variant is expressed with o1 and B1 subunits (Harris, Proctor, et al.,
1995). The lack of consistent results in recombinant expression systems
suggests that factors other than subunit composition can influence ethanol
interactions with GABA 4 receptors. These factors could include differences
in membrane properties, intracellular messengers, and/or receptor assembly
that may exist among recombinant expression systems and mammalian
brains. The extent to which these factors modulate the functional properties
of GABA , receptors is a question of considerable importance in the inter-
pretation of structure-function studies in recombinant expression systems.

Ethanol’s Effects on GABA , Receptors Mediated
by Posttranslational Modifications

Recent studies in recombinant receptor systems, where subunit expression
is controlled by a dexamethasone-sensitive promoter, exhibit changes in re-
ceptor function that cannot be attributed to alterations in subunit expression
(Kleinetal., 1995). A possible explanation for these changes in receptor func-
tion may involve posttranslational modification of GABA, receptors and
second messenger systems. Tyrosine phosphorylation of GABA , receptors
has been shown to enhance GABA, receptor-gated currents (Valenzuela
et al., 1995) and, as noted previously, tyrosine phosphorylation of NMDA
receptors has been linked to the development of acute tolerance of NMDA re-
ceptors. PKC, PKA, and calmodulin kinase II have been reported to phos-
phorylate and/or alter the function of NMDA or GABA , receptors. Addi-
tionally, mouse mutants that lack a PKC isoform exhibit a loss of ethanol
sensitivity both in vivo and at the cellular level (Harris, McQuilkin, et al.,
1995). Thus, ethanol tolerance and dependence may also involve second mes-
sengers associated with GABA , receptors.

CHANGES IN NMDA AND GABA, RECEPTORS
DURING CHRONIC ALCOHOL ABUSE AND WITHDRAWAL

Chronic Ethanol Alters NMDA Receptor Function
and Expression

Hyperexcitability of the central nervous system (CNS) is a key compo-
nent of ethanol withdrawal and a sign of alcohol dependence (Frye et al.,
1983a,b; Grant et al., 1990). Both a reduction in GABA-mediated inhibition
(Frye et al., 1983a,b) and a supersensitive NMDA response appear to be in-
volved. One of the earliest findings suggesting glutamate involvement was
the finding that [*H]glutamate binding is increased in the hippocampus of
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alcoholics (Michaelis et al., 1990). Although the isoform of glutamate re-
ceptor involved is not known, this is consistent with increased glutamate re-
ceptor density. Several studies of neuronal cells in culture have indicated
that a few days of chronic ethanol treatment leads to supersensitive NMDA-
stimulated calcium flux (Ahern et al., 1994; Iorio et al., 1992), as well as
NMDA-stimulated excitotoxicity (Ahern et al., 1994; Chandler et al., 1993;
Crews and Chandler, 1993; Crews et al., 1993; Iorio et al., 1993) and
NMDA-stimulated nitric oxide formation (Chandler et al., 1995). Although
the mechanisms are not totally resolved, it is clear that chronic ethanol can
induce NMDA supersensitivity and likely contributes to the hyper-
excitability and seizures associated with ethanol withdrawal. It may also
cause neurotoxicity. Supersensitivity could occur through a number of
mechanisms including increased density of the NMDA receptors, changes
in subunit composition, and increased release of glutamate.

Nitric oxide has been implicated in toxicity due to the formation of
highly oxidative metabolites (Crews and Chandler, 1993). Although both
nitric oxide and excitotoxicity show supersensitivity as indicated by left
shifts in the dose response curves, the finding that nitric oxide production is
maximal at the minimum threshold concentration for NMDA-stimulated
excitotoxicity suggests that nitric oxide may contribute to excitotoxicity, but
is likely not the only factor involved. Although supersensitivity was found
in both nitric oxide and excitotoxicity, changes in the amount of NMDARI1
immunoreactivity were not found, suggesting that changes in the NMDA re-
ceptor subunit composition, phosphorylation, or other posttranslational fac-
tors are most likely responsible for the super-sensitive NMDA response.

Ligand-binding studies support the hypothesis that changes in subunit
composition are involved. Grant et al. (1990) reported that seven days of
7 percent ethanol diet increased [FHJMK-801 binding in hippocampal mem-
branes by approximately 16 percent. Another autoradiographic study also
reported increased [3SH]MK-801 binding in the cortex, hippocampus, and
striatum (Gulya et al., 1991). Well-controlled extensions of these experi-
ments found changes in the hippocampus but not the cerebral cortex (Snell
et al., 1993). These studies found that [3SHIMK-801 and NMDA-specific
[*H]glutamate binding slightly increased in the hippocampus during chronic
ethanol treatment, but there were no changes in [3H] glycine or [*H]
CGS19755, a competitive NMDA antagonist, in the hippocampus. No
changes in any ligand binding were found in the cerebral cortex (Snell et al.,
1993). Reconstitution studies using NMDAR-1A and NMDAR-2A subunits
found receptors containing both glutamate antagonist and channel-blocking
antagonist binding sites (Lynch et al., 1994). Further studies combining
NMDAR-1A and NMDAR-2B subunits resulted in different receptor prop-
erties, particularly in the modulation of the channel by polyamines and
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high-affinity ifenprodil binding. Thus, subunit composition changes and not
an increased density of channels may cause the changes in NMDA ligand-
binding sites seen in these experiments.

Further supporting this theory, Trevisan and colleagues (1994) found that
12 weeks of ethanol liquid diet in rats increased the levels of NMDAR-1
immunoreactivity in the hippocampus, but not the cortex, striatum, or nu-
cleus accumbens. Of interest, studies of levels of NMDAR-1 mRNA have
indicated that chronic ethanol does not change NMDAR-1 mRNA but in-
creases NMDAR-2A and NMDAR-2B mRNA levels in the hippocampus
and cortex (Follesa and Ticku, 1995). Since Merck compound 801 (MK801)
requires both an NMDAR-1 and NMDAR-2 subunit for binding, an in-
crease in binding could be due to changes in receptor subunits without a
concomitant increase in the density of channels. Other studies have not
found increases in MK801 binding following chronic ethanol treatment of
mice (Carter et al., 1995) or rats (Rudolph et al., 1997). These differences
could be due to different ethanol treatment protocols or the responses of dif-
ferent animals. Long-term treatment of rats with ethanol (12 weeks) in-
creased NMDAR-1 immunoreactivity in the ventral tegmental area, whereas
one or six weeks of chronic 5 percent ethanol liquid diet did not (Oritz et al.,
1995). Another factor that may relate to differences in ethanol treatment is
that stress and treatment with glucocorticoids have been shown to increase
NMDA receptor binding in a manner similar to ethanol (Yoneda et al.,
1994). Since ethanol increases glucocorticoids and is a stressor, it is possi-
ble that increased glucocorticoid levels play a role in ethanol-induced
increases in NMDA receptor binding in the brain. However, the super-
sensitivity observed in vitro by several groups cannot be related to stress-
induced changes in NMDA receptor binding. Although the exact molecular
processes require additional experimentation, a number of studies support
the hypothesis that chronic ethanol consumption results in supersensitive
NMDA receptors.

Chronic ethanol consumption also affects the functioning of NMDA re-
ceptors by altering the levels of extracellular glutamate through changes in
glutamate release. While an acute dose of ethanol lowers extracellular glu-
tamate levels in the CNS (Carboni et al., 1993; Moghaddam and Bolinao,
1994), ethanol-dependent rats show tolerance as their levels of extracellular
glutamate return to normal levels. During withdrawal, however, levels of
extracellular glutamate increased threefold, paralleling the time course of
the withdrawal syndrome (Fadda and Rossetti, 1998; Gonzales et al., 1996;
Rossetti and Carboni, 1995). It is therefore likely that the hyperexcitable
state seen during ethanol withdrawal is caused not only by supersensitive
NMDA receptor response, but also due to an increase in glutamate release.
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Chronic Ethanol Consumption Alters GABA , Receptor Function
and Receptor Subunit Assembly

Ethanol shares several pharmacologic actions with barbiturates and
benzodiazepines including anxiolytic and sedative activity (Liljequist and
Engel, 1984), cross-tolerance, and dependence (Boisse and Okamoto,
1980; Le et al., 1986). The similarities between the actions of ethanol,
benzodiazepines, and barbiturates suggest that all three drugs share some
mechanism(s) of action. Tolerance to the sedative and intoxicating effects of
ethanol has been postulated to result from a compensatory decrease in
GABA-mediated inhibition in the brain (Hunt, 1983). Other studies suggest
that alterations in the function of GABA 4 receptor chloride channels also
contribute to the signs and symptoms of ethanol withdrawal syndrome.
Chronic exposure of rats to ethanol produces physical dependence and tol-
erance (Frye et al., 1981; Goldstein and Pal, 1971; Karanian et al., 1986;
Morrow et al., 1988, 1992), which are associated with a decreased sensitiv-
ity of the GABA , receptor in the cerebral cortex (Sanna et al., 1993), when
blood ethanol levels were greater than 0.15 percent (Morrow et al., 1988). In
vitro studies have also shown that chronic ethanol decreases the sensitivity
of GABA , receptors. Muscimol-stimulated 3¢C- uptake was decreased by
26 percent and pentobarbital-stimulated 3¢C- uptake was decreased by 25
percent following chronic ethanol treatment. Following chronic ethanol ad-
ministration, the ability of ethanol (20 mM) to potentiate muscimol-stimu-
lated 36C~ uptake was completely lost in rat cerebral cortical synapto-
neurosomes (Morrow et al., 1988) and in mouse cerebellar microsacs (Allan
and Harris, 1987). Cross-tolerance was also demonstrated as benzodiazepine
enhancement of muscimol-stimulated chloride flux was reduced in the cere-
bral cortex of mouse microsacs, while the functional efficacy of inverse
agonists was enhanced (Buck and Harris, 1990). This cross-tolerance was
also seen in behavioral responses to injections of muscimol into the substantia
nigra (Gonzalez and Czachura, 1989) and to subcutaneous THIP (a GABA
agonist) injections (Martz et al., 1983) that were reduced following chronic
ethanol administration. Following the completion of ethanol withdrawal, the
decrease in muscimol-stimulated 36Cl- uptake in rat cerebral cortical synap-
toneurosomes (Morrow et al., 1988) and flunitrazepam potentiation in mouse
cortical microsacs (Buck and Harris, 1990) was completely reversed, as
would be predicted if these neurochemical changes were related to the behav-
1oral states of alcohol withdrawal.

Alterations in the density or affinity of brain GABA , receptors following
chronic ethanol administration have yielded conflicting results and cannot
explain the development of tolerance or withdrawal. For example, Ticku
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and colleagues (1986), Ticku and Burch (1980), and Unwin and Taberner
(1980) have reported a decrease in the density of low-affinity [3H]agonist
binding sites in the brain following chronic ethanol exposure to rats or mice.
deVries and colleagues (1987) have reported a reduction in the ability of
GABA to enhance [3H]flunitrazepam binding in brain membranes prepared
from ethanol-treated mice. However, others have failed to find alterations in
the number or affinity of GABA , receptors (Volicer, 1980; Volicer and Biagioni,
1982b). Chronic ethanol administration does not alter the density of [3H]
flunitrazepam (Karobath et al., 1980; Rastogi et al., 1986; Volicer and Biagioni,
1982a) or [¥S]t-butylbicyclophosphorothionate binding sites (Rastogi et al.,
1986; Thyagarajan and Ticku, 1985) in brain. Mhatre et al. (1988) reported an
increase in the density of specific binding sites for [*H]JR015-4513 in the rat
cortex and cerebellum following chronic ethanol administration, as well as in-
creased sensitivity to its behavioral effects (Mehta and Ticku, 1989). It has been
proposed that the alterations in GABA receptor function observed following
chronic ethanol administration are the result of a change in the synthesis and
expression of GABA , receptor isoforms. Chronic ethanol administration
may have differential effects on the expression of individual GABA , recep-
tor subunits, accounting for the diverse effects of ethanol on different
radioligand binding sites. If ethanol alters the expression of specific popula-
tions of GABA , receptor isoforms, radioligands, which measure all GABA
receptors, may lack the selectivity to detect changes in one or more receptor
subunits or populations of GABA 4 receptor isoforms.

Chronic ethanol administration differentially alters the expression of
GABA , receptor subunit mRNAs in the cerebral cortex (Devaud, Smith,
et al., 1995; Montpied et al., 1991; Morrow et al., 1990) and cerebellum
(Morrow et al., 1992). The levels of GABA 4 receptor al subunit mRNAs
are reduced while o4 subunit mRNAs are increased by approximately equal
amounts in the cerebral cortex (Devaud, Smith, et al., 1995). Likewise in the
cerebellum, decreases in GABA, receptor al subunit mRNAs and in-
creases in a6 subunit mRNA levels are found (Mhatre and Ticku, 1992;
Morrow et al., 1992). These changes in mRNA levels suggest alterations in
the expression of the corresponding proteins that could account for the alter-
ations in receptor function and binding that have been observed. For exam-
ple, the increases in a4 and o6 subunit expression probably explain the in-
creases in [PH]Ro-15-4513 (Mhatre et al., 1988) and sensitivity (Buck and
Harris, 1990; Mehta and Ticku, 1989) following chronic ethanol adminis-
tration. The increased expression of a4 subunits may also underlie the re-
duced sensitivity to GABA (Morrow et al., 1988) and benzodiazepine
agonists (Buck and Harris, 1990), since recombinant GABA receptors with
o4 B2y2 subunits are less sensitive to GABA agonists and benzodiazepines
than a1 B2y2 receptors (Whittemore et al., 1995). Ethanol-dependent and
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withdrawn rats are also sensitized to the effects of the neurosteroid 3a,50-
THP (Devaud et al., 1996; Devaud, Purdy, et al., 1995). This effect may be
related to the increase in y1 subunit mRNAs following chronic ethanol ex-
posure (Devaud et al., 1996; Devaud, Smith, et al., 1995), since y1 subunits
convey greater neurosteroid sensitivity in recombinant expression studies
(Puia et al., 1994).

As seen with chronic ethanol exposure, ethanol withdrawal is also asso-
ciated with dynamic changes in GABA , receptor subunit mRNAs. During
withdrawal, GABA , receptor a1l and a4 subunit mRNAs return to control
levels, while B2 and 3 subunit mRNA levels increase compared to both
control and dependent rats (Devaud et al., 1996). At this time, correspond-
ing changes in protein expression are unlikely since the receptor turnover
rate (t;,) is estimated to be one to two days. Therefore, while GABA , re-
ceptor polypeptide expression during withdrawal is probably similar to that
found in ethanol-dependent rats, profound changes in GABA , receptor ex-
pression may occur shortly after withdrawal.

The observation that ethanol tolerance is associated with changes in sub-
unit composition also supports the hypothesis that subunit composition in-
fluences ethanol sensitivity. As previously discussed, ethanol potentiation
of GABA , receptor function is abolished at the cellular level in rats that are
ethanol tolerant and dependent. The changes in subunit expression resulting
from chronic exposure to ethanol may contribute to this reduction in ethanol
sensitivity (Devaud, Smith, et al., 1995; Morrow et al., 1992).

Chronic Ethanol Alters Phosphorylation and Localization
of NMDA and GABA , Receptors

Whether the phosphorylation state of NMDA and GABA , receptors is
altered by chronic ethanol exposure is not yet known. Chronic ethanol can
increase PKC levels and activity (Coe, Yao, et al., 1996; DePetrillo and
Liou, 1993; Gordon et al., 1997; Messing et al., 1991; Roivainen et al.,
1993) and induce heterologous desensitization of cAMP signaling with de-
creased PKA activity (Coe, Dohrman, et al., 1996; Gordon et al., 1986;
Rabin et al., 1992). Some of these effects of ethanol could relate to changes
in subcellular translocation and localization. Ethanol has been shown to
stimulate translocation to the nucleus of the catalytic subunit of PKA where
it remains sequestered for as long as ethanol is present (Dohrman et al.,
1996), and to stimulate translocation of PKC-d and PKC-¢ to new intra-
cellular sites (Gordon et al., 1997). Translocation of PKC and PKA isozymes
to subcellular anchoring proteins is thought to be important in targeting spe-
cific signaling events. Furthermore, PKA and calcineurin (protein phosphatase
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2B) are concentrated in postsynaptic densities via a common A-kinase an-
choring protein (AKAP79), putting them in a position to regulate phos-
phorylation and/or dephosphorylation of key postsynaptic proteins (Coghlan
et al., 1995). Clearly, changes in PKA and/or PKC activity and subcellular
targeting could play an important role in ethanol-induced changes in synap-
tic function, including modulation of NMDA and GABA , receptors.

Another potentially important process in NMDA and GABA , receptor
adaptation during ethanol exposure is receptor-cytoskeletal interaction
(Chandler et al., 1998). NMDA receptors are required for activity-dependent
synaptic remodeling during development, and studies in hippocampal cul-
tures have shown that the subcellular distribution of NMDA receptors is
modulated by receptor activity. Chronic treatment with an NMDA receptor
antagonist leads to increased NMDA receptor clustering at synaptic sites
and, conversely, spontaneous activity leads to decreased synaptic NMDA
receptor clustering (Rao and Craig, 1997). Because studies in primary neuronal
cell cultures might more closely model developmental processes, an impor-
tant question to be addressed is whether this activity-dependent redistribu-
tion of NMDA receptors also occurs in mature neurons. Furthermore, it is
not known whether the functional property of the NMDA receptor itself is
altered by clustering and redistribution (i.e., synaptic versus non-synaptic).
However, receptor redistribution could represent a novel form of activity-
dependent synaptic modification (plasticity), and prolonged inhibition of
the NMDA receptor during chronic ethanol exposure might also lead to an
increase in NMDA receptor clustering at synaptic sites.

BRAIN DAMAGE IN ALCOHOLICS
Morphological Changes Caused by Chronic Alcohol Abuse

Alcohol-induced changes in brain structure have been studied in both hu-
mans and rodents. A variety of postmortem histological analyses, as well as
supporting imaging analysis, suggest that chronic alcohol intoxication changes
brain structure (Crews, 2000; Sullivan, Rosenbloom, and Pfefferbaum,
2000). Computerized tomography (CT) and magnetic resonance imaging
(MRI) studies have repeatedly shown enlargement of the cerebral ventricles
and sulci in most alcoholics. The enlargement of the ventricles and sulci re-
flect a shrinking of brain mass. This is consistent with studies on postmor-
tem brain tissue, wherein alcoholics have a reduction in total brain weight.
Particularly severe alcoholics also have reductions in global cerebral hemi-
sphere and cerebellar brain weights compared to controls and moderate
drinkers (Harper and Kril, 1993). Some of this loss of brain mass is likely
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due to loss of neurons (gray matter) and myelin sheaths (white matter).
However, a portion of the loss in brain mass is also likely to be due to a re-
duction in the brain parenchyma, i.e., the size of the cells and their pro-
cesses, during chronic alcohol abuse. Recent studies have indicated that
within one to five months of sustained abstinence, the size of the brain re-
turns to normal levels. It is likely that this return involves an increase in
neuronal cell size, arborization, and density of the neuronal processes that
make up cellular brain mass, as well as increases in the number and size of
glial cells (Franke et al., 1997). Although it is not exactly clear how alcohol-
ism leads to a reduction in brain weight and volume, it is clear that this occurs
during active alcohol abuse, and that some recovery of brain mass occurs dur-
ing abstinence. More research is needed to clearly understand how chronic
alcohol abuse leads to a reduction in brain mass and how recovery of brain
mass occurs during abstinence.

The frontal lobes appear to be particularly affected in persons with
chronic alcoholism as first observed in neuropathological studies (Courville,
1955) and confirmed more recently with neuropathological (Harper and
Kril, 1990) and in vivo neuroradiological studies (Nicolas et al., 1997;
Pfefferbaum et al., 1997; Ron et al., 1982). Quantitative morphometry sug-
gests that the frontal lobes of the human brain show the greatest loss, and ac-
count for much of the associated ventricular enlargement (Jernigan et al.,
1991). Studies have found that neuronal density in the superior frontal cortex
is reduced by 22 percent in alcoholics compared to nonalcoholic controls, in
contrast to other areas of the cortex, which were not different between the
groups (Harper et al., 1987). Further, the complexity of the basal dendritic
arborization of layer III pyramidal cells in both superior frontal and motor
cortices were significantly reduced in alcoholics compared to controls. De-
creases in the amounts of N-acetyl aspartate in the frontal lobe, a measure of
neuron levels, also illustrates frontal lobe degeneration in alcoholics (Jagan-
nathan et al., 1996). One reason these frontal lobe changes are more evident
is the greater proportion of white matter to cortical gray matter in the frontal
regions.

Other brain regions are also affected by chronic alcohol abuse. A reduc-
tion in dendritic arborization of Purkinje cells in the anterior superior
vermis of the cerebellum is also found in alcoholics. Temporal lobe shrink-
age occurs particularly in individuals with alcohol-withdrawal seizure history
(Sullivan et al., 1996). Taken together, the data demonstrate a selective
neuronal loss, dendritic simplification, and reduction of synaptic complex-
ity in specific brain regions of alcoholics.

In addition to the global shrinkage of brain regions, certain key neuronal
nuclei that have broad-ranging functions on brain activity are selectively
lost with chronic alcohol abuse. One important nucleus altered in alcohol-
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ism is the cholinergic basal forebrain nuclei, which is also lost in Alzhei-
mer’s disease, causing loss of memory formation. Arendt (1993) found a
significant loss of neurons in this region in alcoholic Korsakoff psychosis
patients. Cholinergic blockade has been shown to cause the anterograde am-
nesia seen in both Korsakoff and Alzheimer patients (Kopelman and Corn,
1988).

Additional brain nuclei such as the locus coeruleus and raphe nuclei ap-
pear to be particularly sensitive. These two nuclei contain many of the
noradrenergic and serotonergic neurons within the brain, respectively. Al-
though these nuclei are small in size, they are particularly important because
their neuronal processes project throughout the brain and modulate global
aspects of brain activity. Chemical studies have shown abnormally low lev-
els of serotonergic metabolites in the cerebral spinal fluid of alcoholics with
Wernike-Korsakoff syndrome, and more recent morphological studies have
found a 50 percent reduction in the number of serotonergic neurons from
the raphe nuclei of all alcoholic cases studied compared to controls. Thus
the serotonergic system appears to be disrupted in alcoholics, especially in
severe alcoholics (Baker et al., 1996; Halliday et al., 1995). Several studies
have also reported significant noradrenergic cell loss in the locus coeruleus
(Arango et al., 1996; Arendt et al., 1995; Lu et al., 1997), although not all
studies have found this loss (Harper and Kril, 1993). Studies have also indi-
cated that certain neurons that contain the peptide vasopressin may be sensi-
tive to chronic ethanol-induced neurotoxicity in both rats and humans
(Harding et al., 1996; Madeira et al., 1997). Damage to hypothalamic
vasopressin and other peptide-containing neurons could disrupt a variety of
hormone functions as well as daily rhythms that are important for healthy
living. Thus, studies have suggested that cholinergic and biogenic amine
brain nuclei appear particularly sensitive to ethanol neurotoxicity.

Although human alcoholic neuropathology is associated with years of al-
cohol abuse, studies have found that long-term ethanol intoxication is not
necessary to cause brain damage. Just a few days of intoxication can lead to
neuronal loss in several brain areas including temporal dentate gyrus,
entorhinal, piriform, and perirhinal cortices, and in the olfactory bulb (Col-
lins et al., 1998; Crews et al., 2000). These structures are involved in inte-
grating cortical inputs through the limbic system. These findings are consis-
tent with recent human studies that report damage to the entorhinal cortex
(Ibanez et al., 1995) and significant hippocampal shrinkage in alcoholics
(Harding et al., 1997). Hippocampal damage during chronic ethanol treat-
ment has been correlated with deficits in spatial learning and memory
(Franke et al., 1997). Thus, cortical and hippocampal damage occur with
chronic ethanol treatment and relatively short durations of alcohol abuse
may cause some form of damage.
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Cognitive Dysfunction Caused by Chronic Alcohol Abuse

Alcoholics who do not have Korsakoff’s syndrome show decreased
neuropsychological performance on tests of learning, memory, abstracting,
problem solving, visuospatial and perceptual motor functioning, and infor-
mation processing when compared to peer nonalcoholics (Parsons, 1993).
Alcoholics are not only less accurate, they take considerably longer to com-
plete tasks. Alcoholics are differentially vulnerable to these deficits. Fur-
ther, many of the deficits appear to recover to age-appropriate levels of per-
formance over a four-to-five-year period of abstinence (Parsons, 1993).
Although global cerebral atrophy rebounds to normal levels with extended
abstinence, not all cognitive functions return. Some abstinent alcoholics ap-
pear to have permanent cognitive impairments, particularly in memory and
visual-spatial-motor skills (Di Sclafani et al., 1995). Other studies support a
loss of logical memory and paired association learning tasks in alcoholics
that may be long lasting (Eckardt et al., 1996; see Chapter 3 for further dis-
cussion). Thus, various psychological tests suggest long-term changes in
brain function following chronic alcohol abuse.

Exciting studies have begun to address the effects of gender on brain
damage. Interestingly, alcoholic women appear to have an increased sensi-
tivity for brain damage when compared to alcoholic men (Hommer et al.,
1996). This appears to be true for liver disease as well. Although more men
than women are diagnosed as alcoholic, the number of female alcoholics is
increasing. The increased susceptibility of women to alcoholic pathology is
an area that needs further investigation.

Mechanisms of Alcohol-Induced Brain Damage

Although the neurotoxicity of alcohol is well established, the mecha-
nisms of alcohol-induced brain damage are not clear. Human studies indi-
cate loss of both white matter and gray matter, e.g., myelinated nerve track
areas and primarily neuronal areas, respectively. It is generally thought that
the loss of neurons leads to a loss of myelinated tracks. However, there is lit-
tle or no evidence to support this hypothesis in humans. Although their
methodologies are different, basic studies report neuronal toxicity with no
clear loss of myelin or the oligodendroglia that form myelin. A number of
mechanisms have been proposed for alcohol-induced brain damage with
strong evidence for NMDA-mediated excitotoxicity and losses of trophic
factors with less evidence for osmotic and oxidative stress mechanisms.
These mechanisms, in combination with diet and other factors, such as ge-
netics, cause alcohol-induced brain damage. Understanding the mecha-
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nisms of alcohol-induced brain damage will improve prevention, interven-
tion, treatment, and recovery efforts as well as increase our understanding of
neurodegeneration and neurobiological health.

Excitotoxicity

One of the leading theories that explains ethanol-induced neurotoxicity
is excitotoxicity. Hyperexcitability of the central nervous system is a key
component of ethanol withdrawal and a supersensitive NMDA response ap-
pears to be involved. Early research showing that [3H] glutamate binding
was increased in the hippocampus of alcoholics (Michaelis et al., 1990) re-
inforced the hypothesis that a supersensitive NMDA response was responsi-
ble, either through an increase in NMDA receptor density or a change in
subunit composition. NMDA receptors have a unique property, in that ex-
cessive stimulation of these receptors triggers a process in neurons that
leads to neuronal death. This process is referred to as excitotoxicity. Gluta-
mate can be excitotoxic in vivo through NMDA in combination with kainate
and other glutamate receptors. Excitotoxicity plays a key role in neuro-
degenerative diseases in general, as well as stroke, brain trauma, and other
types of brain damage (Crews and Chandler, 1993).

In vitro studies of excitotoxicity have indicated that long-term exposure
to ethanol is not necessary to induce NMDA excitotoxic supersensitivity.
Several studies of isolated neuronal cells have indicated that only a few days
of ethanol treatment leads to supersensitive NMDA-stimulated calcium flux
(Ahern et al., 1994; Iorio et al., 1992), as well as NMDA-stimulated excito-
toxicity (Crews and Chandler, 1993; Crews et al., 1993; Iorio et al., 1993).
This led researchers to investigate the role of excitotoxicity in an in vivo rat-
binge model of ethanol exposure which found extensive mesocorticolimbic
neuronal damage. Attempts to block binge ethanol-induced brain damage
with NMDA antagonists were not successful (Table 4.1). Thus, general
agreement exists among laboratories that chronic alcohol consumption
leads to NMDA receptor supersensitivity. This finding predicts that NMDA
antagonists would block alcohol withdrawal and alcohol-induced brain
damage. Although alcohol withdrawal is blocked, brain damage is not.

Although thiamin deficiency is thought to play a key role in Wernicke’s
syndrome, the mechanism of the neurodegeneration in this model appears to
involve excitotoxicity from glutamate (Langlais and Zhang, 1993). An ani-
mal model of Wernicke’s syndrome which used pyrithiamine to create thia-
min-deficient animals found extracellular concentrations of glutamate in-
creased several fold during ethanol withdrawal seizures (Langlais and Zhang,
1993). Furthermore, MK-801, an NMDA antagonist, reduced experimental
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TABLE 4.1. Drugs Tested for Effects on Neurodegeneration Caused by Binge Ethanol Exposure

Drug Class Hypothesis Effect Reference
Nimodipine \oltage-gated Ca2+ Chronic Etoh increases ~ Reduced damage in dentate gyrus Corso et al., 1998
channel blocker Ca2* channels in brain Increased damage in piriform cortex
Nimodipine L-type Ca2+ channel Chronic Etoh increases  No neuroprotection Hamelink, 1998, 2000
blocker Ca2* channels in brain
DNQX AMPA antagonist High densities of AMPA  No effect Corso etal., 1998
NMDA antagonist at receptors in the dentate
glycine site gyrus, Ca fields, entorhinal
cortex, piriform, frontal
cortex
MK-801 NMDA antagonist Chronic Etoh causes Increased damage in entorhinal Corso et al., 1998
excitotoxicity cortex, orbital cortex, and
periamygdala
MK-801 NMDA antagonist Chronic Etoh causes No effect Collins et al., 1998
excitotoxicity
MK-801 NMDA antagonist Chronic Etoh causes No neuroprotection Hamelink, 1998, 2000
excitotoxicity
Memantine NMDA antagonist Chronic Etoh causes No neuroprotection Hamelink, 1998, 2000
excitotoxicity
Olfactory bulbectomies Surgical procedure Chronic Etoh causes No neuroprotection Hamelink, 1998, 2000
excitotoxic cascade
L-NAME Nitric oxide synthase Chronic Etoh increases ~ No change/increased damage Zou et al., 1996
inhibitor NO production

Note: Shown are the results of experiments which tested hypotheses regarding mechanisms of alcohol-induced brain damage, particularly those
regarding glutamate NMDA receptor supersensitivity to excitotoxicity (see Crews and Chandler, 1993). Each of the hypotheses has a basis in the basic
brain studies that are referenced. Specific antagonists were used as tests. Binge treatment with ethanol differs slightly among studies, but in general
involves very high alcohol consumption for several days. Although NMDA supersensitivity appears to be involved in ethanol dependence and withdrawal,
it does not appear to be central to ethanol-induced neurotoxicity in these binge-drinking models.
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neurological symptoms and decreased neural lessening in models of thia-
min deficiency in rats (Langlais and Mair, 1990). In any case, there is strong
evidence that ethanol withdrawal hyperexcitability is related at least in part
to NMDA supersensitivity and that this supersensitivity could underlie etha-
nol-induced brain damage.

Osmotic Changes and Increased Intracranial Pressure

Another possible mechanism of ethanol-induced brain damage involves
osmotic changes and increases in intracranial pressure. Although difficult to
test, some studies have hypothesized that cerebral edema occurs with mod-
erate doses of ethanol (McQueen and Posey, 1975; Weiss and Craig, 1978)
and that this may cause alcoholic brain damage (Lambie, 1985). Recent in-
vestigations have tested the edema mechanisms of binge-drinking-induced
brain damage using furosemide, which could reduce vasogenic and cytotoxic
edema, and mannitol, a commonly used agent to reduce intracerebral pres-
sure. Mannitol is an inert molecule that increases the osmolarity of the
blood and decreases water content and brain volume (Paczynski et al.,
1997). No protective effects have been found with binge-drinking models
(see Figure 4.1). However, Collins and colleagues (1998) treated rats once
daily with ethanol, much less than binge-drinking models, for ten days and
found that furosemide reduced brain hydration and neurodegeneration in
the entorhinal cortex and dentate gyrus, though no attenuation of olfactory
bulb degeneration was found. Neurodegeneration mechanisms may differ
depending upon the extent and duration of alcohol consumption.

Oxidative Stress

Another possible mechanism of ethanol-induced brain damage involves
increased oxidative stress of neurons. Cells use oxygen for energy metabo-
lism and normally have mechanisms that protect against oxidative damage.
Studies that have examined the effects of both acute and chronic ethanol ad-
ministration upon cellular oxidation have primarily focused either on etha-
nol’s effects upon intracellular antioxidant mechanisms such as o-tocopherol,
ascorbate, glutathione, catalase, and superoxide dismutase (SOD) activity
(Ledig et al., 1981; Montoliu et al., 1994; Nordmann, 1987; Rouach et al.,
1987) or potential sources of oxidative radicals such as CYP2E1 (Montoliu
etal., 1994, 1995). Chronic ethanol-induced increases in CYP2E1 and other
oxidases have been related to increased lipid peroxidation and reactive oxy-
gen radicals in the brain (Montoliu et al., 1994). Because it is rich in polyun-
saturated fatty acids, which are especially prone to reactive oxygen injury,
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FIGURE 4.1. Edema and Binge Ethanol-Induced Brain Damage. To determine
whether cerebral edema was involved in binge ethanol-induced brain damage,
furosemide (a loop diuretic) was concomitantly administered to binge ethanol-
exposed rats (A). Sprague-Dawley rats were treated using a four-day binge etha-
nol episode as previously described (Knapp and Crews, 1999). Furosemide, 6.7
mg/kg, was administered three times daily i.p. Immediately after the last dose of
ethanol was administered, the rats were euthanized and their brains sectioned
at 40 um. Every eighth section was stained by the amino curpric silver method of
de Olmos (1994). Shown is the mean total argyrophilia per rat + SE. There was a
main effect of drug treatment (F, ;) = 5.481; p < .05). To determine whether
vasogenic edema or hydratlon state was mvolved in binge ethanol-induced brain
damage, the experiment in panel B was performed. Mannitol is an inert molecule
that increases the osmolarity of the blood and decreases brain water content
(Paczynski et al., 1997). The rats were hydrated to 25.9 mi/kg water per day
and/or 0.75 g/kg mannitol was administered three times daily. After the final dose
of ethanol, the rats were euthanized and treated as in panel A. Shown is the
mean total argyrophilia per rat + SE. The broken lines represent the average
level of argyrophilic area in control-treated animals. There was no significant
effect of hydration or mannitol (F, ;5, = .032; p > .05) on binge ethanol-induced
brain damage as measured by argyrophlllc area.
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the brain is particularly susceptible to lipid peroxidation. It has been demon-
strated that a single dose of ethanol elevates lipid hydroperoxide levels and
decreases glutathione levels in rat brain homogenates (Nordmann et al.,
1990, 1992; Uysal et al., 1986, 1989). However, it is not clear how this in-
creased oxidation translates to increased brain damage or whether it does
at all. Oxidative stress has been implicated in a variety of conditions, partic-
ularly aging, Alzheimer’s disease, Parkinson’s disease, stroke, and other
neurodegenerative diseases. More research is needed to completely under-
stand how oxidation damages neurons, and how other brain cells respond to
increased oxidative stress. Ethanol-induced neurodegeneration may be re-
lated to an induction of oxidative enzymes, and alcohol research provides an
opportunity to clearly address this aspect of neurodegeneration which could
impact a broad range of mental diseases.

Hepatic Encephalopathy

Hepatic encephalopathy (HE) is caused by liver cirrhosis and other
hepatotoxic syndromes that start with subtle personality changes and distur-
bances of sleep patterns and progress to muscle incoordination, flapping
tremors, coma, and death. HE is caused by several factors, including in-
creased levels of neurotoxic substances in the brain, in particular ammonia
and manganese, and is often associated with alcohol cirrhosis (Hazell and
Butterworth, 1999). HE causes severe alterations in astrocytes, including
changes in expression of peripheral-type benzodiazepine receptors (Lavoie
et al.,, 1990), monoamine oxidase B (Rao et al., 1993) and glutamine
synthetase (Lavoie et al., 1987), and the glutamate transporter GLT-1
(Knecht et al., 1997; Norenberg et al., 1997). These changes during acute
liver failure cause accumulation of glutamine (an ammonia metabolite) in
the brain and cytotoxic edema (Levin et al., 1989; Takahashi et al., 1991),
and in chronic liver failure result in Alzheimer type Il astrocytosis (Hazell
and Butterworth, 1999). Neurotransmitter systems such as glutamate, sero-
tonin, GABA, and opioids are also disturbed in HE, although the causes and
effects of these alterations are not as well understood (Bergeron et al., 1989;
Layrargues and Butterworth, 1992; Thorton and Losowsky, 1988; Young
et al., 1975). This suggests that the neurodegeneration associated with
chronic alcoholism may be caused in part by changes in hepatic function.

Brain Damage, Alcohol Dependence, and Recovery

Alcoholism is a progressive disease that begins with experimentation and
progresses to addiction, usually over the course of 10 to 15 years (Vaillant,
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1996). Progressive increases in abuse often develop into complete fixation
on obtaining and consuming alcohol. Addiction involves the loss of control
over the ability to abstain from alcohol or other drugs, even in the face of ad-
verse consequences, and perseverative preoccupation with obtaining and
using the drugs desired. Perseveration refers to continued repetitive behav-
iors of a previous appropriate or correct response, even though the repeated
response has since become inappropriate and incorrect. Perseveration is as-
sociated with cortical damage. One hypothesis regarding the development
of alcoholism is that an initial state of disinhibition/hyperexcitability, perhaps
due to low frontal-cortical impulse inhibition, predisposes a person to devel-
oping alcoholism (Begleiter and Porjesz, 1999). Both clinical and experi-
mental studies support frontal-cortical involvement in neuropsychological
dysfunction in alcoholics, particularly those with Korsakoff’s syndrome
(Oscar-Berman and Hutner, 1993). Studies have found that the ventro-
medial prefrontal cortex mediates goal-oriented actions that are guided by
motivational and emotional factors (Gallagher et al., 1999). Damage to this
area results in a loss of the ability to associate incentive values with stimuli.
Thus the effects of negative stimuli on behavior are blunted by ventromedial
prefrontal damage and result in maladaptive behaviors (Bechara et al.,
2000; Gallagher et al., 1999). Humans with ventromedial prefrontal cortical
lesions are insensitive to future consequences and are primarily guided by
immediate prospects (Bechara et al., 2000). As mentioned earlier, a variety
of evidence has focused attention on the prefrontal cortex as an area of brain
that is particularly sensitive to alcohol-induced brain damage. Various re-
gions of the frontal and prefrontal cortex are involved in learned associa-
tions, emotional decision making, and executive cognitive functions. Exec-
utive cognitive function (ECF) is the ability to utilize higher mental abilities
such as attention, planning, organization, sequencing, and abstract reason-
ing, to adaptively modulate future behavior based on external and internal
feedback (Foster et al., 1994). Executive cognitive function is disrupted in
alcoholics and other patients who exhibit prefrontal damage (Boller et al.,
1995), and this disruption has been implicated in aggression associated with
alcohol and drug abuse (Hoaken et al., 1998). ECF/prefrontal disruption is
associated with decreased regulation of human social behavior, including
disinhibition syndrome (characterized by impulsivity, socially inappropriate
behavior, and aggression) (Giancola and Zeichner, 1995). These studies sug-
gest that some of the greatest sociopathic problems of alcoholism, e.g., vio-
lence and loss of control over the drug, may be directly related to the neurotoxic
effects of ethanol on prefrontal cortical function. The prefrontal cortex is
closely linked to the amygdala and temporal lobes which also show damage
in cases of alcoholism. These structures are known to play a role in auto-
matic or nonconscious decision making (Kubota et al., 2000). Emotional
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factors are often subconscious processes that are below the level of aware-
ness. Addiction involves continued behaviors out of conscious control. The
progression from experimentation with alcohol to alcohol addiction gener-
ally occurs over an extended period of many years with increased consump-
tion of alcohol, increased neurotoxicity, increased distortions of thinking,
and preoccupation with the drug. A hypothetical scheme of the progression
to alcoholism is depicted in the Spiral of Distress (Figure 4.2; see Koob et
al., 1997 for additional discussions). Figure 4.2 attempts to relate the
neurochemical changes in the brain induced by alcohol to the progression to
addiction. Addiction is presented as an end point reached when cortical
damage results in perseverative drinking behavior without conscious recog-
nition of negative consequences and the inability to consciously control
behavior. Each of these characteristics occurs with frontal and temporal
lobe cortical lesions suggesting that progressive neurotoxicity may underlie
the progression to addiction. Future studies are needed to directly determine
the relationship of prefrontal cortical function to alcohol-induced brain
damage and addiction.

Treatment and Recovery for Alcoholism

The principal approach to treatment for alcoholism is abstinence from
drinking alcohol. A variety of treatments including elements of supportive
therapy, cognitive behavioral therapy, and Alcoholics Anonymous and
other group therapies and recovery programs in various forms and combina-
tions have helped millions of people. In general, treatments are effective for
many, but not all, individuals. During recovery, behavioral and neuroana-
tomical changes persist long after the end of the physical alcohol with-
drawal syndrome, which typically lasts less than one week. Human studies
have shown that within the first month of recovery alcoholics show a signifi-
cant decrease in ventricular and sulci size (i.e., the brain mass actually in-
creases and returns to normal values) (Pfefferbaum et al., 1995). Over the
following months regrowth of brain mass continues. In abstinent alcoholics
a significant increase in brain volume occurs over a period of months. Re-
lapsing alcoholics do not show increased gains in brain mass (Pfefferbaum
etal., 1995). It is possible that changes in behavior essential for successful
recovery from addiction require neurophysiological and perhaps anatomi-
cal changes in the brain to sustain the recovery. The findings that those who
are successful at recovery have brain regrowth whereas those who relapse
have no regrowth could be due to continued ethanol neurotoxicity in relaps-
ing addicts (Pfefferbaum et al., 1998) or due to the need for brain regrowth
and return of key brain functions to sustain abstinence. Those individuals
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FIGURE 4.2. The Spiral of Distress. This model depicts the progression from experimentation to addiction. On the left
are criteria for the diagnosis of alcohol dependence. Included are increasing tolerance; alcohol withdrawal due to
physical dependence, which increases stress; increasing preoccupation with the drug; spending large amounts of time
obtaining and consuming alcohol; and continued use despite negative consequences and problems associated with the
use of alcohol. In the middle are known changes in the brain that occur during chronic alcohol use. Changes in gene
expression are well documented as occurring during the development of dependence. Studies have shown changes in
biogenic amines, particularly serotonin (5 hydroxytryptamine, 5HT) and dopamine, key neurotransmitters involved in
dependence (see Crews et al.,1999, for more details). Cortical damage and shrinkage occurs in alcoholics, particularly
in frontal and temporal regions. Binge drinking, on the right, is indicative of the behavior most likely to induce tolerance,
dependence, and changes in brain structure and function. Loss of biogenic amines could increase craving and drinking.
Cortical damage can cause perseveration—the persistence of behavior once the reward is removed—and could be
analogous to preoccupation with alcohol. Frontal cortical damage is associated with loss of executive functions and
could be related to failure to associate negative consequences with drinking, inability to set goals, and inability to inhibit
behaviors, ultimately leading to addiction. Source: Adapted from Koob and Le Moal, 1997.
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without regrowth and return of functions (e.g., executive functions that in-
clude setting and maintaining goals) may be more prone to relapse. Behav-
ioral counseling and other therapies may activate and train cortical regions,
strengthening and stimulating neuronal function and neuronal regrowth.
Thus, successful recovery may involve brain regrowth due to abstinence and
the removal of ethanol neurotoxicity, as well as exercising emotional-associ-
ation cortical areas to regain functions needed for appropriate emotional de-
cision making, executive function, and appropriate responses to environ-
mental stimuli (Figure 4.3).

SUMMARY

Alcohol dependence is one of the most common maladies in our society,
touching most families and communities. At least a portion of the acute ac-
tions of alcohol are due to its effects at glutamate and GABA receptors. Glu-
tamate NMDA receptors are abundant excitatory receptors in the brain and
are among the most sensitive receptors to inhibition by ethanol. NMDA re-
ceptors are heterogeneous and the effects of alcohol on NMDA receptors
differ among brain regions, likely due to differences in subunit composition,
phosphorylation state, and other factors. Kainate and AMPA glutamate ex-
citatory receptors are also inhibited in certain circumstances. In contrast, the
major inhibitory receptor in the brain, the GABA , receptor, is potentiated
by ethanol. GABA , receptor potentiation also varies across brain regions
due to subunit composition, phosphorylation state, and other possible heter-
ogeneous modulators. GABA , receptor potentiation is shared by ethanol
with barbiturates and benzodiazepines as well as many sedative, anti-
convulsant, and anxiolytic behavioral actions. Chronic ethanol abuse leads
to adaptive changes in both NMDA glutamate and GABA, receptor re-
sponses. NMDA receptor supersensitivity likely contributes to the hyper-
excitability of ethanol withdrawal syndrome and may contribute to alco-
holic brain damage, although other mechanisms appear to contribute as
well. The mechanism of supersensitivity appears to be more complicated
than a simple increased number of receptors and requires additional studies
to elucidate the mechanisms of NMDA supersensitivity in alcohol de-
pendence. GABA 4 receptor responses are altered during chronic ethanol
consumption as well in a complex manner consistent with tolerance and
dependence. It is clear that many of ethanol’s acute and chronic pharmacolog-
ical effects are due to actions at glutamate NMDA and GABA , receptors.

Alcohol abuse and dependence clearly result in neurodegeneration. Al-
coholics have lesions in specific cholinergic, biogenic amine, and other
brain nuclei as well as cortical shrinkage and ventricular enlargement. The
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FIGURE 4.3. The Path to Recovery. This model illustrates the stages of change, including reversal of brain damage
and return of executive function involved in recovery from addiction (Prochasta and DiClemente, 1992). These
stages begin with precontemplation, in which individuals are unaware of the problem, have no intention of changing,
and possibly have difficulty associating negative consequences of drug taking due to cortical dysfunction. Contemplation
refers to the point at which individuals are aware of the problem and interventions to make the patient aware help
motivate change. Abstinence allows the return of cortical functions and regrowth of the cortex. Self-reflection
strengthens associations of negative consequences with drug taking, perhaps invigorating cortical regions involved
in these associations. Return of executive functions, including impulse inhibition and goal setting, support the
maintenance of abstinence. Increased fellowship with other abstainers reduces craving and helps with motivation,
leading to continued awakening and return of natural rewards. Models of this type can be used to test associations

between recovery and changes in brain function.
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frontal, prefrontal, associative, and temporal lobe cortexes appear to be par-
ticularly sensitive to alcohol neurotoxicity. The mechanisms of neuro-
toxicity appear to be multifaceted, including NMDA supersensitivity and
other toxic factors that lead to neuronal loss and degeneration. The progres-
sive nature of addiction may be related to a progressive loss of brain tissue
associated with chronic alcohol abuse neurotoxicity. Recovery from alco-
holism is associated with a return of cerebral mass that could play a role in
the success of the recovery process. Additional studies are needed to fully
understand the process of addiction and how it relates to the effects of
chronic alcohol abuse on brain function.
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Neuroanatomical and Neurobehavioral Effects
of Heavy Prenatal Alcohol Exposure
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OVERVIEW

Suspicions about the harmful effects of prenatal alcohol exposure have
surfaced throughout history (Streissguth, 1997). However, these suspicions
were for the most part unsubstantiated until researchers in France (Lemoine
et al., 1968) and the United States (Jones et al., 1973; Jones and Smith,
1973) identified a cluster of abnormalities in the children of female alcohol
abusers, which came to be referred to as fetal alcohol syndrome (FAS).
Three criteria provide the basis for the FAS diagnosis: a characteristic
pattern of craniofacial anomalies, growth retardation, and central nervous
system (CNS) dysfunction (Jones et al., 1973). Although the diagnostic
criteria for FAS have been scrutinized and even criticized because many
children thought to be affected by prenatal alcohol exposure do not meet cri-
teria for the diagnosis, FAS continues to be diagnosed on the basis of the
triad of features delineated in those original articles (Institute of Medicine
[IOM], 1996).

The effects of prenatal alcohol exposure may be viewed as a continuum
with FAS and fetal death at the extreme end of the spectrum. At the opposite
end of the spectrum, there may be no observable effect on the fetus follow-
ing minimal exposure. A wide range of effects has been observed between
these extremes, including attention deficits, learning disabilities, and physi-
cal birth defects (IOM, 1996). The term fetal alcohol effects (FAE) has been
used to refer to alcohol-exposed children who do not meet the diagnostic
criteria for FAS but exhibit one or more of these effects. However, this term
has repeatedly been criticized because of its lack of diagnostic specificity
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(Aase et al., 1995; IOM, 1996). In response to these criticisms, the Institute
of Medicine (1996) proposed several diagnostic categories for alcohol-
exposed children who did not meet the criteria for an FAS diagnosis. Two of
these diagnoses, alcohol-related neurodevelopmental disorder (ARND) and
alcohol-related birth defects (ARBD), are particularly important because
they enable the classification of alcohol-affected children who do not pre-
sent with craniofacial anomalies characteristic of FAS. These children may
be particularly at risk for the development of secondary disabilities because
they are not identified early in life and frequently do not qualify for services,
although they display neurobehavioral deficits that are comparable to those
observed in children with FAS (Streissguth et al., 1997; Mattson et al.,
1997; Mattson et al., 1999).

Estimating the number of children affected by prenatal alcohol exposure
can be difficult, in part due to the diagnostic issues just mentioned. Several
studies have provided incidence estimates of FAS in the United States and
around the world. One study estimated the worldwide incidence of FAS at
0.97 cases per 1,000 live births (Abel and Sokol, 1991). However, this may
be an underestimate as others have argued that the true incidence of FAS is
between 2.8 and 4.6 cases per 1,000 live births in the United States and
Western European countries (Sampson et al., 1997). Sampson et al. (1997)
further estimated the combined prevalence rate of FAS and ARND to be at
least 9.1 cases per 1,000 live births. The Centers for Disease Control (CDC,
1995) estimated that the incidence of alcohol-affected births has increased
from 1.0 affected child per 1,000 live births in 1979 to 6.7 affected children
per 1,000 live births in 1993. Overall, these statistics suggest that alcohol
may be a bigger public health threat than previously realized.

Since the identification of FAS, a multitude of animal and human studies
have examined the impact of prenatal alcohol exposure on the developing
organism. The most obvious and debilitating effects of heavy prenatal alco-
hol exposure are the persistent and pervasive neurobehavioral deficits which
may include reductions in IQ, deficits in learning and memory, attention
deficits, and increased behavioral problems (Mattson et al., 1998). These
neurobehavioral changes are presumed to reflect alcohol-induced changes
in the structure and/or function of the brain. To date, numerous studies have
begun to characterize the neuropathological changes present in the brains of
children with FAS or heavy prenatal exposure to alcohol (PEA) as a means
of understanding the neurological underpinnings of the disorder and provid-
ing direction for further refining the behavioral phenotype of FAS. The cur-
rent chapter reviews findings from autopsy, structural imaging, and func-
tional imaging studies on children with FAS and PEA. In addition, research
on cognitive and psychosocial functioning is briefly reviewed.
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AUTOPSY STUDIES

Evidence that prenatal alcohol exposure affects human brain develop-
ment first came from autopsy studies. Clarren (1986) summarized the find-
ings from the first 16 autopsy reports that were available for infants with
FAS who died within a year of birth. Since that time, a total of 25 autopsies
have been reported and reviewed (Mattson and Riley, 1996).

The first autopsy was conducted on the child of a chronic alcoholic
mother (Jones and Smith, 1973). The child, who was delivered at 32-weeks
gestation and died at five days of age, had an abnormally small brain (micro-
cephaly). Further, the child’s left cerebral hemisphere was covered by a
leptomeningeal neuroglial heterotopia, an abnormal sheet of neural and
glial tissue. Below the leptomeningeal neuroglial heterotopia there was evi-
dence of extensive neuronal disorganization, which ranged from cortical
thinning to an absence of the normative laminar structure of the cortex.
Abnormalities were not localized solely in the cerebral cortex. Agenesis
(absence) of the corpus callosum and the anterior commissure were noted,
as were abnormalities in both the cerebellum and the brainstem. The cere-
bellum was small and poorly shaped, while the medulla was covered by
another small leptomeningeal neuroglial heterotopia. Thus, in this first au-
topsy case, damage to the brain was extensive and widespread.

Later autopsies have similarly reported widespread damage to cortical
and subcortical structures following heavy prenatal exposure to alcohol. By
far, the most consistent and common neuropathological change is a reduc-
tion in the size of the cranium, also referred to as microcephaly. Samson
(1986) reported that microcephaly is present in more than 80 percent of chil-
dren with FAS. In areview of autopsies done on children with FAS who died
within one year of birth, Clarren (1986) reported that 56 percent of cases
had microcephaly. In a later review, Mattson and Riley (1996) found that 73
percent of the 22 autopsy or MRI cases had microcephaly. Microcephaly
could be caused by a variety of different mechanisms including disruptions
in neuronal generation, neuronal differentiation, the establishment and main-
tenance of synaptic connections between neurons, and increased cell death.
Many of these effects have been observed in animal models of FAS (Guerri,
1998; Bonthius and West, 1990; Miller, 1988).

Porencephaly and hydrocephaly have also been reported (Clarren et al.,
1978; Peiffer et al., 1979). Hydrocephaly is characterized by an overabun-
dance of cerebrospinal fluid (CSF), which results in enlargement of the ven-
tricles. Enlargement of the ventricles causes the cerebral gray matter to be
displaced and compressed, ultimately resulting in neuronal damage if the
pressure is not released. In contrast, porencephaly is characterized by one or
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more fluid-filled cysts in the cerebral cortex, which are typically caused by a
brain hemorrhage, trauma, or partial to complete occlusion of blood vessels.

Another neuropathological finding is holoprosencephaly (Jellinger et al.,
1981; Coulter et al., 1993), a condition in which the forebrain fails to com-
pletely develop into two hemispheres. In the most severe cases, referred to as
alobar holoprosencephaly, there is a complete fusion of all forebrain structures.
Ronen and Andrews (1991) presented one case of alobar holoprosencephaly
and two less-severe cases of semilobar holoprosencephaly. In all three cases
there was only a single “square-shaped ventricle” and midline fusion of the
basal ganglia and thalamic nuclei (p. 152). Holoprosencephaly has been in-
duced in nonhuman primate and mouse models of FAS (Siebert et al., 1991;
Sulik and Johnston, 1982), further strengthening the suggestion that alcohol
exposure is one possible cause of this disorder. Finally, it is interesting to
note that infants with FAS or holoprosencephaly both exhibit midline facial
anomalies (Ronen and Andrews, 1991), although the anomalies observed in
the two disorders are not identical. In both disorders, the severity of these
craniofacial anomalies may covary with the severity of the underlying
neuropathological abnormalities (Swayze et al., 1997).

In addition to these macroscopic cortical anomalies, microscopic changes
and abnormalities resulting from abnormal neuronal and glial cell migration
have frequently been reported. These include ectopic neurons scattered
throughout the cortex, nonspecific cerebral disorganization or dysgenesis,
incompletely developed sulci, and polymicrogyria (Clarren et al., 1978;
Coulter et al., 1993; Wisniewski et al., 1983; Peiffer et al., 1979; Konovalov
et al., 1997).

Abnormalities are not limited to the cerebral cortex. Both cerebellar and
brainstem anomalies have been documented. For example, brainstem ab-
normalities have included absence of the pons and medulla, leptomeningeal
neuroglial heterotopias, and brainstem dysgenesis (Clarren et al., 1978;
Peiffer et al., 1979). Cerebellar abnormalities have been more widely re-
ported and include underdevelopment of the cerebellum or the cerebellar
vermis, hyperplastic folds of the cerebellum, and agenesis of the cerebel-
lar vermis (Clarren et al., 1978; Wisniewski et al., 1983; Peiffer et al., 1979;
Konovalav et al., 1997). In all, 10 of the 16 autopsy cases reviewed by
Clarren (1986) displayed evidence of cerebellar abnormalities.

Agenesis of the corpus callosum and the anterior commissure was noted
in Clarren and colleagues’ original autopsy case (Jones and Smith, 1973).
Two additional autopsy cases have presented with agenesis of the corpus
callosum and one also presented with agenesis of the anterior commissure
(Peiffer et al., 1979; Wisniewski et al., 1983). When the corpus callosum is
present significant thinning has been reported (Clarren et al., 1978; Coulter
et al., 1993).
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A variety of other abnormalities have been found in numerous autopsy
cases. These include fusion of the thalami or basal ganglia nuclei, absence
of the olfactory bulbs, and hypoplasia of the optic nerves and hippocampus
(Peiffer et al., 1979; Wisniewski, 1983; Coulter et al., 1993).

Even a cursory examination of the autopsy findings suggests that the
damage caused by prenatal exposure to alcohol is widespread. On the basis
of these autopsy findings, Clarren (1986) argued that due to the variability
in the neuropathological findings in children with FAS, future research
would be unable to document a pattern of behavioral or neuropsychological
deficits that is representative of all children with FAS. While others have
agreed with this position (Peiffer et al., 1979), it may be premature to pre-
sume that no commonalities in the neurological underpinnings or phenotypic
expression of FAS will emerge across children. The cases evaluated in the
autopsy studies represent the extreme for children with FAS. Primate stud-
ies suggest that prenatal alcohol exposure may not be lethal in the majority
of cases. Two nonhuman primate studies have demonstrated that although
exposure does decrease viability, 68 to 70 percent of exposed cases were
live born (Clarren et al., 1987; Clarren and Astley, 1992). Further, only 6
percent (3 out of 47) of the live-born alcohol-exposed infants died within the
first six months of life. Thus, in the vast majority of cases, prenatal alcohol
exposure is not lethal, which suggests that the cases reviewed in the autopsy
studies may be more severely affected than the average child with FAS.
Consequently, it is possible that an examination of the brains of children
with FAS who have survived will yield a more consistent pattern of neuro-
pathological findings. Rapid advances in structural and functional imaging
techniques have enabled researchers to examine living children with FAS or
PEA and a much more consistent pattern of neuropathological findings is
beginning to emerge.

MAGNETIC RESONANCE IMAGING STUDIES

Brain imaging techniques, such as magnetic resonance imaging (MRI)
have become increasingly popular tools for documenting structural changes
in the brain associated with various developmental disorders. These tech-
niques have the potential to advance our understanding of the neurological
changes associated with disorders such as FAS. Some MRI studies have
provided clinical assessments and descriptions of MRI scans, indicating
whether the images are normal or abnormal, while others have gone a step
further and assessed the size of structures. Both techniques are important,
although the latter techniques have proved more useful in the investigation
of disorders caused by an insult to the brain in utero.
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Clinical assessments of MRI data are sensitive to gross structural malfor-
mations of the brain that can be detected by the human eye. However, subtle
changes such as small reductions in volume may not be observable. Further,
clinical assessments negate the possibility of controlling for alcohol’s global
effect on the brain when examining individual brain structures. Since we al-
ready know that prenatal alcohol exposure frequently results in a reduction
in overall brain size, it may be more informative to determine whether this
reduction is uniform across the brain or whether certain structures appear to
be more susceptible to alcohol’s teratogenic effects. Certainly, isolated re-
ductions in discrete brain structures would have important implications for
the behavioral phenotype of FAS.

Cerebral Cortex

The most consistent and common neuropathological change associated
with heavy prenatal alcohol exposure is a reduction in overall head or brain
size (Roebuck et al., 1998). In a series of structural MRI studies, a signifi-
cant reduction in cranial vault volume of children with FAS or PEA has been
documented (Mattson et al., 1992; Mattson et al., 1994; Mattson, Riley,
Sowell, et al., 1996; Archibald et al., 2001). PEA children are those with
known histories of exposure to large amounts of alcohol in utero, but with-
out the features of FAS. In one study, these reductions were accompanied by
increases in cortical and subcortical fluid, which is further suggestive of
brain atrophy (Mattson et al., 1992). Studies from other laboratories have
noted cortical atrophy, enlargement of the lateral ventricles, and enlarge-
ment of the subarachnoid space, which are consistent with brain atrophy
and reductions in overall brain size (Riikonen et al., 1999; Robin and
Zachai, 1994; Swayze et al., 1997; Johnson et al., 1996; Goldstein and
Arulanantham, 1978). In addition to microcephaly, imaging studies have
documented other changes to the cortex, including a large infarct in the left
hemisphere, delayed myelination, multifocal encephalopathy, and an ab-
normal configuration of the occipital lobes (Riikonen et al., 1999; Gabrielli
et al., 1990; Clark et al., 2000).

Until recently, studies had not addressed whether the impact of prenatal
alcohol exposure is consistent across all cortical areas. Archibald et al.
(2001) used morphometric MRI analyses to examine whether the propor-
tional cortical volume comprised by the frontal, parietal, temporal, and oc-
cipital lobes differed between children with FAS and normally developing
children. After adjusting for overall brain size, only the parietal lobe was
disproportionately reduced in children with FAS, indicating that all areas of
the cortex were not equally affected.
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Two studies have examined the effect of prenatal alcohol exposure on ce-
rebral white and gray matter (Sowell et al., 2001; Archibald et al., 2001).
Using the same pool of participants two distinct types of analyses were con-
ducted, assessing relative density and volume, respectively, of these tissue
types. Both studies revealed that prenatal alcohol exposure is related to dis-
proportionate reductions in cerebral white matter with relative sparing of
cerebral gray matter. When overall microcephaly in these individuals is
taken into account, it appears that the parietal regions are particularly af-
fected, with marked white matter volume reductions occurring in this area
along with reductions in white matter density and increases in gray matter
density. The parietal cortex is involved in a variety of functions including
the representation of spatial relations, mathematical processing, attention,
and processing of somatosensory information (Kolb and Whishaw, 1996).
The data from Archibald and colleagues (2001) and Sowell and colleagues
(2001) suggest that attention should be focused on these areas of neuro-
behavioral functioning as we attempt to determine whether a common neu-
robehavioral profile can be identified in alcohol-exposed children.

Cerebellum

Historically, studies of the cerebellum have focused on its role in the con-
trol of motor functions. This focus was driven in part by the knowledge that
the cerebellum has reciprocal connections with multiple motor areas of the
CNS including the spinal cord, the vestibular system, and the motor cortex,
among others. Further, a number of studies have detailed the performance of
individuals with cerebellar lesions on motor tasks. From the accumulated
data, it is clear that the cerebellum is involved in a variety of motor skills, in-
cluding postural control, gait, balance, and the coordination of bilateral
movements (Diener et al., 1993).

Although largely overlooked, the idea that the cerebellum also plays a
role in cognition is not new. For example, classical conditioning of the
eyeblink response is known to be dependent upon the cerebellum and re-
search on this phenomenon dates as far back as the early part of the twenti-
eth century (Woodruff-Pak, 1997). Recently, there has been a surge of inter-
est in the nonmotor functions of the cerebellum with researchers focusing
on the role that the cerebellum plays in learning and memory (Ivry and
Baldo, 1992; Schmahmann, 1997). The idea that the cerebellum could play
arole in cognition is reinforced by neuroanatomical research that has dem-
onstrated afferents from the association areas of the cortex via the pontine
nucleus and efferents to the cortex via the thalamus (Schmahmann and
Pandya, 1997). Current theories suggest that in addition to influencing mo-
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tor control, the cerebellum influences attention (Townsend et al., 1999),
planning (Hallett and Grafman, 1997), and temporal computation and per-
ception (Keele and Ivry, 1990; Ackermann et al., 1999). Interestingly, defi-
cits in attention and planning have been reported in children with FAS
(Mattson et al., 1999; Kodituwakku et al., 1995; Kopera-Frye et al., 1997).

Cerebellar abnormalities associated with heavy prenatal exposure to al-
cohol have received extensive attention in the animal and human literature.
Both autopsy studies and animal studies have suggested that the cerebellum
is one of several neural structures sensitive to prenatal alcohol exposure. For
example, animal studies have demonstrated that prenatal alcohol exposure
causes a reduction in the number of cerebellar neurons resulting in a reduc-
tion in overall cerebellar volume (Pierce et al., 1989; Cragg and Phillips,
1985; Bonthius and West, 1990).

MRI studies have also revealed changes in the cerebellum in children
with FAS or PEA. In a series of three MRI studies, significant reductions in
the volume of the cerebellar vault of children with FAS were documented
(Mattson et al., 1992; Mattson, Riley, Sowell, et al., 1996), along with mar-
ginally significant volume reductions in children with PEA (Mattson et al.,
1994). Overall, 80 percent of the children with FAS or PEA who received
MRI scans in these studies had a cerebellar vault volume below the range
observed in normal controls. In a recent study, the earlier finding of signifi-
cant reductions in the cerebellar vault of children with FAS was confirmed,
along with marginal reductions in the cerebellar vault of children with PEA
(Archibald et al., 2001).

Archibald and colleagues (2001) also examined the proportion of the cer-
ebellar cortex composed of white and gray matter, but failed to find a signif-
icant difference. Thus, in contrast to the cerebral cortex data presented pre-
viously, the white and gray matter appeared to be more similarly affected in
the cerebellum than in the cerebrum. This appeared to be due to relatively
more severe effects on cerebellar gray matter, as cerebellar hypoplasia over-
all was more severe than was cerebral hypoplasia.

A global analysis of the cerebellum may not be sufficient to understand
the relation between cerebellar changes and behavior in this population. An-
imal studies have demonstrated regional differences in sensitivity to prena-
tal alcohol exposure within the cerebellum. For example, animal research
indicated that earlier maturing regions of the cerebellar vermis (lobules I-V,
IX, and X) were more susceptible to the effects of alcohol than later matur-
ing regions (lobules VI and VII) (Goodlett et al., 1990). Using MRI analyses
in humans, the cerebellar vermis was divided into the anterior vermis (lob-
ules I-V), the posterior vermis (lobules VI and VII), and the remaining
vermal area (VIII to X) to examine whether reductions in volume were
widespread or limited to the anterior regions and remaining vermal area, as



Neuroanatomical and Neurobehavioral Effects 147

would be predicted from the animal studies (Sowell et al., 1996). Results in-
dicated there was a significant reduction in the anterior vermis of children
with FAS or PEA. In contrast, neither the posterior vermis nor the remaining
vermal area differed from controls.

These results are particularly interesting for two reasons. First, they are
consistent with the animal literature. Second, these findings are inconsistent
with cerebellar abnormalities observed in other developmental disorders.
Specifically, studies of attention-deficit hyperactivity disorder (ADHD)
have reported reductions in the posterior vermis with sparing of the anterior
vermis (Mostofsky et al., 1998; Berquin et al., 1998). Studies of autism
(Townsend et al., 1999; Courchesne et al., 1994; Bauman et al., 1997) have
reported subtypes of autism patients who display either hyperplasia or
hypoplasia in the posterior vermis with sparing of the anterior vermis. This
pattern is opposite to what was observed in children with FAS or PEA, dem-
onstrating that while cerebellar abnormalities are not solely caused by alco-
hol, the pattern of damage caused by prenatal alcohol exposure differs. This
raises the possibility that specific patterns of strengths and weaknesses re-
flective of cerebellum function and dysfunction could be observed across
these disorders. This pattern, in conjunction with other neuropathological
findings, could increase the specificity of the behavioral phenotype ob-
served in children with FAS or PEA, thereby improving the accuracy of the
diagnosis.

Corpus Callosum

The corpus callosum is a large bundle of axonal fibers that connects the
left and right hemispheres of the brain and allows for the efficient transfer of
information between them. It is comprised of about 300 million fibers
(Heimer, 1995) and can be separated into four sections: the rostrum, genu,
body, and splenium (Kolb and Whishaw, 1996). Corpus callosum abnormal-
ities were initially seen in autopsy studies of FAS. In fact, as mentioned pre-
viously, the first autopsied brain of an infant with FAS displayed agenesis
(absence) of the corpus callosum (Jones and Smith, 1973; Clarren et al.,
1978).

Agenesis of the corpus callosum is estimated to occur in 0.3 percent of
the general population and in 2.3 percent of the developmentally disabled
population (Jeret et al., 1986). In a sample of children in San Diego with
FAS or PEA, it has been estimated that the incidence of complete agenesis
of the corpus callosum is 6.8 percent (3 out of 44 children) (Riley et al.,
1995). In addition to complete agenesis of the corpus callosum, other abnor-
malities such as partial agenesis or hypoplasia of the corpus callosum have
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been observed (Clark et al., 2000; Swayze et al., 1997; Riikonen, 1999).
Corpus callosum abnormalities, even complete agenesis, are not unique to
FAS, but rather have been observed in multiple developmental and genetic
disorders including ADHD (Hynd et al., 1991), mental retardation (Schaefer
etal., 1991), and Down’s syndrome (Wang et al., 1992).

Quantitative analyses of the corpus callosum in children with FAS or
PEA have been conducted (Riley et al., 1995). During the MRI analyses, the
corpus callosum was divided into five equiangular regions, with region 1
corresponding to the genu, region 5 corresponding to the splenium, and re-
gions 2 to 4 corresponding to the body of the corpus callosum. In addition,
the area of the midsagittal section was computed in order to control for re-
ductions in overall brain size when examining group differences. The mid-
sagittal area was reduced by 14 percent in the alcohol-exposed children. In
addition, there were significant reductions in areas 1, 3, 4, and 5 of the cor-
pus callosum. Even after controlling for the reduction in the midsagittal
area, areas 1, 4, and 5 were still significantly reduced in the corpus callosum
of children with FAS or PEA. Thus, it was the most anterior and posterior
regions of the corpus callosum that were affected by prenatal exposure. The
selective pattern of reductions can provide information regarding the types
of deficits one would expect to observe in children with FAS. For example,
the anterior region of the corpus callosum contains fibers for the prefrontal
cortex, while the posterior region contains fibers for the visual cortex, as
well as the superior and inferior temporal cortexes.

Basal Ganglia

The basal ganglia are a group of subcortical nuclei that can be subdivided
into the caudate and lenticular nuclei. The lenticular nuclei can be further
subdivided into the globus pallidus and the putamen (Heimer, 1995). The
basal ganglia have traditionally been thought to participate in motor activity
for several reasons. First, the basal ganglia are part of a corticostriatal loop
in which information is projected from the somatosensory and motor corti-
ces to basal ganglia and eventually back to the motor and premotor cortices.
This motor loop enables the basal ganglia to participate in both the initiation
and modulation of motor activity (Kolb and Whishaw, 1996). Further, two
diseases with known pathology in the basal ganglia, Huntington’s and Par-
kinson’s diseases, result in prominent motor dysfunction such as akinesia
and hyperkinesia.

Current perspectives suggest that the basal ganglia play a role not only in
motor activity, but also in cognitive functioning (Middleton and Strick,
1994, 2000; Rao et al., 1997). Cognitive deficits have been observed in pa-
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tients with either Huntington’s disease or Parkinson’s disease and the degree
of cognitive deficits has in some cases been linked to the degree of basal
ganglial pathology (Bickman et al., 1997; Watkins et al., 2000). Further,
there is a second corticostriatal loop (cognitive loop) in which frontal, pari-
etal, and temporal cortical association areas send projections to the caudate
nucleus of the basal ganglia, which in turn sends projections back to the
cortex, providing a means for the basal ganglia to influence cognition (Heimer,
1995).

A series of MRI studies has examined the basal ganglia in alcohol-
exposed children and remarkable consistency has emerged. A clinical
examination of the MRI scans taken by these studies revealed no abnormali-
ties in the basal ganglia of children with FAS compared to normally devel-
oping children or children with Down’s syndrome (Mattson et al., 1992).
However, differences were revealed when morphometric analyses were
conducted. The volume of the basal ganglia in the alcohol-exposed children
was reduced beyond what would be expected given their overall brain size.
In contrast, the children with Down’s syndrome had proportionally larger
basal ganglia than would be expected. Subsequently, two children with PEA
were evaluated. In these less affected children, the volume of the basal gan-
glia was still significantly reduced even after controlling for the overall re-
duction in head size. Thus, analyses indicated that the basal ganglia were
disproportionately reduced in the children with FAS or PEA and that mental
retardation, degree of dysmorphology, and overall reductions in head size
were not sufficient to explain the finding.

In a later study, six children with FAS were compared to seven age-
appropriate, normally developing control children (Mattson, Riley, Sowell,
et al., 1996). The morphometric analysis was refined to differentiate the
caudate nucleus from the lenticular nuclei, since the caudate nucleus is
more involved in the “cognitive loop,” whereas the lenticular nuclei are more
involved in the “motor loop.” Analyses revealed that the caudate nucleus and
lenticular nuclei were reduced in children with FAS relative to control chil-
dren. However, only the caudate nucleus displayed a disproportionate re-
duction in volume after controlling for brain size. This finding was repli-
cated in a recent study which incorporated a larger sample of FAS (N = 14),
PEA (N = 12), and normally developing control children (N = 14) (Archibald
et al., 2001). Based upon their intellectual functioning (range of intelligence
scores: 40 to 103), this new sample was also more representative of the FAS
and PEA populations at large. Archibald and colleagues found that the
caudate nucleus, but not the lenticular nuclei, was disproportionately reduced
in FAS children. There was a trend for a similar reduction in children with
PEA; however, this did not reach significance, suggesting that either the mag-
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nitude or consistency of basal ganglial damage is diminished in children who
do not manifest the full FAS phenotype.

The presence of significant reductions in the basal ganglia are interesting
in light of autopsy studies that indicate prenatal alcohol exposure can cause
severe damage to midline structures resulting in disorders such as holo-
prosencephaly. One might speculate that the midline is a “weak seam” dur-
ing development and therefore midline structures as a whole are more sus-
ceptible to alcohol-induced damage (Johnson et al., 1996). While midline
anomalies (e.g., agenesis of the corpus callosum, neural tube defects,
holoprosencephaly) appear to occur at a higher than expected rate, MRI
studies suggest that all midline structures are not equally sensitive to or af-
fected by heavy prenatal alcohol exposure. As mentioned previously, the
lenticular nuclei were not disproportionately reduced in children with FAS
or PEA (Mattson, Riley, Sowell, et al., 1996; Archibald et al., 2001). Fur-
ther, studies indicate that the limbic cortex and diencephalon were not dis-
proportionately reduced in children with FAS or PEA (Mattson et al., 1994;
Mattson, Riley, Sowell, et al., 1996). So while heavy alcohol exposure
appears to result in a high rate of midline anomalies and can result in
holoprosencephaly in rare cases, the bulk of MRI studies suggest that all
midline structures are not equally sensitive to the effects of alcohol. Rather,
the caudate nucleus of the basal ganglia appears to be especially sensitive
since it is disproportionately reduced, while the reduction in many other
midline structures is consistent with reductions in overall brain size.

OTHER STUDIES

Electroencephalogram (EEG) and Event-Related
Potential (ERP) Studies

The earliest studies examining brain activity in children utilized electro-
encephalogram (EEG) and evoked response potential (ERP) methodolo-
gies. Numerous case studies have appeared throughout the literature. These
reports indicated abnormal brain-wave activity, which included reduced
voltage in the left temporal lobe (Goldstein and Arulanantham, 1978),
markedly abnormal brainstem-auditory-evoked-response potentials (John-
son et al., 1996), theta-wave activity (Riikonen et al., 1999), and occasional
delta-wave activity in the posterior cortex (Mattson et al., 1992).

Two studies have systematically utilized EEG or ERP methodologies to
evaluate neural activity in children with FAS. Kaneko, Phillips, et al. (1996)
compared brain-wave activity in normally developing children to children
with either FAS or Down’s syndrome. The EEG records for the children with
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FAS were distinguishable from both the normally developing children and
those with Down’s syndrome. Brain activity in the children with Down’s
syndrome was characterized by a generalized slowing and a predominance of
delta and theta waves. In contrast, the FAS children did not present with a
generalized slowing of neural activity. However, alpha-frequency activity
was significantly affected. Specifically, FAS children had significantly lower
mean power in the alpha-frequency range in the left fronto-central and left
parietal-occipital leads. They also displayed lower peak frequencies in the al-
pha frequency. These findings suggest immaturity of the cerebral cortex, par-
ticularly in the left hemisphere.

In a second study, Kaneko, Ehlers, et al. (1996) examined the same group
of children using an oddball-plus-noise paradigm and ERP technology.
Again, children with FAS were distinguishable from normally developing
controls or children with Down’s syndrome. Both children with Down’s
syndrome and FAS displayed longer P300 latencies. However, this finding
was widespread in the Down’s syndrome children and occurred in the pres-
ence of both the noise burst and infrequent tones. In the FAS children, the
longer P300 latencies were isolated to the parietal cortex and only occurred
in response to the noise burst.

Positron Emission Tomography (PET) and Single-Photon Emission
Computerized Tomography (SPECT) Studies

While EEG provides information about the pattern of neuronal activity,
its specificity is limited since it is typically difficult to accurately localize
the source of the activity. Recently two new studies have utilized newer
neuroimaging techniques to examine brain function in children with FAS.

Riikonen and colleagues (1999) utilized single-photon emission comput-
erized tomography (SPECT) to examine the changes in the brain structure
and activity of 11 children with FAS. SPECT is a variant of the better-
known positron emission tomography (PET) methodology, which enables
researchers to examine the amount of glucose utilized by different brain re-
gions. Glucose utilization reflects the activity level of the brain with greater
utilization indicating greater activity. Results indicated an absence of the
hemispheric asymmetry characteristic of normally developing brains. Spe-
cifically, in normally developing children there is greater glucose utilization
and cerebral blood flow in the left hemisphere. This hemispheric difference
was absent in FAS children. Further, this finding was most pronounced in
the frontal and parietooccipital regions.

In a similar study, Clark and colleagues (2000) utilized PET to examine
brain activity in high functioning children with FAS. Rather than focus on
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cerebral asymmetry, Clark et al. examined the glucose metabolism of vari-
ous cortical and subcortical structures relative to age-appropriate controls.
Standardized glucose metabolism in the thalamus, head of the caudate, and
the caudate/putamen was significantly lower in individuals with FAS than in
controls. There was a bilateral reduction in glucose metabolism in each
structure, with the exception of the caudate/putamen where the reduction
was limited to the right side.

These newer studies complement the findings from the structural imaging
studies. First, Riikonen et al. (1999) demonstrated a disruption of the normal
hemispheric asymmetry, which was predominantly localized to the frontal
and parietooccipital regions. Likewise, Riley and colleagues (1995) found
that corpus callosum abnormalities were predominantly located in the ante-
rior and posterior portions, which carry fibers from the frontal and occipital
cortical regions and allow for the efficient transfer of information across the
hemispheres. Second, Clark and colleagues (2000) demonstrated decreased
rates of glucose metabolism in the thalamus, caudate, and caudate/putamen.
These data are consistent with the findings of a disproportionate reduction in
the size of the caudate nucleus of the basal ganglia. Thus, it appears that both
structure and activity of the basal ganglia are impaired.

NEUROBEHAVIORAL EFFECTS

Intelligence

The effect of prenatal alcohol exposure on intelligence has received con-
siderable attention, perhaps because prenatal alcohol exposure is the most
frequent and preventable cause of mental retardation (Pulsifer, 1996). How-
ever, not all children with FAS or PEA are mentally retarded. In fact, it is es-
timated that only 25 percent of children with FAS have 1Q scores that fall
within the mental retardation range (IQ < 70) (Streissguth, 1997).

1Q scores vary widely in children with FAS or PEA. For example, 1Q
scores ranging from a low of 20 (Streissguth et al., 1991) to a high of at least
120 have been reported for children with FAS (Olson et al., 1998). Mean 1Q
for children with FAS is estimated to be between 65 and 72 (Mattson and
Riley, 1997). At least during childhood, IQ scores tend to be correlated with
dysmorphology (Steinhausen et al., 1994). Children with more dysmorphic
features tend to have lower IQ scores than children with fewer dysmorphic
features. Consequently, IQ scores tend to be higher in children classified as
PEA or FAE than in those with FAS (Streissguth et al., 1991). However, it
should be noted that children with PEA or FAE have significantly lower 1Q
scores than normally developing, non-alcohol-exposed children (Mattson
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etal., 1997). Thus, they tend to be less impaired than children with FAS, but
are impaired when compared to non-alcohol-exposed peers.

Research indicates that the IQ scores of children with FAS derived from
standardized intelligence tests such as the Wechsler Intelligence Scale for
Children (WISC) (Wechsler, 1991) are very stable over time (Steinhausen
et al., 1993; Steinhausen and Spohr, 1998). For example, Streissguth et al.
(1991) found that test-retest correlations over an average eight-year interval
ranged from 0.78 to 0.88 for FAS and PEA children respectively, indicating
a high degree of stability in intellectual functioning across time.

Language

Delays in language development have been reported in a variety of stud-
ies. For example, Iosub et al. (1981) reported that in a sample of 63 patients
with FAS, 84 percent of patients displayed some evidence of delayed or dis-
ordered speech or language development. Shaywitz et al. (1981) described
two preschool age children who had expressive and receptive language
skills that were delayed by at least two years. Further, they noted that these
children failed to use language as a tool for initiating social interactions.
Thus, early reports suggested that language impairments were widespread
within this population.

Several systematic studies have examined language functioning in this
population using standardized measures. Carney and Chermak (1991) tested
10 children with FAS and 17 normally developing children using the Test of
Language Development. They found widespread impairments in language
functioning, which included impairments in vocabulary and sentence imita-
tion, grammatical understanding, and word discrimination. Impairments
were noted in both expressive and receptive language. However, impair-
ments appeared to be more extensive in the younger children. Older chil-
dren were primarily impaired in their understanding and use of syntax. Al-
though this study did not use a longitudinal design, it does suggest that
language development may be delayed but not deviant.

This possibility was addressed in a study by Becker et al. (1990).
Children with FAS were compared to chronological age (CA) and mental
age (MA) control groups. A deficit in comparison to the CA group would
suggest that language development was delayed. In contrast, a deficit in
comparison to the MA group would suggest a qualitative shift in language
development that is not easily accounted for by general cognitive function-
ing. This study utilized tests of grammar, semantics, and short-term mem-
ory. Significant differences were found between the children with FAS and
the CA control group on a variety of measures including grammar, seman-
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tics, and memory. Thus, the data suggested that language development was
delayed. However, the FAS group never differed significantly from the MA
control group, indicating that while language development is delayed the
observed language skills are consistent with the general intellectual func-
tioning of the FAS group.

Overall, the data strongly indicate that language development is delayed,
although consistent with general intellectual functioning. A variety of is-
sues are likely to impede language development in this population. For ex-
ample, Church et al. (1997) found that while 82 percent of their patients had
receptive language delays almost all of them also had a hearing disorder. In
addition, both Church and colleagues and Becker and colleagues (1990) re-
ported abnormalities in the structure and function of the speech apparatus
including cleft palate, high or narrow arches, and functional movements of
the tongue and larynx, among other things. Both hearing disorders and ab-
normalities in the structure and function of the speech apparatus are likely to
hinder age-appropriate language development.

Learning and Memory

Both verbal and nonverbal learning and memory have been assessed in
children with FAS and appear to be impaired. Mattson, Riley, Delis, et al.
(1996) examined verbal learning and memory in children with FAS in rela-
tion to chronological- and mental-age-matched controls using the Children’s
Verbal Learning Test-Children’s Version (CVLT-C). Across five learning
trials, children learn a 15-word list, which must be recalled following each
presentation as well as after a 20-minute delay. Results indicated that FAS
children learned fewer words across the five learning trials relative to chro-
nological, but not mental, age-matched controls. Likewise, after a 20-minute
delay, children with FAS exhibited significantly poorer recall for the list rel-
ative to their chronological, but not mental, age-matched controls. Of
interest, when the number of words recalled after the 20-minute delay was
compared to the number of words learned by the fifth learning trial, the
groups did not differ in the percentage of learned words that were retained
across the delay period. Thus, information that was learned tended to be
equally retained by all groups. Some differences emerged between children
with FAS and the mental-age-matched controls. Specifically, children with
FAS had more difficulty discriminating the list words from distracters dur-
ing a yes/no recognition test, resulting in more false positive errors. Addi-
tionally, they tended to make more perseverative errors during free- and
cued-recall conditions.
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A later study expanded these findings by comparing implicit and explicit
memory in children with FAS. Mattson and Riley (1999) used a word-stem
completion task to assess priming, a type of implicit memory, and used free-
recall and recognition memory tasks to assess explicit memory. Results in-
dicated that the children with FAS performed comparable to normally de-
veloping control children and better than children with Down’s syndrome
on the priming task, strongly suggesting that implicit memory is spared fol-
lowing prenatal exposure to alcohol. In contrast, children with FAS were
significantly impaired in their ability to recall a list of words relative to nor-
mal controls. Further, they tended to make more perseveration errors when
recalling the list of words. Thus, these studies suggest that while memory is
impaired it is not globally impaired. Both recognition and implicit (priming)
memory appear to be spared while free recall is impaired.

A similar disassociation occurs when one examines memory for objects
and spatial location (Uecker and Nadel, 1996, 1998). In two related studies,
children with FAS exhibited deficits in spatial memory, but not object mem-
ory. Specifically, children were instructed to remember the identity and spa-
tial location of various objects they either estimated the price of or named.
Children with FAS recalled a comparable number of objects during an im-
mediate delay condition, but were significantly worse at accurately deter-
mining the original location of the object. After a 24-hour delay, children
with FAS were still impaired in their ability to remember where the objects
were originally located. Overall, the data suggested that spatial memory
was impaired while object memory was spared.

The observed memory dissociations have implications for the types of
neuroanatomical changes one would expect to find in alcohol-exposed chil-
dren. For example, Mattson and Riley (1999) argued that the pattern of
spared implicit memory and impaired explicit memory is comparable to that
observed in patients with Huntington’s disease. As mentioned previously,
Huntington’s disease is associated with pathological changes in the basal
ganglia, an area that is reduced in children with FAS. Thus, the emerging
neurobehavioral data converge with the existing neuroanatomical data. The
dissociation between object and spatial memory provides us with a new ave-
nue for exploration. The deficit in spatial memory suggests damage to the
right hemisphere, particularly the temporal lobe and hippocampus (Smith
and Milner, 1981) as well as damage to the basal ganglia (Lawrence et al.,
2000). Damage to the hippocampus has been repeatedly observed in animal
models of FAS (Berman and Hannigan, 2000). However, Riikonen and col-
leagues (1999) found that the right hippocampus was significantly larger
than the left in children with FAS. Archibald and colleagues (2001) also
found that the hippocampus was larger than expected in children with FAS
given the size of other subcortical structures. Reductions in the temporal
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cortex have not been observed either (Archibald et al., 2001). As more sen-
sitive neuroimaging techniques become available, further research should
examine whether neuroanatomical differences in the hippocampus and tem-
poral cortex emerge.

Attention and Activity

Attention and activity levels have received considerable focus. The in-
attentiveness and hyperactive behavioral patterns of children with FAS are
frequently compared to those of children with ADHD. High levels of
ADHD-like symptoms in this population would not be particularly surpris-
ing, since the prevalence of ADHD in special education classrooms is con-
servatively estimated to be between 9 and 33 percent (Pearson et al., 2000).

Steinhausen and colleagues (1993, 1994; Steinhausen and Spohr, 1998)
examined rates of psychopathology in a sample of children with FAS and
found that 63 percent displayed one or more psychiatric disorder, with
hyperkinetic disorders (e.g., ADHD) predominant within the sample. The
prevalence of hyperkinetic disorders ranged from approximately 42 to 63
percent depending upon the time of the assessment and the subsample eval-
uated. Further, while the presence of many other disorders, such as enuresis
and language disorders, appeared to be age related, hyperkinetic disorders
were present from an early age and persisted through adolescence in the ma-
jority of affected cases. The prevalence of hyperactivity in this sample is
higher than the estimates for special education populations, suggesting that
prenatal alcohol exposure may be one of many potential etiologies for hy-
peractivity.

Neuropsychological measures of attention have been employed in a
number of studies to determine whether children with FAS exhibit deficits
in attention. Kerns et al. (1997) reported that adults with FAS performed
within normal limits on tests of simple auditory attention. However, com-
plex sustained and alternating attention were impaired. In a similar study,
Connor et al. (1999) compared the visual and auditory attention abilities of
adults with FAS or FAE to nonexposed adults. The adults with FAS/FAE
performed more poorly than controls on most measures and the results sug-
gested that adults with FAS/FAE have difficulty focusing, sustaining, and
shifting auditory attention, as well as focusing and sustaining visual atten-
tion.

Although children with FAS are frequently compared to children with
ADHD, and data indicate that multiple components of attention are impaired,
it is unclear whether the behavioral phenotype expressed by FAS children is
identical to that expressed by children with ADHD. Two studies have explic-
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itly compared the performance of children with ADHD or FAS. Nanson and
Hiscock (1990) used parental reports and laboratory measures of attention to
compare the performance of children with FAS or FAE to children with ADD
or normally developing children. The parental reports for children with
FAS/FAE or ADD were indistinguishable, suggesting that the presence and
severity of hyperactive and inattentive symptoms was perceived to be signifi-
cant in both groups. Likewise, children with ADD or FAS exhibited increased
rates of impulsive errors on a delayed reaction time task. While children with
ADD appeared to make a speed accuracy trade-off, children with FAS/FAE
responded slowly and made many errors, indicating an increased difficulty
with the task as well as possible impulsive responding. The slower responses
exhibited by the FAS/FAE children on delayed reaction time task and vigi-
lance tasks were likely attributable in part to the differences in IQ observed
between the FAS/FAE children and other groups.

In a similar study, Coles and colleagues (1997) used parental reports and
an attention battery to examine the profile of FAS/FAE children and ADHD
children on four components of attention: focus, sustain, encode, and shift.
Unlike the previous study, Coles and colleagues found that parents rated
children with FAS/FAE differently from children with ADHD. Ratings for
children with ADHD indicated they displayed significantly more behaviors
associated with the disorder than either children with FAS/FAE or control
children. Likewise, the profile of children with FAS/FAE tended to differ
from that of children with ADHD on the attention battery. Both groups had
difficulty focusing attention as measured by the WISC-R coding subtest. In
addition, children with FAS/FAE had some difficulty encoding information
and shifting attention. Children with ADHD performed significantly worse
on measures of sustained attention. However, more than 50 percent of chil-
dren with FAS/FAE or ADHD were unable to complete the sustained atten-
tion tasks, so the findings are difficult to interpret. Overall, Coles and col-
leagues found that while children with FAS/FAE exhibit attention deficits,
the profile of deficits varies from that observed in children with ADHD.
These phenotypic differences suggest that prenatal alcohol exposure may
not cause classic ADHD symptoms, but rather a variant, which potentially
could require different pharmacological and behavioral treatment protocols
from those employed with nonexposed children with ADHD.

Executive Functioning
Executive functioning (EF) is a complex psychological construct that has

been broadly defined as “the ability to maintain an appropriate problem
solving set for the attainment of a goal” (Welsh and Pennington, 1988,
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p- 201). A variety of cognitive domains are subsumed under this general
definition including inhibition, set shifting and set maintenance, planning,
working memory, and the ability to integrate information across time and
space (Pennington and Ozonoff, 1996). EF plays a large role in our day-to-
day functioning, as it is utilized in such diverse activities as interpersonal re-
lations, organizing and conducting a search for missing keys, or organizing
the tools and skills necessary to achieve a job or school assignment. Deficits
in EF would be consistent with MRI studies that documented a reduction in
the size of the basal ganglia. Studies of Parkinson’s disease and Hunting-
ton’s disease have documented impaired performance on EF tasks in associ-
ation with pathology of the basal ganglia (Bickman et al., 1997; Watkins
et al., 2000).

The first systematic study of executive functioning in children with FAS
investigated deficits in the self-regulation of action (Kodituwakku et al.,
1995). Specifically, they measured three constructs: planning, the regula-
tion of behavior, and the ability to utilize feedback to adapt behavior. Children
with FAS or FAE were compared to normally developing children. The
FAS/FAE children performed significantly worse on the Standard Progres-
sive Matrices, which was used as a measure of fluid intelligence, indicating
that they were more impaired than control children. Results from the EF
battery were mixed. Children with FAS/FAE performed significantly worse
on the Progressive Planning Test that was used to measure planning but also
has a strong inhibitory component (Goel and Grafman, 1995). However,
there were no group differences on two of the three tests of behavioral regu-
lation. Finally, the FAS/FAE group performed significantly worse on one
utilization of feedback test, the Wisconsin Card Sorting Test (WCST), but not
on the go/no-go task. Children with FAS/FAE made significantly more
perserverative responses and consequently did not complete as many cate-
gories as control children in the WCST. These data are consistent with those
reported by Olson et al. (1998), although Coles and colleagues (1997) found
no significant difference between children with FAS and normally develop-
ing children on this measure. Thus, while there were some deficits in EF,
they were not as consistent as might have been expected, particularly since
the two groups differed significantly on fluid intelligence.

Another systematic examination of EF in this population was recently
published by Mattson et al. (1999). This study utilized the new Delis-
Kaplan Executive Function System (D-KEFS) battery (Delis et al., 2001) to
assess four domains of EF: cognitive flexibility, response inhibition, plan-
ning, and concept formation and reasoning. FAS/ PEA children had signifi-
cantly lower 1Q scores than the normally developing control children and
group differences emerged across all four domains.
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Cognitive flexibility and response inhibition were assessed with the Cali-
fornia Trail Making Test and California Stroop Test, respectively. Both tests
incorporate control conditions, although no group differences emerged across
any control tasks. In the California Trail Making Test, the critical test re-
quires children to connect a series of letters and numbers, alternating be-
tween the two categories (e.g., 1-A-2-B). FAS/PEA children performed sig-
nificantly worse on this test. The California Stroop Test contains two critical
tests: interference and set shifting. During the interference condition, chil-
dren were presented with a color name printed in a different color of ink and
were directed to name the ink color. During the set-shifting condition, chil-
dren were presented with the same stimuli but were directed to read the
word or name the ink color depending on a cue. The FAS/PEA children
were significantly impaired on the interference condition. Only children
with FAS differed from control children on the set-shifting condition. Thus,
the data suggest that both cognitive flexibility and response inhibition may
be impaired in children with FAS/PEA.

Planning was assessed using the Tower of California Test, a variant of the
progressive planning test used by Kodituwakku and colleagues (1995),
while concept formation and reasoning was assessed with the California
‘Word Context Test. Consistent with Kodituwakku et al., the FAS/PEA chil-
dren violated more rules and passed fewer items on the Tower of California
Test, suggesting that planning was impaired. In the California Word Context
Test, children must guess a target word on the basis of a series of five se-
quentially presented sentences that provide clues about the target word.
Likewise, children with FAS/PEA required significantly more sentence
cues to guess the target word than normally developing children.

The data from Mattson and colleagues (1999) and Kodituwakku and col-
leagues’ (1995) studies suggest there may be deficits in EF in alcohol-
exposed children. However, future studies should continue to examine the
extent to which these executive-functioning deficits are greater than would
be expected given observed reductions in intelligence.

Psychosocial Functioning

The majority of the research on the neurobehavioral consequences of
heavy prenatal alcohol exposure has focused on cognitive skills and capa-
bilities. However, the behavioral consequences of prenatal alcohol exposure
are not limited to the cognitive arena as emphasized by a study on secondary
disabilities across the lifespan in individuals with FAS and FAE (Streissguth
etal., 1997). Secondary disabilities are those problems that are not directly
caused by alcohol, but emerge after birth, and presumably could be pre-
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vented or ameliorated with intervention efforts. This initial study provided
some alarming statistics. For example, 90 percent of 415 patients had
sought help for or experienced a mental health problem. Further, more than
half of the individuals with FAS had been in trouble with the law, and either
dropped out of school, or had been suspended or expelled. These data indi-
cate that individuals with FAS have significant and pervasive adaptive func-
tioning deficits that persist into adulthood.

New studies have been initiated to determine what types of problem be-
haviors and deficits in adaptive functioning these children display during
childhood and adolescence. A few older studies have examined adaptive be-
haviors, problem behaviors, or social skills (Streissguth et al., 1991; Stein-
hausen and Spohr, 1998; Steinhausen et al., 1993) with results indicating a
spectrum of attention and social problems among children with FAS. How-
ever, they usually compared FAS children to normally developing control
children or national norms. Since behavioral and social problems are not un-
common in developmentally disabled populations, it is not clear whether
the problems are similar to those in other disabled populations or whether
the difficulties exhibited by children with FAS are in some way unique.

Children with FAS also have significant deficits in social skills. Even
when compared to children with similar IQ scores, children with FAS were
significantly impaired in their interpersonal relationships and their ability to
make appropriate use of their play and leisure time (Thomas et al., 1998).
Further, FAS children display more problematic behaviors than children
with comparable 1Q scores (Mattson and Riley, 2000). Parents reported that
FAS children engaged in more externalizing behaviors and had more social,
thought, and attention problems. Further, according to their parents, FAS
children engaged in more aggressive and delinquent behavior. These prob-
lems were not limited to the most severely affected children. Children with
PEA displayed the same pattern of social and behavioral problems as chil-
dren with FAS, indicating that overall intellectual functioning and dys-
morphology were not sufficient to explain the pattern of maladaptive behav-
iors.

In a related study, the Personality Inventory for Children (PIC) was uti-
lized to further examine the behavioral and psychological problems present
in this population (Roebuck et al., 1999). As expected, FAS and PEA chil-
dren scored poorly on the three subtests that measured intelligence, cogni-
tive development, and achievement. In addition, they were in the clinical
range for the subscales measuring delinquency and psychosis, with PEA
children showing a level of impairment comparable to the FAS children.

Across multiple studies it is becoming clear that alcohol-exposed chil-
dren display a wide variety of maladaptive behaviors and have significant
problems in their social interactions. These maladaptive behaviors tend to
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be directed toward others rather than themselves and do not appear to be
commensurate with their level of cognitive disability. FAS and PEA chil-
dren are more likely to engage in antisocial behaviors and to disregard or fail
to comprehend the rights and feelings of others. These findings are consis-
tent with the secondary disabilities documented by Streissguth and col-
leagues (1997).

These studies have not determined why these children engage in anti-
social behavior. Are children with FAS deliberately misbehaving or do their
misdeeds reflect an inability to understand the consequences of their behav-
iors and the potential effect of their behaviors on others? Currently, many
believe the latter to be the case. As mentioned above, some have suggested
that children with FAS/PEA have deficits in EF (Mattson et al., 1999;
Kodituwakku et al., 1995). Although this hypothesis needs to be further val-
idated, executive-functioning deficits could be expressed as an inability to
plan and foresee the consequences of actions as well as the inability to in-
hibit actions that may be inappropriate. Thus, although children with FAS
may be engaging in risky and aversive behaviors, these behaviors may not
be intentionally mischievous or antisocial. Rather they may reflect core def-
icits in foresight, planning, and the ability to read and understand social
cues. Further research needs to be directed at determining the cause of so-
cial deficits and increased behavioral problems in children with FAS.

SUMMARY AND DISCUSSION

In summary, understanding of the neuroanatomical and neurobehavioral
consequences of prenatal alcohol exposure is increasing rapidly. Although
autopsy studies have suggested that heavy prenatal exposure to alcohol re-
sulted in a diffuse, nonspecific pattern of neuropathological abnormalities,
newer neuroimaging techniques are revealing a consistent pattern of anom-
alies across alcohol-affected children. Microcephaly is still the most com-
mon outcome following heavy exposure. However, it is now clear that the
entire brain is not equally sensitive to the teratogenic effects of alcohol. The
basal ganglia, corpus callosum, cerebellum, and parietal cortex appear to
have a heightened susceptibility relative to other brain structures. Further
research on the neuroanatomical effects of prenatal alcohol exposure is still
needed. Most notably, there is a need for more studies that use developmen-
tally disabled, rather than normally developing, children as controls in order
to determine whether the observed neuropathology is in any way unique
from that observed in a variety of other developmental disorders. The infor-
mation gained about patterns of preserved and impaired brain structure and
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function is likely to greatly enhance efforts to define a behavioral phenotype
that is specific to children with FAS.

Intellectual deficits have received considerable attention and this is not
surprising since prenatal alcohol exposure remains the leading preventable
cause of mental retardation and results in significant impairments in aca-
demic functioning. A number of other cognitive domains have also been ex-
amined including attention, learning and memory, executive functioning,
and language. Questions remain unanswered in each of these domains.
Most pressing is the need to determine the extent to which deficits in cogni-
tive domains are consistent general declines in intellectual functioning.
New research clearly indicates that deficits are not isolated to the cognitive
domain. Children with FAS exhibit a high level of problem behaviors as
well as impairments in their interpersonal relationships. It is critical that
more research be directed toward exploring and alleviating these problems
at very young ages in order to prevent secondary disabilities such as the ob-
served problems in psychosocial adjustment, juvenile delinquency, and
mental health.
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Chapter 6

Health Consequences of Marijuana Use
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Marijuana smoking remains the most prevalent form of illicit drug use in
the United States, Canada, Australia, New Zealand, and some European
countries, and rates of heavy marijuana smoking are high in other countries
where accurate epidemiological data are not available (Black and Casswell,
1993; Hall, Johnston, et al., 1999; Substance Abuse and Mental Health Ser-
vices Administration [SAMHSA], 1999). In the United States, conservative
estimates indicate that more than 11 million people smoked marijuana dur-
ing the last month, and approximately 20 percent of these smoke almost
daily (SAMHSA, 2000). The types of problems associated with regular
marijuana use have been well documented. Heavy use has been linked to
impairment in memory, concentration, motivation, health, interpersonal re-
lationships, and employment, as well as decreased participation in conven-
tional roles of adulthood, history of psychiatric symptoms and hospitaliza-
tions, and participation in deviant activities (Haas and Hendin, 1987; Halikas
et al., 1983; Jones, 1980; Kandel, 1984; Rainone et al., 1987; Roffman and
Barnhart, 1987). Given the large cohort of frequent marijuana users, it is
vital that we have available clear, scientific information concerning the risks
and consequences of acute and chronic use of marijuana and other forms of
cannabis.

Cannabis is the generic name for the psychoactive substance(s) derived
from the plant Cannabis sativa. Marijuana and hashish are the common
forms of cannabis used to obtain psychoactive effects. Cannabis contains
numerous chemical substances, but the one usually of primary interest is
delta-9-tetrahydrocannabinol (THC). THC has been identified as the pre-
dominant substance in marijuana that produces the subjective “high” asso-
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ciated with smoking the plant. Some debate exists regarding whether other
compounds in cannabis have direct psychoactive effects or whether they in-
teract with THC to produce other physical or psychological effects. This
distinction is important, as “pure” forms of THC that are used orally in med-
ical settings (dronabinol, Marinol) may not have identical effects to smoked
or orally ingested cannabis. Moreover, because the most common method
of using cannabinoids is smoking (marijuana or hashish), the other sub-
stances present in the smoke (e.g., carcinogens, tar) are relevant to a discus-
sion of the health consequences of marijuana use (see sections on the respi-
ratory, immune, and cardiovascular systems in this chapter).

Cannabis was used in the Western Hemisphere both medically and rec-
reationally as early as the eighteenth century. Yet, it was not until the 1930s
that scientific investigation began in response to concern over its non-
medical use. Two reports on the health consequences of marijuana use ap-
peared in the mid-1900s (Mayor’s Committee on Marijuana [MCM], 1944,
Walton, 1938), and the Marijuana Tax Act of 1937 functionally served to
prohibit the recreational use of marijuana in the United States. Subsequent
to these reports, scientific efforts were limited until the 1960s and 1970s
when the prevalence of marijuana use and abuse increased in Western cul-
tures.

Cannabis use in the United States and other countries has long been a
topic of controversy. Groups such as NORML (National Organization for
the Reform of Marijuana Laws) have led an ongoing effort to decriminalize
and legalize marijuana use, and a number of respected medical profession-
als have argued for legitimizing the medical use of marijuana (Grinspoon
and Bakalar, 1997; Hollister, 2000). Marijuana supporters argue that canna-
bis (1) has many positive effects and benefits, (2) has few and minor adverse
consequences, and (3) is less harmful than other legalized drugs such as al-
cohol. They further argue that government obstructionism and propaganda
have misled the public regarding the adverse effects of cannabis.

Such controversy can bias the evaluation and interpretation of scientific
findings regarding the health effects of cannabis use, creating general mis-
perceptions and confusion about the current state of knowledge. Conflicting
and inconclusive scientific findings have fueled the controversy. As this
chapter will indicate, there is much still unknown about the effects of canna-
bis on human psychological and physical health. Epidemiological and ex-
perimental studies have provided clear evidence that many people experi-
ence problems related to cannabis use and that ingestion of cannabis is
associated with multiple adverse effects. However, demonstrating causal re-
lationships between cannabis use and many of these effects has proven diffi-
cult due to methodological challenges. The magnitude of risk and func-
tional significance of such effects also remains elusive.
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This chapter summarizes the scientific literature regarding the effects of
cannabis on physical health, cognitive and behavioral functioning, and
mental/behavioral health. Data relevant to the addictive potential of canna-
bis use are also presented. We focus on areas with a substantial research
base that have provided some indication of definite findings. The space pro-
vided to each topic corresponds somewhat to the scope of the literature in
that area. We comment on the strength and quality of data supporting the
connection between cannabis use and specific effects, but, generally, de-
tailed critical analyses of individual studies or purported causal mechanisms
are not provided. Rather, the reader is referred to original sources and previ-
ous reviews.

RESPIRATORY SYSTEM

Perhaps the most significant health effects of cannabis are those that im-
pact the respiratory system. Smoking is the primary method for use of can-
nabis, and almost all chronic users smoke either marijuana cigarettes (“joints”)
or use pipes to smoke marijuana or hashish. Chronic cannabis smoking has
potential for significant respiratory health consequences comparable to
tobacco cigarette smoking. The smokes of marijuana and tobacco have sim-
ilar levels of tar and respiratory toxic chemicals. Marijuana smoke contains
up to 50 percent more carcinogens and results in substantially greater tar de-
posits in the lungs than filtered tobacco cigarettes. Such increased effects
likely occur because marijuana users smoke unfiltered material, inhale the
smoke more deeply, and hold the smoke longer in their lungs than tobacco
smokers (Hoffman et al., 1975; Institute of Medicine, 1982; Roth et al.,
1998; Tashkin et al., 1991; Tashkin et al., 1987; Wu et al., 1988). However,
marijuana smokers tend to smoke significantly less material per day than to-
bacco smokers, which serves to counter its impact on the lungs.

Acute Effects

The most significant acute effect of smoking marijuana is its action as a
bronchodilator, which increases vulnerability to the smoke by decreasing
airway resistance and increasing specific airway conductance (Tashkin
et al., 1973; Vachon et al., 1973). Marijuana-induced bronchodilation has
been demonstrated with healthy control participants and asthmatics, and un-
der conditions of experimentally induced asthma (Tashkin et al., 1975).
Placebo-controlled studies suggest that bronchodilation is due to the THC
content in marijuana (Tashkin et al., 1975). Of note, marijuana’s effect on
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brochodilation distinguishes it from tobacco smoking, which produces
bronchoconstriction.

Marijuana smoking also increases absorption of carbon monoxide, re-
sulting in elevated levels of blood carboxyhemoglobin (COHb) (Wu et al.,
1988; Tilles et al., 1986). Although smoking tobacco also boosts COHb, the
increase found with smoking marijuana is as much as four times greater
than with tobacco. These elevated levels of COHb lead to reduced oxygen in
the blood and impairment in oxygen release from hemoglobin. Reduced
blood oxygen levels can stress a number of organs including the heart (see
section on cardiovascular effects this chapter). In placebo-controlled stud-
ies, examinations of other short-term aspects of respiration such as breath-
ing rate, breath depth, CO, production, respiratory exchange ratio, and
arterial blood gasses have revealed no significant effects of marijuana
smoking (Shapiro et al., 1976).

Chronic Effects

The impact of chronic marijuana smoking on respiratory health has many
similarities to that of tobacco smoking (Tashkin, 1999; VanHoozen and
Cross, 1997). Compared to nonsmokers, chronic marijuana smokers show
increased likelihood of outpatient visits for respiratory illness and exhibit
respiratory symptoms of bronchitis at comparable rates to tobacco smokers
(Tashkin et al., 1987; Bloom et al., 1987; Polen et al., 1993; Taylor et al.,
2000). Chronic bronchitis can be moderately debilitating and increases the
risk of additional infections. Because THC appears to suppress immune
system function, recurrent bronchitis may further increase the risk of oppor-
tunistic respiratory infections such as pneumonia and aspergillosis (see the
following section on immune systems effects). This is of concern particu-
larly for those individuals with already compromised immune functions
such as cancer and AIDS patients.

Airway obstruction and symptoms of chronic cough, sputum production,
and wheezing characterize chronic bronchitis. These symptoms are the re-
sult of airway inflammation and tissue damage caused by marijuana smoke
that results in increased fluid production, cellular abnormalities, and re-
duced aveolar permeability (Tashkin et al., 1987; Gil et al., 1995). This
damage begins long before overt symptoms such as cough or wheezing are
evident (Roth et al., 1998). Cellular abnormalities include reductions in
ciliating surface cells of the lungs that function to clear fluid from the lungs
to the mouth and throat. As a result, marijuana smokers have substantially
higher bronchitis index scores than nonsmokers, and comparable scores to
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tobacco smokers, even at young ages with only short histories of marijuana
use (Taylor et al., 2000).

Investigations of chronic obstructive pulmonary disease (COPD) in
chronic marijuana smokers have been inconclusive. A common severe con-
sequence of tobacco smoking, COPD includes chronic obstructive bronchi-
tis or emphysema, and is characterized by impairment in small airway func-
tion rather than large airways. Marijuana smokers exhibit almost identical
degrees of histopathologic and molecular abnormalities associated with
progression to COPD in tobacco smokers (Barsky et al., 1998; Fligiel et al.,
1991, 1997; Mao and Oh, 1998). However, two large-scale studies of COPD
in chronic marijuana users have been inconclusive. Bloom and colleagues
(1987) reported some indication of reduced small-airway function sugges-
tive of COPD, while Tashkin and colleagues (1987) found no evidence of
small airway obstruction or other indicators of COPD.

Chronic cannabis smoking is likely associated with respiratory cancer,
although this link is not definitive (see section on immune system effects).
Cannabis smoking is clearly associated with similar processes and patterns
of disease that lead to aerodigestive cancers among tobacco smokers (Mao
and Oh, 1998; MacPhee, 1999). As noted previously, marijuana smoke con-
tains more carcinogens than cigarette smoke (Hoffman et al., 1975). Mari-
juana interferes with normal cell function, including synthesis and functions
of DNA and RNA (Tahir and Zimmerman, 1991), and appears to activate an
enzyme that converts inactive carcinogens found in marijuana smoke into
active carcinogens (Marques-Magallanes et al., 1997). Chronic marijuana
smokers also show substantial cellular mutation associated with tumor pro-
gression (Barsky et al., 1998; Fligiel et al., 1997; Gong et al., 1987,
Sherman et al., 1995). Marijuana also reduces the ability of pulmonary alve-
olar macrophages to kill pathogens, including tumor cells, allowing tumors
to grow more rapidly (Baldwin et al., 1997; Zhu et al., 2000).

Clinical reports of aerodigestive cancers in individuals who had a history
of marijuana smoking with limited or no tobacco exposure have provided
suggestive evidence of a link between marijuana use and cancer (Caplan
and Brigham, 1990; Donald, 1991; Fung et al., 1999; Sridhar et al., 1995;
Taylor, 1988). In addition, Zhang and colleagues (1999) found increased
risk for squamous-cell carcinoma of the head and neck for marijuana smok-
ers compared to nonsmokers when tobacco smoking was statistically con-
trolled. The only epidemiological study that directly examined the risk of
aerodigestive cancer in marijuana users reported no significant risk associ-
ated with cannabis (Sidney et al., 1997). This study, however, included a rel-
atively young cohort comprised of primarily experimental and light mari-
juana users rather than chronic heavy users. Individuals who began smoking
marijuana in the late 1960s are now approaching ages that are more likely to
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be associated with aerodigestive cancer, hence, future epidemiological stud-
ies should better clarify the risk of cancer associated with chronic cannabis
use.

Smoking both cannabis and tobacco warrants mention as this combina-
tion most likely produces an additive adverse effect on the respiratory sys-
tem (Roth et al., 1998; Barsky et al., 1998). Tobacco smoking is common
among cannabis users, as almost half of daily marijuana users also smoke
tobacco (SAMHSA, 2000; Moore and Budney, 2001). This subgroup of
marijuana smokers merits careful study since they may be at particularly
high risk for respiratory disease.

IMMUNE SYSTEM

Chronic use of cannabis appears to compromise the immune system, par-
ticularly the immune defense systems of the lungs (Baldwin et al., 1997,
Klein, 1999; Sherman, Campbell, et al., 1991). This suppressive effect oc-
curs in a variety of immune cells including killer cells, T cells, and macro-
phages (Kusher et al., 1994; Klein et al., 1998; Newton et al., 1994). Most
research has focused on pulmonary alveolar macrophages (PAMs) which
are the killer cells that destroy infectious microorganisms in the lungs
(Sherman, Campbell, et al., 1991; Huber et al., 1991). Compared to tobacco
smokers and nonsmokers, PAMs of chronic cannabis smokers exhibit a re-
duced ability to kill tumor cells and many microorganisms, including fungi
and bacteria (Baldwin et al., 1997; Zhu et al., 2000; Sherman, Campbell,
etal., 1991). As with tobacco, cannabis smoking produces an inflammatory
response in the lungs which increases growth in the number and concentra-
tion of PAMs. However, their efficacy for destroying microorganisms is com-
promised (Barbers et al., 1991; Wallace et al., 1994). Cannabis smoking also
appears to impair phagocytosis and cytokine function of the PAMs (Baldwin
etal., 1997). A recent study has identified a specific cannabinoid receptor-
mediated pathway that may be involved in the inhibitory responses associ-
ated with chronic cannabis smoking (Zhu et al., 2000).

The functional consequences of cannabis’s effect on the suppression of
the immune system in humans is poorly understood. Nonetheless, clinical
findings suggest that such effects warrant some concern. Chronic cannabis
smoking is associated with increased bronchitis and other respiratory ill-
nesses. Chronic use may also increase risk of exposure to infectious organ-
isms, since cannabis and tobacco plants are often contaminated with a vari-
ety of fungi and molds including aspergillus (Verweij et al., 2000). Lung
illnesses in marijuana smokers have been attributed to fungal infection
(Verweij et al., 2000; Caiaffa et al., 1994; Marks et al., 1996). Decreased im-
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mune system response could increase the vulnerability and risk of develop-
ing these respiratory illnesses and lung diseases. More research is needed to
determine whether chronic marijuana use is directly responsible for an in-
creased incidence of disease via its effects on immune system function.

Of note, medical use of marijuana has now been legalized in two U.S.
states and legislation is pending in others. Many of the patients deemed ap-
propriate candidates for medical marijuana have illnesses that involve al-
ready compromised immune systems such as AIDS wasting syndrome and
chronic pain from various types of cancer (Grinspoon and Bakalar, 1997,
Hollister, 2000; Joy et al., 1999). A better understanding of the functional
significance of marijuana’s effects on the immune system is imperative as
attempts are made to develop safe and effective models for the medical use
of marijuana.

CARDIOVASCULAR SYSTEM

Relatively little research has examined long-term cardiovascular effects
of chronic cannabis use. Most studies have focused on acute changes and
suggest a limited cardiovascular health impact associated with cannabis
use. The primary acute effect of smoked marijuana or oral THC is tachycar-
dia (Beaconsfield et al., 1972; Perez-Reyes et al., 1973). The increase in
heart rate appears dose dependent, is observed with nonusers and chronic
users, and is reduced as tolerance develops (Benowitz and Jones, 1975;
Jones and Benowitz, 1976).

Cannabis or oral THC can produce small increases in supine blood pres-
sure and impair vascular reflexes (Jones and Benowitz, 1976; Perez-Reyes
et al., 1991; Maddock et al., 1979). Smoking marijuana also results in
increased inhalation of carbon monoxide and subsequent COHb, which
in combination with tachycardia, increases the work required of the heart.
Cannabis use also may reduce exercise tolerance, which is likely due to the
combination of tachycardia, reduced thermoregulation caused by decreased
vascular reflexes, and the increase in carbon monoxide (Renaud and Cormier,
1986).

Although these findings show clear changes in cardiovascular function-
ing due to marijuana or THC use, the effects have not been associated with
short-term or long-term cardiovascular or cerebrovascular injury or disease.
Case reports suggest that regular cannabis smoking may increase risk for
some severe disorders such as arteritis and transient ischemic attacks (Mou-
zak et al., 2000; Goldschmidt et al., 2000), but no controlled studies support
these reports. For most healthy young marijuana smokers the stress to the
heart produced by marijuana use does not appear clinically detrimental (In-
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stitute of Medicine, 1982). However, for individuals with cardiovascular or
cerebrovascular disease the additional cardiac stress may increase the risk
for chest pain, heart attack, or stroke. Additional research is needed to fur-
ther elucidate the effects of chronic cannabis use on cardiovascular health,
including interactions with other risk factors.

REPRODUCTIVE FUNCTION
Hormones and Fertility

Research examining the effects of cannabis use on reproductive function
in women or men has been sparse. In women, marijuana smoking can affect
some reproductive hormones (e.g., luteinizing hormone, prolactin), but this
effect may occur only when smoking takes place during specific phases of
the menstrual cycle (Mendelson et al., 1985, 1986; Block et al., 1991).
Chronic cannabis use appears to alter male reproductive hormones, but
these effects are not conclusive. Some studies have demonstrated mari-
juana-related decreased levels of gonadotropin, testosterone, prolactin, and
luteinizing hormones in men, while others have reported negative findings
(Murphy, 1999). For both men and women the functional significance of
these findings remains elusive. Although one might suspect that these pur-
ported effects on the reproductive system would adversely influence fertil-
ity, this has not been carefully studied in humans.

Perinatal Effects

Pregnant women who use cannabis expose the fetus to its effects, as THC
is known to cross the placenta (Howell, Coles, and Kable address the prena-
tal effects of cannabis use in Chapter 9 of this book). Here we provide an
overview of perinatal effects of cannabis use, focused primarily on cogni-
tive functioning. It is estimated that 10 to 20 percent of women use mari-
juana during pregnancy (Chasnoff, 1990; Fried et al., 1985; Zuckerman
et al., 1989). Thus, understanding the effects on fetal development is vital.
Studying cannabis use during pregnancy in humans has proven difficult, as
pregnant users generally have many additional risk factors for adverse ef-
fects such as tobacco smoking, alcohol use, other illicit drug use, poorer nu-
trition, and lower SES. Moreover, multiple factors deterring self-disclosure
in this population raise concern regarding the validity of self-reports of can-
nabis use.

Studies have attempted to control for these confounds, hence, certain ten-
tative conclusions appear justified. Risk of major congenital anomalies is



Healith Consequences of Marjjuana Use 179

not increased due to cannabis use in pregnant women (Zuckerman et al.,
1989; Tennes et al., 1985). However, some reports suggest that risk of devel-
oping minor anomalies, particularly related to the visual system, may be re-
lated to heavy cannabis use, but these data are not robust (O’Connell and
Fried, 1984; Hingson et al., 1982). Cannabis use during pregnancy may be
related to reduced birth weight and length, and possibly shortened length of
gestation, although studies have reported conflicting findings (Zuckerman
et al., 1989; Day and Richardson, 1991; Gibson et al., 1983; Hatch and
Bracken, 1986; Witter and Niebyl, 1990). Overall, these perinatal effects, if
valid, are clearly not as severe as those observed with tobacco smokers.

The cognitive and behavioral effects of prenatal exposure to cannabis are
perhaps best addressed in one study, the Ottawa Prenatal Prospective Study
(OPPS) (Fried, 1980). This study collected birth data on 700 women and has
periodically assessed the children of a subsample of 150 to 200. Adverse ef-
fects of prenatal cannabis use were observed in testing of the neonate during
the first month. Possible indicators of an impact on the nervous system in-
cluded increased tremors, decreased visual habituation, exaggerated startle,
and increased hand-to-mouth behavior. However, at one and two years of
age, no cannabis-related effects were observed when children were assessed
using the Bayley Scales (Fried and Watkinson, 1988). No cannabis-related
effects were observed at three years on tests of language expression, com-
prehension, and other general cognitive abilities, after controlling for con-
founding variables (Fried and Watkinson, 1990).

Age four assessments of OPPS children revealed cannabis-related per-
formance decrements on verbal and memory tasks (Fried and Watkinson,
1990). These deficits were similar in type to another study of three-year-
olds whose mothers smoked marijuana while pregnant (Day et al., 1994).
One hypothesis for why impairment was not observed until age four is the
possibility that such deficits may not be detectable until individuals reach a
developmental age that allows for testing of more subtle effects on complex
processes (Hutchings and Fried, 1999). However, similar testing at five and
six years did not reveal any cannabis-related deficits. The authors suggested
that environmental exposure to positive influences on cognitive abilities
(e.g., school) might have obviated the subtle effects observed a year earlier.
Thus, the researchers initiated additional testing of six-year-olds to assess
other, more general aspects of cognitive performance such as sustained at-
tention and impulse control. Evidence of a deficit in sustained attention was
observed in children whose mothers used marijuana heavily during preg-
nancy (O’Connell and Fried, 1991).

Testing at nine and twelve years of age showed marijuana-related deficits
in measures of higher order or executive functioning that the investigators
characterized as involving visual analysis, problem solving, hypothesis test-
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ing, and impulse control (Hutchings and Fried, 1999; Fried and Watkinson,
2000). Of note, these types of complex functioning deficits are similar to
those observed in some studies of chronic adolescent and adult marijuana
users (reviewed later in this chapter). Goldschmidt and colleagues (2000)
also reported adverse effects of prenatal marijuana use in ten-year-olds. In-
creased hyperactivity, impulsivity, inattention, and delinquency were asso-
ciated with prenatal marijuana use after controlling for extraneous vari-
ables. Because of the limitations of their sample and other methodological
issues, interpretation of these results warrants caution pending replication in
other samples.

The observed effects of prenatal cannabis use on cognitive functioning
appear subtle, and determining causality is difficult since genetic predispo-
sitions and multiple environmental factors after birth may interact with pre-
natal effects specific to cannabis use. The functional significance of these
subtle deficits is also unclear; however, the types of impairment observed in
the OPPS study could potentially affect general behavioral and cognitive
performance abilities. Although these data are far from conclusive, they do
raise concern regarding prenatal cannabis use and its effects on human off-
spring. As such, recommendations that pregnant women abstain from mari-
juana use appear warranted.

PSYCHOLOGICAL CONSEQUENCES
Acute Effects

A number of behavioral and emotional symptoms are associated with the
intoxicating effects of cannabis. Generally, cannabis users experience mild
euphoria, relaxation, and perceive an overall positive change of sensation
and experience (food, music, interpersonal). Mild problems in thought and
speech (loss of train of thought, loose associations, distortion in time per-
ception) commonly occur, but these are not deemed aversive by most users,
rather they are perceived as a positive aspect of the “high.”

Cannabis intoxication appears to influence several aspects of social be-
havior, although relatively little research has been conducted in this area.
The most consistent finding is some degree of introverted behavior (de-
creased verbal interactions), an effect that is uncommon among most drugs
of abuse (Foltin and Fischman, 1988; Higgins and Stitzer, 1986; Kelly et al.,
1990, 1994). In laboratory studies, cannabis intoxication generally does not
change the amount of time individuals spend engaging in social activities
(Kelly et al., 1990, 1994; Heishman et al., 1989). Rather, subjects tend to
choose activities that do not require verbal communication (e.g., watching a
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movie with others). Cannabis intoxication may also increase the distance
subjects maintain from each other in social situations (Rachlinski et al.,
1989). These social effects of cannabis intoxication might be considered
consistent with the increased anxiety and mild paranoia reported by some
users. In addition, such effects among frequent users could potentially im-
pact adolescent peer development and the quality of adult social relation-
ships.

The most common adverse psychological reactions to acute intoxica-
tion include anxiety attacks, mild paranoia, and increased general anxiety
(Schuckit, 1990). Little data on prevalence exist regarding these acute reac-
tions, but they appear to occur in less experienced users, or in experienced
users who ingest unusually high doses or use in a novel environment. These
symptoms are typically of short duration and subside within hours of their
onset. Most times they do not result in help-seeking, although they may be
associated with marijuana-related emergency room visits. Such effects are
typically managed with education, empathic support, and reassurance. With
much less frequency, cannabis ingestion has been associated with more se-
vere psychotic reactions such as hallucinations and delusions (see the fol-
lowing section on psychosis for further information).

Mental Health/Nonpsychotic Disorders

Cross-sectional and longitudinal studies have reported a clear associa-
tion between chronic cannabis use and impaired psychological functioning
(Kandel, 1984; Brooks et al., 1999; Deykin et al., 1986; Fergusson and
Horwood, 1997; Kandel et al., 1986; Miller-Johnson et al., 1998; McGee
etal., 2000). In particular, cannabis use has been associated with poorer life
satisfaction, increased mental health treatment and hospitalization, higher
rates of depression, anxiety disorders, suicide attempts, and conduct disor-
der.

Whether cannabis use contributes to or causes these mental health prob-
lems, or the converse, is not clear. Controlling for risk factors common to
both problems appears to reduce but not eliminate the positive association
(Ferguson and Horwood, 1997; Kandel et al., 1986; McGee et al., 2000).
Recent research suggests that the direction of influence may depend on the
age of onset of cannabis use (McGee et al., 2000). Early onset of cannabis
use is a strong predictor of later mental health problems, but such early on-
set may itself be predicted from prior mental health problems. Of note, the
types of mental health problems that remain associated with cannabis use,
once common etiological factors are adequately controlled in longitudinal
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studies, are typically externalizing problems such as conduct/antisocial dis-
order or drug dependence disorders.

Cannabis use can be considered a risk factor for mental health problems
and, as such, a target for prevention and intervention. Mental health prob-
lems and early cannabis use appear to share a common pathway predicted
by socioeconomic disadvantage and child behavior problems (McGee et al.,
2000). Data on the causal nature of this relationship remain equivocal.

Psychosis

Whether or not marijuana use can induce psychosis (hallucinations, de-
lusions, thought disorder, impaired reality testing) or psychotic disorders
(e.g., schizophrenia) remains controversial. Here we discuss data address-
ing the relationship between acute psychosis and cannabis, followed by a
more extensive discussion of the relationship between cannabis and schizo-
phrenia.

Acute Psychosis

Clinical case reports frequent the literature with examples of patients
with psychotic symptoms whose onset closely follows ingestion of canna-
bis and whose symptoms remit within days or, at most, a few weeks of absti-
nence from cannabis (Schuckit, 1990). Typical symptoms include halluci-
nations, delusions, confusion, amnesia, paranoia, hypomania, and labile
mood, although case reports vary regarding which and how many of these
symptoms are observed across patients. Prevalence data on this phenome-
non do not appear available.

Suggestive evidence for a causal relationship between cannabis use and
acute psychosis is of three types. First, in most case reports, the psychosis
appears to involve large doses of cannabis. Large doses of THC have been
shown to produce hallucinations in human and nonhuman laboratory stud-
ies (Kaymakcalan, 1973; Georgotas and Zeidenberg, 1979). Second, many
cases of purported cannabis-induced psychosis involve patients without
previous psychiatric histories. Third, the psychotic symptoms usually remit
within days. Nonetheless, the literature linking cannabis use and acute psy-
chosis includes only uncontrolled studies, thus other causes for the psycho-
sis cannot be ruled out. One could reasonably conclude that high doses of
cannabis can precipitate psychosis in some individuals, but whether or not a
predisposition to psychotic illness or some other baseline factor is necessary
for psychosis to occur is unknown.
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Of note, some researchers have attempted to differentiate acute toxic
psychosis (due to direct intoxicating effects) from acute functional psycho-
sis that is precipitated by chronic cannabis but not necessarily due to its in-
toxicating effects (Thacore and Shukla, 1976). This distinction is difficult to
operationalize since acute psychotic effects described across studies typically
continue well after (days to weeks) the known duration of the direct effects
of cannabis (hours). Hence, discriminating between “functional” or “toxic”
effects presents a most difficult methodological challenge. Although studies
have attempted to do so by examining differences in cannabis-use patterns,
responses to medication, and patterns of psychotic symptoms, results re-
main inconclusive (Thornicroft, 1990).

Schizophrenia

A number of research studies indicate that cannabis use has some rela-
tion to the development and course of schizophrenia, however, the causal
nature of this association is difficult to study and remains unfounded. The
argument for cannabis use precipitating schizophrenia is primarily sup-
ported by research showing that drug-abusing schizophrenics (1) have an
earlier onset of the disorder and drug use usually precedes reports of psy-
chotic symptoms, (2) show fewer negative symptoms, and (3) show better
response to medications than those schizophrenics who do not abuse drugs
(Mueser et al., 1990; Andreasson et al., 1989). The most well-cited study on
this topic is a 15-year prospective study conducted in Sweden (Andreasson
etal., 1987). Researchers found that cannabis use at age 18 significantly in-
creased risk for development of schizophrenia after controlling for other
premorbid characteristics related to risk of schizophrenia, and the more fre-
quent the cannabis use, the greater the risk.

Even this prospective study has methodological weaknesses that pre-
clude drawing conclusions regarding the causal influence of cannabis. This
literature has been critically reviewed in detail elsewhere (Channabasa-
vanna et al., 1999), thus, here we offer just a few limitations inherent to this
research. First, cannabis use may be initiated due to a prodromal syndrome
of schizophrenia, or conversely, as might be the case in the Swedish study,
good premorbid adjustment of future schizophrenics might increase the
likelihood of contact with peers who use illicit drugs. Second, use of other
drugs that can produce acute psychosis, such as amphetamines, has typi-
cally not been accounted for in most studies. Third, some studies do a poor
job of differentiating schizophrenia from acute psychotic episodes which
results in the inclusion of acute, cannabis-associated psychoses when docu-
menting cases of schizophrenia.
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Course of illness. How ongoing cannabis use affects the course of schizo-
phrenia has important implications for the treatment and management of
schizophrenia, since the rate of cannabis use among schizophrenics exceeds
that of the general population and those with other types of psychiatric dis-
orders (Negrete and Gill, 1999). The direct effects of cannabis intoxication,
such as distorted time perception, cognitive impairment, and increased
paranoia, along with reports of high doses causing hallucinations, delu-
sions, and hypomania, would suggest that regular marijuana use may exac-
erbate psychiatric problems, particularly in those with major mental ill-
nesses such as schizophrenia. Significant associations between drug use and
increased use of treatment resources (hospitalizations and emergency room
visits) and poor treatment compliance have been reported in psychiatric pa-
tients in general (Bartels et al., 1993; Leon et al., 1998; Richardson et al.,
1985). The role of cannabis in most studies, however, has not been isolated
from use of other types of drugs. Marijuana use has been associated with in-
creased rates of recurrent psychiatric symptomatology and relapse among
schizophrenics (Linszen et al., 1994; Linszen et al., 1997; Jablensky et al.,
1991; Martinez-Arevalo et al., 1994; Negrete, 1989; Soni and Brownlee,
1991), but again, effects of other drug use cannot be completely ruled out in
these studies. Of note, heavy cannabis use may also result in a misdiagnosis
of cannabis-related psychosis resulting in a concomitant delay of a diagno-
sis and treatment of schizophrenia (Mathers et al., 1991).

Similar to the general population, cannabis use among psychiatric pa-
tients is associated with poorer psychosocial adjustment, criminal behavior,
homelessness, and suicidality, but the causal direction of this association is
unclear. These factors may contribute to the poor psychiatric outcome ob-
served in schizophrenic cannabis users. As with the data on cannabis use
and the development of psychotic disorders, a relatively strong association
exists between cannabis use and a negative outcome in schizophrenics.
Thus, cannabis use can be considered a risk factor for schizophrenia and a
predictor of poor outcome in schizophrenic patients, but its role as an etio-
logical factor remains uncertain.

COGNITIVE EFFECTS

Marijuana has long been thought to affect cognitive function. Early re-
views, however, concluded that the scientific evidence for long-term defi-
cits was inconclusive (Wert and Raulin, 1986a,b). This conclusion remains
appropriate if one is referring to gross deficits with severe impairment of
functioning. More recent findings from well-controlled studies indicate that
cannabis use can lead to subtle, selective cognitive impairment (Solowij,
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1999), although the functional significance of these deficits remains un-
clear. Specifically, tasks requiring “higher cognitive function” show signifi-
cant deficits associated with chronic and frequent use of cannabis. The abil-
ity to organize and integrate complex information appears compromised,
most likely due to an impact of cannabis on memory and attentional pro-
cesses. A considerable research literature in this area has accumulated.
Here, we provide a summary of the types of deficits associated with mari-
juana use in more recent studies and comment on the possible mechanisms
involved.

Psychomotor Performance

Psychomotor performance measures provide a means of evaluating basic
cognitive functions such as response slowing. We begin with a summary of
this literature because general deficits in this area can affect performance on
most other cognitive tasks. The Digit Symbol Substitution Task (DSST)
(Lezak, 1995) has been the most commonly used measure of psychomotor
performance in cannabis studies. Marijuana- or oral-THC-produced decre-
ments in DSST response speed and accuracy have been observed in some
studies, but not in others (Kelly et al., 1990; Azorlosa et al., 1992; Foltin
et al., 1993; Heishman et al., 1988, 1997; Kamien et al., 1994; Kelly et al.,
1993; Pickworth et al., 1997). Marijuana’s effects on other psychomotor
tasks have also proved inconclusive. Performance decreases on circular
lights, standing steadiness, and pursuit rotor-tracking tasks have been re-
ported in some studies (Cone et al., 1986; Chesher et al., 1990), while others
have found no significant effects on circular light, tracking, card sorting, or
reaction time tasks (Heishman et al., 1988, 1997; Pickworth et al., 1997).

With some exceptions, dose appears to partially account for between-
study differences. Significant adverse effects are typically observed with
higher doses, and dose-response effects have been observed in some studies
that used multiple-dosing procedures. In summary, there appears to be mod-
erately strong evidence that marijuana or THC used at higher doses can im-
pair performance on some psychomotor tasks. This literature does not indi-
cate a pervasive response slowing, such as decrements on simple reaction
time tasks. Rather, tasks that are affected appear to depend more heavily on
attention and motivation. As discussed later, cannabis intoxication may re-
duce the steady state of motivation. Because performance on most cognitive
tests is influenced by the degree of attention and motivation directed toward
the specific task, determining how cannabis affects these processes is neces-
sary for better understanding its influence on cognitive processing.
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Attention and Memory
Acute Effects

Laboratory research on the acute effects of cannabis use on memory has
generally shown subtle effects that appear linked to dose and an associated
attention or learning deficit. Research on immediate word recall, digit span,
and digit recognition tasks has produced equivocal results. Some studies
show evidence of impaired performance on short-term memory tasks fol-
lowing marijuana intoxication (Heishman et al., 1989; Chait, Corwin, et al.,
1988; Block et al., 1992; Galanter et al., 1973), while others have not
(Heishman et al., 1997; Casswell and Marks, 1973; Hooker and Jones,
1987). Dose-related effects can explain some but not all of these conflicting
outcomes, as impairment was evident primarily in studies that examined
higher doses.

Cannabis intoxication also affects the subjective perception of time.
Time estimates are shorter and time productions are longer in subjects after
smoking marijuana compared to placebo or no drug use (Jones and Stone,
1970; Chait, 1990; Cappell and Pliner, 1973). Cannabis intoxication does
not appear to affect the ability to reproduce a time interval that has been
modeled (Heishman et al., 1997; Dornbush et al., 1971). The mechanism for
this temporal processing impairment is not clear, but deficits in attention
warrant consideration.

The effects of marijuana on longer-term memory tasks (retrieval of infor-
mation following a significant lapse in time) have proven more reliable
across studies. Smoked marijuana has produced deficits in the recall of
word lists and of prose material presented to subjects in placebo-controlled
studies (Perez-Reyes et al., 1991; Heishman et al., 1997; Block et al., 1992;
Hooker and Jones, 1987; Wetzel et al., 1982; Zacny and Chait, 1989). Inter-
estingly, when retrieval cues are used, the impairment of marijuana on these
memory tasks may be obviated (Hooker and Jones, 1987; Block and Witten-
born, 1984a,b). Such findings suggest that effects on attentional or learning
processes may be primary mechanisms for memory performance deficits
associated with cannabis use. Indeed, marijuana has been shown to disrupt
the ability to learn novel tasks (Kamien et al., 1994). Moreover, marijuana-
or THC-related deficits have generally been observed on divided attention
tasks in which subjects must monitor multiple stimuli concurrently and
make responses based on their observations (Heishman et al., 1989; Azor-
losa et al., 1992; Kamien et al., 1994; Burns and Moskowitz, 1981; Chait,
Corwin, et al., 1988; Marks and MacAvoy, 1989; Perez-Reyes et al., 1988).
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Methodological differences across studies make it difficult to interpret
findings on cannabis and memory. Nonetheless, this literature indicates that
the acute effects of cannabis on memory are moderate at most, and are likely
dose-dependent. The mechanism for these effects remains unclear, but defi-
cits in attention and learning appear involved. How motivational factors im-
pact these findings is also not clear. Interestingly, one early study reported
that subjects performed better on memory tasks when they knew that the ef-
fects of marijuana on memory were being tested (Mendelson et al., 1974).

Chronic Effects

Studies of chronic effects of cannabis on cognitive processes have tried
to examine the effects of chronic use while controlling for acute intoxication
effects. A series of studies by Solowij (1999) examined the long-term ef-
fects of cannabis use on attentional processes. Regular cannabis users’ per-
formance on an auditory selective-attention task was measured after at least
24 hours of abstinence from cannabis use. Cannabis users’ performances
were significantly worse than matched controls, suggesting an inability to
filter out complex irrelevant information. These findings were replicated in
a second study that also demonstrated an association between years of mari-
juana use and the severity of attentional focus and information integration
deficits. Moreover, a reduction in event-related potentials (P300 amplitude),
a purported marker of cognitive processing, coincided with the observed
cognitive deficits.

Solowij and colleagues (1997) also reported significant deficits in a
study of long-term, heavy cannabis users interested in quitting their mari-
juana use. Increased perseveration on the Wisconsin Card Sorting Test and
decreased memory on a verbal learning task were observed, and the severity
of impairment increased with the duration of regular marijuana use. Simi-
larly, Leavitt and colleagues (1993) reported that the duration of chronic
cannabis use was related to deficits on tasks of verbal learning, complex re-
action time, complex reasoning, and short-term memory. Pope and Yurgelun-
Todd (1996) reported similar deficits in a study of heavy versus light mari-
juana-using college students with shorter histories of cannabis use. Again, a
24-hour abstinence period was required prior to testing. Heavy marijuana
users made significantly more perseverative errors on the Wisconsin Card
Sorting Test, had poorer recall on a verbal learning task, and showed other
deficits on specific tasks compared to light users. The authors characterized
their findings as deficits of the attentional/executive system involving men-
tal flexibility, learning, and sustained attention.
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Two controlled studies of adolescent marijuana abusers reported deficits
in specific types of memory and learning tasks, further extending the poten-
tial impact of cannabis use to a younger sample (Millsaps et al., 1994;
Schwartz et al., 1989). In addition, early onset of chronic cannabis use has
recently been associated with impaired reaction time in visual scanning
tasks but this relationship was not observed in late-onset users (Ehrenreich
etal., 1999). This finding suggests the possibility of a specific vulnerability
for development of an attentional impairment during early adolescence, and
raises further concern about the impact of regular cannabis use on cognitive
development and school performance.

To our knowledge, only one study has examined whether cognitive im-
pairment related to chronic cannabis use recovers following cessation of use
(Solowij et al., 1995). Ex-users (last use ranging from three months to six
years), current long- and short-term users, and nonusers performed a selec-
tive attention task and event-related potentials were recorded. Findings sug-
gested that ex-cannabis smokers continued to show impairment in their
ability to filter out irrelevant information, although some evidence of partial
recovery was noted.

Historically, interpretation of findings on the chronic effects of cannabis
use has been limited by multiple confounding variables such as possible
acute marijuana intoxication effects, variable marijuana use histories, un-
known cognitive abilities prior to marijuana exposure, concurrent use of
other drugs, demographic influences, and comorbidity with other mental or
physical illnesses. Recent studies have made strong efforts to control for
many of these variables, however, important confounds remain. For exam-
ple, some studies have required a brief period of abstinence prior to testing
to control for the acute intoxicating effects of cannabis. However, this pro-
cedure introduces another potential confound, i.e., whether acute with-
drawal effects impact performance testing (Budney et al., 1999; Haney
et al., 1999; Kouri and Pope, 2000). Moreover, as in studies of the acute ef-
fects of cannabis on cognitive performance tests, adverse effects on motiva-
tion may contribute to the deficits observed in studies of chronic cannabis
use and performance. That is, chronic users may not expend as much effort
toward testing as those in control groups.

Notwithstanding the methodological issues inherent to this research, the
literature strongly suggests that chronic marijuana use can impair perfor-
mance on various types of cognitive tests, specifically those thought to in-
volve complex cognitive processes. These deficits may increase in form and
severity in relation to the duration of exposure to cannabis. Future research
is needed to better elucidate the processes that cause performance deficits
and to determine their functional significance.
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Academic Performance

Cannabis use has been linked to low grade-point averages, decreased
school satisfaction, negative attitudes toward school, poor overall school
performance, and absence from school (Lynskey and Hall, 2000). Early
cannabis use (prior to age 16) is associated with dropping out of school be-
fore graduating high school (Brooks et al., 1999; Fergusson and Horwood,
1997; Fergusson et al., 1996). However, causality between cannabis use and
poor academic achievement has not been established. Cannabis use also
correlates significantly with delinquency, other drug problems, poor mental
health, family dysfunction, and relationships with deviant peers, each of
which is a likely contributor to academic problems. Studies that have statis-
tically controlled for these factors have reported mixed results regarding the
impact of cannabis use and academic performance (Ellickson et al., 1998;
Krohn et al., 1997; Tanner et al., 1999).

Although one might expect that the adverse effects of cannabis use on
attentional and complex cognitive processing would have some direct influ-
ence on optimal academic performance, the extent of this influence, if any,
is unknown. Similarly, if cannabis use adversely affects motivation, one
would expect a subsequent negative impact on academic performance
through a decreased effort directed toward school work. The aforemen-
tioned other psychosocial problems associated with frequent cannabis use
and concomitant effects on motivation to achieve in school would likely
have a greater impact on a youth’s academic performance than the subtle
cannabis-related deficits in complex processing observed in laboratory
studies. Whether marijuana use is a primary cause of academic problems or
the converse, educational and behavioral problems lead to marijuana use,
remains at issue.

Driving Performance

The effects of cannabis intoxication on driving have been examined us-
ing driving simulators and road tests during which lane position, emergency
decisions (braking latency), and risk-taking behavior (speed, passing at-
tempts, headway distance) are assessed. Studies on lane position have pro-
duced mixed results (Casswell, 1977; Hansteen et al., 1976; Klonoff, 1974;
Peck et al., 1986; Ramaekers et al., 2000; Robbe and O’Hanlon, 1999;
Smiley et al., 1981; Stein et al., 1983). Cannabis intoxication has been
shown to adversely affect performance in emergency situations (Smiley
et al., 1981; Dott, 1972; Liguori et al., 1998). When no warnings are pro-
vided, performance in emergency situations declines and brake latency in-
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creases. Cannabis has also been shown to adversely affect one’s ability to at-
tend to extraneous stimuli while driving, which may contribute to poor
performance in emergency situations (Casswell, 1977; Smiley et al., 1981).

Cannabis use appears to decrease risk-taking behavior in driving situa-
tions. An association between cannabis intoxication and a reduction in
speed has been observed across studies. In addition, subjects appear more
hesitant to perform passing maneuvers and maintain a greater distance from
other vehicles when under the influence of cannabis (Robbe and Hanlon,
1999; Smiley et al., 1981, 1986; Dott, 1972; Ellingstad et al., 1973).

Adverse effects on driving performance appear most evident when as-
sessed in close temporal proximity to cannabis ingestion and appear to be
dose dependent. Performance decrements have not been shown to persist
beyond three hours after ingestion. Negative results have typically been ob-
served in studies that use smaller doses of marijuana, less-complicated driv-
ing tests, or less-sensitive assessment techniques. Overall, experimental
data suggest that cannabis intoxication can decrease control of automobiles
as evidenced by variability in lane position and poor performance in emer-
gency situations. However, drivers may partially compensate for these defi-
cits by engaging in low-risk driving behaviors.

Controlled studies have recently examined the effects of the combination
of alcohol and cannabis on driving (Ramaekers et al., 2000; Liguori et al.,
2001). Such studies are important as the majority of motor vehicle accidents
in which the driver is known to have recently used cannabis also find that al-
cohol was used by the same driver. One study of driving performance in
real-world conditions reported clear synergistic effects of low doses of can-
nabis and alcohol on road tracking, time out of appropriate lane position,
and increased variability in headway distance (Ramaekers et al., 2000). Per-
formance in a driving simulator study, however, did not report such clear
combination effects, as adverse performance effects observed with either
substance alone were not exacerbated by the addition of the other (Liguori
et al., 2001). Such conflicting results are difficult to interpret, and indicate
the need for additional studies in this area.

Epidemiological studies have been conducted in the United States and
Australia in an attempt to define the role of marijuana in major automobile
accidents. A recent review of archival studies using police and laboratory
reports assessed the relationship among marijuana use, alcohol use, com-
bined use, and motor vehicle accidents in which serious injuries or fatalities
occurred (Bates and Blakely, 1999). The authors concluded that use of mari-
juana alone was associated with reduced risk of a fatal accident relative to
drug-free and alcohol-intoxicated related cases. Alcohol alone and in com-
bination with marijuana was found to be a significant risk factor, with the
combination showing slightly higher risk than alcohol alone. Studies of
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nonfatal injuries provided mixed results regarding the relative risk of mari-
juana use.

These epidemiological studies have several important limitations. First,
it is difficult to determine whether the obtained cannabinoid metabolite lev-
els relate to acute intoxication at the time of the accident. Second, cases in
which traces of cannabis and another illicit substance are found are typically
excluded from these studies. Since the combination of marijuana and other
substances, including alcohol, is the most common finding in accident re-
views, the relative contribution of marijuana to these accidents cannot be
determined. Third, these studies rarely consider the base rates of cannabis
use in comparable populations (young adults) and the concomitant accident
rates in that population. More sophisticated methods of detecting marijuana
intoxication, well-controlled studies, and inclusion of less severe accidents
are needed to more fully understand the role of cannabis use in motor vehi-
cle accidents.

Motivation

Marijuana use has long been associated with an “amotivational syn-
drome” characterized by lethargy, inactivity, loss of motivation, and de-
creased goal-directed behavior in heavy marijuana smokers (McGlothlin
and West, 1968). Evidence for such amotivational effects comes primarily
from case studies and clinical reports. Some chronic cannabis users attribute
impaired vocational or academic performance and loss of ambition to their
marijuana use (Hendin et al., 1987). Moreover, procrastination and im-
paired motivation are commonly reported as consequences of using mari-
juana and as reasons for stopping use among heavy users and those seeking
treatment (Jones, 1984; Schwartz, 1987; Stephens, 1993).

Controlled field studies have failed to provide clear evidence of an amoti-
vational syndrome. However, these studies have many methodological limita-
tions relating to sample selection and operational definitions of motivation
(Carter et al., 1977; Cohen, 1982; Halikas et al., 1982; Rubin and Comitas,
1976; Stefanis et al., 1977). Most recently, an Australian study of chronic users
reported findings that typify this literature (Didcott et al., 1997). Many users ap-
peared to be underemployed based on their education and abilities but were
well integrated into family and community activities. Participants tended to at-
tribute these circumstances as a lifestyle choice rather than an adverse effect of
cannabis use. Family members provided mixed reports, as some noted amoti-
vational effects in users, while others cited only positive effects.

Laboratory studies suggest that the motivational effects of cannabis in-
toxication on operant behavior are dependent on environmental context and
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contingencies. Miles and colleagues (1974) showed increased efficiency
and no performance decrements when working for monetary reward while
under the influence of marijuana. Pihl and Sigal (1978) found that they
could reverse performance decrements induced by marijuana intoxication
by providing monetary rewards. Other studies have failed to show adverse
effects of marijuana on work output. However, the tasks and conditions of
these studies may have been insensitive to cannabis effects as participants
tended to show maximal performance across conditions (Mendelson et al.,
1974, Foltin et al., 1990).

Cherek and colleagues cited in Budney et al. (1997), used a more sensi-
tive operant measure of motivation in a laboratory study of cannabis intoxi-
cation. Subjects could choose to spend time working on a high-demand task
that earned monetary reinforcement, or switch to a no-demand task that
earned a lower level of reinforcement. With this choice available, subjects
spent less time working on the high-demand task when under the influence
of marijuana than with placebo, suggesting an amotivational effect. This ef-
fect appeared dose dependent and was partially reversed by increasing the
magnitude of the reinforcement in the high-demand task. This suggests that
amotivational effects of cannabis intoxication may occur by impacting the
effects of reinforcement on various types of operant behavior (e.g., change
sensitivity). The interaction among cannabis’s behavioral effects and envi-
ronmental variables needs further study to better understand the association
between cannabis use and motivation.

There remains little scientific evidence that chronic cannabis use leads to
an amotivational syndrome that could not be accounted for by chronic intoxi-
cation (Hall et al., 1994). Laboratory studies that compare chronic users with
nonusers on performance of operant tasks, while controlling for acute intoxi-
cation effects, may provide more important information and address the
validity of a chronic effect of cannabis on motivation. Of note, the acute moti-
vational effects on operant performance observed in the laboratory indicate
that motivation should be considered when interpreting studies that examine
the effects of cannabis on any cognitive or behavioral performance task.

Cannabis Dependence

Whether cannabis use can lead to dependence has been controversial in
both the lay and scientific communities. Personal experiences may bias
many people toward the perception that cannabis is not addictive. More than
one-third of the U.S. population has smoked marijuana in their lifetime.
Most have not become addicted and have stopped using without difficulty.
Moreover, unlike alcohol, cocaine, heroin, or nicotine dependence, most
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people are not familiar with personal acquaintances who have had problems
with marijuana dependence, nor are sensational accounts of problems asso-
ciated with marijuana common in the popular media.

The scientific community has also been reluctant to acknowledge the de-
pendence potential of cannabis. Unlike most other drugs that humans abuse,
animals do not readily self-administer cannabis (THC) in the laboratory.
Because drug-dependence research has a productive history of using animal
models to explicate drug dependence, this methodological issue raised seri-
ous questions about the abuse potential of cannabis. Further quandries arose
when early studies of cannabis (THC) withdrawal did not reveal a syndrome
that included substantial physical symptoms such as those observed during
classic opioid, barbiturate, or alcohol withdrawal. Until recently, the neuro-
biology of cannabis was poorly understood, casting further uncertainty on
this drug’s addictive potential.

In contrast, the past ten years of basic and clinical research has produced
strong evidence for concluding that cannabis can and does produce depend-
ence. Here we review data addressing two facets of the dependence phe-
nomenon: functional (behavioral) dependence and biological (physiologi-
cal) dependence. Although this distinction can be considered artificial, it
appears a logical way to organize new information in this area.

Functional (Behavioral) Dependence

Both the DSM-IV (American Psychiatric Association, 1994) and the In-
ternational Statistical Classification of Diseases and Related Health Problems,
tenth revision (ICD-10) (WHO, 1992) consider cannabis dependence a reli-
able and valid diagnostic category of mental disorder suggesting that indi-
viduals in the general population experience cannabis dependence in much
the same way as they experience other substance dependence disorders. By
definition, a diagnosis of dependence indicates that an individual is experi-
encing a cluster of cognitive, behavioral, or physiological symptoms associ-
ated with substance use, yet continues to use the substance regularly. Two
epidemiological studies conducted in the United States and another in New
Zealand indicate that the lifetime prevalence of marijuana dependence ap-
proximates 4 to 5 percent of the population, the highest of any illicit drug
(Hall, Johnston, et al., 1999; Anthony and Helzer, 1991; Anthony et al.,
1994; Wells et al., 1992).

Such high prevalence of cannabis dependence in comparison to other il-
licit drugs is clearly due to the greater overall prevalence of cannabis use.
The estimated conditional dependence rate for cannabis dependence is
lower than most other drugs of abuse, but certainly is not insignificant. That
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is, the risk of developing marijuana dependence among those who have used
marijuana is approximately 9 percent compared to 12 percent for stimu-
lants, 15 percent for alcohol, 17 percent for cocaine, 23 percent for heroin,
and 32 percent for tobacco (Anthony et al., 1994). More frequent cannabis
use results in greater risk of dependence. For example, rates of dependence
are estimated at 20 to 30 percent among those who have used cannabis at
least five times, and even higher (35 to 40 percent) estimates are reported
among those who report near daily use (Hall et al., 1994; Kandel and Davis,
1992).

Clinical studies indicate that the majority of individuals who seek treat-
ment for marijuana-related problems clearly meet DSM dependence criteria
(Budney et al., 1998, 2000; Stephens et al., 2000). These individuals exhibit
substantial psychosocial impairment and psychiatric distress, report multi-
ple adverse consequences, report repeated unsuccessful attempts to stop us-
ing, and perceive themselves as unable to quit (Roffman and Barnhart, 1987,
Stephens et al., 1993; Budney et al., 1998). A recent report comparing mari-
juana-dependent outpatients with cocaine-dependent outpatients found that
the marijuana patients reported substance-use histories and psychosocial
impairment comparable to the cocaine group, but showed less-severe de-
pendence symptoms. The marijuana group was also more ambivalent and
less confident about stopping their marijuana use than the cocaine group
was about their cocaine use. Although marijuana-dependent outpatients
typically do not experience the acute crises or severe consequences that
many times drive alcohol-, cocaine-, or heroin-dependent individuals into
treatment, they clearly show impairment that warrants clinical attention.

The number of individuals who enroll in treatment for marijuana-related
problems is not small. Treatment-seeking for marijuana abuse or depend-
ence increased twofold between 1992 and 1996, such that the percentage of
illicit-drug-abuse-treatment admissions in U.S. state-approved agencies for
marijuana (23 percent) approximated that for cocaine (27 percent) and her-
oin (23 percent) (SAMHSA, 1998). The response to treatment and relapse
rates observed among marijuana-dependent outpatients appeared similar to
those observed with other substances of abuse (Budney et al., 2000; Stephens
etal., 1994, 2000). In summary, clinical evidence for a cannabis dependence
disorder is strong and indicative of a disorder of substantial severity.

Biological (Physiological) Dependence
Physiological dependence has typically been determined by evidence of

tolerance or withdrawal. Tolerance to the physiological, cognitive, and so-
cial effects of marijuana or cannabinoids has been well documented. Con-



Healith Consequences of Marjjuana Use 195

trolled human laboratory studies have clearly shown that tolerance develops
to the subjective high, heart rate increases, social interaction deficits, and
some of the cognitive and psychomotor performance deficits associated
with cannabis or THC ingestion (Compton et al., 1990). In contrast, many
regular marijuana users report a lack of tolerance to the subjective effects of
marijuana use, with some reporting a sensitization effect (less of the drug is
needed to produce the desired effect). Sensitization has not been demon-
strated in controlled studies, and some have suggested that this phenomenon
may be related to learning how to smoke more efficiently or to better iden-
tify the effects of cannabis (Stephens, 1999).

Withdrawal has generally been deemed a more robust indicator of de-
pendence than tolerance. Early nonhuman studies of cessation of THC ad-
ministration provided evidence of a withdrawal response, but the effects
were mild and inconsistent (Kaymakcalan, 1973; Beardsley et al., 1986).
Early studies with humans in residential laboratories also found evidence of
withdrawal (Jones and Benowitz, 1976; Mendelson et al., 1984; Nowlan
and Cohen, 1977; Georgotas and Zeidenberg, 1979). Common symptoms
included decreased appetite, irritability, restlessness, sleep difficulties, and
uncooperativeness. These effects were characterized as mild, transient, and
without serious medical complications, and thus considered clinically insig-
nificant when compared to the dramatic medical and physiological symp-
toms associated with severe opiate or alcohol withdrawal.

The discovery of a cannabinoid receptor (Devane et al., 1988) and the
synthesis of a cannabinoid antagonist renewed scientific interest in cannabis
dependence and withdrawal. Antagonist-challenge studies demonstrated a
marked, precipitated withdrawal syndrome in rats and dogs (Aceto et al.,
1996; Lichtman et al., 1998). Two placebo-controlled inpatient studies with
humans, using moderate doses of oral THC and smoked marijuana, demon-
strated withdrawal effects that included anxiety, decreased contentment and
food intake, depressed mood, irritability, restlessness, sleep difficulty, and
stomach pain (Haney, Comer, et al., 1999; Haney, Ward, et al., 1999). Con-
trolled outpatient studies have now begun to demonstrate the reliability and
validity of these withdrawal effects and examine their timecourse (Kouri
and Pope, 2000; Budney et al., 2001; Budney et al., in press).

Clinical studies indicate that the majority of persons seeking treatment
for cannabis dependence, including adolescents, report histories of canna-
bis withdrawal (Budney et al., 1998, 1999; Stephens et al., 1994; Crowley
etal., 1998). For example, in our research clinic the majority (57 percent) of
marijuana-dependent outpatients reported experiencing >6 symptoms of at
least moderate severity during previous abstinence attempts. Severity was
associated with more frequent marijuana use (Budney et al., 1999).
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Cannabis withdrawal is not currently recognized in the DSM-IV, which
concludes that the clinical significance of the syndrome has yet to be estab-
lished. We expect that findings from recent research will result in its inclu-
sion in the next revision of the DSM. Cannabis withdrawal syndrome re-
sembles behaviors observed during nicotine withdrawal (Budney et al.,
2001; Budney et al., in press). It appears common among treatment seekers
and may warrant attention in clinical settings. Additional research is needed
to better determine its prevalence, timecourse, and severity.

Other recent neurobiological findings further support the conclusion that
cannabis can produce dependence. The documentation of an endogenous
cannabinoid system with identified cannabinoid receptors (CB1 and CB2)
and an endogenous cannabinoid-like substance (anandamide) established
that the actions of cannabinoids in the brain occur in a manner similar to that
of other drugs with well-recognized addictive potential such as opiates or
benzodiazepines. The aforementioned precipitated-withdrawal studies dem-
onstrated that withdrawal from cannabinoids likely occurs via a similar pro-
cess as other abused drugs. Studies that have examined neurochemical re-
sponses in animals following exposure to and withdrawal from cannabinoids
have observed reductions in mesolimbic dopamine transmission and eleva-
tions in extracellular-releasing-factor concentrations in the limbic system that
closely resemble the responses seen with other major drugs of abuse (de-
Fonseca et al., 1997; Diana et al., 1998). The behavioral consequences of
these neurobiological changes are consistent with the type of negative affec-
tive symptoms reported by patients withdrawing from marijuana and other
substances, and may be primary contributing factors to the development and
maintenance of drug dependence (Koob et al., 1997). In summary, research
findings from the 1990s indicate that the biological risk factors for cannabis
dependence appear more similar to other well-recognized addictive drugs
than was previously believed.

MEDICAL MARIJUANA

In addition to the adverse consequences on health previously discussed,
cannabis may also have beneficial effects for a number of medical condi-
tions. Oral THC (dronabinol) has been approved by the U.S. Food and Drug
Administration for use as an appetite- and food-intake stimulant in patients
with AIDS wasting syndrome and as an antinausea and antivomiting agent
in cancer patients receiving chemotherapy. In 1999, the Institute of Medi-
cine and the National Institutes of Health acknowledged the importance of
initiating additional scientific study of the risks and benefits of cannabis use
and, in particular, smoked marijuana for specific medical conditions. The
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interest in the benefits of smoked marijuana in contrast to oral THC arises
primarily from differences in the pharmacokinetics of these two routes of
administration. Through the oral route, THC absorption is slow and vari-
able, and therefore clinical effects have a slower onset and longer duration
than smoked marijuana. In addition, smoked marijuana not only delivers
delta-9-THC, but other compounds (e.g., delta-8-THC and cannabidiol) are
absorbed that may have direct or interactive effects of therapeutic interest.

Ilinesses Involving Appetite, Food Intake,
and Nausea Problems

Acute cannabis use can increase appetite and food intake. Single- and
multiple-dose studies with marijuana and oral THC reliably show increases
in food intake and food choice, since cannabis intoxication appears to result
in frequent snacking and increased choice of sweet solid foods (Kelly et al.,
1990; Haney, Comer, et al., 1999; Haney, Ward, et al., 1999; Abel, 1971;
Foltin et al., 1986; Greenburg et al., 1976; Hollister, 1971). Interestingly, re-
cent studies also show that abrupt discontinuation of oral THC or marijuana
can result in decreased appetite and food intake, as well as concomitant
weight loss during the first few days of withdrawal (Haney, Comer, et al.,
1999; Haney,Ward, et al., 1999; Budney et al., 2001).

Cannabis’s ability to facilitate appetite and food consumption prompted
consideration of use of oral THC and smoked marijuana in clinical popula-
tions such as patients with AIDS wasting syndrome. Controlled case studies
suggest some benefit of cannabis and THC for increasing appetite and
weight gain in patients with AIDS wasting syndrome, but mixed results best
characterize this literature (Beal et al., 1995, 1997; Plasse et al., 1991;
Timpone et al., 1997).

Cancer patients’ reports of the efficacy of smoked marijuana for relief
from the nausea and vomiting associated with chemotherapy have stimu-
lated study of such effects using oral THC and smoked marijuana (Grinspoon
and Bakalar, 1997; Hollister, 2000). Placebo-controlled studies demon-
strated the efficacy of oral THC (dronabinol) for this purpose, although
other antiemetic drugs may work at least as well and are accompanied by
fewer side effects (Gralla et al., 1984; Grunberg and Hesketh, 1993; Sallan
etal., 1975, 1980; Schwartz and Beveridge, 1994). The efficacy of smoked
marijuana in this clinical population has received little systematic study.
Case reports commonly indicate the benefits of smoked marijuana, but the
only controlled study conducted thus far did not demonstrate it to be supe-
rior to oral THC (Grinspoon and Bakalar, 1997; Levitt et al., 1984).
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As mentioned earlier, the problem with absorption of THC when taken
orally in contrast to the efficiency of THC delivery with smoked marijuana
has triggered the call for more systematic study of smoked marijuana as an
optimal method for achieving antiemetic and appetite effects in these clini-
cal populations. However, the potential adverse effects of smoked mari-
juana on immune system function (reviewed previously) must be carefully
considered as a contraindication for the use of smoked marijuana with
immune-compromised clinical populations. Controlled research comparing
the efficacy of oral THC and smoked marijuana is needed to determine
whether cannabis should be considered a treatment of choice for severe
problems with nausea and appetite in chronically ill populations.

Analgesia

The discovery of the endogenous cannabinoid system has rekindled in-
terest in the use of cannabis for the treatment of pain. Elevated levels of
cannabinoid receptors are located in areas of the brain that modulate no-
ciception and can also be found in peripheral tissue. Recent research in
nonhumans using animal models of pain indicate that cannabinoid agonists
clearly exert analgesic effects in both the CNS and the periphery. The mech-
anisms for these analgesic effects differ from that of the opioids; hence, the
potential use of cannabinoids as an adjunct or alternative treatment for acute
or chronic pain has received increased attention.

The evidence for analgesic effects of cannabis in humans is less clear.
Historically, the few studies of the effects of cannabis, THC, or other
cannabinoid analogues on acute pain (i.e., laboratory induced or surgical)
have not produced impressive results (Clark et al., 1981; Hill et al., 1974;
Jain et al., 1981; Libman and Stern, 1985; Raft et al., 1977). Greenwald and
Stitzer (2000) reported significant dose-dependent antinociceptive effects
of smoked marijuana using a radiant-heat pain stimulus. However, the ef-
fects on pain reduction were not clinically robust and lasted less than one
hour. Unfortunately, most of the research in this area has not been method-
ologically strong, making interpretation of findings difficult.

Early research on chronic pain demonstrated that oral THC and a nitro-
gen analogue produced analgesia similar to codeine, but side effects (seda-
tion and depersonalization) were significant (Staquet et al., 1978; Noyes,
Brunk, Avery, et al., 1975; Noyes, Brunk, Baram, et al., 1975). To date the
most evidence for the efficacy of smoked marijuana for pain reduction in
clinical populations experiencing chronic pain comes from case reports and
survey studies. Patients have reported relief from cancer-related chronic pain,
pain related to neurological disease, muscle spasticity, and headaches as
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well as phantom limb pain (Grinspoon and Bakalar, 1997; Dunn and Davis,
1974; Consroe et al., 1997). Many of these patients cite the superiority of
smoked marijuana when compared to other treatments they have tried. Mar-
ijuana’s positive effects on nausea and appetite make it particularly attrac-
tive for chronic-pain patients who also experience problems in these areas
(e.g., cancer chemotherapy or AIDS patients). Moreover, the “positive” ef-
fect of cannabis on mood may further add to its desirability among patients
with these types of chronic debilitating illnesses.

Again, the potential differences in the effects of delivering THC and the
other compounds found in cannabis through smoking compared with oral
administration are reason enough to pursue additional study of smoked mar-
ijuana as an analgesic agent. Controlled studies are needed to (1) compare
smoked cannabis with oral THC, (2) compare cannabis with other analge-
sics, and (3) examine the effects of combinations of cannabis and other anal-
gesics (e.g., opioids). Of note, there is reason to hope that additional basic
research on the analgesic effects of cannabinoids might result in the devel-
opment of efficacious agents that do not produce the other problematic ef-
fects of THC such as sedation, memory problems, and intoxication.

Other Medical Indications

Spasticity Associated with Movement Disorders

Case studies have suggested that cannabis might help alleviate tremors,
spasms, or loss of coordination associated with multiple sclerosis or other
neurological disorders such as spinal cord injury (Grinspoon and Bakalar,
1997; Consroe et al., 1986, 1997; Clifford, 1983; Malec et al., 1982; Unger-
leider et al., 1987; Meinck et al., 1989). Controlled studies have not been
conducted. Uncontrolled trials of oral THC have produced some evidence
for a reduction in spasticity in patients with multiple sclerosis and spinal
cord injury, but the effect has not been uniform and multiple side effects in-
cluding loss of impaired posture and balance have been reported (Clifford,
1983; Malec et al., 1982; Ungerleider et al., 1987; Greenberg et al., 1994;
Petro and Ellenberger, 1981). Conclusions regarding the efficacy of canna-
bis and other cannabinoids for the treatment of muscle spasticity await data
from controlled studies.

Glaucoma

Both smoked marijuana and oral THC can reduce intraocular pressure
that contributes to glaucoma and its progression (Joy et al., 1999). Nonethe-
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less, cannabis use is no longer a good choice for treatment of this disease.
THC clearly reduces intraocular pressure, but this effect is transient and
thus requires chronic, high doses multiple times per day to achieve the de-
sired therapeutic response. Although not the case 10 to 20 years ago, alter-
native local treatments are now available which require less frequent dosing
and have fewer adverse side effects than cannabis. Hence, cannabis should
no longer be considered a treatment of choice for glaucoma.

The current literature on medical indications for cannabis includes pri-
marily uncontrolled case studies or open clinical trials with only a handful
of controlled studies of oral THC conducted, mostly in the 1970s. Nonethe-
less, a number of medical indications appear to have enough support to war-
rant additional investigation. Much more data on the efficacy of smoked
marijuana and oral THC for various medical conditions will soon become
available, as the NIH and other funding sources (e.g., Center for Medicinal
Cannabis Research, UCSD, San Diego, CA) have initiated focused efforts
to stimulate research in this area.

CONCLUSIONS

Cannabis use engenders health risks across many areas of functioning.
The magnitude of such effects and their clinical significance remains diffi-
cult to discern in most domains. The probability of experiencing many of
the adverse health effects mentioned in this chapter is also not clear. We
know that dose, frequency, and duration of cannabis use increase risk, but
this relationship has not been well quantified. We also remain uncertain re-
garding the etiologic role of cannabis use in the occurrence of many of the
negative effects reported in the literature. Heavy cannabis users typically
have numerous other characteristics that are known risk factors for health
and behavior problems. Continued investigation directed toward a better un-
derstanding of the interaction between these factors and cannabis use is nec-
essary to more fully understand the impact of cannabis use on human func-
tioning and health.

Despite these caveats, the scientific evidence for substantial cannabis-
related adverse effects appears strong enough that individuals who use or
who are considering using cannabis should be made aware of these potential
negative outcomes. Overall, such outcomes appear less severe than those as-
sociated with alcohol, tobacco, heroin, or cocaine abuse (Hall, Room, et al.,
1999). However, that does not mean they should be ignored. As with other
substances of abuse, many individuals use cannabis without significant con-
sequence, but others misuse, abuse, or become dependent and experience
adverse outcomes. Moreover, cannabis use may have positive effects and
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even legitimate medical benefits for persons with specific types of illnesses,
yet this could also be said of the many other substances that are abused.

The ongoing controversy and legalization debate over marijuana has
spawned distrust in the scientific data. If we stop treating cannabis as a spe-
cial case, and consider it as we would other psychoactive substances, a rea-
sonable assumption is that some level of use (i.e., misuse) will result in
harmful effects (Hall, 1999). We still have much to learn about the parame-
ters of cannabis use that result in adverse consequences, but a wealth of new
knowledge has accumulated during the past decade of research. Our under-
standing of its potential for harm has increased and these new findings war-
rant our attention and additional study.
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Chapter 7

The Medical Consequences
of Opiate Abuse and Addiction
and Methadone Pharmacotherapy

Pauline F. McHugh
Mary Jeanne Kreek

OVERVIEW

The incomparable ability of opium and its derivatives to kill pain, both
physical and mental, has led to their use throughout recorded history as
much for medicinal as for “recreational” purposes. For as long as opiates
have been used, they have also been abused, and the dangers inherent in opi-
ate abuse and addiction have long been recognized. The introduction in
1898 of the highly lipid-soluble, injectable opiate diacetylmorphine, or her-
oin, has led to problems of opiate abuse and addiction on a grand scale. The
rapid onset of heroin and its powerful reinforcing properties have made it
the most commonly abused opiate in the United States (Kreek, 1996). In re-
cent reports from the National Institute of Drug Abuse and the Substance
Abuse and Mental Health Services Administration, about 2.7 million peo-
ple in the United States were reported to have used heroin at some time in
their lives, and an estimated 800,000 to 1 million were currently hard-core
addicts, only a fraction of whom were in methadone treatment programs
(Kreek, 1996; Karch and Stephens, 2000). Although 1998 is the last year for
which such statistics are available, reports indicate that these numbers are
rising (Perrone et al., 1999). The costs to society have been enormous. In
1996 alone, 70,500 emergency room visits in the United States were di-
rectly attributable to heroin use, while in 1993, heroin was held to be di-
rectly responsible for approximately 4,000 deaths by overdose (Sporer,
1999). The number of deaths for which heroin has been indirectly responsi-
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ble, due to the transmission of HIV-1 or the development of other medical
complications, as well as from high-risk psychosocial behavior associated
with drug abuse and addiction, is much harder to calculate. The estimated
cost to society in the United States of the medical and legal consequences of
drug addiction was $246 billion in 1992, for which a significant percentage
was due to heroin (Kreek, 1996). The cost in terms of human suffering is in-
calculable.

Apart from the vast psychosocial risks associated with drug abuse and
addiction, the medical consequences of addiction to any drug can be attrib-
uted to several factors: the pharmacological properties of the drug itself, the
problems inherent in the routes of self-administration, and the various dilu-
ents and adulterants which are used to extend the resale value of the drug on
the streets or sometimes used to enhance the quality of the drug’s intended
effects (Kreek et al., 1972; Kreek, 1973b; Furst, 2000). Drugs can exacer-
bate underlying medical problems, or, alternatively, can cause medical
problems to be neglected. In already dire social situations such as homeless-
ness, the additional presence of a drug addiction significantly increases an
individual’s likelihood of premature death (Hwang et al., 1998; Gunne and
Gronbladh, 1981).

Opiates are set apart from other drugs of abuse by the diverse sites of opi-
ate receptors throughout human tissues and organ systems, including vital
centers in the brain. Thus medical problems due to direct pharmacological
effects of opiates involve multiple organ systems and have a higher lethality
in the case of overdose than other drugs of abuse. Findings about the effects
of opiates on specific biochemical functions, such as neuroendocrine func-
tioning or immune response, suggest other ways in which opiates differ
from other drugs of abuse. There appears to be an even greater risk for com-
plications and infections in addicted individuals because of the suppressive
effect opiates have on the immune response and endocrine functioning
(Kreek, 1990a,b; Kreek et al., 1990).

The opiates most commonly abused tend to be those with rapid onset and
short half-lives, as is the case with heroin. The half-life of heroin in humans
is about three minutes. The major metabolite of heroin, morphine, has a
half-life of four to six hours (Inturrisi et al., 1984). The rapidity of onset of
a drug is related to its rewarding or reinforcing effects, but also to its intoxi-
cating effects. As such, rapidity of onset may also be involved in the
neurobiological changes that occur in addiction. The short half-lives of her-
oin, morphine, and related short-acting opiates also result in a need for mul-
tiple doses to be self-administered throughout any given day, in order to
maintain the rewarding effect or, as addiction progresses, to avoid the sick-
ness of withdrawal. Multiple daily self-administrations of a drug in un-
hygienic conditions increase the risk of infection and other complications to
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the drug user. In addition, this short-acting pharmacokinetic profile results
in peaks and troughs of serum opiate levels that are cycling several times a
day, and the corresponding waxing and waning of functionality in an opiate-
addicted individual (see Figure 7.1).

This cycling of serum opiate level in cases of abuse and addiction ap-
pears to cause some of the deleterious pharmacological effects of opiates.
The “on-off” cycles of opiates lead to a dysregulation of those physiological
systems which are at least partly modulated by opiate receptors. This is
most striking in the immune system and the neuroendocrine system, both of
which appear to be suppressed in opiate abuse and addiction (Kreek et al.,
1972; Kreek, 1973a,b,c; Cushman and Kreek, 1974a). These systems may
slowly recover when drug use is stopped, but in the hard-core addict for
whom stopping opiate use is unlikely or impossible, pharmacotherapy with
a long-acting opioid such as methadone or 1-a-acetylmethadone (LAAM)
may ameliorate physiological changes by eliminating the “on-off” cycle
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FIGURE 7.1. Diagrammatic summary of the functional state of a typical
intravenous heroin user. Dashed lines indicate new days. Arrows show the
repetitive injection of uncertain doses of heroin, usually 10 to 30 mg but
sometimes much more. The addict is hardly ever in a state of normal function.
(Source: Adapted from Dole et al., 1966.)
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(Kreek, 1990a, 1996; Novick et al., 1993).* The half-lives of these medica-
tions are significantly longer than those of the commonly abused opiates.
Racemic methadone has a half-life of 24 hours and the active l-enantiomer
of methadone has a half-life of 36 to 48 hours, while LAAM has a half-life
of two days or longer (Kreek, 1973c, 2000). The slow onset times and long
half-lives of these medications allow for a physiological steady-state of
opioid stimulation in the hard-core addict. Thus multiple daily cycles of eu-
phoria and withdrawal are eliminated and normal functioning is restored
(see Figure 7.2).

This chapter is intended to describe the medical consequences attribut-
able to abuse of and addiction to short-acting opiates such as heroin. The
medical consequences of the pharmacotherapy of opiate addiction with
long-acting opiates such as methadone and LAAM will also be discussed.
Because death is the worst direct medical consequence of heroin abuse and
addiction, it is covered first, followed by the direct pathophysiological ef-
fects of opiates on tissues and organ systems that result in significant mor-
bidity for this patient population. Indirect causes of medical illness resulting
from heroin use, such as infection and contamination with adulterants used
to cut the drug, are covered last. Psychosocial problems resulting in medical
consequences with this population, including prostitution and violence, are
not specifically covered here, since those problems are common to all vari-
eties of addictions and resolve with treatment of the addiction, including the
methadone pharmacotherapy that is the current treatment of choice for peo-
ple addicted to heroin. Finally, the medical consequences of methadone
pharmacotherapy are included with each section, to provide a comparison
with the medical problems so often seen in people addicted to short-acting
opiates.

PHARMACOLOGICAL EFFECTS OF OPIATES: DEATH

The mortality rate for opiate abusers and addicts has been estimated at
6 to 20 times that of the non-drug-using population. While much of the mor-
bidity and mortality associated with opiate abuse and addiction is from sec-
ondary causes such as infection or other complications, a significant per-
centage is due to direct effects of the drug itself. In people who regularly
inject heroin, for example, the annual mortality rate is estimated to be 2 per-
cent, half of which is attributable to overdose (Sporer, 1999; Gunne and

*Buprenorphine, a mixed opioid agonist/antagonist with long-acting activity at opiate
receptors, is also currently being investigated as another medication for the treatment of
opiate addiction.
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FIGURE 7.2. Methadone maintenance: Functional state of a former heroin
addict treated with a single daily oral dose of methadone pharmacotherapy (M).
The effect of an intravenous injection of heroin (H) in the methadone-treated
patient is shown in the second day. The dotted line indicates the course if
methadone is omitted. (Source: Adapted from Dole et al., 1966.)

Gronbladh, 1981). While overdose is the most common acute cause of death
in the opiate-abusing population, other physiological mechanisms have also
been reported, although the rates of these causes of death are unclear. When
opioid pharmacotherapy such as methadone is made available, the death
rates from opiate abuse and addiction drop precipitously (Karch and Stephens,

2000).
Overdose Deaths

Overdose Deaths Due to Heroin
and Other Short-Acting Opiates

Overdose by short-acting opiates results in central respiratory depression
and coma due to the direct effects of opiate agonists on central nervous sys-
tem opiate receptors. Overdose is most commonly reported in intravenous
opiate abusers, although cases of fatal overdose by intranasal, subcutaneous,
intramuscular, and oral self-administration have also been reported (Sporer,
1999; Karch and Stephens, 2000). The majority of opiate overdose deaths
occur in experienced users and are due to unexpectedly high purity of the
drug contained in the usual “dose” (or purchased packet), interactions be-
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tween opiates and very large amounts of other drugs, especially alcohol and
benzodiazepines (which can exacerbate the respiratory depression effects of
the opiates) or, alternatively, the deliberate self-administration of an over-
dose in a suicide attempt (Karch and Stephens, 2000). Accidental overdoses
have also been reported in naive users and “body packers,” people who
transport quantities of drugs in packages by swallowing them or inserting
them rectally. Body packers are susceptible to overdose if a package breaks
en route (Utecht et al., 1993; Wetli et al., 1997).

The mechanism of overdose death is respiratory depression. Most intra-
venous opiate deaths occur within one to three hours of intravenous admin-
istration, although some occur with the needle used to intravenously inject
heroin still in the vein. Central respiratory depression is reversible with opi-
ate antagonists such as naloxone or nalmefene, which are administered by
bolus followed by continuous intravenous drip until the opiate agonist has
been adequately cleared. Because of the different half-lives of the various
opiates, or the interactions of other drugs with the opiates, clearance rates
may vary. In addition, the duration of antagonistic effects of opiate antago-
nists varies. The duration of effectiveness of naloxone is one to four hours,
while the duration of effectiveness of nalmefene is four to ten hours. Clear-
ance times of opiates as well as duration of action of opiate antagonists must
be taken into account in the treatment of overdose, and overdose victims
must be monitored for several hours before the opiate antagonist treatment
can be discontinued (Hartman and Kreek, 1983; Finfer, 1996). Withdrawal
symptoms following opiate antagonist administration can be severe and sei-
zures (though rare) have been reported in connection with acute and severe
opiate withdrawal (Delanty et al., 1998; Kaplan et al., 1999).

Because of the widespread use of opiates in both addictive diseases and
the treatment of pain, administration of opiate antagonists should be admin-
istered to anyone presenting with unconsciousness of unknown origin.
Monitoring of the patient should continue following discontinuation of opi-
ate antagonist therapy, since complications such as aspiration or recurrent
respiratory depression with resultant hypoxia or anoxia can lead to further
morbidity and mortality. About 3 to 7 percent of opiate overdose patients
treated emergently will develop complications requiring hospitalization
(Karch and Stephens, 2000; Kumar et al., 1999).

Overdose Deaths Due to Methadone

Deaths that have been reported from methadone or LAAM overdose fre-
quently have been iatrogenic, secondary to a too-rapid increase in dose by
methadone treatment providers in persons who have only a modest opioid
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tolerance. Other methadone-related overdose deaths are attributable to acci-
dental causes, such as the combination of illicit methadone with very large
amounts of alcohol or benzodiazepines or accidental ingestion, as well as
deliberate causes such as overdose suicide attempts (Perret et al., 2000;
Karch and Stephens, 2000). Death is again attributable to respiratory de-
pression, with both pulmonary and cerebral edema found postmortem
(Perret et al., 2000). Because of the long half-life of these medications, opi-
ate antagonist therapy must be instituted for up to twenty-four hours in the
event of an overdose, and the patient must be monitored closely for at least
one day, rather than a few hours (Hartman and Kreek, 1983; Finfer, 1996).

Positional Asphyxia and Muscular Necrosis

Positional Asphyxia Due to Heroin
and Other Short-Acting Opiates

Because of the rapid onset of short-acting opiates, the sedating effects of
these drugs are profound and occur very quickly following self-admin-
istration of the drug. Numerous case reports describe unusual or awkward
positions in which acutely intoxicated people have remained for long peri-
ods of time following self-administration. A mechanism for death in these
individuals has been attributed to some form of respiratory compromise that
can result from a compressed position, particularly in combination with the
central respiratory depression characteristic of opiates. This cause of death
has been presumed in many cases where serum levels of opiates measured
postmortem were too low to be lethal in and of themselves and no other
mechanism of death was apparent. However, in many other cases the se-
dated position in which the victim was found was more clearly involved in
the mechanism of death. A syndrome consisting of hypoxia, vascular
thromboses, and necrosis of skeletal muscle has been seen in case reports of
deaths following acute intoxication while sitting in the lotus or other con-
stricted positions (Howard and Reay, 1998; Klockgether et al., 1997; Rabl
and Markwalder, 1996). A certain number of deaths of opiate addicts in po-
lice custody have been attributed to police procedures of restraining acutely
intoxicated heroin addicts in “hogtie” positions, although this finding has
been the subject of much debate (Karch and Stephens, 1999; Howard and
Reay, 1998; Rabl and Markwalder, 1996).
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Positional Asphyxia and Methadone

There are apparently no reports of positional asphyxia occurring in the
presence of methadone pharmacotherapy alone. The sedating effects of
methadone are less profound and of much slower onset than those of the
short-acting opiates, and therefore the chances of an individual suddenly
collapsing into an awkward position are very low.

“Anaphylactoid” Shock Due to Direct
or Indirect Effects of Opiates

“Anaphylactoid” Shock Due to Heroin
and Other Short-Acting Opiates

Some immediate deaths following opiate self-administration appear to
have an acute hypersensitivity-like response as their cause. In one study of
heroin addicts who died suddenly following injection of heroin, Edston and
van Hage-Hamsten (1997) found increased levels of mast-cell tryptase in
the serum and pulmonary tissue. This is sometimes described as an “ana-
phylactoid reaction” to the drug, due to the well-known effects of opioids in
causing mast-cell degranulation and related histamine release. Alterna-
tively, an adulterant in the drug may be present that causes an actual allergic
response (Edston and van Hage-Hamsten, 1997).

It has been shown that in all individuals, morphine administered subcuta-
neously will cause a wheal-and-flare response secondary to mast-cell de-
granulation and histamine release (Novick et al., 1989). Likewise, acute
opiate administration can also cause acute release of histamine in lung tis-
sue, thus triggering an allergic-like response that can have rapid effects on
pulmonary and systemic capillaries. This can lead to a drop in blood pres-
sure and further respiratory compromise in a patient who already has central
respiratory depression as a result of the direct effects of the opiate (Karch,
1998; Remskar et al., 1998). In these cases, death from respiratory failure
appears to occur more rapidly than in uncomplicated overdose. While it has
been speculated that this mechanism may account for many opiate deaths
that have been ascribed to overdose, the rate of “anaphylactoid” death for
opiate abuses is unknown. Pulmonary edema due to this mechanism is im-
plicated in many or most overdose deaths. True “allergic” response to her-
oin, morphine, and related drugs is probably rare.
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“Anaphylactoid” Shock Due to Methadone

The oral route of administration of methadone and slow onset time mark-
edly decrease the chance of an individual having a fulminant mast cell
degranulation and reaction to acute histamine release. Methadone induces
histamine release to a modest extent, but again the slow onset time de-
creases the chances of acute bronchospasm, capillary insufficiency, and re-
lated sequelae.

DIRECT MEDICAL CONSEQUENCES OF OPIATES

It has been documented that opiates have no known direct toxic effect on
tissues and organ systems in humans apart from the risk of overdose. Adul-
terants in the drugs and the unhygienic methods used in the course of their
self-administration, as well as the relative hypoxia or anoxia resulting from
central respiratory depression in overdose, are the principle causes of tissue
damage in opiate addicts. However, the direct effects of short-acting opiates
on opiate receptor systems when self-administered chronically can lead to
physiological disruption of metabolic pathways and organ system function-
ing. Some of these opiate-induced tissue alterations in normal physiological
function, while not potentially fatal or debilitating in and of themselves,
may predispose an individual to be at greater risk for the indirect effects of
drug addiction. One of the most clinically relevant functional alterations is
the effect of opiates on the immune response. Studies have suggested that
this effect may functionally decrease an individual’s resistance to infection
when exposed to an infectious agent (Thomas et al., 1995; Cherubin and
Sapira, 1993). Other physiological changes resulting from opiate addiction
may also have great clinical relevance, both in their effects on normal sys-
temic and metabolic function, and perhaps also in the acquisition and per-
petuation of the addiction itself (Kreek, 1996).

The Effects of Opiates on the Immune Response

The Effects of Heroin and Other Short-Acting Opiates
on the Immune Response

Among the earliest indications that chronic opiate abuse had effects on
the human immune response were the lymphadenopathy, lymphocytosis,
hyperimmunoglobulinemia, and altered T-cell function noted in untreated
heroin addicts in early studies prior to the advent of HIV-1 but after hepatitis
B had been recognized (Kreek et al., 1972; Kreek, 1973a,b, 1990a). While
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the actions of the opiates themselves were suspected, it was initially held
that chronic bouts of bacteremia, repeated exposure to inert adulterants, and
infection with hepatitis B virus, all results of intravenous drug use, could be
the causes of the immune system changes seen in heroin addicts. More re-
cently, extensive studies performed in a variety of in vitro, animal, and a few
human models suggest that opiates can directly modulate the immune re-
sponse through opiate receptors located on immune cell surfaces. In labora-
tory models these effects appear to be dose dependent and are reversible by
opiate antagonists such as naloxone (Singhal et al., 2000; Singhal et al.,
1995). A number of different mechanisms for these effects have been pro-
posed, but the evidence from these models is often conflicting, and their rel-
evance to human disease is unclear at this time.

In humans, short-acting opiates may additionally affect the immune sys-
tem through modulation of the hypothalamic-pituitary-adrenal axis via
changes in the levels of serum cortisol that are released through that endo-
crine cascade (Novick et al., 1989; Culpepper-Morgan and Kreek, 1997).
Both of these actions result in changes in immune function that are gener-
ally suppressive in nature. However, specific immune cell activation in-
duced by morphine and morphine withdrawal has also been reported (Singhal
et al., 1999). Dose and chronicity of administration may play a role in the
specific immune functions that are induced or suppressed. The immune al-
terations that have been found in humans to date include: attenuation of
lymphocyte proliferation (Govitrapong et al., 1998); increased levels of se-
rum immunoglobulins (Novick et al., 1989); suppression of bone marrow
macrophage colony formation (Govitrapong et al., 1998); suppression of nat-
ural killer-cell activity (Yeager et al., 1995); suppression of phagocytosis of
Candida albicans (Carr et al., 1996); the presence in the circulation of her-
oin addicts of elevated levels of immune complexes (Lazzarin et al., 1984);
destruction of thymocytes (Glavina-Durdov and Definis-Gojanovic, 1999);
and a change in total number of B cells (Fletcher et al., 1993; Novick et al.,
1989). Such immune impairments have been seen in chronic, untreated her-
oin addicts, in the absence of any evidence of hepatitis B markers, HIV-1,
HTLV-1, or HTLV-II infection (Fletcher et al., 1993).

Natural killer-cell activity seems particularly vulnerable to the acute ef-
fects of opiates. Suppression occurs within hours of the initial dose, and will
persist for some time following cessation of opiate administration in the
opiate naive subject. Natural killer-cell activity appears to be suppressed in
opiate addicts in the absence of HIV-1 or other viral infections. This may,
in fact, predispose opiate addicts to acquire a retroviral infection (Novick
etal., 1989; Yeager et al., 1995).
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The Effects of Methadone on the Immune Response

Some, although not all, of the functions altered in short-acting opiate ad-
diction appear to return to normal when patients are treated with a long-
acting opioid pharmacotherapy such as methadone. Natural killer-cell activ-
ity in particular appears to normalize with methadone treatment (Novick
et al., 1989). Methadone does not appear to have the same immuno-
suppressive potential as heroin or other commonly abused short-acting opi-
ates. This may be due to methadone’s efficacy in preventing opiate with-
drawal, a result of normalization of the HPA axis, or possibly due to
pharmacokinetic differences at the level of immune cell surface opiate re-
ceptors (Thomas et al., 1995; Kreek, 1996; Novick et al., 1989).

The Effects of Opiates on Neuroendocrine Functioning

The Effects of Heroin and Other Short-Acting Opiates
on Neuroendocrine Functioning

The stress hormone cortisol is regulated by the hormone cascade pro-
duced by the hypothalamic-pituitary-adrenal (HPA) axis. The release of
corticotrophin releasing factor (CRF) from the hypothalamus induces the
synthesis and release of adrenocorticotrophin (ACTH) and B-endorphin,
major peptides derived from pro-opiomelanocortin (POMC) in the pituitary
gland. ACTH then induces the release of cortisol from the adrenal glands.
The major modulator of the HPA axis is cortisol, which acts at the levels of
the pituitary and the hypothalamus in a negative feedback mode to reduce
CRF release from the hypothalamus. Furthermore, endogenous opioids
have been found to modulate this hormone axis by their inhibitory action on
opiate receptors present in the pituitary and the hypothalamus (Kreek, 1987;
Kreek, 2000). Therefore, endogenous opioids are intimately involved with
the regulation of the stress response.

Addiction to short-acting opiates results in a chronically fluctuating
dysregulation of the HPA axis and abnormal release of cortisol throughout
the course of the day. Irregular release of cortisol is a factor that may con-
tribute to the immune response abnormalities seen in opiate addicts. The
physiological dysregulation of stress hormones also leads to disruptions in
the sleep-wake cycle as well as regulations of mood states, thus contributing
to the decrease in daily functioning experienced by opiate addicts (Novick
et al., 1997; Novick and Kreek, 1992; Kreek, 1987; Kreek, 2000).

The feedback mechanism for the hypothalamic-pituitary-gonadal (HPG)
axis is similarly impaired. Acute administration of opiates can suppress
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pulsatile leutinizing hormone (LH) release from the hypothalamus, result-
ing in irregularities of sex hormone levels (Mendelson and Mello, 1978).
Therefore, ovarian function in women may be impaired, with resultant an-
ovulation and amenorrhea, and in men decreased libido and erectile dys-
function are frequently reported (Santen et al., 1975; Mendelson and Mello,
1978; Thomas et al., 1977; Melman and Gingell, 1999). Some evidence in-
dicates that other hormone systems involving hypothalamic releasing fac-
tors, such as the thyroid and parathyroid hormone systems, are also subject
to dysregulation in the presence of opiates. The mechanisms, while presum-
ably similar to those for the HPA and HPG axes, have not been well estab-
lished (Surks and Sievert, 1995; Tagliaro et al., 1984).

The Effects of Methadone on Neuroendocrine Functioning

Most of the dysregulations of the neuroendocrine axis occurring in her-
oin addiction appear to be normalized following successful treatment of
heroin addiction with methadone. The HPA axis in particular appears to
normalize, in part due to the steady-state pharmacokinetics of the long-
acting opioids, but also to the elimination of the stress-inducing lifestyle
that accompanies heroin addiction (Kreek, 1973a,b, 1996; Novick and
Kreek, 1992). Some reduction in pulsatile secretion of LH persists with
methadone treatment, although absolute values are no different from those
of normal controls. Nevertheless, some ovulatory or erectile dysfunction
may persist with methadone treatment, although not to the degree that is
seen in active heroin addiction (Cushman and Kreek, 1974a). Thyroid-
stimulating-hormone levels appear to be reduced with methadone treat-
ment, as well as in active addiction. In neither case does this appear to have
much clinical significance (Cushman and Kreek, 1974b; Surks and Sievert,
1995).

Effects of Opiates on Organ Systems

The Effects of Heroin and Other Short-Acting Opiates
on Organ Systems

The majority of toxic effects from opiate abuse and addiction come from
adulterants and inert diluents used to cut the drug on the street or from the
relative hypoxia or anoxia resulting from opiate overdose. However, some
questions remain as to whether there are any toxic effects of opiates them-
selves. In vitro and animal studies have suggested that there may be a spe-
cific toxicity of short-acting opiates such as pure morphine or pure heroin
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on various tissue types. However, direct toxic effects of opiates on organ
systems are generally not seen in opiate-addicted humans. The organ sys-
tem changes seen in opiate-addicted humans are instead due to an expected
regulatory effect of endogenous opioids that is dysregulated in the presence
of illicit opiates.

Neuropathies. The rate of peripheral neuropathies and plexopathies in
HIV-negative intravenous heroin users is nearly 25 times higher than the
general population (Berger et al., 1999). Mechanisms that have been pro-
posed for opiate-related neuropathies have included chronic inflammation,
neurotoxic adulterants, nutritional deficiencies, and comorbid alcoholism,
all of which doubtlessly contribute to neurological damage in opiate addicts
(Berger et al., 1999; Evans and Millington, 1993; Hillstrom et al., 1990).
However, similar neuropathic symptoms may also be seen in non-drug-
abusing cancer patients who are being treated for chronic pain with large
doses of morphine. It has been hypothesized from a small series of patients
that the morphine metabolite morphine-3-glucuronide (M-3-G), which con-
stitutes a small percentage of the metabolites of morphine but is highly
neuroexcitatory and possibly neurotoxic, is responsible for neuronal dam-
age in patients who are regularly receiving large doses of morphine. In these
patients, the neuropathies were reversible when the morphine doses were
stopped (Sjogren et al., 1998; Inturrisi et al., 1984). Morphine is the primary
metabolite of heroin. Diacetylmorphine breaks down to morphine in the
liver, which is further broken down into M-3-G. Therefore, heroin users
may also be subject to direct neurotoxic effects from heroin’s metabolites,
compounded by or perhaps even predisposed to them by the nutritional defi-
ciencies and other problems that commonly occur in addictions. However,
this hypothesis has not been confirmed.

Pulmonary effects. The acute, rapid administration of opiates directly
triggers the release of histamines in lung tissue, causing acute broncho-
constriction, inflammation, and increased capillary permeability (Cruz et al.,
1998; Benson and Bentley, 1995). By this mechanism, short-acting opiate
use by asthmatic opiate users can result in sudden asphyxic asthma, al-
though as with the “anaphylactoid” syndrome described earlier, asthma-like
symptoms may similarly be triggered in opiate users who have no prior
asthma history (Cygan et al., 2000; Levenson et al., 1996).

Even in the absence of acute bronchoconstriction, the increased perme-
ability of the pulmonary capillary bed caused by opiate-induced histamine
release can result in a noncardiogenic pulmonary edema. Pulmonary edema
as aresult of opiate abuse is most often described as a complication of over-
dose, independent of the route by which the overdose was administered.
However, with the increasing popularity of inhaled heroin, cases of acute
pulmonary edema following heroin inhalation or insufflation in the absence
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of overdose have been reported (Karne et al., 1999; Benson and Bentley,
1995; Cruz et al., 1998).

In some individuals, the inflammation accompanying the pulmonary
edema can present as an acute pneumonia. The inflammation is often found
by bronchial lavage to consist of eosinophils, thus attesting to the origin of
the pneumonia as a hypersensitivity-like response rather than an infection
(Pope-Harman et al., 1996). Circulating immune complexes have also been
found deposited in alveolar capillary membranes in association with this
edema (Smith et al., 1978). The infiltrates caused by eosinophilic pneumo-
nia may persist as long as drug use persists. When chronic, this can eventu-
ally result in an interstitial pneumonitis that is responsive to steroids (Benson
and Bentley, 1995; Brander and Tukiainen, 1993). The central respiratory
depression characteristic of opiate abuse and addiction doubtlessly contrib-
utes to the development of such pulmonary problems (O’Donnell et al.,
1995).

Skeletal-muscle toxicity. Rhabdomyolysis, a disease in which massive
skeletal-muscle-cell breakdown causes the release of intracellular myo-
globin into the bloodstream, is one cause of severe medical complications in
drug addicts. Severe myoglobinemia resulting from acute rhabdomyolysis
can cause renal damage, which can progress to end-stage renal failure
(Deighan et al., 2000; Kumar et al., 1999). This has been reported in intrave-
nous drug users, irrespective of the drug that is being injected. For this rea-
son, thabdomyolysis is often attributed to the use of contaminated needles,
drug adulterants, or skeletomuscular injuries sustained while intoxicated.

In opiate-addicted individuals, thabdomyolysis is again most commonly
reported in intravenous heroin users. However, there have been reports of
rhabdomyolysis also occurring in heroin addicts who inhale rather than in-
ject heroin (Otero et al., 1992; Annane et al., 1990; Rabl and Markwalder,
1996). It is likely that the pharmacological properties of opiates contribute
further risks for the development of rhabdomyolysis. The anoxia or hypoxia
caused by opiate overdose and the muscular breakdown that can accompany
long periods of immobility while intoxicated with opiates are predisposing
factors for rhabdomyolysis (Novick et al., 1997; Richards, 2000). Further-
more, recent animal model studies have suggested that short-acting opiates
may have a direct toxic effect on skeletal-muscle cell membranes (Pena
et al., 1993; Pena et al., 1990). Although the relevance of these findings is
not clear in regard to human illness, they raise the possibility that short-
acting opiates may play a more directly causal role in the development of
rhabdomyolysis.

Renal effects. Apart from the risk of renal failure secondary to rhabdo-
myolysis, renal illness is increased in heroin addicts, particularly among in-
travenous drug users. Heroin-associated nephropathy occurs as focal seg-
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mental glomerulosclerosis (predominantly in young African-American men
who have been using heroin for several years, and as such may be related to
a genetic predisposition), but may also present as a membranous glo-
merulopathy or a chronic interstitial nephritis irrespective of ethnicity or
gender (Haskell et al., 1988; Dettmeyer et al., 1998). While the etiologies of
heroin-associated nephropathies remain largely idiopathic, both in vitro and
postmortem human studies have suggested that elevated amounts of circu-
lating immune complexes formed in response to opiates may play a role in
their genesis (Singhal et al., 1995; Sanders and Marshall, 1989). The mech-
anisms remain unclear, but may have to do with mesangial deposition of cir-
culating immune complexes or the formation of antiglomerulomembrane
antibodies (Savige et al., 1989).

Teratogenicity and fetal development. Babies born to heroin-addicted
mothers have been found to be significantly smaller in terms of head cir-
cumference and lower birth weight than babies born to non-drug-using
mothers (Vance et al., 1997). However, it is not clear whether the low birth
weight is an effect of heroin itself, or a consequence of nicotine dependence.
The rate of cigarette smoking, which has been linked with low birth weight
in numerous studies, is nearly 100 percent in the heroin-addicted population
(Kenner and D’ Apolito, 1997; Miller et al., 1991). Poor nutrition, also com-
monly seen in this population, may be another contributing factor to low
birth weight.

Opiates, and heroin in particular, readily cross the placenta, and heroin
will appear in fetal tissue within one hour of maternal use (Kenner and
D’ Apolito, 1997). For pregnant women who are addicted to short-acting
opiates such as heroin, the fetus experiences multiple daily cycles of intoxi-
cation and withdrawal. The increased catecholamine release accompanying
opiate withdrawal, which is generally well-tolerated by the mother, can be
fatal to the developing fetus. In addition, short-acting opiate abuse and de-
pendence during pregnancy has been associated with a number of complica-
tions, including spontaneous abortion, placental insufficiency, pre-term labor,
premature rupture of membranes, breech presentation, chorioamnionitis,
meconium passage, fetal distress during labor, pre-eclampsia, and eclampsia
(Archie, 1998). The likelihood of a fetus surviving to term appears largely
dependent on the pharmacokinetics of the opiate. Longer-acting opiates do
not have the continuous cycle of intoxication and withdrawal of the short-
acting opiates and are not associated with increased risk to fetal survival.
For these reasons, a long-acting opiate pharmacotherapy such as methadone
maintenance continues to be the treatment of choice for opiate-addicted
mothers (Archie, 1998; American Academy of Pediatrics, 1998).

Neonates may undergo opiate withdrawal, usually beginning several
hours after delivery. Infants have much greater difficulty than adults in toler-
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ating withdrawal. The increased catecholamine release that accompanies
opiate withdrawal causes a central nervous system irritability, with seizures
and respiratory difficulties that in rare instances can be fatal to the neonate.
Subacute withdrawal symptoms may resemble colic: gastrointestinal dis-
tress, sleeplessness, continuous crying, fever, and weight loss may persist in
infants for weeks or months after birth (Vance et al., 1997; American Acad-
emy of Pediatrics, 1998).

Development after birth proceeds at a normal pace, and generally by six
months to a year, the infant’s growth has “caught up” with its peers. Devel-
opmental abnormalities not attributable to social factors such as poverty, ne-
glect, or comorbid alcohol or cocaine abuse have not been seen in children
born to opiate-addicted mothers (Vance et al., 1997).

Gastrointestinal effects. Opiate receptors found along the musculature of
the gastrointestinal tract appear to play a regulatory role in gastrointestinal
motility. Stimulation of these receptors leads to marked functional slowing
of the gastrointestinal tract, resulting in decreased gastric emptying, pro-
longed transit time, and increased absorption of water by the large bowel.
This frequently results in constipation that can be severe and debilitating.
Tolerance to these effects does not appear to fully develop over time (Yuan
et al., 2000; Quigley, 1999).

Drug-drug interactions. Many short-acting opiates are substrates of the
2D6 enzyme of the P450 enzyme system, an enzyme for which many com-
mon antidepressants and other medications are also substrates. Thus, opi-
ates can act as competitive inhibitors of this enzyme system in the presence
of other drugs. Conversely, other drugs may act as competitive inhibitors at
this enzyme system with respect to the opiates. Other drugs may interact
with short-acting opiates by activating or inhibiting the P450 enzyme sys-
tem’s biotransformational properties (Goldberg, 1996). This can lead to
drug-drug interactions in the medically or psychiatrically ill addict who is
taking prescribed medications, and may increase the chances of accidental
overdose. This effect is sometimes exploited by “street doctors,” who use
empirical knowledge of these drug-drug interactions to prolong the effects
of heroin by cutting it with antidepressants or other competitive inhibitors, a
practice which may also have lethal consequences (Furst, 2000). Presently,
researchers have little knowledge of these interactions, and few drug-drug
interactions with heroin and other short-acting opiates are well understood.

Street drugs and alcohol may also interact with short-acting opiates.
Large amounts of alcohol used in combination with heroin may increase
morbidity and mortality by inhibiting the P450 enzyme system (Goldberg,
1996). Cocaine’s known attenuating effect on heroin intoxication and with-
drawal is also exploited by “street doctors,” and many heroin addicts will
begin using cocaine as a means of “titrating” the effects of the opiate. The
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increasing appearance of heroin in nightclubs has encouraged the admixture
of heroin and “club drugs” including amphetamines and hallucinogens, and
at least one death associated with the concurrent use of heroin and the club
drug y-hydroxybutyrate (GHB) has been reported (Ferrara et al., 1995).

Antinociception, tolerance, and withdrawal. Some medical consequences
of opiate abuse and addiction are inadvertent results of expected opiate ef-
fects. The most commonly expected, and indeed anticipated, effect of opi-
ates is antinociception stemming from the activity of the abused opiate on
central opioid receptors that mediate the perception of pain. Although lack
of awareness of pain is one of the prime motivators in the induction of opiate
abuse and addiction, it may also lead to neglect of injury and illness, particu-
larly those sustained early in the course of an addiction. Tolerance develop-
ing over periods of chronic opiate use can diminish the antinociceptive ef-
fect of the opiates as well as interfere with induction of anesthesia, potential
problems for an ill or injured opiate addict who may require surgery for an
injury that has been neglected. The development of tolerance also predis-
poses opiate-addicted people to overdose, as greater amounts of drug are
needed to induce the same desired effect.

Physical dependence is the inevitable result of chronic self-administra-
tion of opiates. Thus, withdrawal ensues when the opiates are stopped or
when opiate antagonists are given. Withdrawal from opiates is not lethal in
and of itself and rarely causes seizures or other significant morbidity. How-
ever, it is remarkably uncomfortable and frequently associated with feelings
of desperation and a fear of dying, which is extraordinarily aversive to the
patient experiencing it and is the other prime motivator for ongoing opiate
use once addiction has been established. This may be due in part to the in-
creased release of catecholamines that accompanies opiate withdrawal, al-
though the dysregulation of the stress hormone axis and other physiological
mechanisms may also play a role (Kreek, 1996).

The Effects of Methadone on Organ Systems

Some, although not all, of the physiological functions that are dys-
regulated by short-acting opiates appear to return to normal when patients
are treated with a long-acting opiate pharmacotherapy such as methadone.

Neuropathies

Methadone is not broken down into any known neurotoxic metabolites,
nor are there reports of neuropathies attributable to methadone seen in the
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literature. Neurological injury or impairment does not appear to be a result
of methadone treatment.

Pulmonary Effects

Although methadone induces some modest histamine release from mast
cells, its effects on histamine release in lung tissue are negligible, and rapid
bronchospasm or clinically significant changes in capillary permeability are
not seen in successful methadone treatment. Pulmonary morbidity does not
appear in methadone pharmacotherapy (Novick et al., 1997).

Skeletal-Muscle Toxicity

There are no reports of skeletal-muscle toxicity or rhabdomyolysis in
successful methadone pharmacotherapy. Myoglobinuria and myoglobulinemia
are not seen as a consequence of methadone treatment.

Renal Effects

Since methadone and other long-acting opiates do not appear to precipi-
tate the immune complexes seen in heroin addiction, there is no risk for
immune-complex deposition in renal tissues once heroin use has stopped.
Renal illness has not been identified as a consequence of chronic methadone
pharmacotherapy (Novick et al., 1997).

Teratogenicity and Fetal Development

Reports of low birth weight in some babies born to methadone-maintained
mothers are confounded by the high prevalence of nicotine dependence and
other drug comorbidities seen in methadone-treated populations. Although
cigarette smoking is a known risk factor for decreased birth weight, metha-
done is not known to cause reduction of birth weight in and of itself. As
mentioned above, treatment of heroin-addicted pregnant women with meth-
adone reduces the multiple daily cycles of intoxication and withdrawal ex-
perienced by the fetus, and thus increases the chances of the fetus surviving
to term. The reduction of intravenous drug use by the mother occasioned by
adequate treatment with methadone further decreases the risk to the fetus of
viral and bacterial infections, as well as exposure to toxic adulterants that
may cross the placental barrier or obstruct blood vessels.

Babies born to methadone-treated mothers may experience methadone
withdrawal within the first few days of life. Methadone withdrawal is usu-
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ally modest in severity, but more protracted in neonates because of the lon-
ger half-life of the drug. Methadone lacks the potential fatality that heroin
withdrawal has, since catecholamine release is much less severe in metha-
done withdrawal. Because of the increase in health benefits to the mother, as
well as the increase in viability and health of the fetus and neonate, metha-
done remains the treatment of choice for heroin-addicted pregnant women
(Vance et al., 1997; American Academy of Pediatrics, 1998).

Gastrointestinal Effects

As with other opiates, methadone does not appear to be hepatotoxic
(Kreek et al., 1972; Novick et al., 1993). Gastrointestinal slowing persists in
methadone pharmacotherapy, and chronic constipation is a significant prob-
lem for many patients treated with methadone. Tolerance to the gastrointes-
tinal effects of methadone develops very slowly, however, with less than 20
percent of persons experiencing relief from gastrointestinal slowing and
constipation after three years of moderate-to-high dose treatment (Kreek,
1973a,b). Methadone-induced constipation can be treated effectively by oral
doses of naloxone or by methylated naltrexone, which are not readily ab-
sorbed into the bloodstream from the gut, and therefore reverse the gastro-
intestinal effects of methadone without placing an individual at risk for with-
drawal (Culpepper-Morgan et al., 1992; Yuan et al., 2000).

Drug-Drug Interactions

Methadone is metabolized by different P450 enzymes than the short-
acting opiates, and therefore, competitive-inhibition drug-drug-interaction
profiles are somewhat different from those of the short-acting opiates (Gold-
berg, 1996; Kreek, 1990b). For example, while heroin may be more likely to
interfere with the metabolism of tricyclic antidepressants, methadone has
been found to interfere with the metabolism of selective serotonin reuptake
inhibitors such as fluoxetine and fluvoxamine (Borg and Kreek, 1995). Sig-
nificant drug-drug interactions between methadone and other medications
include the antitubercular drug rifampin and the anticonvulsant phenytoin,
both of which accelerate the biotransformation of methadone and result in
lower plasma levels and mild-to-moderate withdrawal symptoms if the
methadone dose is not adjusted (Kreek et al., 1976; Tong et al., 1981).
Methadone may also interfere with the biotransformation of antiretroviral
drugs such as retronavir or zidovudine (Borg and Kreek, 1995; Tooley et al.,
1999; McCance-Katz et al., 1998), a significant issue for HIV-seropositive
former heroin addicts whose addictions are being treated with methadone.



238 Handbook of the Medical Consequences of Alcohol and Drug Abuse

Street drugs and alcohol may also interact with methadone. Alcohol in par-
ticular may have a bimodal effect, that is, it may inhibit the metabolism of
methadone when very high blood levels of alcohol are present. When peo-
ple who were regular, heavy users of alcohol stop drinking, the metabolism
of methadone may be accelerated due to the resultant enhancement of P450
enzymes (Kreek, 2000).

Antinociception, Tolerance, and Withdrawal

The antinociceptive effects of methadone are well documented. Through
its long-acting properties, methadone can be used effectively for the man-
agement of chronic pain. Because of its slow onset time and paucity of in-
toxicating effects, as well as the regular monitoring of former heroin addicts
in methadone treatment programs, injuries and other pain-producing ail-
ments are not neglected in methadone-maintained former addicts, and in-
creased morbidity from untreated physical illness does not appear to be an
issue in successfully treated addicted populations (Novick et al., 1993).

Tolerance does not appear to develop in former addicts being treated with
methadone, in that larger doses of methadone are not continually required to
produce the same opiate blockade effect, even in patients treated with meth-
adone for 20 or 30 years. When adequate doses of methadone are adminis-
tered to former heroin addicts, drug craving and symptoms of opiate with-
drawal are eliminated. Barring changes in methadone serum level due to
physical illness or drug-drug interactions, no further increase of methadone
dose is necessary (Kreek, 2000).

Withdrawal from long-acting opiates may be protracted, because of their
long half-lives, but also involves less acute catecholamine release, and may
be somewhat less uncomfortable than withdrawal from short-acting opiates
for that reason. However, withdrawal from methadone requires very slow
dose reduction to avoid signs and symptoms of opiate withdrawal (Kreek,
1996).

INDIRECT MEDICAL CONSEQUENCES
OF OPIATE ABUSE AND ADDICTION

As described previously, the direct effects of opiate abuse and addiction
on the immune system can predispose an individual to be at higher risk for
indirect medical problems associated with drug addiction. Many of these
problems stem from the means of self-administration of the drug. Intrave-
nous drug use in particular has been associated with increases in morbidity
and mortality in this population. The vast majority of medical problems as-
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sociated with opiate addiction stem from exposure to microorganisms or
foreign matter via the use of shared or contaminated needles in nonsterile
environments. The suppressed immune response associated with short-act-
ing opiate addiction may contribute to the development of disease following
exposure. Exposure to infectious agents and contaminants is of equal likeli-
hood in improperly used opioid pharmacotherapy, i.e., if injectable metha-
done preparations (generally stolen from hospitals) are used illicitly or the
oral methadone preparations used in clinics are solubilized and injected. It
is unknown at this time whether persons injecting only long-acting opioids
are at lesser risk for the development of disease than persons injecting short-
acting opiates.

However, other routes of self-administration also have risks associated
with them, as will be described; attempts to stave off medical consequences
in the era of AIDS by avoiding needle use has unmasked other medical con-
ditions that accompany intranasal use or inhalation of opiate smoke. In addi-
tion, methods of diluting and enhancing the effects of drugs with adulterants
have become more complicated in the past decade, resulting in mini-
epidemics of medical syndromes in places where noxious adulterants are
used. Because these kinds of problems are seen so commonly with heroin
use in particular, this section will focus specifically on the indirect medical
consequences of heroin, in comparison with methadone pharmacotherapy.

It should be understood that “successful” methadone pharmacotherapy
in these cases refers to the complete elimination of all illicit substances in
the context of methadone treatment. In cases in which illicit drug use or
other high-risk behavior persists despite methadone treatment (a possibility
that is not rare: 20-30 percent of methadone-treated individuals in well-run
programs using adequate doses of methadone report comorbid alcohol, co-
caine, or other illicit drug use, which includes occasional heroin use), the
risks of indirect medical consequences probably remain the same (Kreek
et al., 1986). Patients successfully treated with methadone outlive their un-
treated counterparts. One study of long-term medical follow-ups of patients
treated for eight or more years with methadone had difficulty finding an
age-matched cohort of ongoing heroin addicts (Novick et al., 1993). The
long-term methadone patients in this study showed medical problems con-
sistent with a normal aging population with a sedentary lifestyle. Non-insu-
lin-dependent diabetes mellitus, obesity, and hypertension were problems
for these patients while debilitating infections, abscesses, renal failure, pul-
monary compromise, and neurological complaints were not.
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Viral Infections

Heroin and Viral Infections

Intravenous drug use in particular is associated with an increased risk of
transmission of blood-borne viruses, particularly HIV, HTLV-I and HTLV-
IL, hepatitis B virus (HBV), and hepatitis C virus (HCV). The considerable
morbidity and mortality of illnesses caused by these viral infections have
been well documented and are beyond the scope of this chapter. It has been
demonstrated, however, that the complications of these viral infections tend
to be more severe and more lethal in affected individuals whose abuse and
addiction remain untreated (Borg et al., 1999; Des Jarlais et al., 1984; Fried-
man et al., 1996; Modahl et al., 1997; Muga et al., 2000; Novick et al.,
1986). This may be a result of nutritional deficiencies and poor self-care
seen in people with active addictions, although the additional immune func-
tion impairments seen in opiate addiction may also play a role.

The prevalence of these viral infections in IV drug users is high. At their
peak periods, before the effects of AIDS awareness education and needle-
exchange programs took hold in 1985-1986, 55 percent of IV drug users
were HIV positive, 65 percent were hepatitis B and C (HBC) positive, and
as many as 98 percent were positive for HCV when blood samples were
tested retrospectively (Borg et al., 1999; Kreek, 1996; Novick et al., 1988).
The high-risk sexual behaviors often associated with addictions may also
predispose individuals to these infections in the presence of opiate-induced
T-cell immunosuppression.

Methadone and Viral Infections

The number of blood-borne viral infections in opiate addiction currently
appear to be decreasing, especially in the context of methadone pharma-
cotherapy (Novick et al., 1993; Piccolo et al., 2000). By eliminating the use
of needles and decreasing the likelihood of high-risk sexual behaviors asso-
ciated with active heroin addiction, methadone pharmacotherapy is associ-
ated with much lower risks for infection with HIV-1, HBC, and HCV in
seronegative individuals (Des Jarlais et al., 1984; Piccolo et al., 2000).
Whether the improved immune functioning seen in methadone-treated for-
mer heroin addicts is also a protective factor against viral infection is still
unknown.



Opiate Abuse and Addiction and Methadone Pharmacotherapy 241

Bacterial and Fungal Infections
Heroin and Bacterial and Fungal Infections

Seeding of microorganisms into the bloodstream is produced by intrave-
nous or subcutaneous drug use, or through injuries sustained in the course of
an addiction. The sources of infective microorganisms may be skin or saliva,
or they may be harbored in the drug itself. Repeated bouts of bacteriemia or
fungemia due to multiple daily intravenous self-administrations of the drug
may lead to systemic infections and debilitating complications. The classic
example of this is infective endocarditis caused most often by seeding of
skin and oral flora directly into blood vessels by unsterilized needles, which
can have a rate of serious cardiovascular complications as high as 70 percent
(Mathew et al., 1995). Poor dentition, reduced brachiotracheal clearance,
and high-risk sexual behavior may also account for sources of infection
(Scheidegger and Zimmerli, 1989).

More unusual varieties of infection, of the kind seen in immunocom-
promised patients and held to be opportunistic in nature, are also seen in
HIV-seronegative opiate addicts. Systemic fungal infections, for example,
can be seen in intravenous heroin abusers. Systemic candidiasis due to in-
fection with Candida albicans in the absence of HIV seropositivity has been
linked specifically with intravenous heroin abuse, as opposed to intravenous
drug use in general (LaFont et al., 1994). More recently, outbreaks of sys-
temic infections with a newly emerging fungal pathogen, Scedosporium
prolificans, have been reported in heroin addicts in California, the United
Kingdom, Australia, and Spain (Berenguer et al., 1997). Tuberculosis is en-
demic among opiate addicts in some areas, particularly among untreated
homeless heroin addicts. Opiates may also interfere with the metabolism of
antitubercular medications (Borg and Kreek, 1995; Friedman et al., 1996).

Relatively unusual presentations of bacterial infections also may be seen
in opiate addicts. Group B streptococcal infections, generally quite rare in
adult populations, are more common among intravenous opiate abusers
(Garcia-Lechuz et al., 1999). Group B streptococcal infections and more
common staphylococcal infections may present as osteomyelitis in the ab-
sence of any history of injury, or as septic arthritis, most notably in the knee
and hip (Goldenberg, 1998; Lossos et al., 1998). Abscesses caused by any
number of organisms have been reported in every organ in the bodies of in-
travenous heroin users, including the brain, liver, skin, and lungs (Novick
et al., 1997; Cherubin and Sapira, 1993).

Subcutaneous opiate use provides an anaerobic environment for other
bacteria, notably Clostridium tetani and Clostridium botulinum, to propa-
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gate. The prevalence of tetanus and botulism occurring in heroin addicts
currently appears to be increasing (Shapiro et al., 1998; Talan and Moran,
1998). Street preparations of heroin can harbor Clostridium spores, which
are not killed by the boiling process used to prepare the drug for injection.
Injection of contaminated heroin into subcutaneous spaces provides an en-
vironment for spores to hatch and reproduce, resulting in systemic illness or
death due to the toxins secreted. The fatality rate of tetanus in this popula-
tion in one study was 25 percent (Sun et al., 1994). Preventative vaccination,
at least to tetanus, may not be protective in this population. Cases of fatal
tetanus in opiate-addicted patients with therapeutic antitetanus titer levels
have been documented (Abrahamian et al., 2000).

Methadone and Bacterial and Fungal Infections

Again, the elimination of needle use in successful methadone pharma-
cotherapy markedly reduces the risk of exposure to bacterial and fungal
pathogens. It is unknown whether the improved immune status of metha-
done-treated former heroin addicts provides additional protection against
pathogens introduced by routes other than needle use. However, the unusual
and opportunistic infections seen in heroin addiction are not reported in
methadone-maintained populations (Novick et al., 1986; Kreek, 2000).

Systemic Toxic/Metabolic Syndromes

Heroin and Systemic Toxic/Metabolic Syndromes

The presence of adulterants and contaminants in the needles used for in-
travenous administration or in the drug itself, may lead to contaminant-
specific toxic or metabolic syndromes. Many of these are poisonings due to
deliberate adulteration of the street preparation with other drugs such as
scopolamine. Street drugs are often cut with others to produce a specific
drug-drug interaction and effect (Furst, 2000). Accidental poisonings due to
contamination of needles with heavy metals such as lead or mercury have
also been reported (Antonini et al., 1989; Haffner et al., 1991).

Talcosis is a systemic syndrome frequently reported in individuals who
have injected opiates containing talc, particularly when oral preparations of
opiates are ground and injected intravenously. The talc or other inert mate-
rial used to bind opiate pills is disseminated widely by intravenous injection
and lodges in capillary beds where granulomas form around talc deposits.
Pulmonary capillary beds are particularly vulnerable to talc deposition and
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granuloma formation, and respiratory compromise or failure may result
(Pare et al., 1989; Ben-Haim et al., 1988).

Repeated injection of inert materials as well as multiple bouts of bacteremia
has been associated with the deposition of amyloid in tissues, leading to a
systemic amyloidosis that is symptomatic depending on the size and loca-
tions of the amyloid deposits. Although the mechanism for this is unknown,
a predisposing genetic factor appears to be required (Neugarten et al.,
1986).

Methadone and Toxic/Metabolic Syndromes

The elimination of needle use and use of street drugs containing adulterants
eliminates the risk for toxic and metabolic syndromes in persons success-
fully treated with methadone pharmacotherapy. Toxic/metabolic syndromes
are not reported as a consequence of successful methadone treatment (No-
vick et al., 1993).

Neurological Sequelae

Neurological Sequelae of Heroin

Apart from the peripheral neuropathies and plexopathies seen in heroin
addiction that may be due to a combination of alcohol or other drug co-
morbidities and/or nutritional deficiencies, indirect neurological complica-
tions of opiate addiction seem relatively rare. Seizures are rarely reported in
the context of heroin use and, when present, have most often been attributed
to other underlying causes. Cerebrovascular accidents are more commonly
reported in heroin addicts and have been attributed to intracerebral vasculitis
induced by opiate use or infarcts caused by infective emboli in patients with
endocarditis stemming from intravenous drug use (Sloan et al., 1998; Brust,
1998; Niehaus and Meyer, 1998; Calabrese et al., 1997; Adams et al., 1995).

More recently, reports of a progressive leukoencephalopathy have been
seen in individuals who inhale the heated vapor of heroin, a practice known
as “huffing” or “chasing the dragon,” and which appears to be on the rise in
an attempt by opiate abusers to avoid the risks of needle use. The leuko-
encephalopathy consists of a vacuolization of white matter, which can be
generalized throughout the central nervous system, although some reports
suggest lesions are more likely to be seen in regions of poor blood perfusion,
particularly the basal ganglia and cerebellum. The mechanism of the leuko-
encephalopathy is not known. The fact that it is most often seen in mini-
epidemics suggests that a particular unidentified contaminant may be to
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blame, although reports that only a certain few individuals using a particular
supply of heroin have been affected suggest that an underlying genetic pre-
disposition may also be necessary to developing the syndrome. Speculation
that a toxic metabolite of heroin produced by heat vaporization may be a
causative factor seems to have been invalidated by a report of an identical
progressive leukoencephalopathy in an addict who was using heroin intra-
nasally. Initially seen as pockets of miniepidemics in Europe over the past
decade, cases have recently been reported in the United States (Hill et al.,
2000; Rizzuto et al., 1997; Kreigstien et al., 1998; Celius and Andersson,
1996).

Neurological Sequelae of Methadone

The elimination of intravenous or inhalation routes of administration of
street drugs, as well as the elimination of exposure to toxic adulterants by suc-
cessful treatment with orally administered methadone, appears to eliminate
the risks of neurological complications. Neurological sequelae are not associ-
ated with successful methadone treatment (Novick et al., 1993; Brust, 1998).

Cardiovascular Sequelae

Cardiovascular Sequelae of Heroin

Postmortem studies of heroin addicts have revealed very little gross car-
diac pathology (Kringsholm and Christoffersen, 1987). However, one study
of asymptomatic intravenous heroin users showed changes in mitral and
tricuspid heart valve function that were detectable by echocardiograph. It
was speculated that contaminants found in heroin caused microscopic dam-
age to heart valves that is cumulative over time, and may form toeholds for
the bacteria that result in endocarditis (Pons-Llado et al., 1992). A combina-
tion of microscopic cardiovascular damage from adulterants, fungemia, and
immune suppression may also contribute to the mycotic aneurysms that are
sometimes seen in intravenous heroin addicts (Tsao et al., 1999; Spirito
et al., 1999).

Cardiovascular Sequelae of Methadone

Cardiovascular tone may actually be improved with methadone pharma-
cotherapy, both because the catecholamine release accompanying multiple
daily withdrawals is avoided, and because opiates when at steady-state ap-
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pear to have a protective or preconditioning effect on cardiac function (Bar-
ron, 2000; Liang and Gross, 1999).

Renal Sequelae
Renal Sequelae of Heroin

Along with the direct opiate-induced interstitial injuries seen in renal tis-
sue, and the potential for renal failure as a consequence of opiate-induced
rhabdomyolysis, some of the adulterants contained in street opiates have
been implicated in mechanisms of renal damage, particularly when injected
intravenously. Much of this appears in the form of insoluble diluents that are
deposited in the capillary beds of glomeruli, resulting in progressive glo-
merulonephropathy and consequent nephrotic syndrome. Tissue pathology
has varied and tends to occur in miniepidemics seen in specific localiza-
tions, suggesting again that locally introduced adulterants are the culprits
(Crowe et al., 2000; Peces et al., 1998; Lynn et al., 1998). Other immune-
related kidney damage, including reports of mixed cryoglobulinemia and
hemolytic uremic syndrome, necrotizing angiitis, and chronic interstitial
nephritis have been speculated to be caused by adulterants found in inject-
able opiates, although the action of opiates themselves on immune cells can-
not be ruled out as a causative factor (Ramos et al., 1994; Peces et al., 1998;
Crowe et al., 2000).

Renal Sequelae of Methadone

The elimination of needle use and use of street drugs containing adulterants
eliminates the risk for renal damage in persons successfully treated with
methadone pharmacotherapy. Renal syndromes are not reported as a conse-
quence of successful methadone treatment (Novick et al., 1993).

Dermatological Sequelae
Dermatological Sequelae of Heroin

The dermatological manifestations of heroin addiction are related to in-
travenous and subcutaneous heroin use. Bacterial infections and abscesses
in the skin are a common finding in opiate addicts using needles in un-
hygienic conditions. Stigmata of chronic opiate use include multiple round
scars resulting from abscesses caused by subcutaneous injection, as well as
“track marks,” scars resulting from repeated IV needle injury along the



246 Handbook of the Medical Consequences of Alcohol and Drug Abuse

paths of veins. These marks are often darkened by a tattooing effect pro-
duced by the introduction of carbonized contaminants into the skin during
injection (Novick et al., 1997).

Dermatological Sequelae of Methadone

Methadone pharmacotherapy is administered orally, and thus no derma-
tological symptoms have been associated with methadone in the therapeutic
setting.

SUMMARY

Since many of the medical problems seen as a result of opiate abuse and
addiction are common with other drugs of abuse, and are clearly related to
the mechanisms of administration of the drugs and psychosocial complica-
tions, it has been largely assumed that the opiates themselves were reason-
ably medically benign. More recent studies, however, have continued to
support our findings that short-acting opiates such as heroin may directly
alter normal physiological function (and also, as seen in animal models,
molecular, neurobiological, and cellular functions) that not only lead to
problems in and of themselves, but also may predispose an individual to
some of the secondary effects of drug addiction. The most striking findings
have been studies suggesting that short-acting opiates actively alter the im-
mune response and neuroendocrine functioning, rendering opiate addicts
more susceptible to infection, hypersensitivity-like responses, and organ
damage from the deposition of immune complexes. In addition, micro-
scopic damage to tissues caused by adulterants or inert substances in the
drugs are less likely to be repaired with an altered immune response, espe-
cially when multiple daily self-administrations of the drug cause repeated
injuries to the tissues.

Recent attempts by opiate addicts to avoid the medical problems associ-
ated with needle use, likely as a result of HIV-awareness education, have led
to a recent increase in reports of medical complications associated with
other routes of opiate self-administration, particularly smoking. Reports of
heroin-associated pulmonary edema, interstitial pneumonitis, and progres-
sive leukoencephalopathy appear to be on the rise as a result of the increas-
ing popularity of smoking and intranasal use of heroin as substitutes for in-
travenous and subcutaneous needle use.

Whatever the route of administration, the harmful effects of short-acting
opiates continue to be associated with their pharmacokinetics. The “on-oft”
pattern of multiple daily intoxications and withdrawals seem to place opiate
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addicts at greater risk for medical complications. The ameliorating effects of
steady-state pharmacokinetics of the long-term opiate pharmacotherapies
such as methadone are associated with the prolongation of life and the dimi-
nution of morbidity. Methadone thus continues to be the treatment of choice
for chronic opiate addiction.
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Medical Consequences of the Use of Cocaine
and Other Stimulants

Aaron Schneir
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OVERVIEW

Once thought to be a benign, nonaddicting drug, cocaine now has well-
recognized adverse effects. These adverse effects are manifested in nearly
all organ systems of the body. It is important to realize that an organ system
breakdown in classifying the adverse effects of cocaine is artificial and that
multiple organs are often affected by similar mechanisms. In particular, the
effects of cocaine on the cardiovascular system help to explain many of the
effects on other organs throughout the body. In addition, certain adverse ef-
fects may be dependent on the route of administration, or dose of cocaine.
The adverse effects of two other stimulant drugs, methamphetamine and
phenylpropanolamine, will be summarized at the end of this chapter.

HISTORY

The history of cocaine use has been well described by a number of au-
thors (Karch, 1999; Warner, 1993). Peruvian Indians have a long history of
chewing coca leaves to achieve euphoria, combat fatigue, and increase
stamina. Sigmund Freud used cocaine and also prescribed it as treatment for
alcohol or opiate addiction. At one time, cocaine was a common ingredient
in many commercial products, including teas and patent medicines. Al-
though no longer the case, when first introduced, Coca-Cola was formu-
lated using extracts from coca leaves and actually contained a small amount
of cocaine. In the late nineteenth century, cocaine use was popular and re-
ports of addiction and adverse effects became known. The Harrison Nar-
cotic Tax Act of 1914 prohibited the importation of cocaine and coca leaves,
except for pharmaceutical purposes. This legislation helped curtail much of
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the burgeoning cocaine use. In 1970, passage of the Controlled Substances
Act prohibited the manufacture, distribution, and possession of cocaine, ex-
cept for limited medical purposes. However, within the past twenty years, the
use of cocaine has made a huge resurgence, especially with the advent of
crack cocaine. This epidemic has further revealed many adverse effects of
cocaine, yet its use remains very popular.

FORMS OF COCAINE

Many review articles describe in depth the various forms and properties
of cocaine (Boghdadi and Henning, 1997; Warner, 1993; Cregler and Mark,
1986). Cocaine is an alkaloid extracted from the leaves of the Erythroxylon
coca plant, grown predominantly in Central and South America. The two
different chemical forms in which cocaine is abused are cocaine hydrochlo-
ride and cocaine alkaloid. Cocaine hydrochloride is produced by adding hy-
drochloric acid to cocaine base. The result is a water-soluble salt that is typi-
cally insufflated, but may also be administered intravenously. Freebase and
crack cocaine are both cocaine alkaloids that are smoked, but are produced
by different techniques. Freebase is a colorless, crystalline substance that is
made by dissolving cocaine hydrochloride in water, alkalinizing the solu-
tion, and then adding ether as a solvent. Cocaine base dissolves in the ether
layer and is extracted by evaporating the ether. Many adulterants are re-
moved by this process, but the remaining flammable ether predisposes the
user to burns. Crack cocaine is made by a simpler process that allows more
adulterants to remain, but does not require the use of ether. Crack is made by
dissolving cocaine hydrochloride in water, adding baking soda, and slowly
heating it to allow the alkaloidal cocaine to precipitate. The name crack
stems from the popping sound that is made when crack is smoked (see Brick
and Erickson, 1999, for a review).

All forms of cocaine produce the desired effect of euphoria. However, the
onset and duration of effect differs between the different cocaine forms and
mode of administration. Both smoking and intravenous use of cocaine pro-
duce a rapid euphoria. Cocaine smoke is rapidly absorbed by the pulmonary
vasculature, reaching the brain in six to eight seconds and producing a eu-
phoric effect for about twenty minutes. When used intravenously cocaine
reaches the brain in about double the time of smoked cocaine. The euphoria
achieved with cocaine insufflation takes longer (three to five minutes), but
lasts one to two hours. With insufflation, cocaine causes local vasocon-
striction of the nasal mucosa which both delays and prolongs its absorption.
Coadministration of cocaine with alcohol also prolongs the euphoria since
an active metabolite named cocaethylene is produced when they are used
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together. Although this metabolite does not seem to produce a greater eu-
phoric effect, it does have a long half-life and may result in a more pro-
longed euphoria (Hart et al., 2000).

Prior to the late 1970s, cocaine hydrochloride was primarily used by
nasal insufflation. At that time, intravenous use of cocaine hydrochloride
became popular as well as smoking of freebase cocaine. Smoking of co-
caine became even more popular with the introduction of crack cocaine in
the 1980s.

PHYSIOLOGIC EFFECTS

The mechanism of action of cocaine helps to explain both the desired ef-
fects by users and also many of the adverse effects observed with use. The
effects of cocaine are mediated through both the central and peripheral ner-
vous system and have been reviewed in depth (Boghdadi and Henning,
1997; Warner, 1993).

Centrally, cocaine blocks the reuptake of the neurotransmitters dopamine
and serotonin into presynaptic neurons, which leads to their accumulation
in synaptic clefts. Dopamine and serotonin receptors are stimulated and the
desired effects of euphoria, enhanced alertness, increased energy, dimin-
ished appetite, and increased self-confidence are achieved. By suppressing
activity of two specific parts of the brain, the pontine nucleus and locus
ceruleus, cocaine also suppresses feelings of fear and panic. When used re-
petitively, however, dopamine stores become depleted, leading to the com-
pensatory increased production of dopamine receptors. It is believed that
the ensuing cocaine craving experienced by the chronic user results from
the “starvation” of these receptors for dopamine.

In the peripheral nervous system, cocaine blocks the reuptake of cate-
cholamines, specifically norepinephrine, by sympathetic nerve terminals,
leading to accumulation in the synaptic cleft. Norepinephrine acts on both
alpha- and beta-adrenergic receptors located on the heart and blood vessels.
Stimulation of alpha-adrenergic receptors leads to constriction and in some
cases spasm of blood vessels, whereas stimulation of beta-adrenergic recep-
tors on the heart leads to increased heart rate. These effects of norepinephrine
on the heart and blood vessels combined with other systemic effects are re-
ferred to as the sympathomimetic effect. The term sympathomimetic derives
from the “fight or flight” effect of the sympathetic nervous system. The re-
sulting sympathomimetic presentation may include hypertension (elevated
blood pressure), tachycardia (elevated heart rate), hyperthermia (elevated
temperature), mydriasis (dilated pupils), and diaphoresis (sweating).
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The local anesthetic effect of cocaine is also well known. In fact, cocaine
was introduced as the first local anesthetic in Vienna, Austria, in 1884. Co-
caine competitively inhibits fast sodium channels in neurons that normally
allow sodium to enter cells to initiate the propagation of neural impulses.
Blockade of these channels prevents nerve impulse formation and explains
the anesthetic effect of cocaine. This effect is still used therapeutically with
the use of topical cocaine used to provide local anesthesia to mucous
membranes and to reduce bleeding through local vasoconstriction. Sodium
channels are also located in the cells of the heart and blockage may result in
conduction delays and dysrhythmias (abnormal heart rhythms).

ADVERSE EFFECTS OF COCAINE

Cocaine is one of the most frequently abused illicit drugs and the adverse
effects of cocaine use have been well summarized (Boghdadi and Henning,
1997; Warner, 1993; Cregler, 1989; Cregler and Mark, 1986). According to
the 1997 National Household Survey on Drug Abuse (NHSDA) an esti-
mated 1.5 million Americans were current cocaine users (National Institute
on Drug Abuse, 1999). Of patients presenting to the emergency department
following cocaine use, cardiopulmonary, neurologic, and psychiatric presen-
tations have been shown to be the most common (Rich and Singer, 1991;
Brody et al., 1990). Although the overall morbidity and mortality of patients
presenting with cocaine-associated complaints appears to be low (Brody
et al., 1990), devastating effects, including death, do occur. Of New York
City residents who died between 1990 and 1992 from intentional or un-
intentional injury, evidence of recent cocaine use was found in one-fourth of
cases. Of these deaths, one-third were attributed to cocaine intoxication and
two-thirds to traumatic injury (Marzuk et al., 1995). The psychiatric adverse
effects of cocaine are likely contributory to trauma-related deaths.

Cardiovascular

The most significant adverse effects from cocaine use involve the cardio-
vascular system. In addition, many of the adverse effects in other organ sys-
tems are mediated through the effects of cocaine on the cardiovascular
system. Adverse effects include myocardial infarction, dysrhythmias, car-
diomyopathies, aortic dissection, and endocarditis.

Various pathophysiologic mechanisms help explain the adverse effect
cocaine has on the heart. Cocaine-induced ischemia of the cardiac muscle
results in the myocardial infarctions seen in cocaine users. The production
of tachycardia, hypertension, accelerated atherosclerosis of the coronary ar-
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teries, and enhanced platelet aggregation (Heesch et al., 2000) from cocaine
use, may contribute to ischemia (Pitts et al., 1997). Vasospasm of the coro-
nary arteries likely explains why, in some cases, cocaine associated myocar-
dial infarctions occur in the absence of coronary artery disease (Howard
et al., 1985; Zimmerman et al., 1987; Minor et al., 1991). Cocaine-induced
myocardial ischemia may precipitate dysrhythmias (Hollander and Hoff-
man, 1992) and in addition, the sodium-channel-blocking effect of cocaine
may also contribute to conduction disturbances and dysrhythmias (Tanen
et al., 2000). Myocardial infarctions and dysrhythmias may be one of the
major causes of sudden death related to cocaine use. Chronic myocardial
ischemia and systemic hypertension from cocaine may also explain the re-
ported cases of cardiomyopathy (Weiner et al., 1986). The acute hyperten-
sion seen with cocaine use has also been implicated in the development of
aortic dissections (Fisher and Holroyd, 1992; Chang and Rossi, 1995). The
higher than expected incidence of endocarditis from intravenous cocaine
administration suggests that by an as yet unknown mechanism, cocaine in-
creases the likelihood of this potentially devastating condition (Chambers
et al., 1987).

Many of the most serious cardiovascular complications seem to be rare,
considering the relatively common use of cocaine. However, these adverse
effects occur with use of cocaine, can be life-threatening, and must be taken
seriously. For example, the presence of cocaine-associated chest pain in an
otherwise healthy young patient should be taken very seriously by the treat-
ing physician.

Neurologic

The adverse effects of cocaine on the neurologic system include all forms
of stroke, convulsions, headache, and movement disorders. A retrospective
study conducted by researchers at San Francisco General Hospital detailed
that convulsions and focal neurological symptoms and signs were the two
major presenting acute neurological complications of cocaine use (Lowen-
stein et al., 1987). Many of these complications can be severe and result in
long-term morbidity and death.

A particularly devastating neurologic effect of cocaine use is stroke.
Cocaine-related strokes have mostly been reported in patients younger than
fifty, an age group that otherwise has a very low incidence of strokes. All
types of strokes including subarachnoid hemorrhage, intracerebral hemor-
rhage, and ischemic infarcts have been reported from cocaine use. In addi-
tion, all major vascular territories of the brain have been involved and all
routes of cocaine administration have been implicated (Rowbotham and



262 Handbook of the Medical Consequences of Alcohol and Drug Abuse

Lowenstein, 1990). Various etiologies have been postulated. The pharmaco-
logic effect of cocaine to acutely increase blood pressure seems especially
likely as an etiology resulting in hemorrhage. The rapid increase in blood
pressure may rupture both normal and preexisting abnormal cerebrovas-
culature (Lichtenfeld et al., 1984; Aggarwal et al., 1996; Wojak and Flamm,
1987; Nolte et al., 1996). Vasospasm, platelet aggregation, and vasculitis
may also be contributory to both ischemic and hemorrhagic infarctions
(Daras, Tuchman, et al., 1994; Fredericks et al., 1991).

Generalized convulsions are another adverse effect associated with co-
caine use (Myers and Earnest, 1984). The local anesthetic effect of cocaine
seems a likely etiology and unlike many other adverse effects of cocaine,
convulsions appear to be dose related (Rowbotham and Lowenstein, 1990).

Various movement disorders have been associated with cocaine use. The
association of choreiform movements with crack cocaine use led to the term
“crack dancing” (Daras, Koppel, et al., 1994). Cocaine use may worsen pre-
existing movement disorders (Daniels et al., 1996), increase the risk of
acute dystonic reactions in patients taking dopamine-blocking agents, and
occasionally induce an acute dystonic reaction without other contributing
factors (Catalano et al., 1997; Farrel and Diehl, 1991). The mechanism by
which cocaine induces these effects remains unclear but is thought to be re-
lated to dopamine dysregulation (Catalano et al., 1997).

Pulmonary

Pulmonary symptoms are a common presenting complaint of cocaine us-
ers and a wide variety of adverse pulmonary effects of cocaine use have
been reported. In contrast to the adverse effects on many other organs, the
route of cocaine administration seems particularly important in producing
pulmonary problems. The vast majority of adverse effects reported result
from smoking cocaine either as freebase or crack (Perper and Van Thiel,
1992). Adverse effects range from acute respiratory irritation to asthma ex-
acerbation, pulmonary edema, eosinophilic lung disease, granulomatous
lung disease, barotrauma, pulmonary hypertension, and possibly a persis-
tent gas-exchange abnormality.

Cough, hemoptysis, and shortness of breath are common acute respira-
tory symptoms after smoking cocaine. Often these symptoms are not the re-
sult of significant pulmonary damage and are likely from the local irritant
effect of cocaine (Perper and Van Thiel, 1992). However, this irritant effect
of cocaine has also been implicated in causing more serious pathology. Se-
vere asthma exacerbations have been associated with cocaine smoking
(Rebhun, 1988; Rome et al., 2000), and some evidence indicates the in-
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creasing incidence of death from asthma may, in part, be related to cocaine
use (Levenson et al., 1996). The fact that inhaled but not intravenous co-
caine administration induces bronchoconstriction supports a local irritant
effect (Tashkin et al., 1996). The irritant effect has also been implicated in
the hypersensitivity-related eosinophilic lung disorder referred to as “crack
lung,” which involves diffuse alveolar infiltrates associated with fever and
eosinophilia (Forrester et al., 1990; Kissner et al., 1987). The presence of
cutting agents in cocaine may also cause irritation to the lungs and result in
granulomatous lung disease. Both cellulose and talc granulomas in the lung
have resulted from nasal insufflation of cocaine (Cooper et al.,1983; Oubeid
et al., 1990).

Pulmonary barotrauma including pneumediastinum (Morris and Schuck,
1985), pneumothorax (Chan et al., 1997; Shesser et al., 1981), and pneumo-
pericardium (Adrouny and Magnusson, 1985), have all been reported in as-
sociation with cocaine inhalation. Pneumomediastinum has also been re-
ported with cocaine insufflation (Shesser et al., 1981). Prolonged and
repeated Valsalva maneuvers performed by individuals attempting to heighten
the effect of the drug are thought to induce alveolar rupture. The escaped air
then can induce a pneumothorax or move to the mediastinum or, rarely, the
pericardium. The fact that similar barotrauma has been reported with the use
of other drugs suggests that the etiology is not the result of an intrinsic prop-
erty of cocaine (Miller et al., 1972).

Much still remains to be learned about the effect of cocaine on the lungs.
The etiology of noncardiogenic pulmonary edema seen in association with
cocaine use is unknown. The majority of cases have occurred from smoking
cocaine (Cucco et al., 1987; Hoffman and Goodman, 1989), but one report
exists of fatal pulmonary edema from intravenous administration of “free-
base” cocaine (Allred and Ewer, 1981). Cocaine may alter pulmonary diffu-
sion capacity but studies are conflicting (Tashkin et al., 1997; Susskind
et al., 1991). Cocaine has also been shown to decrease the effectiveness of
alveolar macrophages, but the clinical significance of this has yet to be de-
termined (Baldwin et al., 1997).

Psychiatric

Various psychiatric problems occur with cocaine use. Exactly what ef-
fect is observed depends on whether a patient is acutely intoxicated, in a
state of withdrawal, or suffering chronic effects from the drug. The exact
mechanisms by which cocaine produces such effects are unclear.

Cocaine intoxication may be complicated by poor judgment, delirium,
and, in severe cases, psychosis. Psychosis from cocaine use may occur both
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with acute intoxication with high doses and also more insidiously with
chronic use. Psychosis with acute intoxication has been noted to often be as-
sociated with violent behavior (Manschreck et al., 1988). Cocaine use in
individuals with a predisposition for or preexisting psychiatric illness may
certainly make an accurate diagnosis difficult (Mendoza et al., 1992).

Long thought not to occur, a tri-phasic abstinence syndrome observed in
outpatients following chronic cocaine abuse has been described. Phase one
of the withdrawal involves the “crash” of mood and energy following co-
caine binge cessation. It is marked by dysphoria, anxiety, depression, and
profound exhaustion, and may last for days. Cocaine craving is also typical.
The crash is thought to reflect acute neurotransmitter depletion caused by
cocaine. Following the crash, phase two, or cocaine withdrawal ensues. In
contrast to the withdrawal associated with many other abused drugs, with
cocaine there are no gross physiological alterations. However, significant
dysphoria, anhedonia, and amotivation are noted. Memories of cocaine eu-
phoria may prompt the individual to reuse cocaine. Finally, phase three (ex-
tinction) occurs, which may last years, in which anhedonia and further crav-
ing may prompt reuse (Gawin and Kleber, 1986). It must be noted that
additional inpatient studies on cocaine withdrawal did not reveal distinct
phases, but a gradually resolving dysphoria. It is currently thought that the
characteristics of withdrawal differ from an outpatient to inpatient setting
and may rest with the presence or absence of triggering cues which can
prompt cravings (Weddington, 1993; Withers et al., 1995).

Genitourinary

Adverse effects of cocaine use on the genitourinary system are signifi-
cant. Adverse effects include acute renal failure, renal infarction, and pro-
gression of chronic renal failure. In addition, various sexual dysfunctions
have been described.

Cocaine-induced rhabdomyolysis (muscle breakdown) is well docu-
mented and may lead to acute renal failure (Welch et al., 1991; Roth et al.,
1988; Herzlich et al., 1988; Merigram and Roberts, 1987). The mechanism
by which cocaine induces rhabdomyolysis is unclear and may be multi-
factorial. Although often associated with convulsions and hyperthermia,
rhabdomyolysis associated with cocaine use has been documented without
either of these conditions being present (Welch et al., 1991; Roth et al.,
1988). A direct toxic effect of cocaine on skeletal muscle, increased muscu-
lar activity, and cocaine-induced vasospasm with resultant ischemia have all
been suggested mechanisms (Richards, 2000). It is thought that renal dam-
age occurs from the toxic effect of myoglobin on the renal tubules (Rich-
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ards, 2000). Acute renal failure may also be the result of the severe hyper-
tension precipitated by cocaine use (Thakur et al., 1996). Hypertension
from cocaine use may also accelerate the progression of chronic renal fail-
ure (Dunea et al., 1995). It is not surprising that reports of renal infarction
exist with cocaine use (Wohlman, 1987; Goodman and Rennie, 1995), with
the pathophysiology likely similar to that associated with myocardial in-
farction involving accelerated atherosclerosis, vasospasm, and enhanced
platelet aggregation (Nzerue et al., 2000).

At low doses, cocaine can delay ejaculation and orgasm, which com-
bined with its euphoric effects may be used to heighten the sexual experi-
ence (Smith et al., 1984). However, chronic cocaine use has been associated
with sexual dysfunction. Male users have difficulty maintaining erection
and ejaculating (Cregler, 1989). In addition, cocaine use has been associated
with priapism (Altman et al., 1999). The mechanisms responsible for sexual
dysfunction and priapism remain unclear.

Gastrointestinal

Compared with the effect of cocaine use on other organ systems, there
are relatively few reported adverse effects on the gastrointestinal tract
(Hoang et al., 1998). However, serious adverse effects of cocaine on the gas-
trointestinal tract have been observed, and include intestinal ischemia, in-
testinal infarction, and ulcer perforation. A particular problem with cocaine,
related to the gastrointestinal tract, is the ingestion of cocaine in an effort to
either hide evidence (“body stuffers”) or transport large amounts of it
(“body packers”) (Hollander and Hoffman, 1998).

The occurrence of intestinal ischemia from cocaine use has been well
documented and has occurred from all routes of exposure, including insuf-
flation, intravenous injection, smoking, and ingestion (Herrine et al., 1998;
Myers et al., 1996; Hon et al., 1990; Nalbandian et al., 1985). Ischemia in
both the large and small intestine has been reported and has progressed to
infarction and death in some cases (Hoang et al., 1998). In many of the re-
ported cases, the intestinal vasculature was normal on examination, sug-
gesting vasospasm as the etiology of ischemia and infarction (Herrine et al.,
1998; Mustard et al., 1992; Freudenberger et al., 1990). In some cases, how-
ever, abnormalities have been documented in the arteries. Damage to small
caliber arterioles has been observed, suggesting that the cocaine may have
caused endothelial damage (Garfia et al., 1990). Thrombosis in the major
mesenteric arteries has also been demonstrated angiographically (Myers
etal., 1996). In some cases of gastrointestinal infarction, perforation of the
gastrointestinal tract has occurred (Brown et al., 1994). Perforations of



266 Handbook of the Medical Consequences of Alcohol and Drug Abuse

gastric and duodenal ulcers are also known to occur in temporal relation to
crack use (Sharma et al., 1997; Lee et al., 1990; Feliciano et al., 1999). The
mechanism for this remains unknown but may also be related to the
vasoconstrictive effect of cocaine on the stomach and duodenum (Sharma
et al., 1997; Feliciano et al., 1999).

A particular problem frequently encountered is the individual who has
swallowed large amounts of cocaine. This may have been done in an attempt
to conceal evidence during imminent arrest, or as a means of concealment
for drug smuggling (Caruana et al., 1984). When done for drug smuggling
the cocaine is often packaged in balloons or condoms (Suarez et al., 1977).
Although many people pass the packets uneventfully, rupture of one or more
of the packets has caused convulsions and death (Suarez et al., 1977;
Fishbain and Wetli, 1981).

Liver

Liver damage is a relatively uncommon reported adverse effect associ-
ated with cocaine use (Mallat and Dhumeaux, 1991). However, liver dam-
age, and in some cases liver failure, have been reported (Perino et al., 1987,
Wanless et al., 1990; Silva et al., 1991; Kanel et al., 1990). In addition, the
lifestyle of cocaine users and the intravenous route of cocaine administra-
tion may predispose users to various viral causes of hepatitis (Van Thiel and
Perper, 1992).

The mechanism for cocaine-induced liver damage is probably multi-
factorial (Mallat and Dhumeaux, 1991) and liver damage often occurs in the
setting of cocaine-induced hyperthermia and shock, which are known causes
of liver injury (Silva et al., 1991). Furthermore, the metabolism of cocaine
may lead to toxic metabolites which may be directly injurious to liver cells.
The majority of cocaine is metabolized in the blood by pseudocholin-
esterase and in the liver by hepatic esterase to nontoxic metabolites. Within
the liver, the cytochrome P450 system metabolizes the remaining cocaine
(Van Thiel and Perper, 1992) through a minor pathway which produces me-
tabolites such as norcocaine nitroxide, a free radical that may initiate liver
damage (Ndikum-Moffor et al., 1998; Kloss et al., 1984).

Pancreas

One study from Brazil associated chronic cocaine smoking with the de-
velopment of pancreatic adenocarcinoma. Further study is required to con-
firm this association (Duarte et al., 1999).
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Head and Neck, Nose and Throat

Head and neck complications from cocaine use are intimately related to
the route of drug administration. Adverse effects include chronic rhinitis,
nasal septal perforations, destructive facial processes, sinusitis, dental ero-
sions, and thermal injuries.

Chronic nasal insufflation of cocaine may lead to various local effects to
the nares. Rebound hyperemia after drug discontinuation may lead to a con-
dition of chronic rhinitis similar to rhinitis medicamentosa (Schwartz et al.,
1989). Nasal septal perforation is a well-known adverse effect of chronic
cocaine insufflation that in some cases has progressed to nasal cartilage col-
lapse and saddle-nose deformity (Deutsch and Millard, 1989; Vilensky,
1982). An even more devastating condition is an aggressive destructive fa-
cial process that may simulate Wegener’s granulomatosis, neoplasms, or
chronic infections (Carter and Grossman, 2000; Sittel and Eckel, 1998;
Dagget et al., 1990). A similar condition resulted when an individual was
assaulted and had crack cocaine forcibly impacted in the nostrils (Tierney
and Stadelmann, 1999). Nasal septal perforation and the more devastating
conditions associated with chronic nasal insufflation all involve the progres-
sive destruction of tissue. This is likely the result of a combination of
chronic cocaine-induced vasoconstriction, irritation, and local trauma from
nasal picking. Irritation from adulterants in the insufflated cocaine may also
be contributory (Carter and Grossman, 2000; Dagget et al., 1990). Insuf-
flation has also been associated with bacterial sinusitis, including an un-
usual case in which the causative organism was Clostridium botulinum
(Kudrow et al., 1988).

Dental erosions have been reported with insufflation and with an abuser
who applied cocaine topically (Krutchkoff et al., 1990). Rapid gingival re-
cession has also been reported in an individual who regularly applied co-
caine to his gums (Kapila and Kashani, 1997).

Thermal injuries from smoking both freebase and crack have resulted in
burns to the upper respiratory tract and esophagus (Meleca et al., 1997).
Both the hot cocaine vapors and metal from the pipes used to smoke the co-
caine have been implicated. One of the potentially life-threatening thermal
injuries described is epiglottitis (Mayo-Smith and Spinale, 1997; Savitt and
Colagiovanni, 1991). In one case, passive inhalation of crack smoke in a
child was implicated in thermal epiglottitis (Karasch et al., 1990). Hot co-
caine vapor has also caused loss of eyelash and eyebrow hair (Tames and
Goldenring, 1986).
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Ocular

Relatively few adverse effects of cocaine use on the eyes have been
reported. The adverse effects include corneal epithelial defects, preseptal
cellulitis, optic neuropathy, precipitation of acute angle-closure glaucoma,
opsoclonus, and impaired color vision.

Corneal epithelial defects resulting from crack smoking have led to the
term “crack eye” (McHenry et al., 1989). Multiple mechanisms postulated
include a direct toxic effect of the cocaine alkaloid and a local anesthetic
effect that disrupts normal blink mechanisms and causes an exposure ker-
atopathy (Sachs et al., 1993). In some cases, the injuries led to a secondary
bacterial infection (Zagelbaum et al., 1991). Another infection, preseptal
cellulitis, has been reported in the setting of cocaine-induced bony orbit de-
struction (Underdahl and Chiou, 1998). The ability of chronic cocaine use
to cause an osteolytic sinusitis leading to bilateral optic neuropathy has also
been reported (Newman et al., 1988).

Nasal insufflation of cocaine has precipitated narrow angle-closure glau-
coma. It is thought that cocaine may reach the eye by retrograde delivery via
the nasolacrimal system or by inadvertent rubbing of the eye. The mydriatic
(pupil-dilating) effect of cocaine appears to be a precipitating factor (Mitch-
ell and Schwartz, 1996; Hari et al., 1999).

Opsoclonus, an abnormal movement disorder of the eye that involves
rapid, irregular, nonrhythmic movements in horizontal and vertical direc-
tions, has been reported with cocaine use. The mechanism is unclear (EI-
kardoudi-Pijnenburg and Van Vliet, 1996). Studies have also shown im-
paired color vision in patients recovering from cocaine use. It is postulated
that cocaine interferes with the retinal dopamine system, which affects reti-
nal neurotransmission (Desai et al., 1997).

Pregnancy

Cocaine use during pregnancy is associated with various adverse effects
both to the mother and fetus including an increased incidence of placental
abruption, prematurity, intrauterine growth retardation, and microcephaly
(small brain size). Various neurologic, cardiac, ophthalmic, and gastrointes-
tinal defects have occurred in children who were exposed in utero to cocaine
(Plessinger and Woods, 1998). A detailed review of the effects of cocaine on
the fetus appears in Chapter 9.
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OTHER STIMULANTS

Methamphetamine

Amphetamine was first synthesized in 1887 and introduced in the 1930s
in the form of inhalers for treating rhinitis and asthma. Amphetamines and
amphetamine derivatives are still prescribed for the treatment of attention
deficit disorder and for the treatment of narcolepsy. Multiple drugs, both
legal and illegal, have been synthesized by various modifications to the
structure of amphetamine. Therapeutic medications include phenylpropan-
olamine and ephedrine. Illicit drugs include methamphetamine and the “de-
signer” drug, Ecstasy (3,4-methylenedioxymethamphetamine), also known
as MDMA (Derlet and Heischober, 1990).

Both amphetamine and methamphetamine have become common drugs
of abuse. Methamphetamine differs from amphetamine by the presence of a
methyl group on the amine portion of the molecule, which affords improved
central nervous system penetration. Amphetamines are abused by various
routes of administration including intravenous, oral, insufflation, and inha-
lation (Albertson et al., 1999). Amphetamine and methamphetamine exert
their clinical effects primarily by releasing the catecholamines dopamine
and norepinephrine from presynaptic nerve terminals. The resulting clinical
effects are very similar to cocaine with a few notable exceptions. The dura-
tion of effect of amphetamines is up to twenty-four hours, which is much
longer than cocaine. In addition, amphetamines lack the sodium-channel-
blocking effect of cocaine and therefore may be less likely to precipitate
cardiac dysrhythmias (Chiang, 1991).

As predicted by the very similar mechanism of action and physiological
response with cocaine, many of the reported associated adverse effects with
amphetamines are also similar (Albertson et al., 1999). Associated cardio-
vascular adverse effects include hypertension, tachycardia, myocardial in-
farction (Bashour, 1994; Packe et al., 1990), cardiomyopathy (Hong et al.,
1991), and aortic dissection (Davis and Swalwell, 1994). Central nervous
system effects include intracerebral hemorrhages (Imanse and Vanneste,
1990), intracerebral ischemic strokes (Rothrock et al., 1988), seizures, psy-
chosis, and choreoathetoid movements (Lundh and Tunving, 1981). Ische-
mic colitis (Johnson and Berenson, 1991), rhabdomyolysis (Richards et al.,
1999), hepatotoxicity (Jones et al., 1994), and various fetal anomalies
(Plessinger, 1998) have also been reported. The medical literature detailing
the associated adverse effects of cocaine use is much more extensive than
the literature detailing amphetamine use. Only time and, unfortunately, con-
tinued abuse of amphetamines, will reveal if this is truly the case.
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Phenylpropanolamine

Phenylpropanolamine is a synthetic stimulant that has a very similar
structure to amphetamine. Until recently it was present in a multitude of
both over-the-counter and prescription-only cold preparations, as well as
weight loss formulations (Pentel, 1984). Adverse effects associated with its
use, misuse, and intentional overdose have been known for many years,
leading many to recommend removing it from the market. In 2000, the FDA
began taking steps to remove phenylpropanolamine from all drug products
and requested that all drug companies discontinue marketing products con-
taining the drug (FDA Talk Paper, 2000).

The major adverse effects associated with phenylpropanolamine are neu-
rologic, particularly hemorrhagic, strokes that have been lethal (Forman
et al., 1989; Lake et al., 1990; Glick et al., 1987). Less commonly reported
adverse effects include hypertension (Lake et al., 1988), myocardial infarc-
tion (Leo et al., 1996; Oosterbaan and Burns, 2000), dysrhythmias (Conway
etal., 1989), ischemic bowel (Johnson et al., 1985), seizures, and psychosis
(Marshall and Douglas, 1994). Most of the adverse effects are explained by
the pharmacologic action of phenylpropanolamine. Phenylpropanolamine
primarily works as a direct alpha-one agonist causing constriction of arteri-
oles. Through this mechanism the commonly desired therapeutic effect of
nasal decongestion is achieved. With slightly higher than therapeutic doses,
however, the alpha-one agonism can cause potentially severe hypertension
which may require treatment and lead to lethal complications such as hem-
orrhagic stroke (Pentel, 1984).

Summary

Cocaine use is fairly common in the United States and is associated with
a variety of serious adverse effects. Many of these effects seem to occur by
means of the physiological effects of cocaine on the cardiovascular system.
Methamphetamine is becoming a more popular drug of abuse whose mech-
anism of action and adverse effects are very similar to those of cocaine.
Phenylpropanolamine is an amphetamine derivative that until recently was
found in numerous over-the-counter and prescription medications. Recent
recognition that the drug is associated with severe neurological effects led to
recommendations that its use be limited.
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Chapter 9

The Medical and Developmental
Consequences of Prenatal Drug Exposure

Karen K. Howell
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Julie Kable

OVERVIEW

This chapter addresses the medical and developmental consequences of
prenatal exposure to commonly used drugs during pregnancy, such as nico-
tine, cocaine, and marijuana. The impact of opiate use during pregnancy is
also discussed. Both the direct impact of the teratogenic agent as well as so-
cial and environmental factors which influence the expression of these
agents are presented. When available, the effects of these substances on the
growth, cognition, behavior, and social-emotional development of the pre-
natally exposed child are addressed.

PRINCIPLES OF TERATOLOGY
AND BEHAVIORAL TERATOLOGY

The concepts of teratogen exposure and the factors that influence the ex-
pression of the teratogen on offspring are important variables in any discus-
sion of the medical and developmental consequences of prenatal drug expo-
sure. A teratogen is defined as a substance that causes fetal malformations.
The teratogenic theory on the effects of prenatal exposure to drugs explains
negative consequences of prenatal exposure in terms of direct damage to the
fetus caused by exposure during gestation (Coles, 1995). The general prin-
ciples and mechanisms of teratogenic response were outlined by Wilson
(1977), who described six generalizations. These generalizations or princi-
ples outline important concepts regarding prenatal exposure to potential
teratogens, such as the interaction between the genotype of the fetus and en-
vironmental factors; the issue of critical periods for exposure and its expres-
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sion; the specificity of teratogenic agents; the final manifestations of tera-
togenic response; the access and nature of the teratogenic agent; and the
dose-response relationship of teratogenic agents (Wilson, 1977). More re-
cently, a parallel set of generalizations has been posited for behavioral
teratogenic responses, or the postnatal effects on behavior of prenatal expo-
sure to teratogenic agents such as drugs (Vorhees, 1986).

MATERNAL SUBSTANCE USE
AND DEVELOPMENTAL IMPACT: TOBACCO

Epidemiology of Tobacco Use in Pregnancy

According to the latest estimates, approximately 27 to 33 percent of
women of childbearing age are smokers (Cnattingus, 1989; Ebrahim et al.,
2000; Fingerhut et al., 1990; Williamson et al., 1989). Although increasing
pressure is being placed on those who smoke to cease during pregnancy, the
majority of expecting mothers fail to do so. The Centers for Disease Control
(CDC) reports that 20 to 25 percent of expectant mothers continue their to-
bacco use during gestation (Ebrahim et al., 2000). In the National Health In-
terview Survey, only 27 percent of women were able to immediately quit
use when told that they were pregnant and an additional 12 percent were
able to quit by the third trimester of pregnancy (Fingerhut et al., 1990).

Growth Effects

Tobacco use by pregnant women raises concerns about potential terato-
genic effects. Nicotine and its by-product, cotinine, are found in fetal serum
and amniotic fluid at 15 percent higher concentrations than in maternal
blood and last for 15 to 20 hours (Slotkin, 1998). Large amounts of nicotine
and cotinine can be ingested by nursing infants of women who smoke
(Polifka, 1998). It has been well documented for many years that tobacco
exposure affects fetal growth even after controlling for pertinent demo-
graphic and confounding variables (Abel, 1984; Werler et al., 1985). The
earliest reported study on human infants who were prenatally exposed to
tobacco smoke was done by Simpson (1957). She found that the incidence
of low birth weight (<2,599 grams) among infants whose mothers smoked
was twice as high as the incidence rate among mothers who did not smoke.
The incidence of low birth weight in this study was dose related to the quan-
tity of cigarettes smoked per day. Numerous studies have subsequently in-
vestigated the relationship between cigarette smoking and birth weight. In
reviews of the effects of maternal smoking during pregnancy, the authors
agree that there is overwhelming evidence to support the original finding
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that low birth weight is associated with maternal cigarette smoking (Abel,
1984; Landesman-Dwyer and Emanuel, 1979; Werler et al., 1985; Witter
and King, 1980). In addition, this dose-response relationship is found when
controlling for such factors as age, parity, maternal weight gain, pre-
pregnancy weight/height ratio, gestational age, socioeconomic status, and
race (Abel, 1984; Werler et al., 1985). The risk of having a small-for-gesta-
tional-age (SGA) infant is two to four times higher for smokers, with smok-
ers’ neonates weighing an average of 200 grams to 300 grams less than non-
smokers’ infants (Kearney, 1999). This effect was not found, however,
among smokers who quit during their pregnancy. Hebel et al. (1988) re-
ported no effect on birth weight among women who quit before week 30 of
gestation. Rantakallio (1978) also reported no differences in birth weight
between infants whose mothers quit smoking by the third trimester and in-
fants whose mothers did not smoke during pregnancy.

Additional physiological variables that have been linked to tobacco
smoke exposure after controlling for pertinent demographic and confound-
ing variables include decreased gestational length (Landesman-Dwyer and
Emanuel, 1979), increased risk of spontaneous abortion (Himmelberger
etal., 1978; Kline et al., 1983), and sudden infant death syndrome (Haglund
and Cnattingus, 1990). Among the long-term physiological effects of ma-
ternal smoking, increased incidence rates of bronchitis and pneumonia have
been found (Colley et al., 1974; Harlap and Davies, 1974). Increased inci-
dences of asthma (Kershaw, 1987) and increased severity of asthmatic
symptoms (Evans et al., 1987) have also been associated with maternal
smoking.

Cognitive Effects

Evidence for a general cognitive deficit during infancy and early child-
hood in children borne by mothers who smoked during pregnancy is mixed.
General cognitive deficits have been found in some studies (e.g., Fried and
Watkinson, 1990; Sexton et al., 1990) but not in others (e.g., Makin et al.,
1991; Streissguth et al., 1989). Deficits in learning and achievement have
also been posited as being associated with maternal smoking. Data from the
National Collaborative Perinatal Project (NCPP) have shown that children
of smokers have deficiencies in achievement, particularly in the areas of
reading and spelling (Hardy and Mellits, 1972; Naeye and Peters, 1984). No
difference in achievement has been found in other studies comparing chil-
dren of smokers and nonsmokers (Fergusson and Lloyd, 1991; Makin et al.,
1991).
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Language Effects

Investigations into verbal ability among children of smokers have yielded
mixed results as well. Fried and Watkinson (1990) found a difference be-
tween the receptive verbal abilities of children of smokers and nonsmokers,
although not the expressive abilities of these two groups. This finding was
later replicated, with a significant difference between the receptive lan-
guage skills of children who were prenatally exposed to nicotine and chil-
dren who were not (Makin et al., 1991). Although deficits in verbal process-
ing have been found, these skills are known to be highly correlated with
general cognitive ability. As such, it is difficult to determine the relative
contribution of a general cognitive deficit from a specific deficit in verbal
processing.

Auditory Processing Effects

Although there are few studies in this area, the evidence for a negative
impact on the early auditory development of the children of women who
smoked during pregnancy has been more consistent than that for most other
outcomes (Fried, 1998). Poorer auditory habituation on standardized infant
assessments has been found repeatedly (Fried and Makin, 1987; Jacobson
et al., 1985; Picone et al., 1982; Saxton, 1978). In polygraphic studies of
sleep, Franco and colleagues (1999) reported that infants of smokers, both
newborns and 12-week-olds, showed decreased arousal to auditory stimuli
compared to infants of nonsmokers. The evidence in older infants and chil-
dren is more limited but consistent (e.g., Fried and Watkinson, 1988;
Kristjansson et al., 1989). These findings suggest that an underlying audi-
tory processing deficit is associated with prenatal exposure to tobacco
smoke that manifests in delays in early language development and later
reading and academic skills.

Attention and/or Activity Level Effects

The role which early tobacco exposure plays in producing attentional
deficiencies has been explored by a number of researchers. Results of these
studies suggest that children who were exposed to tobacco during early de-
velopment may have subtle deficits in their ability to control and regulate
their behavior to meet environmental demands. Naeye and Peters (1984) ex-
amined behavioral ratings of children whose mothers smoked during preg-
nancy and found that these children were rated as having lower attention
spans and greater motor activity. Streissguth et al. (1984) found that mater-
nal cigarette use was significantly related to poorer attention and orientation
to a vigilance task in children. Kristjansson et al. (1989) also found deficits
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in auditory and visual vigilance and greater levels of motor activity among
children of smokers.

More recently, a growing number of studies have reported associations
between maternal smoking during pregnancy and externalizing behavioral
problems during childhood and adolescence (Fergusson et al., 1993; Fer-
gusson et al., 1998; Wakschlag et al., 1997; Weitzman et al., 1992). It re-
mains to be seen whether this possible causal relationship may be the result
of uncontrolled confounding variables.

Social and Environmental Considerations

Some evidence suggests that the relationship between early tobacco
smoke exposure and behavioral outcomes may be the consequence of a dif-
ferent psychosocial environment created by a parent who chooses to smoke.
Differences have been found in the manner in which parents who smoke re-
late to their children when compared to parents who do not smoke. Fried
and Watkinson (1988) found that nicotine use was negatively related to ma-
ternal involvement with the child, opportunities for variety in daily routines,
emotional/verbal responsivity to the mother, avoidance of restriction and
punishment, organization of the physical and temporal environment, and
provision of appropriate play materials. Furthermore, researchers have hy-
pothesized that important personality characteristics, behaviors, and life-
style variables differentiate smokers and nonsmokers. Smokers differ from
nonsmokers on measures of anxiety, extroversion, nurturance, and defer-
ence. They report more symptoms of psychopathology, have more hospital-
izations, lower status occupations, and more job changes than nonsmokers
(Eysenck, 1980, 1991; Krogh, 1991; McManus and Weeks, 1982; Schnei-
der and Houston, 1970; Matarazzo and Saslow, 1960; Eysenck et al., 1960;
Lilienfeld, 1959). It remains to be seen whether any of these characteristics
that exist between smokers and nonsmokers may be capable of mediating
the relationship found between tobacco smoke exposure and teratogenic
outcome variables.

Summary

No consistent evidence among available studies indicates that smoking
during pregnancy is associated with major structural anomalies. Clear asso-
ciations exist between prenatal cigarette smoking and low birth weight,
perinatal death, alterations in fetal cardiorespiratory status, problems with
long-term growth, and sudden infant death syndrome (Behnke and Eyler,
1993).
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ILLICIT DRUG USE: COCAINE

Epidemiology of Cocaine Use in Pregnancy

Although the epidemic of cocaine and crack use that began in the 1980s
has waned, the problem of prenatal exposure to cocaine persists. According
to the National Institute on Drug Abuse (NIDA, 1996), approximately 2.3
percent of women of childbearing age have used cocaine in the past year and
many of these women continue to use when pregnant. This figure may be
higher in certain population subgroups and lower in others. In 1994, using
blood drawn from a cohort of neonates, about 0.1 percent of all births were
reported to have been exposed to cocaine (Brantley et al., 1996), with a
higher incidence among older women, those delivering without prenatal
care, and inner-city populations. Most women reporting cocaine use also
used tobacco, alcohol, and cocaine, and some combined the use of cocaine
or crack with heroin (Day et al., 1993).

Because of concerns raised during the “crack baby” period (Coles,
1993), extensive examination occurred of the teratogenic potential of this
drug in both animal models and clinical studies. Although in 1993 one could
conclude that inadequate data existed to support conclusions about the ef-
fects of this drug (e.g., Coles and Platzman, 1993), during the latter half of
the 1990s many studies were published that provide considerable under-
standing of this area, at least during infancy and the preschool period (see
Eyler and Behnke, 1999; Tronick and Beeghly, 1999, for reviews).

Growth Effects

Cocaine exposure has been associated with lower gestational age and re-
duced growth parameters at birth in a number of studies (Chouteau et al.,
1988; Kliegman et al., 1994). Because cocaine users have many other char-
acteristics that may be associated with such outcomes, interpretation of
these effects can be difficult (Holtzman and Paneth, 1994). However,
Kliegman and colleagues (1994) found that cocaine exposure was associ-
ated with preterm birth as well as lower birth weight even when associated
factors were controlled for statistically. Richardson et al. (1999) controlled
for the effects of prenatal care by comparing the effects of cocaine use for
both those who had prenatal care and those who did not. They found that co-
caine had a significant impact on both gestational age and birth weight in
each group even when the effects of alcohol, marijuana, and tobacco were
controlled. Even when growth effects are observed, interpreting the rela-
tionship may not be straightforward. While examining the relationship
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between gestational age and cocaine exposure in neonates, Brown and
colleagues (1998) found that lower birth weight was characteristic only of
full-term cocaine-exposed infants, suggesting that such effects occurred in
the third trimester. In contrast, Richardson and colleagues (1999) found that
growth effects in their sample were attributable to exposure during the first
and second trimesters. Finally, even when statistically significant effects are
found during the neonatal period, cocaine-exposed children do not have
“clinically significant” growth failure and often appear to have a postnatal
“catch-up” in growth. For instance, while comparing preterm and full-term
cocaine-exposed infants to socioeconomic status (SES)-matched contrast
groups, Coles and colleagues (2000) found that growth differences could no
longer be observed by eight weeks of age and there were no differences in
growth rate over 24 months for weight, length, or ponderal index.

Motor Development

Early studies of cocaine effects identified reflexive behavior and motor
development as areas of concern. Schneider and Chasnoff (1992) compared
30 full-term four-month-old infants exposed to cocaine (and other drugs) to
50 unexposed infants using the Movement Assessment of Infants (MAI).
Exposed infants were found to have higher risk scores on motor tone, primi-
tive reflexes, and volitional movements. Swanson and colleagues (1999)
found poorer mean scores on the volitional movements subscale of the MAI
as well as the total risk score among four-month-old exposed infants com-
pared to controls. Fetters and Tronick (1996) followed 28 cocaine-exposed
and 22 control infants to 15 months and found a negative drug effect on mo-
tor performance at this age. The authors note, however, that both cocaine-
exposed and contrast groups of children performed more poorly than would
be expected from the age norms.

Arendt and his colleagues (1999) used the Psychomotor Index of the
Bayley Scales of Infant Development (BSID) (Bayley, 1993) and the MAI
as well as other measures of sensorimotor development in a sample of inner-
city children exposed to cocaine. They found small but significant effects of
cocaine and other drug exposure on a variety of motor indicators both early
in infancy and at 12 months. At 24 months, children from this sample were
reassessed using the Peabody Developmental Motor Scales with the co-
caine-exposed group performing significantly lower on both fine and gross
motor development indices. The effects appeared to be more significant in
the fine motor rather than the gross motor area.

Later in infancy (e.g., Chasnoff et al., 1992; Jacobson et al., 1996) motor
differences are not described by most investigators. This discrepancy may
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be the result of differences in the measurement tools used. Those studies re-
porting effects often used the MAI, while those that did not used the BSID.
As more longitudinal data is published, it will be possible to evaluate the im-
plications of observed differences in motor function for later development.

Behavioral Effects

Initially, severe consequences were anticipated in this area of develop-
ment (Coles, 1993), although the evidence to support such effects was not
strong. Studies of newborns provided conflicting information about the
immediate impact of maternal cocaine use during gestation. In a meta-
analysis, Held and colleagues (1999) critically reviewed Brazelton Neuro-
behavioral Assessment Scale (BNBAS) studies of infants (Brazelton,
1984). It was concluded that while effects could be found reliably on motor
performance, abnormal reflexes, orientation, and autonomic regulation, the
effect size was small and tended to diminish over the first month of life. As
well-controlled studies of later development are reported, evidence of direct
teratogenic effects on cognition have been limited (Hurt et al., 1997,
Tronick and Beeghly, 1999), although children born to drug-using mothers
in low SES populations continue to be at risk for nonoptimal development in
many domains. For instance, in a follow-up study that examined outcomes
at four to six years, Chasnoff and colleagues (1998) reported that dif-
ferences in developmental functioning in their clinical samples can be
accounted for by environmental factors, principally, caregiver behavior.
Singer et al. (1997) reported that prenatal cocaine and alcohol exposure as
well as maternal postpartum psychological distress directly impacted the
BSID Mental Development Index (MDI) while Psychomotor Index (PI)
scores were affected only by cocaine. Kilbride and colleagues (2000) re-
ported that at 36 months no effects on cognition, psychomotor skills, or lan-
guage were observed in exposed children who had received case manage-
ment services, compared to those who did not receive services and a
nonexposed contrast group. Kilbride et al. also found that those exposed
children who remained with their mothers and did not receive services had
lower verbal scores on intelligence tests and measures of language develop-
ment. In contrast, Richardson (1998) found that in three-year-olds, cocaine
exposure was associated with lower scores on some of the subtests of the
Stanford-Binet (fourth edition), including composite 1Q scores and short-
term memory scores, although all children scored within the typical range
of development. A previous study of a different cohort of children by the
same author (Richardson et al., 1996) did not show effects on cognition,
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demonstrating the extent to which these outcomes are dependent on sam-
pling and other methodological considerations.

Language Development

A number of studies have identified deficiencies in the early language de-
velopment of children born to cocaine-using women. Bland-Stewart et al.
(1998) compared semantic content category in a small sample of low-SES
infants exposed to cocaine with a contrast group matched for social class
and ethnicity and found some restriction in the development of semantic
representations (meaning) in the children of cocaine users. No effect was
observed in the structural features of language, that is, mean length of utter-
ance (MLU) and utterance type, or for general language and cognitive func-
tioning. In contrast, Hurt and colleagues (1997) found no differences in
language functioning at two-and-a-half years when cocaine-exposed and
contrast children from the same SES group were compared using the Pre-
school Language Scale (PLS), a standardized measure of early language de-
velopment. In reviewing the literature in this area, Mentis (1998) suggested
that there is not yet sufficient evidence for definitive statements about the
language development of this group of children. While language develop-
ment may be disrupted, the factors affecting such development are numer-
ous and their interaction is complex. She also suggested that deficits may be
specific to certain areas of language function and are only evident under
stressful conditions.

Play Behavior

Play behavior is often assessed as an indicator of children’s functional
status that does not require standardized testing. Play behavior has been ex-
amined in a number of studies of cocaine- and polydrug-exposed children
that followed an initial study by Rodning et al. (1989) that reported alter-
ations in the usual play patterns. Subsequent studies have been inconsistent
in reported outcomes. Metosky and Vondra (1995) reported differences in
play analogous to Rodning and colleagues (1989), while several other in-
vestigators have not found evidence of differences in the play of toddlers
that can be attributed to the direct effects of cocaine (e.g., Beeghley et al.,
1995; Hagen and Myers, 1997; Hurt et al., 1992) when associated factors
are controlled. These outcomes suggest that such behavioral observations
may be accounted for by environmental factors or group differences.
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Arousal Regulation and Attention

The most persuasive evidence for a behavioral effect of cocaine concerns
the impact on physiological arousal (e.g., heart rate, respiration) in early in-
fancy and, by extension, on temperament and social/emotional develop-
ment. Mayes (1999) provides an animal model of this phenomenon that sug-
gests that dopamine regulation has been impacted. Several investigators
have identified increased irritability in young infants and alterations in
psychophysiology, including heart rate and respiration (Brown et al., 1998;
DiPietro et al., 1994). These effects appear to persist beyond the neonatal
period. At eight weeks, Bard and colleagues (2000) identified cocaine-
related alterations in baseline heart rate and respiration as well as differ-
ences in response to moderate stress that appeared to be drug-related. Karmel,
Gardner, and their colleagues (Karmel and Gardner, 1996; Karmel et al.,
1996) identified cocaine-related differences in attention and arousal modu-
lation in newborns that persisted through four months of age. At four
months, Bendersky and Lewis (1998) found that exposed infants were less
able to modulate arousal. Other systems, such as sleep (Coles et al., 2000),
appear to be impacted during the toddler period. That cognition may also be
affected in some manner is suggested by reported effects on early attention.
Mayes et al. (1995) reported that cocaine exposure affected three-month-
old children’s ability to complete a procedure measuring attention. Coles
and colleagues (1999) found differences in attentional response associated
with prenatal cocaine, but not other drug exposure at eight weeks. However,
as these authors note, the caregiving instability associated with maternal
drug use independently accounted for more variance in attentional response
than did the direct effect of cocaine. These findings raise concerns about the
vulnerability of exposed children. In addition to physiological dysregulation
associated with prenatal exposure to cocaine and other drugs, exposed chil-
dren are clearly also at environmental risk to an increased incidence of de-
velopmental psychopathology.

Summary

Prenatal cocaine exposure is a marker for a number of risk factors that ap-
pear to have negative consequences for the infant and developing child. No
specific “cocaine syndrome” has yet emerged and many of the problems
previously anticipated have not manifested. However, the weight of the evi-
dence suggests that cocaine exposure may produce an increased vulnerabil-
ity to certain environmental stressors. The interactions of these factors may
have long-term negative consequences for children.
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MARIJUANA
Epidemiology of Marijuana Use in Pregnancy

In a recent NIDA survey (1996) of the prevalence and patterns of sub-
stance use among pregnant women, 2.8 percent reported marijuana use dur-
ing their first trimester of pregnancy. This indicates that marijuana is the
most commonly used illicit drug and, after alcohol and tobacco, the most
commonly used drug during pregnancy (Goldschmidt et al., 2000). As Fried
observed (1996), this makes the paucity of objective information on the re-
lationship between marijuana use during pregnancy and the impact of such
use upon the outcome of the child all the more striking.

Growth Effects

Of the longitudinal studies of marijuana use during pregnancy, most find
few significant effects on growth parameters. Day and colleagues (1991)
obtained neonatal outcome data on more than 500 infants born prenatally
exposed to varying amounts of marijuana in utero. There were few signifi-
cant effects of marijuana use during pregnancy on birth weight, head or
chest circumference, gestational age, or growth retardation. There was a
small but significant negative effect of marijuana use during the first two
months of pregnancy on birth length and a positive effect of marijuana use
during the third trimester on birth weight. In a more recent study of growth
from birth to early adolescence in offspring prenatally exposed to mari-
juana, this exposure was not significantly related to any growth measure
(Fried et al., 1999).

Behavioral Effects

Much of the existing information concerning the behavioral effects of
prenatal exposure to marijuana comes from reports of the Ottawa Prenatal
Prospective Study (OPPS) (Fried, 1996) and the work of Nancy Day and her
colleagues (1991). The first report from the Ottawa study examined four-
day-old infants born to regular marijuana users and found that prenatal ex-
posure to marijuana was associated with decreased rates of visual habitua-
tion and increased tremors. Similar observations were also noted at nine and
30 days of age (Fried and Makin, 1987). When these same children were ex-
amined at one year of age, no adverse effects of prenatal marijuana exposure
were noted (Fried and Watkinson, 1988). Fried et al. (1992) noted the diffi-
culty in unraveling the long-term consequences of in utero marijuana expo-
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sure. Although some observations of a neurobehavioral effect on verbal
ability and memory of four-year-old subjects was noted, this relationship
did not persist at ages two, three, five, or six years after statistically adjust-
ing for other important variables such as ratings of the home environment.

Arousal Regulation and Attention

A few research findings indicate that prenatal marijuana exposure has an
effect on child behavior problems at preschool and school age. In a prospec-
tive study of the effects of prenatal marijuana exposure on child behavior
problems at age ten, prenatal marijuana exposure in the first and third tri-
mesters predicted significantly increased hyperactivity, inattention, and
impulsivity symptoms (Goldschmidt et al., 2000). These results are consis-
tent with the work of O’Connell and Fried (1991) who found a significant
tendency for mothers who used marijuana heavily during pregnancy to rate
their children as being more impulsive or hyperactive. The authors note,
however, that it remains to be seen whether these results indicate a true be-
havioral difference in the attention-related domain or a lowered parental tol-
erance.

Social and Environmental Considerations

According to Goldschmidt et al. (2000), it is difficult to isolate the effects
of marijuana exposure from its correlates and from environmental risk fac-
tors. Variables such as socioeconomic status, access to medical and social
services, and the presence or absence of a male figure in the household have
a significant influence on child development. Maternal mental health, social
support networks, stressful life events such as exposure to violence or do-
mestic abuse are also important variables that impact long-term develop-
mental outcomes. Many of these environmental risk factors are directly as-
sociated with maternal marijuana use, making it difficult to identify the
impact of prenatal exposure in isolation.

Summary

After statistically controlling for maternal personality and home environ-
ment conditions, many of the neurobehavioral consequences of prenatal ex-
posure to marijuana do not remain significant. According to Fried (1996),
the only definitive statement regarding prenatal exposure to marijuana
would be that, if there are long-term consequences of prenatal exposure to
marijuana, such effects are very subtle. At this point there are few human
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studies on the effects of marijuana use during pregnancy and no precise
mechanism of action has been substantiated (Behnke and Eyler, 1993).

OPIATES
Epidemiology of Opiate Use in Pregnancy

The literature regarding developmental outcomes for infants prenatally
exposed to opiates is relatively sparse and was primarily generated in the 1970s
and early 1980s. The literature is also made more problematic by the issue
of polysubstance abuse, as research investigating prenatal opiate exposure
includes exposure to heroin, methadone, or both, and may also include ex-
posure to amphetamines, barbiturates, benzodiazepines, cocaine, alcohol,
and nicotine (Kaltenbach, 1996). Recent studies report prevalence for opi-
ate use during pregnancy to range from less than 1 to 2 percent to as high as
21 percent (Chasnoff et al., 1990; McCallaetal., 1991; Ostrea et al., 1992).

Growth/Physiological Effects

The most consistently reported effect of prenatal opiate exposure is asso-
ciated with fetal growth retardation and neonatal abstinence syndrome
(Behnke and Eyler, 1993). Neonatal abstinence is described by Kaltenbach
and Finnegan (1986) as a generalized disorder characterized by signs and
symptoms of central nervous system hyperirritability, gastrointestinal dys-
function, respiratory distress, and vague autonomic symptoms that include
yawning, sneezing, mottling, and fever. These early neurobehavioral out-
comes do not persist, however (Finnegan, 1979; Householder et al., 1982).

Within the past decade, methadone maintenance has become accepted as
the standard of care for opiate addiction during pregnancy (Kandall et al.,
1999). Methadone treatment stabilizes maternal drug levels and reduces the
amount of polydrug use and associated complications (Kearney, 1997). Ac-
cording to Kandall and colleagues (1999), no study has yet reported either a
higher rate of malformations compared with control populations or an in-
crease in any specific dysmorphic syndrome which could be related to ma-
ternal methadone use during pregnancy. Methadone treatment during preg-
nancy is associated with increased fetal growth and higher birth weights in
offspring compared with heroin-exposed infants in earlier studies (Con-
naughton et al., 1975; Zelson, 1973), although these findings have not been
supported by more recent studies (Householder et al., 1982; Zuckerman and
Bresnahan, 1991).
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Cognitive Effects

Studies on the early development of methadone-exposed offspring indi-
cate relatively normal development, at least during infancy (de Cubas and
Field, 1993). In studies by Hans and her colleagues, no differences in mental
development were found at four months, 12 months, and 24 months of age
when comparing opiate-exposed and nonexposed children (Hans, 1989;
Hans and Marcus, 1983). Kaltenbach and Finnegan (1986) found no differ-
ences in mental development scores at six months, 12 months, and 24
months when the two groups were compared. Between three and six years
of age, heroin-exposed children performed more poorly than their peers on a
cognitive index in one study, but the same on behavior and skills in another
study (Kearney, 1999). Kaltenbach (1996) concludes her review of the ef-
fects of prenatal opiate exposure by stating that opiate-exposed infants
through two years of age function well within the normal range of develop-
ment and that children between two and five years of age do not differ in
cognitive function from other high-risk populations.

Social and Environmental Considerations

Illicit drug use is associated with late and inadequate prenatal care, pov-
erty, poor nutrition, domestic and stranger violence, and other severe threats
to maternal and infant health (Frohna et al., 1999). It is especially difficult to
identify the impact of a specific illicit substance such as heroin due to the is-
sue of polysubstance abuse. As with cocaine exposure, outcomes of heroin
and methadone exposure are more strongly related to home and parenting
environment variables than to direct drug effects (Hans, 1996; Kaltenbach,
1996).

SUMMARY: IMPACT OF MATERNAL SUBSTANCE USE

Children of mothers who abuse drugs during pregnancy are affected by a
range of biological and environmental factors. At the present time, it is clear
that there are negative effects of substance abuse on fetal development and
family function and that these consequences must be addressed. The physi-
cal and behavioral problems seen in children with prenatal exposure to
drugs are the result of many related factors such as poverty, exposure to vio-
lence, and lack of access to medical and social services. These factors likely
interact with the initial prenatal drug exposure to negatively impact long-
term developmental outcomes for the child.
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Chapter 10

Inhalant Abuse

Paul Kolecki
Richard Shih

OVERVIEW

The intentional inhalation of fumes derived from solvents (e.g., spray
paint, glue, gasoline, nitrous oxide) is extremely common among the youth
culture (Spiller and Krenzelok, 1997; Litovitz et al., 2000). Ease of avail-
ability, administration, titration, and low cost have all contributed to this
widespread and growing epidemic. A recent case series from two poison
control centers noted the typical inhalant user to be between the ages of 10
and 24 and typically male. The two most abused inhalants were spray paint
and gasoline (Spiller and Krenzelok, 1997). In 1999, the American Associa-
tion of Poison Control Centers reported more than 20,000 cases of gasoline
exposure and numerous other cases of various inhalant exposure (Litovitz
et al., 2000). Approximately twenty cases of mortality associated with in-
tentional inhalant abuse were reported (Litovitz et al., 2000). The exact inci-
dence and mortality rate from inhalant abuse, however, is unknown.

Two distinct groups of adolescents who sniff glue have been identified:
those who do it for experience and experimentation as part of a peer group,
and a smaller group who become dependent, chronic users (Masterton,
1979). Prior physical and/or sexual child abuse is suspected to be one im-
portant correlate for extensive involvement of inhalant use (Fendrich et al.,
1997). Several studies have reported significant past inhalant abuse among
youths in juvenile detention or correctional facilities (Young et al., 1999;
McGarvey et al., 1999). A majority of these youths preferred using the in-
halants in the presence of friends and abusing inhalants at the home of a
friend (McGarvey et al., 1999). Studies also report significant inhalant
abuse (e.g., volatile nitrites) among males in their workplace, including
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homosexual males, Native Americans, and Hispanic youths (Craib et al.,
2000; Cohen, 1984).

It is a commonly held belief that most inhalant abusers usually engage in
this activity for short periods of time. Some reports, however, cite patients
who chronically abuse inhalants, such as prisoners who work with industrial
solvents (Lewis et al., 1981; Davies et al., 1985). These workers inhale the
fumes of accessible solvents periodically during their daily shifts in an at-
tempt to maintain euphoria throughout the work week (Cohen, 1984). Inhal-
ant abusers have also been reported to proceed to chronic alcohol and illicit
drug abuse.

HISTORY

The inhalation of intoxicants is not new. The early Greeks used inhalants
to mark the rites of passage of the young. The intentional inhalation of vola-
tile substances (e.g., gasoline) was first observed in the United States before
World War II (Morton, 1987; Nicholi, 1983). In the United States, a number
of communities in widely separated areas began reporting a relatively high
incidence of “glue sniffing” around 1960 (Kupperstein and Susman, 1968).
Concern about the abuse of inhalants have since been expressed from many
countries around the world (Morton, 1987; Nicholi, 1983).

Inhalation abuse is classically described as “the deliberate inhalation of
solvent vapors to induce sensations of euphoria and exhilaration” (Glaser
and Massengale, 1962, p. 179). Inhalation is usually continued until the de-
sired sensation is achieved or until all of the toxic fumes have evaporated
(Kupperstein and Susman, 1968). “Huffing” and “sniffing” are two of the
more common methods of inhaling toxic fumes. Huffing involves nasally
inhaling the fumes from a solvent-saturated rag (Barker and Adams, 1963).
Sniffing involves the act of directly sniffing the fumes from the container or
squeezing the toxic substance onto a rag and nasally sniffing the fumes from
the rag. Another method, “bagging,” involves the act of transferring the
toxic substance into a paper bag, placing the bag over the nose and mouth,
and inhaling deeply. Some abusers transfer the toxic substance into a pan or
other vessel which is then heated. This results in a more rapid and concen-
trated vapor (Kupperstein and Susman, 1968). Finally, some toxic sub-
stances (e.g., nitrous oxide) are inhaled after being transferred into a bal-
loon. This form of inhalant abuse, called “ballooning,” is very common at
tailgate parties before and after sporting events and rock concerts.
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SUBSTANCES

The inhaled substances of abuse are aromatic and short-chained volatile
hydrocarbons that, upon inhalation, have a rapid onset of intoxicating ef-
fects (Table 10.1).

The volatilized inhalant used is well absorbed from the lungs and rapidly
distributed to the central nervous system. One or two large inhalations of the
inebriating substance intoxicates the user very quickly, and the effects can
last for hours. Some chronic inhalant abusers maintain a prolonged state of
inebriation by periodically inhaling a substance. It is very difficult to clini-
cally differentiate an inhalant-induced inebriation from ethanol-induced
inebriation, although toxic inhalation inebriation is usually of shorter dura-
tion as compared to alcohol. Two distinguishing signs of inhalant abuse
include the smell of solvents on the patient’s hands or breath and skin dis-
coloration secondary to paint sniffing (LoVecchio and Gerkin, 1997; Shih,
1998).

TABLE 10.1. Inhalants of Abuse and Their Main Chemical Constituents

Inhalants of abuse Chemical constituents

Acrylic paint Toluene

Aerosol propellant Fluorocarbons

Anesthetics Chloroform, nitrous oxide

Fire-extinguishing agent Bromochlorodifluoromethane

Fuel, lighter fluid, torches Propane, butane

Gasoline Hydrocarbons, tetraethyl lead

Glues, plastic cement, Benzene, carbon tetrachloride,

rubber cement methylethyl ketone, n-hexane, toluene,
trichloroethylene, trichloroethane,
xylene

Inks Toluene, xylene

Paint stripper Methylene chloride

Paints, varnishes, lacquer Trichloroethylene, toluene

Refrigerants Fluorocarbons

Shoe polish Chlorinated hydrocarbons, toluene

Spot remover Trichloroethane, trichloroethylene,
carbon tetrachloride

Typewriter correction fluid Tetrachloroethylene, trichloroethane,

(e.g., Wite-Out) trichloroethylene

Source: Adapted from LoVecchio and Gerkin, 1997.
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Toxic Effects by Organ System

Patients who abuse inhalants typically experience the anticipated eupho-
ria and suffer no long-term physiologic consequences. However, the inten-
tional abuse of inhalants is potentially dangerous, as patients can acutely die
and/or suffer severe permanent organ damage. The following paragraphs
detail both the acute and chronic effects of commonly abused inhalants
based on organ system.

Acute Toxic Effects of Inhalant Abuse
Central Nervous System

Patients abuse inhalants for the expected euphoria. This intoxication has
been reported as a feeling of lightheadedness, stupor, lethargy, excitation,
and occasional hallucinations (e.g., auditory and visual) (Spiller and Kren-
zelok, 1997). Profound relaxation and deep sleep usually follow this initial
euphoric phase (LoVecchio and Gerkin, 1997). Unpleasant symptoms re-
ported after the use of inhalants include agitation, seizures, ataxia, head-
ache, and dizziness (Spiller and Krenzelok, 1997; Shih, 1998).

Pulmonary

Pulmonary effects following inhalant abuse are rare but deadly. High
concentrations of an inhalant have resulted in oxygen displacement, hypoxia,
asphyxiation, and suffocation (Linden, 1990). Symptoms of hypoxia develop
when the inspired oxygen concentration suddenly falls below 17 percent,
while loss of consciousness often occurs when inspired oxygen concentra-
tions fall below 10 percent (Linden, 1990). Most victims were found with a
paper bag over their head (Press and Done, 1967).

Cardiac

During the 1960s and late 1950s, an epidemic of sudden deaths occurred
among teenagers who recently inhaled volatile hydrocarbons. This sce-
nario, termed sudden sniffing death (SSD), was initially believed to result
from plastic-bag suffocation (Press and Done, 1967). However, a compre-
hensive review in 1970 questioned this theory (Bass, 1970). In this study,
110 cases of SSD were reviewed. Common scenarios among these patients
were the inhalation of a volatile hydrocarbon, then a scream or a vocalized
impending sense of doom, followed by the victim running away from the
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agent of abuse. In many cases, the dead patient was found more than 100
feet from the abused substance or object used to transfer the inhalant (e.g.,
a paper bag). In this report, fluorocarbon propellants (pressurized aerosol
containers) and trichloroethane (spot remover) were the two most common
agents associated with SSD (Bass, 1970). Anoxia was thought not to be the
cause of death, as many of these patients were well oxygenated after dash-
ing several hundred feet before collapsing. Rather, it was postulated that
SSD resulted from the volatile hydrocarbons sensitizing the myocardium to
catecholamines, which subsequently produced lethal cardiac arrhythmias
(Bass, 1970).

In 1972, arevealing animal study demonstrated that dogs exposed to flu-
orinated hydrocarbons suffered a chain of arrhythmias (e.g., sinus brady-
cardia, junctional or ventricular escape, ventricular fibrillation, asystole)
and death (Flowers and Horan, 1972). These arrhythmias occurred in the
setting of normal oxygenation. In addition, these arrhythmias continued de-
spite halting exposure to the hydrocarbon at the first sign of thythm change.
This data concluded that SSD occurs secondary to cardiac arrhythmias and
not anoxia. It has also been suggested that SSD can occur after the inhalant
“senses doom” and discontinues the action of abuse (Flowers and Horan,
1972). For example, a typical scenario of SSD postulated by some toxicolo-
gists occurs when teenagers are caught abusing inhalants by parents or po-
lice. After being caught, a rush of catecholamines occurs in these teenagers
as they sense a fear of parental punishment or they run to escape legal com-
plications. It has been suggested that the catecholamine rush then “exces-
sively stimulates” the inhalant-sensitized myocardium, leading to lethal
arrhythmias and death in some teenagers.

There are numerous other reports of human SSD associated with the re-
cent abuse of inhalants. Some inhalants reported to cause lethal arrhythmias
and SSD include freon, bromochlorodifluoromethane, butane, propane,
1,1,1-trichloroethane, gasoline, and trichloroethylene (Siegel and Wason,
1990; Heath, 1986; King et al., 1985; Smeeton and Clark, 1985; Brady
et al., 1994; Morita et al., 1977; Bass, 1978).

Hematologic

Methemoglobinemia and carboxyhemoglobinemia, two abnormal he-
moglobin states, are associated with the abuse of certain inhalants. Meth-
emoglobinemia occurs when oxidant stress is placed on the hemoglobin
molecule and thus causes the iron moiety of the hemoglobin molecule to
exist in the ferric state. When the iron moiety exists in the ferric state,
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methemoglobinemia occurs and the resulting abnormal hemoglobin mole-
cule known as methemoglobin is unable to bind oxygen. Abuse of alkyl nitrites
(amyl, butyl, and isobutyl) have been reported to cause methemoglobinemia
and male patients abuse these nitrites mainly for their supposed aphrodisiac
properties (Linden, 1990; Cohen, 1979). The aphrodisiac properties report-
edly occur because of the vasodilatory effects on the cerebral blood vessels,
which subsequently causes an increase in intracranial pressure and a eu-
phoric effect (Haverkos and Dougherty, 1988). In addition, abuse of these
alkyl nitrites “slows the sense of time.” Abusers inhale these nitrites before
sexual climax in an attempt to prolong and enhance the sensation of orgasm
(Cohen, 1979). Other reported aphrodisiac properties include penile erec-
tion and dilation of the anal sphincter (Forsyth and Moulden, 1991). Amyl
nitrite is a yellowish, volatile, flammable liquid with a fruity odor. Amyl ni-
trite was initially introduced into medical practice as a coronary vasodilator.
Itis not used for this purpose today, however, and has since been replaced by
organic nitrates. Amyl nitrite continues to be marketed as fragile glass
pearls covered with a woven absorbent material. These pearls are available
in cyanide antidote Kits.

When used to treat a cyanide overdose, the pearls are crushed in the hand
and the vapors from the liquid are inhaled. Common street names for amyl
nitrite pearls are “poppers” and “snappers,” derived from the sound made by
the pearls when they are broken. Butyl and isobutyl nitrites are volatile hy-
drocarbons marketed as room odorizers and advertised as aphrodisiacs.
They are often sold in “adult bookstores” in bottles containing 10 to 30 ml of
liquid. Common names for butyl and isobutyl nitrites are ‘“Bullet,” “Rush,”
and “Satan’s Scent” (Linden, 1990).

Carboxyhemoglobinemia occurs when carbon monoxide (CO) binds to
hemoglobin and thus impairs further oxygen binding to hemoglobin and oxy-
gen delivery to tissues. Poisoning by CO has frequently been reported after
exposure to methylene chloride, a volatile hydrocarbon commonly found in
paint strippers. Methylene chloride is metabolized slowly (over a three-to-
eight-hour time period) to CO. Methylene chloride poisoning has been fre-
quently reported while the patient was stripping paint in a semienclosed
area (Stewart and Hake, 1976; Rioux and Myers, 1989). There are also re-
ports of intentional abuse of methylene chloride products (Sturmann et al.,
1985; Horowitz, 1986). Interestingly, methylene chloride exposure has not
been associated with lethal arrhythmias in the human or animal literature
(LoVecchio and Gerkin, 1997).
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Hepatic

Liver injury secondary to hepatocellular necrosis has been reported after
exposure to certain chlorinated hydrocarbons, mainly trichloroethylene, car-
bon tetrachloride, and 1,1,1-trichloroethane. Tricloroethylene (TCE) was
originally used as an obstetric general anesthetic but has been banned in the
United States because of an association with trigeminal neuropathies (Mitch-
ell and Parsons-Smith, 1969; Cavanagh and Buxton, 1989). TCE is used in
typewriter correction fluid, paint remover, spot remover, furniture stripper,
and degreasers. Carbon tetrachloride was widely used as a dry-cleaning
agent and a constituent of fire extinguishers in the 1930s. Fatalities from
thermal decomposition of carbon tetrachloride to phosgene gas led to the
banning of its use in fire extinguishers in the 1960s. The FDA banned the
use of carbon tetrachloride as a dry-cleaning agent in the 1970s. Presently,
carbon tetrachloride is used in the production of solvents, aerosol propel-
lants, and fluorocarbon refrigerants. Although carbon tetrachloride poison-
ing is commonly associated with chronic abuse, acute poisoning does not
frequently occur. 1,1,1-trichloroethane is one of the most commonly abused
solvents and presently is used as a metal cleaner, degreaser, aerosol propel-
lant, and pesticide.

Inhalant abusers of these chlorinated hydrocarbons have been labeled as
“solvent sniffers.” However, reports of hepatic toxicity involve cases not
only of inhalational abuse but also from occupational exposure and suicide
attempts (Thiele et al., 1982). The histopathologic liver damage associated
with certain chlorinated hydrocarbon poisonings is centrolobular hepatic
necrosis. This histopathologic pattern is also the pattern seen with severe
acetaminophen (Tylenol) and poisonous mushroom (Amanita phalloides)
toxicity. In all three poisonings (e.g., chlorinated hydrocarbons, aceta-
minophen, Amanita phalloides), the liver damage occurs secondarily to
toxic metabolites produced during metabolism of the parent compounds by
the cytochrome p450 system. Tetrachloroethylene, the chlorinated hydro-
carbon used presently in most dry-cleaning industries, has rarely been re-
ported to cause liver damage (Wax, 1997).

CHRONIC TOXIC EFFECTS OF INHALANT ABUSE
Metabolic/Renal

Metabolic abnormalities have been classically described in patients who
abuse toluene. Toluene is a hydrocarbon found in a variety of household
products, including adhesives, spray paints, paint thinners, and varnishes.
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Chronic toluene abuse may cause metabolic acidosis with and without an
anion gap (Taher et al., 1974). The elevated anion gap results from an accu-
mulation of acidic metabolites, mainly hippuric and benzoic acid (Fischman
and Oster, 1979). The electrolyte abnormalities include hypokalemia, hypo-
chloremia, and hypophosphatemia. These electrolytes abnormalities occur
due to the induction of a distal renal tubular acidosis by toluene (Fischman
and Oster, 1979; Kamijo et al., 1998). The hypokalemia may be so great that
patients suffer muscle weakness severe enough to cause rhabdomyolysis,
paralysis, and respiratory failure (Kao et al., 2000). These metabolic abnor-
malities typically occur after chronic abuse of toluene. Complete recovery
has been reported in patients during periods of avoidance (Taher et al.,
1974). Severe hypokalemia and death associated with chronic toluene abuse
have been reported (Kirk et al., 1984). Patients suffering the medical conse-
quences of toluene abuse often are found in a severely weakened state with
paint still on their face and fingers.

Acute ingestion of toluene has been reported to cause central nervous
system depression and diarrhea severe enough to cause a non-anion-gap
metabolic acidosis (Caravati and Bjerk, 1997).

Neurologic

Permanent cerebral and cerebellar neurologic disability is a major toxic
effect following chronic inhalant abuse (Lazar et al., 1983; Streicher et al.,
1981). Long-term abusers or those who have been occupationally exposed
have been reported to develop a neurobehavioral syndrome consisting of
memory loss, cognitive impairment, sleep disturbance, depression, anxiety,
and personality changes (Hormes et al., 1986). In addition, painters chroni-
cally exposed to solvents have developed encephalopathy, cerebral atrophy,
and abnormal electroenchephalograms (EEGs) (Larsen and Leira, 1988).
Permanent cognitive disorders are also well described in patients who
chronically sniff gasoline (Poklis and Burkitt, 1977).

Chronic abuse of n-hexane and nitrous oxide are well known to cause pe-
ripheral neurologic deficits. n-hexane is a commonly abused solvent found
in glue. Long-term abuse or occupational exposure of n-hexane can produce
a profound sensorimotor polyneuropathy (Herskowitz et al., 1971; Prockop,
1979). This neuropathy typically begins with sensory involvement in the
distal extremities and progresses proximally to the motor system, eventually
causing weakness. Many of these effects are reversible over weeks to
months with discontinuation of abuse or exposure. Chronic n-hexane abuse
is also associated with memory loss. Methyl n-butyl ketone, a similar indus-
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trial solvent, has also been reported to cause peripheral neuropathy follow-
ing chronic exposure (Allen et al., 1975).

Nitrous oxide is an anesthetic agent used by medical practitioners, espe-
cially dentists, for pain control during procedures. Transient euphoria and
CNS depression occur when nitrous oxide is inhaled. Excluding intoxica-
tion, the acute side effects are minimal. Chronic inhalation of nitrous oxide
can cause significant side effects. With chronic abuse, nitrous oxide can pro-
duce a demyelinating polyneuropathy and extremity weakness (Pema et al.,
1998; Layzer, 1987). The neurologic sequelae associated with chronic
abuse occurs secondary to vitamin B, inactivation (Pema et al., 1998). Ni-
trous oxide abuse is very common today among younger drug abusers be-
cause of its ease of availability. Nitrous oxide abuse is very common at
sporting event and rock concert tailgaters parties, where the gas is trans-
ferred from large containers into balloons and then inhaled. On a smaller
scale, compressed nitrous oxide is present in cartridges for whipped cream
dispensers and easily obtained in many supermarkets. Abusers discharge
the cartridge into an empty cream dispenser and inhale the nitrous oxide
(Lai etal., 1997). The slang term for abuse of nitrous oxide in this fashion is
“whippets.” Nitrous oxide-induced peripheral neuropathy is reversible fol-
lowing avoidance.

Hematologic

Chronic use and/or abuse of nitrous oxide also can cause hematologic ab-
normalities, specifically megaloblastic anemia (Lassen et al., 1956; Amess
et al., 1978; Amos et al., 1982). This disorder occurs because chronic ni-
trous oxide abuse inactivates B ,, an important vitamin needed in bone mar-
row for the proper production of red blood cells. This anemia has been re-
ported to reverse with B, replacement therapy and discontinuation of
nitrous oxide abuse (Layzer, 1987).

The major organic solvent of paints, paint thinners, and glues used to be
benzene. The use of benzene as a solvent has been abandoned because of se-
vere bone-marrow toxicity (e.g., leukemia, aplastic anemia, multiple myeloma)
(Vigliani and Saita, 1964; Rinsky et al., 1987; Decouffle et al., 1983). Tolu-
ene and n-hexane have replaced benzene as a constituent of these com-
pounds (Lazar et al., 1983).

Miscellaneous

Gasoline, a mixture of hydrocarbons with various additives, is frequently
inhaled in an attempt to get intoxicated. Patients who chronically abuse
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leaded gasoline are at risk for the neurologic complications associated with
organic lead poisoning. These complications include mental confusion, poor
short-term memory, psychosis, and encephalopathy (Law and Nelson, 1968).
Elements of inorganic lead poisoning (headache, abdominal pain, hepatic
injury, renal damage) have also been reported in patients who chronically
inhale gasoline (Robinson, 1978; Hansen and Sharp, 1978).

Treatment

Abuse of inhalants may produce significant morbidity, including respira-
tory depression and life-threatening arrhythmias. Securing an airway and
ensuring adequate ventilation are first priority. The patient also should be
placed on a cardiac monitor with the establishment of intravenous access.
Gastrointestinal decontamination (gastric lavage and/or activated charcoal)
should be considered, if it is suspected that the patient also ingested drugs or
toxins. Excluding methylene chloride, patients who are asymptomatic for four
to six hours after abusing an inhalant are generally considered safe for medi-
cal discharge. Specific management issues of caring for the acute and
chronic toxic effects from inhalant abuse, including methylene chloride, are
discussed in the following sections.

TREATMENT OF THE ACUTE TOXIC EFFECTS
OF INHALANT ABUSE

Central Nervous System and Pulmonary

The main treatment of central nervous system depression is adequate
ventilation until the effects of the inhalant terminate. Patients who become
aggressive or agitated after abusing an inhalant may need to be physically
restrained and pharmacologically sedated. Hypoxic patients need adequate
oxygenation and ventilation. If necessary, a definitive airway (e.g., endo-
tracheal or nasotracheal airway) should be established.

Cardiac

SSD (sudden sniffing death) occurs because the inhalants sensitize the
myocardium of the patient to catecholamines, which subsequently leads to
lethal ventricular arrhythmias and death. In human reports of SSD, standard
cardiac pharmacologic treatment and electrotherapy were unsuccessful
(King et al., 1985; Smeeton and Clark, 1985). Beta-adrenergic blocking agents
have been proposed as a treatment option for life-threatening arrhythmias in-



Inhalant Abuse 313

duced by inhalants (LoVecchio and Gerkin, 1997; Moritz et al., 2000).
Should conventional cardiac resuscitation fail in treating inhalant abusers
suffering lethal cardiac arrhythmias, the use of beta-adrenergic blocking
agents (i.e., esmolol, propanolol) should be considered. Most patients who
suffer cardiac consequences of inhalant abuse usually die at the scene or
convert back to a normal sinus-cardiac rhythm prior to medical intervention.

Hematologic

Patients who sustain significant methemoglobinemia after alkyl nitrites
abuse often suffer from cyanosis. Other signs and symptoms of methemo-
globinemia include headache, dyspnea on exertion, tachycardia, tachypnea,
confusion, coma, seizures, lethal cardiac arrhythmias, and death. The anti-
dote for methemoglobinemia induced by alkyl nitrite, or by any drug or
chemical, is methylene blue.

Methylene chloride, when metabolized, produces carbon monoxide. The
production of carbon monoxide occurs over three to eight hours. Signs and
symptoms of carbon monoxide poisoning include headache, dizziness,
ataxia, seizures, lethal cardiac arrhythmias, coma, and death. A treatment
recommended by many physicians for significant carbon monoxide poison-
ing is hyperbaric oxygen therapy, as there are many reports of successful
treatment of methylene chloride-induced carbon monoxide poisoning with
hyperbaric oxygen therapy (Rioux and Myers, 1989; Horowitz, 1986; Rudge,
1990). Testing for carbon monoxide poisoning over an eight-hour time is
very important in caring for patients exposed to methylene chloride.

Hepatic

Due to the limited number of human cases, there is no standard treatment
for chlorinated hydrocarbon-induced hepatotoxicity. N-acetylcysteine, an
accepted antidote for acetaminophen poisoning, has been recommended as
a treatment option for carbon tetrachloride-induced hepatotoxicity (Agency
for Toxic Substances and Disease Registry, 1992). Limited data exists
showing N-acetylcysteine’s efficacy in reversing chlorinated hydrocarbon-
induced hepatoxicity. Immediate oxygen therapy, including hyperbaric oxy-
gen, has also been recommended for carbon tetrachloride poisoning (Tom-
aszewski and Thom, 1994; Bernacchi et al., 1984). Again, limited data exists
showing oxygen therapy as efficacious in reversing chlorinated hydrocarbon-
induced hepatoxicity.
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TREATMENT OF THE CHRONIC TOXIC EFFECTS
OF INHALANT ABUSE

Metabolic/Renal

The treatment for chronic toluene-induced electrolyte abnormalities is
discontinuation of exposure, airway management if necessary, and fluid and
electrolyte replacement. Specific attention to hypokalemia is necessary and
significant deficits should be corrected, since metabolic acidosis, rhabdo-
myolysis, lethal arrhythmias, and death have all been reported secondary to
prolonged toluene abuse. Hemodialysis along with aggressive potassium re-
placement has been reported as a successful treatment option for severe
chronic toluene poisoning (Gerkin and LoVecchio, 1998).

Neurologic and Hematologic

The most important treatment option for patients suffering central and
peripheral neurologic deficits from chronic inhalant abuse is discontinua-
tion of exposure. Vitamin B, replacement therapy may be helpful for both
chronic nitrous oxide-induced peripheral neuropathy and megaloblastic
anemia.

Miscellaneous

Standard lead chelation techniques should be considered for chronic gas-
oline abusers who are suffering signs and symptoms of inorganic lead poi-
soning.

SUMMARY

Inhalant abuse is a significant problem, especially among the youth pop-
ulation. This form of substance abuse occurs mainly because the common
inhalants of abuse are easily attainable, easily administered, and very cheap
to buy. Acute abusers of inhalants are at risk for serious pulmonary, cardiac,
hematologic, and hepatic toxicity. Chronic abusers of inhalants are poten-
tially at risk of suffering not only severe metabolic abnormalities, but also
permanent neurologic and hematologic damage. Knowledge of the pharma-
cology and toxicology of these inhalants is necessary not only for the suc-
cessful diagnosis and treatment of poisoned patients, but also for future
study of medicinal and addiction therapeutic protocols.
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menopause, 14
metabolic tolerance, 21
model of addiction, 115f
model of recovery from addiction,
117f
neurodegeneration, caused by binge
drinking, 109t
neuroimaging, 143
neuronal signaling, 86
neuropathy, 58
alcohol, 105-106, 139-152
amphetamine, 72

Handbook of the Medical Consequences of Alcohol and Drug Abuse

Alcohol (continued)
neuropsychology, 49
NMDA receptors, 88-91
NMDA-mediated toxicity, 107
osteoporotic fractures, 14-15
pancreatic injury, 20
pedestrian accidents, 9-10
peripheral vascular disease, 31
prenatal exposure, 140, 144, 146-150,
152
recovery of function, 61
serum, alcohol concentrations, 3
swimming accidents, 10
threshold dose for liver disease, 21
toxicity and effects on visual
system, 1
withdrawal. See Withdrawal
Alcohol dependence
lifetime prevalence, 85
serotonin, 61
Alcoholic cardiomyopathy, 25
Alcoholism
age and behavior, 56
diagnosis, 5
sociopathic problems, 113
treatment and recovery, 114-116
Amenorrhea. See Opiates
Amnesic syndrome, alcohol, 62
Amotivational syndrome, marijuana,
191-192
Amphetamine
duration of clinical effects, 269
effects on decision-making skills,
72,73
psychosis, 183
Amyl nitrate, 308. See also Inhalants
Analgesia, marijuana, 198
Anaphylactoid shock, effects of heroin
use, 226
Anesthetic effects of cocaine use, 260
Anoxia from opiate overdose, 227, 232
Anxiolytic effects, alcohol, 52
Aphrodisiacs, inhalant abuse, 308
Arousal, prenatal effects of cocaine use
by pregnant women, 290
Asphyxia
due to inhalant abuse, 306
effects of heroin use, 225
Asthma, effects of opiate use, 231



Atrophy
from alcohol, 17, 20, 58, 60, 107,
144, 210
from heroin, 225
from inhalant abuse, 306
Attention deficits
effects of marijuana, 187-188
FAS, 156-157
prenatal effects of cocaine in
pregnant women, 290

Bacterial infections
effects of heroin, 241, 245
from methadone, 242
Basal ganglia, 148
Beer, manufacture of, 2
Benzodiazepine receptors, alcohol, 94
Bicycle accidents, alcohol, 10
Binge drinking, edema, 110
Birth defects
alcohol, 139
effects of crack cocaine, 268
effects of heroin, 233
effects of marijuana, 178-179
effects of tobacco, 233, 282-285
Blood concentrations, alcohol, 3
Blood pressure
alcohol, 7, 28-29
changes due to opiates, 226
effects of alcohol, 28
Blood-brain barrier, 51
Boat accidents, alcohol, 11
Body packing, cocaine, 265, 266
Bone density, alcohol, 15
Bone formation, alcohol, 16
Bone injuries, alcohol, 13-18
Bone marrow toxicity, inhalant abuse,
311
Brain blood flow, changes from amy]l
nitrite use, 74
Brain damage
effects of chronic alcohol, 50, 104
intracranial pressure and alcohol,
110
LSD, 71
Brain injuries, effect of alcohol
intoxication, 12-13
Brain receptors, effects of chronic
alcohol, 98-104
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Brain waves, alcohol, 104

Breast cancer, effects of alcohol, 20

Breath concentrations, alcohol, 3

Butane, acute effects, 307. See also
Inhalants

Butyl nitrite, 308

Calcitonin, 17
Cancer
alcohol, 18-20
gastrointestinal disease, 18
medical use of marijuana, 197-198
Cannabinoids. See Marijuana
Cannabis, Cannabis satvia, 171, 198.
See also Marijuana
Carbon monoxide, from marijuana
smoking, 174
Carbon tetrachloride, 309
Carboxyhemoglobin, 174
Carboxyhemoglobinemia, inhalant
abuse, 307, 308
Cardiac effects, inhalant abuse, 306-307
Cardiomyopathy, alcohol, 25
Cardiovascular diseases, alcohol and
heart disease, 25-32
Cardiovascular effects
cocaine, 260-261
heroin, 244
marijuana, 177
methadone, 244-245
opiates, 244
Catecholamines, cocaine, 259
Cerebellar damage, alcohol, 145
Cerebral edema, alcohol, 13
Cerebral ventricles, alcohol, 141-142
Cerebrovascular injuries, effects of
heroin, 243
Cholesterol, heart disease and the
effects of alcohol, 27
Choreiform movements, crack cocaine,
262
Chronic alcohol
brain damage, 104
changes in brain receptors, 98-104
Korsakoff’s syndrome, 106
neuropsychological impairment of
performance, 107
prevalence of liver disease, 21
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Chronic alcohol (continued)
reactive oxygen radicals
brain, 110
liver, 22
vitamin depletion, 23
Cirrhosis, 24
Cleaning fluids, 309
Cocaethylene, 258
Cocaine
absorption, 276
administration, 258-259
adverse effects, 260-268
anesthetic effects, 260
body packing, 265, 266
cardiovascular effects, 260-261
chemical properties, 258
chronic use effects, 66
corneal defects, 268
crash following euphoric phase, 264
dental erosions, 267
edema, 262
effects on catecholamines, 259
endocarditis, 261
fetal development, 268
gastrointestinal effects, 265, 266
genitourinary effects, 264, 265
glaucoma, 268
head/neck/nose and throat
complications, 267
hemoptysis, 262
history and use, 257-258, 260
hypertension-related problems, 265
ischemia, 260-261
liver damage, 266
muscle breakdown, 264
myocardial infarctions, 261
neurological complications, 261-262
neuropsychological effects, 66-68
neurotransmitters and behavior, 259
ocular effects, 268
pancreatic adenocarcinoma, 266
prenatal effects of cocaine
attention and arousal, 290
behavior, 288-289
crack babies, 286
growth effects, 286
language development, 289
motor development, 287
play behavior, 289
pregnant women, 286, 289
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Cocaine (continued)
pulmonary effects, 262, 263
renal failure, 264, 265
respiratory problems, 262-263
rhabdomyolysis, 264
risk for stroke, 66
septal perforations, 267
sexual function, 265
sympathomimetic effects, 259
symptoms of intoxication, 263-264
thermal injuries to tissues, 267
use and history, 66
Cocaine abusers, 66-68
Cognitive effects, effects of marijuana
use, 184
Conduct disorder, effects of alcohol
and drug dependence, 65
Consumption of alcohol, definitions of, 5
Corneal defects, effects of cocaine use,
268
Coronary heart disease, beneficial
effects of alcohol, 26, 27
Corpus callosum, 147
Corticotrophin releasing factor (CRF),
effects of opiates, 229
Cortisol, dysregulation in opiate
addicts, 229
Crack, 258
Crack babies
crack cocaine, 258, 262
crack dancing, 262
crack eye (corneal epithelial
defects), 268
crack lung, 263
Cyanide overdose, 308
Cytokines, alcohol-related liver disease,
23

Decision making, effects of drug use,
64, 65

Delta-9-tetrahydrocannabinol (THC), 171
Dependence

alcohol and other drugs, 5, 85, 98,

101, 112

definition, 5

marijuana, 192-196

models of, 115, 117

opiates, 235

role of neurochemicals, 51, 61, 116
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Dermatitis, effects of heroin, 245
Distillation, 2
Diving accidents, alcohol, 11
Dopamine
amphetamine, 269
cocaine, 259-262, 290
dependence, 115f
marijuana, 196
reward, 62-63
Down’s syndrome, 149, 150, 151
Drink equivalents, alcohol, 5
Driving
effects of alcohol, 8-9
effects of marijuana use, 189-191
Dronabinol, 172, 196, 197
Drug abuse
closed-head injuries, 65
diagnosis, 5
impaired decision making, 64, 65
mesolimbic dopamine, 62
Minnesota Multiphasic Personality
Inventory (MMPI), 63
neuropsychology, 49
spatial/perceptual motor abilities, 63
Drug addiction, economic costs, 220
Drug interactions, 234
Drugs
accidents, 65
dependence, 5
interaction of methadone and other
drugs, 237-238

Economic effects, drug addiction, 220

Ecstasy. See MDMA

Edema, 110, 262

EEG, changes from prenatal alcohol, 150

Electroencephalogram, 150

Encephalopathy, alcoholic liver
disease, 60

Endocarditis, from intravenous cocaine,
261

Esophageal inflammation, alcohol, 18

Ethanol, 1

Fall-down injuries, alcohol, 9-10
FAS (fetal alcohol syndrome), 139
attention deficit disorders, alcohol,
156-157
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FAS (fetal alcohol syndrome)
(continued)
incidence, alcohol, 140
language impairment, alcohol, 153
learning and memory impairment,
alcohol, 154-156
mental retardation, 152
psychosocial functioning, alcohol,
159
Fermentation of alcohol, 2
Fertility, effects of marijuana use, 178
Fetal alcohol syndrome (FAS), effects
of alcohol, 139-162
Fetal development
cocaine use, 268
methadone, 236-237
Formaldehyde, 1
Formic acid, metabolized from
methanol, 1
Freon. See Inhalant abuse
Fungal infections, 241, 242

GABA (gamma-aminobutyric acid),
interaction with alcohol, 51,
94-96
Gasoline, 311-312
acute effects, 307
Gastric acid reflux, 19
Gastritis, effect of alcohol, 19
Gastrointestinal diseases
cancers, 18
cocaine use, 267
methadone, 237
Gender differences, alcohol, 8, 9f, 14,
15,16, 17,22, 24-25, 107
Glaucoma
effects of marijuana, 199-200
from cocaine use, 268
Glucose metabolism, MDMA, 73
Glutamate and GABA, alcohol, 86
Glutamate receptors, alterations by
alcohol, 86
Gonadal hormones
alcohol, 17
marijuana, 178
opiates, 230
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Half-life
heroin, 220
methadone, 222
Halstead-Reitan test, alcohol and drug
abusers, 63
Head injuries
alcohol, 12-13, 57-59
effects of drug use, 65
Head/neck/nose and throat
complications, effects of
cocaine use, 267
Hematocrit, 4
Hematologic abnormalities, inhalant
abuse, 311
Hemoptysis, from cocaine smoking,
262
Hemorrhagic shock, complications
from alcohol, 13
Hemorrhagic stroke, effects of alcohol,
30
Hepatic encephalopathy, 60, 112
Hepeatitis
alcohol, 20-25, 112
heroin, 240
Heroin, 219. See also Opiates
adulterants and contaminants, 242
anaphylactoid shock, 226
bacterial and fungal infections, 241
birth defects, 233
blood-borne viruses, 240
cardiovascular effects, 244
cerebrovascular injuries, 243
death due to asphyxia, 225
death due to overdose, 223-224
dermatological effects, 245
functional state of heroin user, 221f
functional state of methadone user,
223f
genetic predisposition, 233
half-life, 220
hepatitis, 240
high-risk behaviors, 220
HIV, 240
immune response, 227-228
kidney damage, 245
leukoencephalopathy, 243
metabolites, 220, 231
nephropathies, 233
nephrotic syndrome, 245
neuropathy, 232
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Heroin (continued)
renal effects, 232-233, 245
seizures, 243
teratogenic effects, 233
toxic effects on organs, 230-231
use in U.S., 219
Heroin addicts, skeletal muscle
toxicity, 232
Hippocampal damage, alcohol, 60
HIV, 240
Holoprosencephaly, 142
Hormones, effects of marijuana, 178
Huffing, 243
Huntington’s disease, 149
Hydrocephaly, 141
Hypercarbia, 13
Hypertension, cocaine and, 265
Hypokalemia, inhalant abuse, 310
Hypothalamic-pituitary-adrenal (HPA)
axis, effects of opiates, 229
Hypothalamus function, impairment by
opiates, 230
Hypoxia
inhalant abuse, 306
opiate overdose, 227, 232

Immune response

cannabis (marijuana), 176-177

heroin, 227-228

methadone, 229

opiates, 221

Inhalant abuse, 303-314

acute effects
aphrodisiac properties, 308
butane, 307
carboxyhemoglobinemia, 307-308
cardiac effects, 306-307
freon, 307
gasoline, 307
liver injury, 309
methemoglobinemia, 307
nervous system effects, 306
pulmonary effects, 306
sudden sniffing death (SSD), 306

chronic effects
bone marrow toxicity, 311
hematologic abnormalities, 311
hypokalemia, 310
metabolic acidosis, 310
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Inhalant abuse (continued)
commonly abused substances, 305t
history, 304
medical management, 312
methemoglobinemia, 307
table of inhalants and chemical
constituents, 305t
treatment of acute toxic effects,
312-313
treatment of chronic toxic effects,
314
use in the U.S., 303-304
Inhalant effects, chronic effects,
neurologic damage, 310
Inhalants, 303-314
amyl nitrite, changes in cerebral
blood flow, 74
hypoxia, 306
nervous system damage, 306, 310
rhabdomyolysis from chronic use,
310
Intelligence, effects of alcohol, 52, 57,
140
Intoxication, effects of cocaine, 263-264
Ischemia
cocaine, 265
due to marijuana use, 177
from cocaine (cardiac), 260-261
Ischemic stroke, effects of alcohol, 30
Isobutyl nitrite, 308
Isopropanol, 1

Kidney damage
from heroin, 245
from methadone, 236
Korsakoff’s amnesia, 52-55
effects of chronic alcohol use, 106
Korsakoff’s syndrome, 50, 107

I-alpha-acetylmethabone (LAAM), 221

Language development, prenatal effects
of cocaine use by pregnant
women, 289

LD:50, alcohol, 1-2

Learning skills of cocaine abusers, 67,
68
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Leptomeningeal neuroglial heterotopia,
141
Lethal dose, alcohol, 1
Leukoencephalopathy, effects of
heroin, 243
Limbic system, 53
Liver disease
alcohol, 24
effects of alcohol, 20-25, 60
hepatic encephalopathy, 60
threshold dose of alcohol, 21
Liver injury
acetaldehyde and free radicals, 23
acetaminophen, 309
alcohol, 20-25, 60
cocaine, 266
inhalants, 309
LSD
history and use, 70
organic brain damage, 71

Marchiafava-Bignami syndrome, 60

Marijuana, 171-202
absorption of THC, 197
academic performance, 189
accidents, 190-191
acute and chronic effects, 173-176
amotivational syndrome, 191-192
analgesic effects, 198
attention and memory, 69, 186-187
behavioral dependence, 193-194
biological dependence, 194-196
carbon monoxide, 174
chronic effects, 174-176
cognitive effects, 184
dependence, 192-193
driving performance, 189-191
duration of use effects, 69-70
effect of THC on fetus, 178-180
effect on hormones and fertility, 178
effects on cardiovascular system,

177

effects on memory, 69
endogenous cannabinoids, 198
general effects, 172
glaucoma, 199-200
gonadal hormones, 178
immune system functioning, 176-177
ischemia, 177
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Marijuana (continued)
medical uses, 196
memory, 187-188
mental health disorders, 181-182
movement disorders, 199
neuroimaging, 70
perinatal effects, 178
phagocytosis, 176
prenatal exposure and behavioral
effects, 291-292
prenatal growth effects, 291
psychological effects, 180-183
psychomotor performance, 185
respiratory effects, 173
schizophrenia, 183-184
sex hormones, 178
tachycardia, 177
temporal incoordination, 69
tolerance, 194-195
use and history, 68
use in cancer patients, 197-198
use in pregnant women, 291
Marinol, 172
MDMA (3,4-methylenedioxymetham-
phetamine)
brain serotonin, 73
glucose metabolism, 73
memory disturbances, 74
neurological damage, 72-74
Medical management of inhalant abuse,
312
Medical uses, marijuana, 196
Memory
alcohol, 51, 106-107
marijuana, 69
MDMA, 74
Menopause, effects of alcohol, 14
Mental health disorders, effects of
marijuana, 181-182
Mental retardation, FAS, 152
Mesolimbic dopamine, drug abuse, 62
Metabolic acidosis
from alcohol, 1, 13
from inhalants, 310
Metabolic tolerance, 27
alcohol, 22-23
Metabolites, heroin, 220, 231
Methadone, 219, 221. See also Opiates
adulterants, 243
bacterial and fungal infections, 242
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Methadone (continued)
blood-borne viruses, 240
cardiovascular effects, 244-245
death due to overdose, 224-225
deaths due to asphyxia, 225-226
gastrointestinal effects, 237
half-life, 222
HIV, 240
immune system responses, 229
interaction with other drugs, 237-238
kidney function, 245
maintenance, 223
neuroendocrine functioning, 230
neuropathies, 235-236
overdose, 224-225
pain, tolerance, and withdrawal,
237,238
pulmonary system, 236
renal damage, 245
teratogenic effects, 236-237
Methamphetamine. See also MDMA
cardiovascular effects, 269
neuropsychological effects, 72-74
Methanol, 1
Methemoglobinemia, from inhalant
abuse, 307
Methylenedioxymethamphetamine. See
MDMA
Microcephaly, due to prenatal alcohol,
141, 144, 145
Millimolar, 3
Minnesota Multiphasic Personality
Inventory (MMPI), effects of
drug abuse, 63
Mortality rates, effects of opiates, 222
Motor abilities (spatial/perceptual),
effects of drug abuse, 63
Movement disorders, effects of
marijuana, 199
Muscle breakdown, effects of cocaine
use, 264
Myocardial infarctions, sudden death
due to cocaine, 261
Myoglobinemia, 232

Nephrotic syndrome, from heroin, 245
Neural imaging studies of cocaine
abusers, 66, 67
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Neuroendocrine functioning, effects of
methadone use, 230
Neuroendocrine system, effects of
opiate abuse, 221
Neuroimaging
alcohol, 143
marijuana, 70
Neuronal signaling, effects of alcohol,
86
Neuropathy
alcohol, 58
heroin, 231, 232, 233
methadone, 235-236
Neuropsychology, effects of alcohol
and drug abuse, 49
Nicotine, and low birth weight, 233
Nitrosamines, 19
Nitrous oxide, 310
polyneuropathies, 311
NMDA receptors
alcohol, 88-91
identification, 86-88
NMDA-mediated toxicity, alcohol, 107

Opiate abuse, 221
Opiates, 219. See also Heroin; LAAM;

Methadone

amenorrhea, 230

anaphylatoid shock, 226

anoxia, 227, 232

asthma, 231

blood pressure, 226

corticotrophin releasing factor
(CRF), 229

cortisol, 229

dependence, 235

gonadal hormones, 230

growth, and development, 293

hypothalamic-pituitary-adrenal
(HPA) axis, 229

hypothalamus functioning, 230

hypoxia, 227, 232

immune system functioning, 227-228

interactions with other drugs, 234-235

mortality rates, 222

neonatal withdrawal, 233

overdose, 219-220, 222-227, 235

perception of pain, 235
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Opiates (continued)
prenatal exposure effects on
behavior, 293-294
prenatal exposure effects on growth
and physiological effects, 293
pulmonary effects, 231
regulation of stress by endogenous
opiates, 229
sex hormones and behavior, 230
skeletal-muscular injuries, 232
stress response and endocrine
changes, 229
use in pregnant women, 233, 293
Osteoporosis, alcohol induced, 15
Osteoporotic fractures, due to alcohol,
14-15

Pain, effects of methadone, 238
Pancreas, alcohol-induced injury, 20
Pancreatic injury, effects of alcohol, 20
Parathyroid hormone, 17
Parkinson’s disease, 149
PCP (phencyclidine),
neuropsychological
impairment, 71-72
Pedestrian accidents, effects of alcohol,
9-10
Peripheral vascular disease, effects of
alcohol, 31
Phagocytosis, impairment by
marijuana, 176
Phencyclidine (PCP), general effects,
71,72
Phenylpropanolamine, 270
Play behavior, prenatal effects of
cocaine use by pregnant
women, 289
Polyneuropathies, effects of inhalants,
310-311
Poppers, 308
Porencephaly, 141
Positional asphyxia, deaths due to heroin
and methadone, 225-226
Pregnant women
effects of cocaine use, 286
effects of marijuana use, 291
effects of opiate use, 293
effects of tobacco, 282
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Prenatal alcohol, microcephaly, 141,
144, 145
Prenatal drug effects, 281
Prenatal EEG, effects of alcohol use, 150
Prenatal exposure
to alcohol (PEA), 140, 144, 146-150,
152
on birth and organ size
alcohol, 141, 144, 149
cocaine, 268, 286-297
marijuana, 291
methadone, 293
tobacco, 233-234, 236, 282
cocaine use, 286
marijuana use, 291
opiates, effects on growth and
physiological, 293
tobacco, effects on cognitive
development, 283-285
Prenatal motor development, effects of
cocaine use, 287
Proof of alcoholic beverages, 2
Psychological effects. See specific
drugs
Psychosis. See specific drugs
Pulmonary disease
inhalants, 306
marijuana, 173
Pulmonary edema, from opiate abuse,
231-232
Pulmonary effects
methadone, 236
opiates, 231

Reactive oxygen radicals
brain, effects of chronic alcohol use,
110
liver, effects of chronic alcohol use,
22
Relative risk for accidents, due to
intoxicated driving and
related behaviors, 9
Renal damage, 245
Renal failure
cocaine, 264, 265
heroin, 232-233
Respiratory system, effects of
cocaine, 262-263
marijuana, 173
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Rhabdomyolysis, 232
chronic effects, inhalant abuse, 310
cocaine, 264

Schizophrenia, effects of marijuana
use, 183-184
Seizures
effects of alcohol use, 99, 105
effects of cocaine use, 67, 269
effects of heroin use, 234, 243
opiate antagonists, 224
Septal perforations
inhalants, 306, 313
tissue damage from cocaine, 267
Serotonin
alcohol dependence, 61, 115f
cocaine, 259
hepatic encephalopathy, 112
MDMA, 73-74
Sex hormones and behavior, effects of
opiate use, 230
Sexual function
effects of cocaine use, 265
effects of opiates, 230
Shock (anaphylactoid), due to opiates,
226
Skeletal-muscle toxicity
alcohol, 13-18
heroin, 232
Snappers, 308
SSD (sudden sniffing death), inhalant
abuse, 306
Steroids, effect of opiates on endocrine
functioning, 229
Stress, regulation by hormones and
endogenous opiates, 229
Stroke, effects of cocaine use, 66
Sudden Sniffing Death (SSD), inhalant
abuse, 306
Swimming, accidental injuries, alcohol
intoxication, 10

Tachycardia, due to marijuana use, 177
Talcosis, 242
Teratogenic effects. See also Alcohol,
FAS
effects of tobacco use, 282
general principles, 281-282
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Teratogenic effects (continued)
heroin, 233
methadone, 236-237
THC (Tetrahydrocannabinol), 178-180.
See also Marijuana
Tobacco
effects in pregnant women, 282
low birth weight and growth effects,
282-283
prenatal effects (cognitive
development), 283-285
pulmonary diseases, 175
teratogenic effects, 282
Tolerance
alcohol, 2, 12, 21, 51, 98
GABA role of, 101-103
marijuana, 194, 195
metabolic, 27
opiates, 235, 238
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Ventricles, changes produced by
alcohol, 142

Viruses, 240

Visual system, toxicity from alcohols, 1

Vitamin depletion, 23

Weight, birth size and organ size
alcohol, 141, 144, 149
cocaine, 268, 286-297
marijuana, 291
methadone, 293
tobacco, 233-234, 236, 282

Wine, manufacture of, 2

Withdrawal
alcohol hyperexcitability, 98-101
benzodiazepines, effects on, 96
cocaine, 264
marijuana, 194-196
opiates, 224, 228, 233-238



	Pre-publication REVIEWS, COMMENTARIES, EVALUATIONS...
	NOTES FOR PROFESSIONAL LIBRARIANS AND LIBRARY USERS
	CONSERVATION AND PRESERVATION NOTES
	THE HAWROTH PRESS
	Publication and Copyright Information
	Table of Contents
	About the Editor
	Contributors
	Forward
	Preface
	Chapter 1  Characteristics of Alcohol: Chemistry, Use, and Abuse
	Chapter 2  Medical Consequences of Alcohol Abuse
	Chapter 3  The Neuropsychological Consquences of Alcohol and Drug Abuse
	Chapter 4  Effects of Alcohol Abuse on the Brain
	Chapter 5  Neuroanatomical and Neurobehavioral Effects of Heavy Prenatal Alcohol Exposure
	Chapter 6  Health Consequences of Marijuana Use
	Chapter 7  The Medical Consequences of Opiate Aubus and Addication and Methadone Pharmacotherapy
	Chapter 8  Medical Consequences of the Use of Cocaine and Other Stimulants 
	Chapter 9  The Medical and Developmental Consequences of Prenatal Drug Exposure
	Chapter 10  Inhalant Abuse



