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Preface

During the past decade, there has been a disturbing rise in the abuse of
various addictive drugs. What has become increasingly clear is the com-
plexity of use of substances such as methamphetamine, marijuana, phency-
clidine, cocaine or crack, and acohol; often two or more drugs are taken
concurrently at high doses. Not only is the degree of possible toxicity
poorly understood, but so are the residua central nervous system and
behavioral effects following drug discontinuation.

Determining long-term drug effects is important if their possible adverse
consequences to physical and mental functioning are to be fully understood.
For example, the extent to which long-term drug use specificaly impairs
cognition, eg., the ability to think and reason, or exacerbates a long-lasting
psychiatric or dementialike disorder is either not known or the information
is incomplete. The ramification of residual drug effects extends beyond the
individua to include the family, various legal and educationa institutions,
and even newborn infants. Estimates of the financial costs of treatment and
rehabilitation of indigent substance abusers as well as postnatal care given
to babies born to addicted mothers are escalating yearly.

A technica review entitled “Residual Effects of Abused Drugs on Behavior:
A Clinical-Research Integration” was held at the National Ingtitute on Drug
Abuse in Rockville, MD, on February 23 and 24, 1989. The two major
goas were: (1) to evaluate the current state of knowledge on the residua
effects of chronic substance abuse on behavior, and (2) to foster an inter-
disciplinary research effort to study and understand long-term drug effects
by involving both laboratory researchers and clinicians.
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Why Evaluate for Residual Drug
Effects

John W. Spencer

INTRODUCTION

If illegal drugs such as cocaine and crack, phencyclidine, marijuana, or
methamphetamine are repeatedly abused for an indefinite period of time, are
there long-lasting effects on behavior following discontinuation of use? Can
either temporary or permanent brain damage or brain dysfunction be de-
scribed? If some type of behaviora deficit does exist, can it be directly
atributable to the use of the drug itself? Despite over 20 years of research,
answers to these questions are either not known or are incomplete.

What has been described in the research literature is that following acohol
withdrawa and, to some extent, inhalant abuse, certain individuals may have
a behavioral, cognitive impairment in the initiation and flexibility of think-
ing and reasoning, a loss in memory function, or both (Nathan, this vol-
ume). These longer lasting, persistent impairments in behavior extending
beyond any detoxification period have been termed “residua effects.”
Studies that have attempted to establish whether residua effects exist for
any illegal drug of abuse have been more equivoca (Reed and Grant, this
volume).

The major points that will be described and developed in this chapter are
that, following repeated abuse of any substance, it will first be necessary to
evaluate and establish whether residua drug effects exist; then the careful
profiling or classifying of residual effects into type, degree of severity, and
duration of effect or recovery for a specific population (children, adults) can
provide a directed focus of research into the consequences of long-term
illegal drug usage.

STEPS IN CLINICAL EVALUATION

Clinicaly, it is important to describe the presence of any detrimental behav-
ioral deficits following long-term substance abuse. The neuropsychologist is



often presented with assessment referrals that request evaluation of detoxi-
fied drug abusers. A mgjor job is the thorough indexing of performance
impairments. Data collected helps to describe behavioraly what tasks the
individual can or cannot perform. It is useful to analyze both level and
quality of performance. This information can reveal how deficient the
client is when compared to a drug-nonabusing subject, as well as reflecting
the degree of accuracy and speed on specific items. Areas that need to be
measured include motor dexterity, sensory processing (visual, auditory, and
tactile), reaction time, attention and concentration, language functioning and
verba reasoning, visual-spatial analysis and construction, verbal and non-
verba memory, and degree of abstraction, planning, and problem-solving
skills. Many of these perceptual and cognitive functions overlap in the
skills required for successful performance. Memory may involve both
verba stimuli and visua-spatial configurations and depend upon adequate
sensory processing ability. Concentration deficits can impair the ability to
reason, as well as the ability to make judgments. Motivational deficits also
may contribute to impairment at all levels of functioning. As will be dis-
cussed later in this chapter, more specific types of neurobehavioral
responses may need to be evauated. Neuropsychological evaluations should
not only help describe cognitive impairments but should also list perfor-
mance strengths that are not adequately used by the abstinent substance
abuser.

It is equally important to ascertain not only if drug abusers understand
certain abstractions but if they can access this ability to function adaptively.
For example, in addition to simply indexing cognitive performance deficits,
the relationship of these deficits to practical, everyday life situations should
be made. Schaffer and Parsons (1987) demonstrated that sober middle-aged
alcoholics who initialy learned to match each face of six men and six
women with a given name and then were required to recall the name after
the face was again presented were less accurate than age- and education-
equated controls. These learning deficits suggest a type of impairment in
current adaptive behavior as, in the same study, the face-naming test pre-
dicted significant positive correlations between task performance and thera
pist ratings for the clients on various components of treatment behavior and
treatment benefit, e.g., ability to plan ahead. The Adaptive Skills Battery
(ASB) may be another type of test that has some degree of clinical rele-
vance to the evduation of cognition in detoxified drug abusers. Responses
are scored in terms of competency of coping skills in a variety of common
situations in the workplace and in marital, peer, and socia relations. The
respondent records what he or she would do in a given situation and, set-
ond, records what the very best response or action would be. Patterson

et a. (1988) showed that detoxified acoholics produced lower competency
scores than controls' scores in a “give your typical response” set; however,
in “give your best response” set, alcoholics and nonalcoholics did not differ,
suggesting that it is in the execution of the cognitive or problem-solving
skills and not in the capacity for such skills that drug abusers have the



most difficulties. This interpretation was strengthened because there was no
significant correlation between performance on impersonal neuropsychologi-
ca tests, eg., nonverba conceptualization, and competency of responding
on the ASB. Through the use of adaptive behavior tests, the residual
effects of drugs on certain aspects of cognition, such as interpersonal prob-
lem solving, may be eucidated. This information may be used to begin to
make more accurate predictions of success in treatment, likelihood of
relapse, and quality of posttreatment competency.

RESEARCH NEEDS

In many clinical referrals, specific questions are often asked. For example,
“Is there evidence of brain damage?’ or “What is the prognosis?” The
implied assumption is that long-term drug abuse either directly or indirectly
aters brain functioning. Research indicates that alcohol abuse can result in
a pattern of behavioral impairments suggestive of central nervous system
(CNS) damage (Tarter et d., this volume). Alcoholics demonstrate a pat-
tern of generalized cognitive impairments in the areas of concept formation,
perceptual-motor performance, and complex learning. These deficits are
thought to be related to a diffuse pattern of cortical impairment, although
some investigators suggest that frontal-limbic circuits are more susceptible.
Alcoholics aso show a type of residua memory deficit that may become
severe enough to produce Korsakoff’s syndrome, which is thought to be
related to a more diencephalic subcortica pathology. Additionaly, the
extent to which long-term drug abuse may potentially hasten a form of
organic brain disorder such as dementia, while presently not understood, be-
comes a challenging research issue in the study of residual drug effects, as
it has clinical-prognostic significance.

Separation of Effects

A related research issue is that if residua drug effects exist, performance
testing procedures should describe and separate the transient from the longer
term effects. This information has implications for accurately describing
and predicting the clinical course of recovery and for interfacing assessment
and treatment. Early in treatment, substance abusers may be cognitively
impaired to the extent that information processing cannot be adequately per-
formed. Repeated neuropsychological assessments can help describe the
degree to which the patient’'s mental functioning is recovering, as well as
measuring recovery in general. Longer lasting deficits, particularly those
involving memory loss, need to be documented, and appropriate adjustments
made in the treatment plan. For example, teaching new skills or aternative
activities to replace impairments caused by the drug-taking behavior may
not be as easy to accomplish if memory processes are not intact.



Developmental Effects. At present, there is no concentrated research effort
describing and subsequently tracking performance deficits in children who
have stopped abusing drugs. It would be useful to determine if any residu-
a drug effects can be found in this population, because it is at this age that
various components of cognition, including planning, evauation, and
abstracting skills, undergo major developmental changes. A need exists to
present data concerning the possible deleterious effects of a specific drug or
drug combinations that might occur at a particular developmental stage in
the formation of intelligence, emotional functioning, or socia functioning.
This information might be of help in remediation programming. If it can
be demonstrated, for example, that a particular drug has a long-lasting resid-
ual effect on a specific behavior such as learning, impulse control, or motor
activity, the parent or teacher's early knowledge of this information may
help in understanding the child’'s maladjustment or difficulty in coping.

Analysis of Subcomponents of Behavior. If residual drug effects can be
found in drug-abstinent children or adolescents, it is then useful to evaluate
the components of certain cognitive skills, such as types of memory deficits,
that may provide important information concerning the ways drug-abstinent
children differ from drug-nonabusing children. Of paramount importance is
the complete description of types of specific performance errors. For
example, brain-impaired individuals can have many cognitive memory defi-
cits, but these failures may occur for different reasons. Korsakoff's patients
have difficulty recognizing information (declarative memory) but can acquire
new skills (procedura memory), whereas persons with Huntington’s disease
show a generalized impairment in memory but fail because of deficits in
procedural learning rather than failures in recognition (Mat-tone et al. 1984).
Oscar-Berman (this volume) provides additional descriptions of types of
errors made by Korsakoff's patients. Further, information of specific learn-
ing deficits in drug-abusing children may help uncover potential differences
between the maturing right and left hemispheres. Adult acoholics have dif-
ficulty performing visua-spatid tasks, which are the halmark of right
hemisphere damage in patients with documented pathology of this brain
area. Yet most research has provided little evidence of greater right- than
left-hemisphere damage. It remains to be clarified whether drug-abstinent
children, whose cortices are less mature, make the same types of errors that
reflect a generalized brain dysfunction in adults.

Many subclinical or “soft” signs seen in abstinent drug abusers may be
more readily demonstrated if specific tests or a standardized and computer-
ized neuropsychological test battery were available. Traditional testing bat-
teries such as the Halstead-Reitan or Luria-Nebraska, used primarily for
brain-damaged individuals, may be insensitive to drug-induced impairments.
Lucki and Rickels (1986) have demonstrated that psychometric tests such as
symbol copying and digit span did not revea any significant deficits in sub-
jects who had been taking benzodiazepines (BZ) chronicaly for at least 5
years. A test that measures visua perception thresholds, critical flicker



fusion, did reveal significant changes in long-term BZ users. Ability-
specific tests may be more useful than gross performance measures, which
are not demanding and focused enough to detect impairments. What
appears to be needed is the investigation of elementary components of com-
plex behavior. Instead of evaluating logical memory and language by a
simple recall of a story or sentences, Zurif (1980) suggested the use of a
lexical decision task that breaks language down into separate functions.
Another example of the reduction of behavioral components to help evaluate
total performance can be seen in a model developed by Sternberg and
Gardner (1983). Verbal analogies are solved in a stepwise progression that
involves encoding, inferring, applying, comparing, justifying, and responding.
This type of “componentiad analysis’ of analogica reasoning can help
describe specific processes that may be adversely affected by long-term drug
abuse. Remediation can then be directed at these deficits and not at other
processes that are functioning normally. A measurement process needs to
be developed that begins at the sensory transduction level and terminates
with motor output. Both capacity and efficiency of performance plus speed
in responding should be described. Neurologically impaired patients can be
accurate but very dow to process cognitive information. Whether this same
relationship exists for drug abstinent patients remains to be clarified.

Individual Differences. Describing individua differences regarding the
presence or absence of residua drug effects in children or adults may help
explain why some individuals are especialy vulnerable to developing sub-
stance abuse habits. Predrug-use measures that list the presence or absence
of developmental delays, head injuries, attention deficits, minima brain dys-
function, hyperactivity, as well as cognitive and learning disahilities, should
be well documented. Neuropsychological deficits may reflect a long-stand-
ing weakness in a particular cognitive process rather than revealing the
effects of only recent drug use on CNS functioning. The importance of
such research design issues can be illustrated by the strong suggestion that
individuals with childhood histories of hyperactivity or attention-deficit dis-
order are at increased risk for the development, later in life, of psychiatric
illness, including the tendency to abuse drugs. Knop et a. (1985) have
documented that sons of acoholic fathers were reported by their teachers to
experience a more disturbed school career and have poorer impulse control
as well as deficient verba proficiency. An understanding of predrug behav-
ior, when available, can help substantially in interpreting residua drug
effects.

Use of Animal Studies

Because of the complexities of interpretation of data in many clinica
studies, anima models can be useful for testing hypotheses regarding resid-
ual drug effects on cognition or other neurobehavioral processes. Among
the difficulties in evaluating human research has been relating long-term
drug abuse to brain dysfunction, which then may cause cognitive



impairment (causal hypothesis) or in demonstrating that with increased drug
use, performance impairments become correspondingly more severe (Parsons
et a. 1986).

By controlling diet and preventing nutritional deficiencies, the direct toxic
effects of repeatedly administered abused drug(s) on learning or performance
studies in animals may be evaluated over a specific time course. Important
variables such as drug dose, frequency and length of drug administration, as
well as the effect of age or gender, can be partided out and quantified in
parametric studies. The repeated administration of drugs to animals over
time provides for a controlled way to evaluate hypotheses relating to resid-
ual drug effects. Determination of the relevance to clinical studies remains
an inherently difficult but necessary task.

CLINICAL EVALUATIONS CONTRIBUTION TO RESEARCH

Finaly, evduation for the presence of subtle residua drug effects may help
stimulate and develop a more comprehensive clinical and research methodol-
ogy. As one example, Ciesielski et a. (1985) were able to show abnormal-
ities in the visual evoked response of long-term substance abusers. The
human evoked potential (EVP) is an electrophysiological measurement in
which a sensory or cognitive signal “evokes’ or stimulates a response that
is detected from the scalp and presumably represents brain responsiveness to
a stimulus. The EVP is reproduced as an averaged tracing with latency
(stimulus onset to response) and amplitude (height of response) within a
series of generated waveforms. Differences indexed in the Ciesielski study
included decreases in the amplitude of N2-P3 potentials. Some lateraizing
effect(s) were observed. Longer EVP latencies occurred over the right
rather than left hemisphere. No significant abnormalities were observed for
various psychometric tests, e.g., logica memory, visua reproduction, and
visual short-term memory. This finding suggested to the authors that not
only were the brain potentials a more sensitive indicator of cerebral impair-
ment than were behaviora tests, but the finding might also indicate that
brain dysfunction physiologicaly can precede observable behavioral impair-
ment. However, the assumption made in this study was that the psycho-
logical tests used were vaid for the behavior studied. Other tests evaluat-
ing for memory dysfunction might have reveded different results. Certain-
ly, noninvasive techniques such as the EVP, deep-stage electrophysiology,
and autonomic measures of galvanic skin response, vaga responsiveness,
and neuromuscular physiology (tremors, balance) may be useful as adjunct
indicators for describing possible residual drug impairment. For example,
Harbin (1985) has reported that a late positive component of the event-
related cortical potential can be correlated with memory (exponentially
decaying; long-term or recent) or response speed, two indicators of neuro-
logical status and possibly of long-term drug effects. Porjesz et al. (1987)
have aso shown that the EVP (P3) appears to be reduced in voltage in
abstinent acoholics but not controls, when the subjects were engaged in



tasks that measured attention. The suggestion was made that multiple sys
tem deficits were involved, including frontal or media temporal lobe sites,
proposed generators for P3 wave forms. Continued research needs to clar-
ify whether these interpretations are correct and to document the clinical
relevance of observed changes in the EVP during drug abstinence.

CONCLUSION

To summarize, it first needs to be established that residual effects do exist
following long-term drug abuse. It aso remains to be clarified whether
long-term drug abuse produces irreversible brain damage or more subtle re-
versible brain dysfunction. By the careful analysis of various types of
learning and performance strengths and weaknesses, treatment planning strat-
egies may begin to be made. This is especialy true in cases in which
there is a dual diagnosis of a menta disorder coexisting with the substance
abuse, eg., schizophrenia, depression, or dementia. It is important to know
how long-term drug abuse can produce symptoms similar to these disorders
as well as how the disorders control the drug-taking habit. A better under-
standing of the long-term performance deficits and any psychiatric disability
may help in formulating an appropriate followup and lessen the occurrence
of drug relapse. The study for possible residual drug effects in children
and adolescents may help describe the types of learning, social, and emo-
tional problems they can be expected to have in school and in the home.

In this population, any neuropsychological assessment should include tests
that are vaid and appropriate for each developmental stage. A challenge
for future research is to develop a new technology for indexing subtle, sub-
clinical deficits occurring as a result of long-term drug abuse. One critica
variable that investigators will need to attend to is the degree to which
predrug deficits may interact with or influence outcome in the evaluation
for residua drug effects. Animal models may be especialy useful and

appropriate.
ORGANIZATION OF THE MONOGRAPH

In the remaining chapters of this monograph, both the methodological and
clinical research studies investigating residual drug effects on behavior are
discussed. All the studies reveal the presence of some form of residua
drug effect on behavior. Mr. Reed and Dr. Grant provide a comprehensive
review of neuropsychological studies devoted to analyzing residua drug
effects focusing on the importance of vaid and reliable measurements and
appropriate research designs to index behavioral deficits. Of specia interest
is the tracking mechanism necessary to keep drug abusers in longitudina
studies. A method of evaluating anima behavior, using complex operant
baselines, is suggested by Dr. Paule to be amenable to evauating residual
drug effects. Data are presented that show various response-recovery rates
in animals previously exposed to certain drugs. Dr. Woody reviews the
clinicd manifestations of stimulant and opiate residua effects. Of interest



is the possible biologica alteration in the endocrine system of opiate
abusers and the corresponding changes in certain behavioral-affect rating
scales. Dr. Howard reviews her clinical findings, which show that in a
small group of black, disadvantaged women, abuse of phencyclidine has
residual effects on adaptive behavior 12 to 24 months after discontinuation
of drug use. The profound effect of phencyclidine used in conjunction with
other drugs appears to aso influence sensory, motor, and play behavior of
infants born to these drug-abusing women. Dr. Block presents data that
show that heavy marijuana use may have residua effects on certain lan-
guage-mediated tasks. The design of this study includes a predrug measure-
ment, a component lacking in many residua studies. Investigations con-
cerned with residua effects of acohol have been going on for 20 years.
Researchers in this area have both knowledgeable and valuable contributions
to make to the field of polydrug abuse. Chapters by Drs. Nathan, Tarter,
and Oscar-Berman review the effects of long-term acohol abuse on various
social and cognitive tasks. Alcohol abuse may produce a neurotoxic effect
involving the liver and vitamin E absorption, which may be partialy
responsible for observed cognitive deficits. Learning deficits in acoholics
are suggested to be related to a diffuse cortical damage, whereas memory
deficits may be more related to subcortical damage. Dr. Pryor utilizes an
animal model to demonstrate that behavioral measurements of grip strength,
gtride length and width, and foot splay can be used to evaluate the subtle
resdua effects of toluene in the rat. This finding shows how a drug that
is thought to act in an area of the brain responsible for motor control does
in fact impair motor behavior. Reporting on the residual effect of cocaine,
Dr. Herning uses a combined information-processing and reaction-time para
digm with an electrophysiologica measurement (event-related potential) to
demonstrate subtle residual drug effects, and Dr. O'Malley reviews the
clinical abstinence symptomatology of cocaine and presents neuropsychologi-
ca data that reveal some mild impairments. Of interest is that the length
of cocaine abstinence correlates with performance on tests that discriminated
cocaine abusers from normals.
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The Long-Term Neurobehavioral
Consequences of Substance
Abuse: Conceptual and
Methodological Challenges for
Future Research

Robert J. Reed and Igor Grant

INTRODUCTION

In this chapter, we discuss issues that need to be considered and directions
that might be taken in the investigation of central nervous system (CNS)
consequences of the long-term chronic abuse of psychoactive drugs. In so
doing, we will consider the current status of work in this area, severa con-
ceptual issues influencing such work, theoretical models for understanding
and guiding the development of sound research strategies, methodological
issues important to the implementation of repeated measures designs, and
some of the current neurodiagnostic methods that could be incorporated into
future multidisciplinary research.

Overview

In the 1960s, there began the well-documented upsurge in the nonmedical
use of pharmaceutica and nonpharmaceutical psychoactive chemicals, which
has yet to abate, some 25 years later. In the early 1970s, a number of
often contradictory reports began to appear in the literature describing the
findings of neuropsychological (NP) investigations of marijuana and hallu-
cinogen use. The appearance of these articles signalled a caution that one
could not repeatedly expose the brain to psychoactive agents without ulti-
mately paying a price. Simultaneoudly, the number of drug users whose
preferred substances included the barbiturate and nonbarbiturate CNS depres-
sants and stimulants began to increase. Prevalence of heroin abuse aso
escalated as many military personnel who were initially exposed to this drug
in Vietham came home and continued to seek out and use opiates. During
this decade, it also became clear that the concept of the “pure’ heroin

10



addict or the “pure” marijuana abuser was losing its validity, since the
majority of substance abusers had begun to avail themselves of several dif-
ferent drugs; hence the term “polydrug user” (Wesson et a. 1978).

Toward the end of the 1970s, the Nation was beginning to experience the
falout from the large-scale introduction of cocaine into American society, as
production and distribution centers in Centra and South America became
more sophisticated. The 1980s saw the advent of free-base cocaine and
crack as well as the spread of human immunodeficiency virus (HIV) infec-
tion through the use and sharing of dirty needles by intravenous (1V)
abusers of cocaine, heroin, and amphetamines. Thus, even the recent his-
tory of substance abuse has many eddies and currents.

In the following review of research on neurobehaviora consequences of
substance abuse, especidly the NP findings, we attempt to define the limits
of our knowledge in this area and point out the problems in methods and
measurement that have made interpretation of data difficult.

Current Status of Work in the Area

During the 1960s and 1970s, a number of studies on the CNS consequences
of chronic substance abuse were completed. These were mainly NP investi-
gations, the results of which have been summarized by Grant and Mohns

(1975), Parsons and Farr (1981) Grant and Reed (1985), and Carlin (1986).

In brief, the best designed controlled studies of heavy marijuana use
(Mendelson and Meyer 1972; Grant et a. 1973; Rubin and Comitas 1975;
Miras and Fink 1972; Satz et d. 1976; Stefanis et a. 1977) found no indi-
cations that NP abilities were adversely affected. Other clinical studies and
some case reports (Campbell et a. 1971; Kolansky and Moore 1971; Kolan-
sky and Moore 1972; Soueif 1971; Wig and Varma 1977, Mendhiratta

et a. 1978) repotted NP deficits and computed tomography (CT)-measured
atrophy in cannabis users. Severa of the latter studies were uncontrolled,
however, or other clinical conditions were prevalent among their subjects,
which could account for the reported dysfunction.

More recently, there have been indications that both acute and longer term
dysfunction in attention, information processing, and memory may result
from marijuana use (Belmore and Miller 1980; Wetzel et a. 1982; Block
and Wittenbom 1984; Hooker and Jones 1987; Page et a. 1988). The
report from Page and colleagues comes from a followup in Costa Rica of
the study originally reported by Satz and associates (1976). In the earlier
study, no significant differences were found to exist among Costa Rican
nationals who had been smoking marijuana heavily for more than a decade
on average and a group of nonusers matched for socioeconomic status. The
followup, however, included both the previously used measures and a new
set of tests designed to assess attention and concentration and the learning
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and retrieval components of memory. Twenty-seven of the forty-one origi-
nal users and 30 of 41 origina nonusers were successfully reevaluated.
Again, there were no between-group differences on the origina NP meas-
ures and, perhaps more interestingly, there were no meaningful performance
changes between first and second evauations for either group. The using
group, however, by then having histories of more than 25 years of heavy
cannabis use, was uniformly and significantly more impaired on the new
tests of attention, concentration, and memory. Page and colleagues note
that, although these differences were rea and significant, they were suffi-
ciently subtle to have been classified as subclinical. Interestingly, users had
worse socid functioning in severa areas. They tended to have less
demanding jobs and were more likely to have spent time in prison.

Page and associates do not address the possibility that their cannabis-using
group may have been exposed to greater drug-use- and drug-nonuse-related
risks for NP deficit in the interval between the first and second NP evalua-
tions. As it is frequently the case that U.S. acoholics and drug abusers are
exposed to greater neuromedical risk (head injury, loss of consciousness,
nutritional deprivation, hepatic disease, chronic obstructive pulmonary
disease) than are nonabusers, and as such events have been shown to ex-
plain a significant portion of the variance in NP test results in both alcohol-
ics (Adams and Grant 1986) and polydrug abusers (Grant et a. 1978b), it is
possible that the same confounds might have been operating in this Costa
Rican sample.

Hooker and Jones (1987) administered a series of memory and information-
processing measures to subjects in a counter-balanced double-blind crossover
design. These subjects were males between 19 and 22 years of age and
averaged 14.8 years of education, with a range from 13 to 17 years. In the
year prior to the experiment, the subjects marijuana experience ranged be
tween once per month and once per week. Two subjects had a lifetime fre-
guency of marijuana use of over 1,000 occasions. Subjects were tested
after smoking either one active or one placebo marijuana cigarette. Second
assessments were made 1 to 3 weeks later. Analyses indicated that acute
marijuana intoxication was related to the more frequent appearance of intru-
sions in a delayed free-recal verbal-memory procedure and to poorer perfor-
mance on the Stroop color-word interference test.

Although Hooker and colleagues did not focus in this study on residua del-
eterious effects of marijuana, it is possible that 6 of the 12 subjects (those
who received active cannabis a baseline) actually could have demonstrated
resdud effects at followup. If indeed there were residua effects, differenc-
es between placebo and cannabis groups might be expected to attenuate or
disappear at followup, resulting in a significant treatment-by-time interaction
in repeated measures analyses. Such a result did not occur, thus there is a
tentative indication that marijuana use will not have residua effects. This
conclusion is not compelling, however, given that the distribution of vaues
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for potentially confounding subject attributes, i.e., prior drug and acohol
use, educational achievement, and 1Q, were not described for the marijuana
first and placebo-first groups. The facts that the subjects smoked only one
marijuana cigarette during the experiment and that the sample was very
small aso limit our ability to form generaizable conclusions about residua
effects.

Thus, athough the best early work with marijuana suggested that it was a
relatively innocuous agent from a neurologica standpoint, the more recent
data tentatively suggest that it may have both acute and residua effects on
some abilities that generaly were not assessed in the earlier studies. Data
on residua effects remain inconclusive, however.

Phencyclidine (PCP) was first synthesized in 1956. Used and then aban-
doned as a surgical anesthetic in humans, PCP has aso served as an experi-
mental drug in producing model psychoses and as a veterinary tranquilizer.
It first appeared as an illicit street drug in 1965 and, according to some
national surveys, has been consumed by more than 8 million Americans
(Young et a. 1987). Its application as a surgical anesthetic was marred by
postoperative psychotic reactions and acute agitation. It has frequently been
linked with violent behavior in clinical case reports and in the popular
press, but Brecher and associates (1988) state that, in many of these reports,
other factors that may relate to violent behavior, such as simultaneous intox-
ication from other substances, are not dealt with. They further suggest that
little empirical data exist that support the putative link between this sub-
stance and violence. There is no denying, however, that persons acutely
toxic on this agent can present with a host of bizarre symptoms.

Acutely intoxicated PCP abusers frequently demonstrate both the active (hal-
lucinations, fixed delusions, paranocia) and passive (thought disorder, with-
drawal, apathy, catatonia) symptoms of schizophrenia (Javitt 1987). French
(1988) reported that chronic exposure to PCP among rats did not diminish
the drug's ability to activate mesolimbic neurons, which are thought to be
implicated in the etiology of schizophrenia. He speculates that this absence
of a tolerance effect may partialy underlie the biological mechanism by
which chronic use of larger doses of PCP can lead to psychotomimetic
symptoms. These recent findings and others suggest that PCP might pro-
vide a more encompassing chemical model for schizophrenia than do the
hallucinogens or the amphetamines.

In early NP reports, PCP abusers demonstrated acute and postacute sensory
and motor disabilities as well as anterograde amnesia (Davies 1961; Luby
et a. 1959; Luisada 1978). PCP-using polydrug abusers appeared in one
study to be more impaired neuropsychologicaly than polydrug users who
did not use PCP (Ware 1978), while another study of similar design did not
find significant differences (Carlin et a. 1979).
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In sum, the residual effects of PCP are not understood. PCP must remain,
however, high on the list of substances that might have long-lasting deleteri-
ous neurobehaviora effects; the severe acute and subacute (lasting days to
weeks) behaviora disruption it is known to cause make this a plausible
inference. Furthermore, PCP's lipophilic properties favor its remaining in
the body for prolonged periods, thereby lengthening the potential for long-
term toxic effects.

CNS depressants have been associated with postabstinence NP impairment
that resembles the pattern seen among acoholics (Adams et a. 1975; Judd
and Grant 1975; Bergman et a. 1980; Grant et a. 1978a). Hendler and
colleagues (1980) and Petursson and associates (1983) reported NP impair-
ment in chronic benzodiazepine users on the Wechser Adult Intelligence
Scale, and Golombok and colleagues (1988) found impaired visua-spatia
ability and impairment of sustained attention among British patients pre-
scribed this same class of psychoactive agents for at least 1 year.

Bergman and associates reported, in a followup of their 1980 study (Berg-
man et a. 1989), that 30 of their origina 55 sedative-hypnotic-abusing sub-
jects showed dight but significant improvement in NP functioning 4 to

6 years later. These investigators partitioned their sample on the basis of
relapse vs. abstinence during the interim. While both subgroups improved
significantly on seven out of nine measures at the second evauation,
relapsed sedative-hypnotic abusers performed more poorly on a block design
measure, on the Trailmaking Test, and on a measure of field dependence
than did the abstinent subgroup. Interestingly, the relapsed group demon-
strated greater improvement than the abstinent group on both the Trailmak-
ing and the Witkin Rod and Frame Tests. Bergman and colleagues suggest
that, because of the extremely poor scores obtained at baseline by the
relapsers, they had more room for improvement at second testing. It is aso
possible that those who relapsed did so because they were impaired prior to
onset of drug use. Comparisons made of the abusers data, both at baseline
and at followup, with socioeconomically matched normative data indicate
that despite the pooled sample within-group improvement, the sedative-
hypnotic abusers continued to demonstrate significant NP impairment 4 to

6 years after treatment.

Volatile substances are abused recreationally by a relatively small percentage
of the population, but are of significant concern because many persons are
a risk for their effects through contact with such substances as toluene,
acrolein, n-hexane, and methylbutylketone in their occupations or through
the increasing presence of these agents in the ambient environment. The
research so far suggests that some of these substances, particularly toluene,
can produce both neuropsychological and neuroradiological abnormalities
(Arlien-Soborg et al. 1979; Bruhn et a. 1981); others, mostly the ketones,
may cause peripheral neuropathy (see review by Grant and Reed 1985).
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Anima models of addiction indicate that cocaine and the amphetamines pro-
duce more persistent drug-seeking behavior than does any other class of
psychoactive chemical (Gawin and Ellinwood 1988). Thus, it is not surpris-
ing that stimulant addiction, to cocaine in particular, has grown rapidly.
Despite this widespread exposure, little is known about long-term effects on
brain function. Some very early studies and clinical case reports described
vasculitis, necrotizing angitis, and cerebrovascular accidents in abusers of
CNS stimulants (Citron et a. 1970; Weiss et al. 1970; Kane et a. 1969).
Rylander (1972) suggested that disturbances in memory, concentration, and
certain types of abstract thinking occurred as long-term sequelae of stimu-
lant abuse, but there were no reports that spoke of stimulant toxicity mani-
festing as NP impairment following abstinence. Grant and associates
(1978a), for example, found no association between use of CNS stimulants
and NP performance in their sample of 151 polydrug abusers.

On the other hand, human and animal neuropharmacologic studies raise con-
cerns that there may be irreversible CNS effects of stimulant abuse. For
example, long-term administration of stimulants to animals indicates that
there is depression in the mesolimbic and mesofrontal cortical reward sys-
tems of the brain. This depression might correspond to the anhedonia
demonstrated during withdrawa in humans (Colpaert et a. 1979; Leith and
Barrett 1976; Kokkinidis and Zacharko 1980). A stimulant-induced super-
sengitivity of the inhibitory autoreceptors on the dopamine (DA) neuron has
been suggested as the primary neurophysiologic substrate of cocaine with-
drawa (Gawin and Ellinwood 1988).

As yet, however, it has not been conclusively shown that there is a long-
term or permanent impairment of ability to experience reward because of
chronic perturbation of the dopaminergic system through stimulant abuse.
There is evidence in the anima literature that amphetamine is neurotoxic if
elevated brain levels are sustained for very long. This toxicity can result in
histopathological and neurochemical changes, including degeneration of
nigrostriatal presynaptic DA terminals and striatal DA depletion. Postsynap-
tic neurons appear to be affected by repeated and sustained exposure to am-
phetamine as well (Robinson and Becker 1986). In some animals, notably
the cat, DA depletion can persist for up to a year following as few as three
injections (Levine et a. 1980). The issue of whether amphetamines or
cocaine effectively reduce the number of pre- and postsynaptic DA receptors
is a controversial one (see Robinson and Becker 1986 for a comprehensive
review of this area). But, if long-term or permanent changes in the dopa
minergic system are a consequence of amphetamine abuse, these changes
could lead to NP and information-processing impairments and to decreased
social and occupational functioning, via decreased ability to anticipate
rewards.

Although some early investigations found NP dysfunction in halucinogen
abusers, other investigations did not (Cohen and Edwards 1969; McGlothlin
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et a. 1969; Acord 1972; Wright and Hogan 1972; Acord and Barker 1973).
These early lysergic acid diethylamide (LSD) studies were compromised in
many ways (smal sample sixes;, absence of, mismatched, or inappropriate
control groups; uninterpretable or unreported drug consumption metrics, use
of poorly understood, possibly invalid measurement instruments;, and failure
to estimate premorbid ability level of participants). But these contradictory
and unreliable findings, combined with the Collaborative Neuropsychological
Study of Polydrug Users (CNSP) failure to find a relationship between
reported halucinogen use and CNS deficit, suggest that deficit, if it exists,
is more subtle than can be assessed by existing NP measures.

The recreationa use of inhalants such as amyl and butyl nitrite has become
more common in the last decade. We are not aware of any data to suggest
direct neurotoxicity associated with the abuse of these substances. The use
of these agents to facilitate sexua enjoyment is commonly acknowledged in
gay subpopulations. HIV infection is prevaent among homosexua men,
and AIDS-related dementia occurs in a smaller subset of these persons. It
is not clear whether the nitrites play any role in facilitating CNS complica-
tions in such groups.

Opiates have been studied neuropsychologicaly since 1974, when Fields and
Fullerton first reported an absence of Halstead Reitan Battery (HRB) perfor-
mance differences in groups of heroin addicts and medica controls. In a
report by Grant and colleagues (1978a), polydrug users who reported using
a relatively greater amount of opiates, including heroin, opium, and syn-
thetic narcotics, were more likely to be judged impaired on clinical NP
evaluation than polydrug users who used relatively little of this class of
drug. Thus these two early studies present conflicting information on the
effect of opiates on CNS function. Hill and Mikhael’s 1979 report of a 40-
percent impairment rate in a small sample of heroin abusers came from a
controlled study as well, but did not resolve the issue because of failure to
include data on length of abstinence in the heroin abusers. Rounsaville and
associates (1980) compared NP functions in heroin addicts and epileptics.
Eighty percent of the addicts and 86 percent of the epileptics were classi-
fied as impaired, but 43 percent of the heroin addicts had abused significant
levels of other drugs, including acohol and cocaine. In the end, these
results were also confounded by the fact that only 20 of the 72 addicts
were drug free at the time of testing. In a continuation of this investigation
(Rounsaville et a. 1982), the same sample of heroin addicts was compared
with Comprehensive Employee Training Act (CETA) employees. essentialy
no differences were found except that heroin abusers performed better than
the controls on simple motor tasks. The fact that both groups performed in
the mildly impaired range suggests that other factors (e.g., educationa
deprivation) needed to be considered in assessing these NP data. More re-
cently, Guerra and associates (1987) assessed attention, memory, and verbal
fluency in a controlled, repeated-measures investigation of NP performance
in 93 opiate-dependent individuals. Testing was accomplished prior to and
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following a I-week detoxification. Initialy, the performance of the opiate
abusers was significantly more impaired than that of the socioeconomically
matched controls. At followup, the opiate addicts showed significant
improvement relative to their first testing and, when compared again with
the first evaluation data obtained from controls, were not significantly differ-
ent. Since the controls were not retested, however, it is not possible to
discern whether the observed recovery was due to practice effects, to the
controlled withdrawal from narcotics, or to some interaction of the two.

In summary, this brief review indicates that a moderately large body of data
has been collected and reported over the past two decades on the relation-
ship between chronic drug abuse and brain disorder. In spite of some ex-
cellent efforts, relatively little is known about long-term NP effects that
goes beyond the facts of acute intoxication and withdrawal. Much of what
is known is tentative and confounded by a host of factors that, if not
addressed in future neurodiagnostic investigations, will leave us in the same
position two decades hence. Bearing this in mind, in the next section we
discuss several conceptual issues central to fostering more definitive results
in the future,

CONCEPTUAL ISSUES
Defining CNS Effects: The Notion of Neurobehavioral Phenomena

The dterations that psychoactive drugs can produce can be appreciated, at
least theoretically, at severad levels of abstraction. At the most basic levd,
there will be biochemical and macromolecular changes, some evanescent,
some more lasting. Some of these changes might trandate into reversible
(loss of dendritic spines; fluid shifts; inflammatory changes;, demyelination)
or irreversible (cell loss) structura damage. At the macro level there may
be neurological, cognitive, affective, and behaviora aterations, both revers-
ible and irreversible.

Methods for detecting these events are many. When anima models are
used, increasingly precise information can be obtained in the living orga
nism, as, for example, the relating of single-cell recordings, or samplings of
neurotransmitter products from selected brain regions in behaving, drug-
treated animals (Kuczenski and Segal 1989). Such designs move beyond
correlations of antemortem behavior and postmortem neuroanatomy, towards
simultaneous, in vivo observations of behaviora and neurophysiological
changes produced by various psychoactive drugs.

With living human beings, such elegant but invasive “brain-behavior” correl-
aive experiments are obviously infeasible. Therefore, we can only infer
CNS effects through indirect measures. Until recently, NP testing, which
samples behavior thought to be particularly dependent on CNS integrity,
represented the most sensitive noninvasive approach to detecting brain
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dysfunction. With the advent of advanced electrophysiologica techniques,

e.g., brain eectrical activity mapping (BEAM) and functional neuroradiolog-
icad methods, e.g., positron emission tomography (PET); single photon emis-
sion computed tomography (SPECT), it becomes possible to study physico-
chemical brain changes in vivo, and to relate these to behavior. These tech-
nigques permit the term “neurobehavioral” to embrace drug-related CNS phe-
nomena that might be observed from multiple vantage points, including the
neurologic, psychiatric, radiologic, electrophysiologic, and neuropsychologic.

The Natural History Concept as a Guiding Frame of Reference

In medicine, the tempora evolution of a pathologic phenomenon is known
as its natura history. Although the notion that drug-associated neurobehav-
ioral phenomena occur in the context of a natura history is implicit in most
research, the failure to address this concept explicitly has led in the past to
erroneous (or premature) conclusions regarding issues such as the supposed
“safety” of an agent, or, dternatively, its permanent toxicity. We think that
the design of future research in this area will be better served by a con-
scious and accurate understanding of what is known of the natura history
of drug-related brain disorder.

Several years ago we proposed a genera model in time-line format for the
natural history of brain disorder as related to acohol and drug abuse (figure
1) (Grant et a. 1980). In this model, the basic epochs of the phenomenon
include, in order, a prenatal period, a preexposure period (birth to first
exposure), a latent period, an occult period, a preclinical period, and a clini-
ca period. These six periods are bracketed by conception and death. Dur-
ing both the prenatal and preexposure periods, the model presumes the indi-
vidual is both healthy and developmentaly normal.

The latent period begins at the time of first exposure to the toxic substance.
Between this first exposure and the observation of the first clinica neuro-
behavioral signs, the first neurotoxic event occurs (destruction of dopaminer-
gic cels or microinfarcts following amphetamine use). This first toxic
event may occur sooner or later following initiation of use depending on
(1) the toxicity of the substance and (2) the relative amount consumed over
time. Theoreticaly it is possible that this prodromal (latent, occult, and
preclinical) period could extend indefinitely if a very mildly toxic substance
were used infrequently by the healthy individual, i.e., having no predispos-
ing risk or vulnerability.

Viewing the previoudy reviewed substance abuse literature in the context of
the natural history model points out that most of what we know now relates
only to the short-term effects of drug abuse, i.e., to drug effects on brain
function during acute intoxication, during the period directly following ces
sation of use (abstinence), and during the immediate postabstinence phase.
Only with respect to acoholism have we even begun to appreciate the
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FIGURE 1. Model for the natural history of neurotoxin-induced brain
disorder

KEY: C=conception; B=hirth; A(X)=age a first exposure to drug; A(Y)=age a which first irreversible
neurond changes begin, A(Y’)=age a first postive findings on mast sendtive test; A(Z)=age at
firgt clinical sgns, and D=desth.

complexities of long-term effects. Even with alcoholism, much of what has
been reported has come from cross-sectiona rather than longitudinal investi-
gations or from a few followup studies from which it may be premature to
generalize.

Without such prospective studies, guided by a natural history framework, we
shal fal to develop information that can be ordered in time, an essentia
prerequisite to the testing of causa models.

Reversible and Irreversible Deficits

The natura history model (figure 1) was made intentionally simple for di-
dactic purposes. For instance, it permitted no recovery from CNS-related
substance abuse effects. However, recent studies on the NP sequelae of
alcoholism indicate that there is recovery of some NP function in some
alcoholics with continuing abstinence (abstinence beyond a few weeks). We
have observed that long-term (minimum 18 months) abstinent acoholics do
not differ on most NP measures from age- and education-matched controls
and that such long-term abstainers are significantly less impaired than re-
cently detoxified alcoholics (Grant et a. 1979; Grant et a. 1984). These
cross-sectional studies are supported by more recent longitudinal data. On
2-year followup evauation of a sample divided into four groups (continuing
alcoholic drinkers, short- and long-term sober acoholics, and controls), con-
tinuing drinkers were rated as neuropsychologically worse more often than
was the short-term sober group. In the short-term sober group, 16 percent
were rated as improved, while in the continuing drinker group, only 9 per-
cent were so rated. Interestingly, 19 percent of the long-term sober group
(abstinent by then a minimum of 4 years) showed significant improvement.
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Such data raise the possibility of very long-term, slow recovery (Grant et a.
1987).

Other reports of NP and CT-measured recovery among abstinent acoholics
(Adams et al. 1980; Carlen et a. 1978; Carlen and Wilkinson 1980,
Wilkinson and Carlen 1980a; Wilkinson and Carlen 1980b; Wilkinson and
Carlen 1983; Wilkinson 1987; Brandt et al. 1983; Fabian and Parsons 1983;
Goldman 1983a; Goldman 1983b; Goldman et al. 1985; Grant et al. 1986;
Grant 1987) and the hint that NP recovery may occur among polydrug users
who maintain abstinence (Grant et al. 1978a) suggest that longer term
recovery may occur for substance abusers as well. These data indicate that
the simple natural history time line originaly proposed needs refinement.
Through that refinement process we can determine whether recovery may be
total partial permanent, or temporary.

A Proposed Nosology for Subclinical and Reversible Neurobehavioral
Disorders Associated with Substance Abuse

The cross-sectional and, especialy, the longitudinal data on NP recovery in
alcoholism reviewed above indicate that at least some neurobehaviora dis-
turbance is dowly reversible. Since there is no nomenclature in the Diag-
nostic and Statistical Manual for Menta Disorders (DSM 111-R) (American
Psychiatric Association 1987) under which these phenomena are described,
we have proposed for future revisions (DSM 1V) criteria along the lines
shown in tables 1 and 2. These criteria, first presented for alcoholism in
Grant et a. (1986) and Grant et a. (1987), will permit the diagnosis of
intermediate duration (slowly reversible) neurobehavioral disorders associated
with substance abuse. Additionally, since some substance-abuse-related
CNS disorders may never reverse fully, yet may stop short of major
impairment typified by the label “dementia,” we recommend a category of
subclinical or subsyndroma neurobehavioral disorder (table 3).

Premorbid Status of Substance Abusers

Do persons who become substance abusers, whether of acohol or other psy-
choactive drugs, come from a subsample of the population that would
appear neurobehavioraly abnorma if examined before they were exposed to
the drug? To answer this question would require prospective longitudinal
studies that begin data collection in at-risk samples before substance abuse
begins.

Most neurodiagnostic studies on substance abuse have been cross-sectionally
organized. In cross-sectional NP studies in which premorbid status is
thought to be important but not concurrently evolving, it has been typicd to
rely on markers such as educational achievement or history of early child-
hood risk factors in an attempt to control for these influences. Markers
such as these are better than none at al. These retrospectively obtained
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TABLE 1. Diagnostic criteria for intermediate-duration neurobehavioral
disorder associated with substance abuse

Presumptive Diagnosis

1. Neurobehavioral disorder is evident following prolonged heavy
ingestion of the substance.

2. Disorder is evident as early as the first week of abstinence and
persists for months or even severa years after cessation of
substance ingestion.

3. Disorder is not due to other causes of sowly reversible organic
mental disorder (for example, head injury, hypothyroidism).

4. The severity and features of the disorder do not meet the criteria
for delirium or dementia

Definitive Diagnosis

1. Repeated evaluations show improvement in neurobehaviora disorder
related to abstinence or reduced consumption.

SOURCE: Grant et d. 1986, copyright 1986, American Psychiatric Association.

TABLE 2. Definition of neurobehavioral disorder

A. Subjective sense of reduced intellectual acuity or capacity (more diffi-
cult to learn new things, remember, handle more complex information)
or observations by significant others that the individua is more forget-
ful or has shown other evidence of intellectua decline.

B. One of the following objective signs:

1. Neurocognitive deficit (abstracting ability, perceptual motor skills,
memory below expectations for age- and education-matched con-
trols) observed on structured neuropsychiatric exam or neuro-
psychological testing.

2. Laboratory evidence of structural or functional brain abnormality
indicated by one or more of the following:

a  computed-tomographic or magnetic-resonance-scan evidence of
abnormally widened sulci or ventricular dilatation compared
with age-matched norms;

b. eectroencephalographic evidence of diffuse disturbance (dow-
ing of apha, increase of theta activity); and

¢. abnormalities on dynamic brain imaging (PET, SPECT) com-
pared to age-, education-, and sex-matched norms.

SOURCE: Grant et a. 1986. copyright 1986. American Psychiatric Association.
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TABLE 3. Diagnostic criteria for subclinical neurobehavioral disorder
associated with substance abuse

Presumptive Diagnosis

1. Neurobehaviora disorder is evident following prolonged heavy con-
sumption of the substance.

2. Disorder is evident a minimum of 1 year after cessation of
consumption.

3. Disorder is not due to other causes of subclinica dementia (late
sequelae of head injury, permanent effects of hypothyroidism).

4. The severity and features of the disorder do not meet the criteria
for delirium or dementia.
Definitive Diagnosis

1. Repeated evauation shows no significant improvement in neuro-
behaviora disorder in relation to continuous abstinence beyond
1 year.

SOURCE: Grant et a. 1986, copyright 1986, American Psychiatric Association.

predictors, however, probably cannot have the validity of concurrently
witnessed events.

Thus, in spite of the significant financial and operationa challenges, the
birth to earth (more practically, midchildhood to early adulthood) prospec-
tive study of persons at risk for substance abuse offers the most convincing
means to answer questions important to the natural history of brain disorder
as it relates to abuse. Key questions related to the predrug-use status of
such individuals, such as whether drug abuse causes brain damage, or bran
damage causes drug abuse, which have obscured the conclusions of earlier
studies, could be answered directly. Even though prospective designs would
be difficult to implement, it is worth the effort to attempt them. The deter-
mination of outcomes for different patterns of substance abuse, while
accounting for coexisting factors known to influence brain function, is of
inestimable importance to the development of treatment and prevention.

MEASUREMENT CONSIDERATIONS

Useful, important, and scientifically well-founded theories cannot be evalu-
ated properly when basic measurement factors, on which evaluation of such
theories depends, are ignored. Research on the neuropsychology of sub-
stance abuse has sometimes suffered from insufficient concern for the basic
psychometric principles of validity, reliability, sensitivity, and specificity.
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Although many readers will be well versed in these matters, a brief remind-
er of these concepts may be useful.

Validity

For our purposes, neurobehaviora strategies chosen to investigate CNS
effects of drugs should demonstrate three forms of validity. First, the pro-
cedure should have construct vadidity, that is, it should be known to meas
ure the ability or property it is thought to measure. For example, the
Minnesota Multiphasic Persondlity Inventory (MMPI), which might vaidly
reflect certain aspects of persondlity, is not a vaid measure of attention,
memory, or other NP abilities. Similarly, digit span, though an NP ted, is
not a test of memory in the usua sense of the word, since performance on
digit span tends to be unrelated to performance on traditional tests of
memory; furthermore, patients with amnesia tend to perform reasonably well
on digit span.

Second, procedures should also have concurrent validity. If NP tests are
used to infer brain damage, then performance on such tests should correlate
with other, nonpsychometric indicators of brain damage, e.g., other
behaviora measures, neurologic examinations or neuroradiologic findings.
This requirement puts constraints on the overly enthusiastic use of new and
theoretically interesting applications. For example, computer-assisted perfor-
mance measures might have appea in developing theories of information
processing. But until they are shown to have concurrent validity, their use
as the sole indicator of CNS disturbance in substance abuse research would
be ill-advised.

Third, the neurobehavioral techniques should have predictive validity. The
term predictive validity has been used in several ways, sometimes with con-
notations resembling concurrent validity. For this discussion, we prefer to
limit this concept to temporal prediction, that is, the method in question
should be capable of predicting a neurobehavioraly relevant outcome. For
example, poor performance on certain very sensitive NP tests may occur in
the absence of other indicators of CNS disturbance at a particular point in
time. If the test is valid, however, then continued exposure to the same
toxic influence should lead ultimately to abnormality on other indicators,
behavioral, eectrophysiologic, or radiologic.

Reliability

Since it is through longitudinal repeated-measures studies that the residua
effects of chronic drug abuse on brain function will be best illuminated, it
is necessary to consider measurement reliability before choosing instruments
for assessment. Reliability in this case refers to a test’s consistency or cor-
relation with itself. Internal reliability refers to the degree to which the
scores for any randomly selected subset of a test’s items would correlate
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with the score obtained for al the items. Stability, or “test-retest” reliabil-
ity, refers to the degree to which scores obtained on the same test over a
specified period of time correlate with one another.

High test reliability-stability does not guarantee that a test will be valid, but
low reliability-stability does guarantee low test validity. In generd, test-re-
test reliability decreases as a function of the interval between testings and
increases between early adolescence and adulthood as CNS development
reaches asymptote. Although it is important to consider inter-item reliability
when selecting instruments for research purposes, it is test stability that is
more relevant in the context of repeated-measures research in substance
abuse.

It is important that the time-related variability in performance on a test be
well understood before the test is employed in repeated-measures fashion.
It is not necessary to select measures that do not vary from one point in
time to another, al other factors being equal (most NP tests are subject to
learning by persons who are not afflicted with rapidly progressive degenera-
tive diseases of the CNS or subject to other significant trauma between as-
sessments). It is necessary, however, to understand a test’s properties with
respect to a subject’s ability to learn strategies and tactics for succeeding at
it, after repeated exposures. Repeat performances on tests that are vulner-
able to learning are interpretable, but only by taking into account the
expected learning curve.

In repeated-measures studies in which it is desirable to minimize learning
and for which the interest interval is relatively short, aternative forms can
be used to manage the learning curve, so that the specifics of a test are
manipulated but not the strategic concept. Needless to say, alternate forms
must be highly intercorrelated with one another to maintain a clear concept
of what is being measured.

One might aso choose a learning saturation model, in which the same or
highly correlated dternate forms are readministered frequently enough at
baseline to bring the learning curve to asymptote before treatment is imple-
mented. If aternate forms are used, scores when asymptote is achieved
must leave room for improvement as a function of treatment (recovery).
Despite such precautions, we find that “practice effect” remains a formid-
able issug; in one experiment, we noted an effect for time even after a
dozen administrations of a brief battery of tests containing aternate forms
over an 8-week assessment (Huey et a., unpublished data).

Sensitivity and Specificity
The usefulness of valid measures will be circumscribed by their ability to

detect both strong and weak signals (sensitivity) and to detect only those
signals that are relevant, ignoring “noise” (specificity). Tests that are highly
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sensitive will correctly identify brain dysfunction in most persons who have
it but will, to varying degrees, produce fase aarms. Highly specific tests,
which trade off senstivity for accuracy, may produce misses.

In neuropsychology, sensitivity and specificity are influenced by test diffi-
culty and complexity. Difficulty refers to the demand placed on informa
tion processing of a specific type. For example, one can have hard and
easy motor tests, span tests, and discrimination tests. More difficult tests
can be sensitive to subtle dysfunction, but may be less specific.

Complexity refers to the variety of information, or information-processing
strategies, that must be deployed. A problem-solving test, such as the Cate-
gory test from the HRB is one example. Greater complexity can correlate
positively with higher sensitivity and negatively with specificity. That is,
sensitive tests generally measure abilities that are highly multidetermined, in
the sense that successful performance may require the coordination of sever-
a more or less complex mental operations, which in turn may depend upon
the neurobiological resources of severa different loci in the brain. Specific
tests often measure more discrete abilities, which are in turn often more
highly localizable in the brain.

General Vs. Specific Indicators

Some NP tests, usualy those with high complexity, can be seen to be
“generd” indicators of cerebral dysfunction, in the sense that virtuadly any
form of brain disease, be it generaized or localized, will be reflected in
poorer performance. The Category test is a case in point. Few truly brain-
damaged persons score well on this test. Tests that are more specific, for
example, word fluency, will tend to reflect left anterior frontal lobe function
and can be normal in brain pathology that does not involve that region.

There is obvioudy room in the field for the employment of both senstive
and specific measures, provided that their respective propensities toward
fase positive and false negative classification are taken into account. We
would argue, however, that our knowledge regarding the NP consequences
of the abuse of many classes of drugs is relatively limited at this point.
Therefore, we think the field would profit most at the outset from the
employment of sensitive tests that can provide broad parametric coverage
across a wide spectrum of intellectual abilities.

Normative Samples

Except for test development per se, tests with known psychometric
properties, i.e, tests that have proven criterion and predictive validity and
demonstrated reliability across time (for repeated-measures designs) are
preferable to inventing new tests or employing unstudied variations of
existing measures. Adopting well-studied measures, for which age- and
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education-stratified normative data exist, makes sense even when studies
include separately enrolled control groups or when study subjects are used
as their own controls. The existence of norms for behaviora tests alows
the investigator to account for important sources of variation in performance
while affording better opportunities for cross-study comparisons.

Selection of tests and test batteries will depend upon the research questions
to be answered. To diagnose and describe the features of adaptive change
related to drug abuse, a battery that provides broad parametric coverage is
needed. For some hypotheses, however, such as in studies of short-term
memory and learning, this approach may be inappropriate.

Among NP measures, the HRB and the Luria-Nebraska, although not the
only normed test batteries in existence, are probably the two most frequent-
ly employed in a variety of clinical research settings. The facts that the
HRB subtest scores have been normed in the past decade (Heaton et a.
1986; Filley et a. 1989; Braff et d., in press), that its whole set of scores
can be rated clinicaly by trained neuropsychologists (Heaton et al. 1981;
Grant et al. 1978b; Grant et a. 1979; Grant et a. 1982), and that it pro-
vides, in the form of the expanded HRB (Grant et a. 1987), coverage of
the spectrum of NP abilities recommend its use. The HRB takes from 5 to
8 hours to administer completely, and this has been seen as a shortcoming
because of concerns about fatigue. We think that subject stress and time of
administration, not to mention increased costs related to increased staff
labor, are valid concerns. However, through an appropriate division of test-
ing sessions into smaller time blocks, the full HRB has been used without
incident even in severely ill COPD patients (Grant et al. 1982), as well as
by multiple drug users (Grant et a. 1978b). The lengthy time it takes to
complete the expanded HRB is offset by the richness of the data it pro-
vides, as well as by its common use in many distinct clinical samples.
Comparability across clinicad samples is a highly desirable outcome, which
has been achieved too infrequently. When accomplished, however, informa
tion can be obtained on brain-behavior relationships, which may be difficult
for any one study to accomplish. Grant et a. (1987) describes results from
merging of HRB data taken from two multicenter studies.

Standardized Methods of Administration

Another consideration related to the selection of measures is the notion of
standardized methods of administration. A test can be valid, reiable, and
sensitive; but if it is administered in a nonstandard manner, the resultant
scores will reflect variance unrelated to the subject’s ability, thereby
confounding interpretation.

A simple examiner-provided prompt during the delayed recall of previously

learned information can change a free-recal memory paradigm into a
recognition paradigm, which tends to be easier than the free recal of
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information. The speed at which the pages are turned in the booklet ver-
sion of the Category test can dragtically change the number of correct
responses and fail to reflect the subject’s true abstracting ability.

Choosing appropriate tests and assuring their reliable administration can be
challenging to any single laboratory; multicenter studies face the additional
difficulty of establishing interlaboratory reliability. One valuable precaution,
employed in severa large multicenter studies (the CNSP, the Nocturna
Oxygen Therapy Trial, and the Diabetes Control and Complications Tria)
involved the centralized training of neuropsychometrists at the outset. To
maintain consistency, senior neuropsychometrists from coordinating centers
periodically performed site visits at each data collection center to observe
actual testing and to critigue examiners. In this way, standardized methods
were established and maintained over the course of the investigations. In
the future, similar vigilance will be required to establish confidence in our
knowledge of cognitive functioning in substance abusers. It will be difficult
to achieve such confidence if different investigators, apparently using the
same tests, turn out to have used different methods of administration or
interpretation.

These psychometric considerations are of obvious but often insufficiently ac-
knowledged importance. Decisions regarding whether to fund future propos-
as in substance abuse research should in part be based on the degree of
soundness of the psychometric foundations of the measures proposed, as
well as on the commitment by investigators to follow standardized methods
of administration.

CONFOUNDS AND COFACTORS NOT RELATED TO
MEASUREMENT

Figure 2 is a structura model depicting some of the factors that neuropsy-
chologists have wme to understand during the past 30 years as having
influence on NP performance at any point in a subject’s lifetime (Grant
1987). The influence of some of these factors has been demonstrated
empirically, eg., age and education. Others are as yet only theoreticaly
associated with brain-behavior relationships, e.g., “congtitution,” genetic
endowment. In this model, influences on NP function are multiple, com-
plex, and interactive; any investigation, regardless of design or of clinical
population studied, must control for or at least consider these factors, if
results from such studies are to be unambiguous.

Some factors that will need to be taken into consideration in future research
are demographic in nature, some ate related to the metrics utilized to ex-
press drug consumption, and some are associated with unique characteristics
of substance-abusing populations.
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FIGURE 2. Variables to consider in any causal model of alcohol-
associated neuropsychological deficit

Age and Education

Empirical evidence shows that the demographic variables of age and educa
tion are, by themselves, strongly predictive of NP performance (Finlayson
et a. 1977, Parsons and Prigatano 1978; Heaton et a. 1986, Filley et a.
1989). Thus, to the extent possible, we must control for these factors in
research. Age and educationa status of individuals are aso likely to influ-
ence whether or not they abuse acohol or other substances, and at what
level