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The purpose of this research was to investigate the relationship between
recent and long term substance use on adolescents' neuropsychological
functioning. Subjects were 77 adolescents who were referred for outpatient
treatment for drug and conduct problems. Subjects were administered the
Luria-Nebraska Neuropsychological Battery-III, structured interviews to
assess substance use, and urine tests. Subjects were divided into
neuropsychologically impaired and nonimpaired groups. Results indicated
no significant group differences for: self-reports of lifetime use of alcohol,
cannabis, and hard drugs; self or collateral reports of recent (past 30 days)
use of alcohol, cannabis, and hard drugs; or urinalysis detection of alcohol,
cannabis, and hard drugs. Correlations between these dependent measures of
substance use and neuropsychological functioning were also nonsignificant

. (all ps > .05). Althotgh neuropsychological impairment was observed for
some subjects in this sample, it was unrelated to their cannabis, hard drug, or
alcohol use. These results are consistent with those found in the adult
literature, given the relatively short period of time that these youth have used
such substances. However, given the severity of their absolute levels of
substance usage, they may be at greater risk for developing future
neuropsychological problems, related directly to the ingestion of alcohol and
illicit drugs, and to their secondary effects (e.g., head traumas, malnutrition).

PMID: 11011977, UI: 20464572

| Display - Abstract [+]] save | Text }Ordgr | ‘Add to Clipboard

L of2 01/18/2001 8:47 AM



. Adolescent Substance Use

Running Head: ADOLESCENT SUBSTANCE USE

International Journal of the Neurosciences (In Press)

The Relationship of Neuropsychological Functioning to Measures
of Substance Use in an Adolescent Drug Abusing Sample

Gordon Teichner', Brad Donohue?, Thomas A. Crum®,
Nathan H. Azrin®, Charles J. Golden?

Medical University of South Carolina'
University of Nevada, Las Vegas?

Nova Southeastern University®

Please address all correspondence to:

Gordon Teichner, Ph.D.

MUSC - Psychological Assessment Center
198 Rutledge Ave., #4

Charleston, S.C. 29425

(843) 727-6421

(843) 727-6465 - fax

email: teichneg@musc.edu

This research was supported by a grant from the National Institute of Mental Health
(NIMH #MH53455 ) awarded to Nathan H. Azrin, Ph.D.

Keywords: Adolescents, Drug Use, Alcohol Use, Neuropsychological Impairment, Cognition,
Luria-Nebraska Neuropsychological Battery '



. Adolescent Substance Use 2

Abstract

The purpose of this research was to investigate the relationship between recent and long
term substance use on adolescents’ neuropsychological functioning. Subjects were 77
adolescents who were referred for outpatient treatment for drug and conduct problems. Subjects
were administered the Luria-Nebraska Neuropsychological Battery - ITI, structured interviews to
assess substance use, and urine tests. Subjects were divided into neuropsychologically impaired
and non-impaired groups. Results indicated no significant group differences for: self-reports of
lifetime use of alcohol, cannabis, and hard drugs; self or collateral reports of recent (past 30 days)
use of alcohol, cannabis, and hard drugs; or urinalysis detection of alcohol, cannabis, and hard
drugs. Correlations between these dependent measures of substance use and neuropsychological
functioning were also non-significant (all ps >.05). Although neuropsychological impairment was
observed for some subjects in this sample, it was unrelated to their cannabis, hard drug, or
alcohol use. These results are consistent with those found in the adult literature, given the
relatively short period of time that these youth have used such substances. However, given the
severity of their absolute levels of substance usage, they may be at greater risk for developing
future neuropsychological problems, related directly to the ingestion of alcohol and illicit drugs,

and to their secondary effects (e.g., head traumas, malnutrition).
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The Relationship of Neuropsychological Functioning to Measures of
Substance Use in an Adolescent Drug Abusing Population

There has been an exponential increase in the number of publications specific to the study
of substance abuse. However, relatively few studies have been published that report on the
neuropsychological functioning of alcohol and drug abusers, particularly among adolescent
substance abusers. Neuropsychological studies that have been conducted with these substance
abusing populations strongly suggest that the chronic long-term abuse of alcohol is associated
with a number of brain impairments. These impairments may be attributed directly to the
ingestion of alcohol, or perhaps more commonly, to its secondary effects such as malnutrition,
head traumas, cerebrovascular insults, and other neuropathological disease processes (Adams &
Victor, 1993). Studies have indicated cerebral atrophy in persons who have consumed alcohol
excessively for greater than 15 years (Lishman, 1995). Although studies have demonstrated
reversibility of cerebral atrophy and ventricular enlargement after only one month of abstinence
(e.g., Zipursky, Lim, & Pfefferbaum, 1989; Schroth, Naegele, & Klose, 1988), recovery is often
incomplete as cerebral deficits have been documented after extended periods of abstinence
(Carlen et al., 1994; Di Sclafani et al., 1995; Lishmén, Jacobson, & Acker, 1987). Moreover,
when significant recovery to the cortex has occurred, resumption of drinking after a short period
of abstinence has been demonstrated to rapidly result in loss of white matter and increases in
third ventricular volume (Pfefferbaum, Sullivan, Mathalon, Shear, Rosenbloom, & Lim, 1995).

The neuropsychological consequences of chronic alcohol abuse vary depending on the
nature of the disease process. Such deficits range from a profound amnesic syndrome that is

characterized by anterograde and retrograde memory deficits, ocular dysfunction, apathy, and a

?
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general decline in higher order cognitive abilities as in Korsakoff’s syndrome (Victor & Banker,
1977), executive dysfunction as demonstrated in cases of cerebral atrophy (Courville, 1967;
Davila, Shear, Lane, Sullivan, & Pfefferbaum, 1994), and abnormal stance, gait, and ataxia of the
limbs resulting from cerebellar atrophy (Fals-Stewart, Schafer, Lucente, Rustine, & Brown,
1994; Victor & Adams, 1993). Research investigating the neurological and neuropsychological
correlates of alcohol abuse in adolescent populations is notably absent.

In adult populations, the acute effects of marijuana use on cognitive functions include
poor memory, difficulty tracking stimuli, delays in visual processing, distorted time perception
(Lezak, 1995), and problems with selective attention (Solowij, Michie, & Fox, 1991).
Preliminary findings of a group of adolescent marijuana abusers with conduct problems (N=15)
suggested short-term verbal memory deficits (Millsaps, Azrin, & Mittenberg, 1994), albeit
similar patterns of deficits have been noted in related populations such as adolescent delinquents
(e.g., Denno, 1990; Moffitt, 1988). Most controlled studies have generally found no negative
long-term neuropsychological consequences resulting from marijuana use (see Bruhn & Maage,
1975; Carlin & Trupin, 1977; Carlin, 1986 ), although other investigations have found resid;xal
memory impairments in chronic long-term cannabis users (Singh Mendbhiratta, Wig, & Verma,
1978; Page, Fletcher, & True, 1988). All investigations relating these variables were conducted
with adults only.

In contrast, the immediate and long-term neuropsychological effects of “hard” drug use
are more pronounced, at least in adult populations. Benzodiazepine abuse can contribute to
learning and memory difficulties (see Pagliaro & Pagliaro, 1996 for a comprehensive review). In

general, long-term chronic abuse of opiates does not result in permanent negative
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neuropsychological consequences (see Fields & Fullerton, 1975), although chronic opiate users
have been observed to exhibit mild impairment on tests of visuospatial and visuomotor functions
(Grant et al. , 1978). Many studies have indicated neuropsychological deficits among chronic
cocaine abusers (O’Malley & Gawin, 1990), including memory and concentration problems
(Mittenberg and Motta, 1993), sleep disturbances, lack of orientation (Lezak, 1995), deficits to
executive functions and verbal memory even after full detoxification (Rosselli & Ardila, 1996),
and strokes resulting from overstimulation to the central nervous system (Brust, 1993).

Polydrug use in chronic abusing populations is common as such individuals rarely use
illicit drugs in isolation. Grant and his colleagues (Grant et al., 1978) examined the long-term
neuropsychological consequences of polydrug use in an adult population. In this study, screens
for illicit substance use, medical histories, and neuropsychological assessments were obtained
from three samples (i.e., polydrug users, psychiatric patients, non-patient controls), including a
10-year history of drug use frequency for seven drugs. Results indicated that polydrug users
(37%) and psychiatric patients (26%) exhibited greater neuropsychological impairment than non-
patient controls (8%). Cumulative drug use was associated with neuropsychological impairment,
and polydrug abusgrs performed poorly on tests of verbal fluency, abstraction, and problem
solving, as compared to the other two groups. Polydrug users and psychiatric patients
demonstrated deficits in perceptual-motor abilities, as compared to control subjects. Findings
were replicated three months after the initial study was conducted.

A recent investigation of 183 subjects in their mid-20s (i.e., 3 groups: poly-drug
dependent, cocaine dependent, non-drug using controls) also demonstratéd neuropsychological

deficits in poly-drug users (Rosselli and Ardila, 1996). All substance abusers were assessed to
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have used their respective drugs for about 10 years prior to receiving 2 months of inpatient
substance abuse treatment. Subjects with a prior history of neurological problems were excluded
from the study. Results indicated that polydrug abusing groups exhibited poorer scores for most
verbal memory (and some visual memory) subtests, as compared to controls.

In summary, studies have clearly indicated that in adult samples, neuropsychological
impairments are associated with the chronic abuse of alcohol and some hard drugs. Additionally,
most controlled adult studies have failed to demonstrate a link between the long-term abuse of
marijuana and cognitive functioning, although a few uncontrolled investigations have suggested
that the chronic use of marijuana may result in residual memory difficulties. As stated, these
conclusions are almost entirely based on the adult literature. Thus, because adolescent substance
abuse is reaching epidemic proportions in the United States (see U.S. Department of Health &
Human Services, Public Health Service, 1994) and the current state of knowledge regarding
neuropsychological functioning in this population is limited, there is a need to examine the
effects of substance use/abuse on cerebral functions.

Method
Subjects .

Subjects were 77 adolescents who were referred to a cognitive-behavioral substance
abuse treatment program due to anti-social problems associated with their conduct and drug
abuse. The mean age of subjects was 15.3 years (SD=1.2), and their mean family income was
$40,897 (SD=523,926). Sixty (78%) were male, 62 (81%) were enrolled in school, 24 (32%)
were involved in special education due to an academic disability, and 48 (62%) of the youths’

primary caregivers were married/cohabitating. Forty-seven (61%) were Caucasian, 20 (26%)

’
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were Hispanic, and the remaining 10 (13%) were of other minority racial status. As indicated in
Table 1, most subjects (68%) were diagnosed with cannabis dependence (see description of
SCID-IV in Measures section), and only 8% were identified to have abused other drugs. Table 2

presents information pertinent to the youth’s drug and alcohol usage.

Insert Table 1 about here

Insert Table 2 about here

Procedure

Prior to participating in this study, a structured telephone screen was performed with the
youth’s legal guardian to determine if the youth met the following study inclusionary and
exclusionary criteria: (1) a diagnosis of substance abuse and conduct disorder consistent with the
Diagnostic and Statistical Manual of Mental Health Disorders (fourth edition; DSM-IV)
(American Psychiatric Association, 1994), (2) between 13-18 years of age, (3) not currently
receiving psychological intervention, (4) not diagnosed with mental retardation or a psychotic
disorder. Parents and their youth were then scheduled to receive a battery of psychological and
neuropsychological tests. Youths and their legal guardians were assessed in separate rooms.
Assessment consisted of three sessions, approximately 2-hours each, and sessions were
conducted approximately one week apart. All assessments were conducted by doctoral students

enrolled in a clinical psychology program. Urine alcohol and drug screens were obtained at each

]
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of the assessment sessions.
Measures

Structured Clinical Interview for DSM-IV (SCID-IV). The SCID-IV is a structured
diagnostic interview that is consistent with the DSM-IV. The substance abuse module of the
SCID-IV was utilized in this study to obtain diagnostic information pertinent to substance abuse
and dependence (i.e., consistent with the DSM-IV). Good estimates of validity and reliability of
this measure have been reported elsewhere (see Spitzer, Williams, Gibbon, & First, 1992).

Luria Nebraska Neuropsychological Batterv-III (LNNB-III). The LNNB-III is a
neuropsychological testing battery that assesses academic achievement, general intellectual
ability, executive, verbal, visual-spatial, memory, somatosensory, and motor functions. The
LNNB-III consists of 31 clinical subscales, yielding 35 scores. T-scores are derived to correct for
age and educational attainment (see Freshwater & Teichner, 1998). For each scale, a T-score <40
indicates compromised functioning for that functional skill. Initial studies of the LNNB-III
indicate that its psychometric properties are excellent ( Bradley, Teichner, Crum, & Golden, in
press; Crum, Bradley, Teichner, & Golden, in press; Teichner, Golden, Bradley, & Crum, 1999).

Time-Line-Follow-Back Interview. Self-reports of the youth’s frequency of days using

illicit drugs and alcohol during the past 30 days were obtained from the youth and their legal
guardian utilizing the "time-line follow back" method (Ehrman & Robbins, 1994} Sobell, Sobell,
Klajner, Paven, & Basian, 1986; Babor, Cooney, & Lauerman, 1987). In this method, subjects
construct a calendar of significant events (e.g., birthdays, vacatiorll days, holidays) and are then
asked to report the frequency of days in which illicit drugs and alcohol were used during this time

period. This standardized method has been found to correspond closely with official records and
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reports by collaterals, and test-retest reliability is good (Ehrman and Robbins, 1994; Sobell et al.,
1986). Each day of illicit drug use other than marijuana and alcohol (e.g., stimulants,
barbiturates, opiates) was classified as one day of “hard” drug use. Thus, use of cocaine and
valium on the same day was recorded as 1 day of hard drug use.

Drug Use History Interview (DSUHI). The DUHI is a structured interview that was
developed in this study to assess the youth’s lifetime frequency of days using alcohol, marijuana,
and “hard” drugs (i.e., cocaine, barbiturates, opiates, benzodiazepines, amphetamines,
methadone, PCP), and to assess the youth’s number of months using the aforementioned drugs.
The following two questions from this interview were utilized in this study to assess severity and
chronicity of drug use: (a) How many days have you used (the respective drug) in your lifetime?,
(b) How old were you when you first used (the respective drug)? The latter question permitted an
estimate of the number of months the youth reportedly had used the respective drug in his/her
lifetime. If more than one hard drug was used by the youth during his/her lifetime, the hard drug
that was most often consumed was utilized to estimate the youth’s number of days using “hard”
drugs. For instance, if the youth reported 50 days of cocaine use and 2 days of benzodiazepine
use, the number of days using hard drugs would be “50.” Similarly, the earliest onset of hard
drug use was utilized to derive an estimate of the number of months using “hard” drugs.

Urine Drug Screens. A urine sample was obtained from each subject during each of the
assessment sessions. Urine specimens were supervised by a research assistant of the same
gender. Each sample was then screened by Redwood Toxicology Laboratory for the following
illicit substances: ethanol (alcohol), THC (marijuana), cocaine, amphetamines, barbiturates,

benzodiazepines, opiates, PCP, methaqualone. All positive immunoassay screens were verified



Adolescent Substance Use 10

using gas chromatography for ethanol and thin layer chromatography for all other substances.
Conventional cutoffs at or above which the results are generally reported as positive in routine
clinical laboratory work were utilized in this study. For each subject, a score was derived that
indicated the percentage of urine tests that were positive for each drug during the month of
assessment.
Results

Subject LNNB-III raw scores were transformed to T-scores to correct for age and
educational attainment. For each scale of the LNNB-III, subjects were divided into 2 groups;
those scoring below the clinical cutoff (T<40), and those scoring above the clinical cutoff
(T>=40). Subjects scoring below this clinical cutoff (i.e., the “impaired” group) were compared
to subjects scoring within the normal range, per clinical scale, on their extent of drug and alcohol
use in order to determine the possible impact of substance use on neuropsychological
functioning. Specifically, for each LNNB-III scale, independent sample t-tests were conducted
between impaired and non-impaired groups on each of the measures of substance use (i.e., # of
months since first use of alcohol, marijuana, and hard drugs; lifetime number of days using
alcohol, marijuan3, hard drugs; # of days using alcohol, marijuana, and hard drugs during the 30
days of assessment; percentage of urine tests that were positive for alcohol, marijuana, and hard
drugs during the 30 days of assessment). Results indicated that for all LNNB-III clinical scales,
subjects who evinced neuropsychological impairment did not differ from those who did not in
their recent and lifetime use of alcohol and illicit (imgs (all ps>.05).

Another way to assess the relationship between neuropsychological functioning and

substance use is to correlate subjects’ total number of days using alcohol, marijuana, and hard
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drugs during the assessment phase (according to percentage of urine tests that were positive, and
youth and parent reports), and over the lifetime (youth and parent reports only) with each of the
clinical scales of the LNNB-IIL. Pearson Product Moment Correlations were performed between
the aforementioned measures of substance use and LNNB-III subscales. Results indicated no
significant relationship between any of the alcohol or drug use measures and neuropsychological
functioning, as all correlations were non-significant (all ps >.05).
Discussion

The present study was the first to examine the neuropsychological consequences of
substance use using a variety of drug use measures in an adolescent population. Results
indicated that regardless of substance (i.e., alcohol, marijuana, and hard drug use), method used
to determine substance use (i.e., urine analysis, self-reports, collateral report), and extent of
substance use (total # of days using substance in lifetime, total # of days using substance in past
month), there was no relationship between substance use and neuropsychological functioning in
this sample of adolescents. Given the relatively low chronicity and frequency of alcohol and hard
drug use in this adolescent sample, the results suggest later neuropsychological impairments
would be unlikely to develop if the use of these substances were discontinued. However,
previous research (e.g., Carlen et al., 1994; Lishman, 1995) suggests continued abuse of alcohol
(i.e., 10 years of chronic abuse) and some hard drugs (Grant et al., 1978; Rosselli & Ardila,
1996) may lead to later neuropsychological impairments.

In regards to marijuana use, the findings are consistent with controlled adult studies
which have generally failed to demonstrate a relationship between chronic cannabis use and

neuropsychological functioning (e.g., Bruhn & Maage, 1975; Carlin et al., 1994). Millsaps et al.
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(1994) determined that their sample of adolescents had lower memory scores than expected given
their level of intellectual functioning. However, the relationship of drug use and memory for
these youth was not assessed. Relatedly, a subset of individuals in the current sample exhibited
neuropsychological dysfunction, however, these impairments appear to be due to factors other
than their use of substances. 'Indeed, similar neuropsychological results have been documented in
delinquent adolescents (e.g., Denno; 1990; Levine, Karniski, Palfrey, Meltzer, & Fenton, 1985;
Moffitt, 1988).

The results of this study indicate that drug and alcohol use were not associated with
neuropsychological impairment in these youth. However, these youth may be at greater risk for
future impairment due to the primary and secondary effects of these substances (e.g., head
injuries resulting from car accidents, physical fights, continued abuse) if interventions are not
pursued. Additionally, continued substance abuse may negatively impact their social,
educational, and vocational functioning. Future studies should address the relation between
neuropsychological functioning and substance use in related adolescent samples, young adults,
and other populations in order to further our understanding of the impact that alcohol and illicit
drugs may have on cognitive functions. Such information may assist in developing optimal
prevention and intervention initiatives which are desperately needed to address this growing

societal problem.



Table 1.

DSM-IV Diagnoses for the Sample (N=77)

Adolescent Substance Use

13

DSM-IV Diagnosis

Substance Dependence

Cannabis
Cocaine
Stimulant
Hallucinogen 3
Sedative
Poly-substance
Other 1

Substance Abuse
Cannabis
Cocaine
Stimulant
Hallucinogen 6
Sedative
Poly-substance

53 (68.8)
5 (65)
4 (52

( 3.9)

2 (29
2 (29

( 1.3)

13 (16.9)
4 (52
2 (26)

( 7.8)

5 (65)
1 (13)

Note: Diagnoses of alcohol abuse and dependence were not assessed.



Table 2.

Drug & Alcobol Use of the Sample (N=77)

Adolescent Substance Use 14

Alcohol Cannabis Hard Drugs
M SD M SD M SD
Lifetime Use (#days) 81.88 (224.08) 331.99 (475.18) 23.31 (109.61)

Recent Use (#days during 213 ( 3.53)
past 30 days)

Age when 1* Used 12.08 ( 2.81)

% Urines Positive 35 ( 297)

6.56 ( 7.47)

12.78 ( 1.56)

52.98 ( 41.69)

21 ( 74)

14.07 ( 1.64)

8.08 (21.75)
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