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This study documented the association between
neurocognitive impairment and methamphetamine
dependence in a sample of 27 methamphetamine-
dependent individuals who achieved 5 to 14 days
of continuously monitored abstinence and in 18
control subjects. Methamphetamine-dependent in-
dividuals performed significantly worse than con-
trol subjects on neurocognitive measures sensitive
to attention/psychomotor speed, on measures of
verbal learning and memory, and on executive
systems measures sensitive to fluency. These find-
ings are the first to demonstrate that methamphet-
amine dependence is associated with impairments
across a range of neurocognitive domains in a
sample of users whose abstinence was continu-
ously monitored with the use of urine screening.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2003; 15:215–220)

Epidemiological studies show that methamphet-
amine use has increased to the point that it is now

a major national public health concern.1 The increased
prevalence and legal and social consequences of this
problem have been well documented; however, other
possible consequences, such as the neurocognitive im-
pairment, have been largely neglected. A rich preclinical
literature using animal models of methamphetamine-
induced neurotoxicity suggests that neurocognitive con-
sequences can be expected in human subjects. Early
studies showed that relatively large doses of metham-
phetamine produced marked neurophysiological
changes, such as altered striatal dopamine function,
which were evident even three to four years later.2–5 Re-
cent studies using relatively small doses over shorter
periods have reported persistent changes in dopami-
nergic functioning6–8 and deficits on measures of work-
ing memory.9

In studies of human subjects, the psychiatric10–12 and
neurological13,14 consequences of methamphetamineuse
have received attention in the literature; in contrast, lim-
ited data are available on whether methamphetamine
dependence is a risk factor for neurocognitive impair-
ment. One recent study demonstrated that metham-
phetamine dependence is associated with memory def-
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icits and motor slowing in individuals who were
abstinent for up to one year.15 Another study suggested
that methamphetamine-dependent subjects resembled
patients with frontal lobe damage in their performance
on a novel test of decision making.16 Although the study
was informative, it used a single neurocognitive mea-
sure. Another study recruited an unusually young sam-
ple of methamphetamine-dependent individuals (mean
age, 19 years) and used a battery that was relatively in-
sensitive to frontal, temporal, and subcortical impair-
ments.17

Hence, key questions remain unanswered, including
the effects of methamphetamine dependence across neu-
rocognitive domains. The purpose of this study was to
determine whether methamphetamine dependence is
associated with neurocognitive impairment across a
range of measures in users whose abstinence was con-
tinuously monitored.

METHOD

Participants
Participants included 27 non-treatment-seeking, meth-
amphetamine-dependent subjects and 18 control sub-
jects recruited from the community through advertise-
ments in local newspapers. Potential participants were
excluded if they had a history of stroke, traumatic brain
injury with loss of consciousness exceeding 20 minutes,
epilepsy, attention deficit disorder, or HIV seropositiv-
ity. The Structured Clinical Interview for DSM-IV (SCID-
IV)18 was used to rule out the presence of Axis I psy-
chotic or mood disorders. Participants gave written
informed consent after being apprised of the study risks
and were reimbursed for participation.

The drug-dependent sample met DSM-IV criteria for
methamphetamine dependence on the basis of the
SCID-IV. Subjects may have used other substances but
did not meet DSM-IV criteria for dependence on them,
either currently or previously. They reported using at
least 0.5 grams of methamphetamine per week for the 6
months preceding the study. The primary route of meth-
amphetamine administration for the drug users was ei-
ther insufflation (snorting) or smoking. Non-drug-using
controls did not meet DSM-IV criteria for abuse or de-
pendence, currently or in the past.

While enrolled in the study, participants were asked
to discontinue use of methamphetamine. Participants
were included in the study only if 1) on the day of a
screening examination that was conducted within 2
weeks of the assessment, their urine tested positive for
methamphetamine and tested negative for other drugs,
such as cocaine, marijuana, opiates, PCP, and alcohol; 2)

they produced a urine sample that was negative for
methamphetamine and other drugs on the day in which
the neurocognitive measures were administered; and
3) they were not experiencing clinically significant levels
of withdrawal symptoms, such as insomnia, reduced
appetite, or a mood disorder. The negative urine test
indicated that subjects had ceased using methamphet-
amine at least 5 days before the neurocognitive assess-
ment was conducted, given methamphetamine’s elimi-
nation half-life of approximately 12 hours. This was
considered to be a sufficient length of time for the
“crash” phase—which consists of symptoms such as
dysphoria, slowing, and agitation—to resolve.19

Procedures
A 2.5-hour battery of neurocognitive measures was ad-
ministered to each participant, with breaks allowed dur-
ing that period as needed. The screening measures in-
cluded the SCID-IV, the Beck Depression Inventory
(BDI),20 and the North American Adult Reading Test;21

the latter served as an estimate of premorbid intellectual
functioning. The SCID was administered by a master’s-
level clinician who had completed a 6-week stand-
ardized course on the SCID and was certified to ad-
minister it.

The neurocognitive assessment battery included the
following measures: the Controlled Oral Word Associ-
ation;22 the Letter-Number Sequencing and the Visual
Memory Span subtests of the Wechsler Memory Scale–
III (WMS-III);23 the Ruff Figural Fluency Test;24 the Rey
Auditory Verbal Learning Test;25 the Logical Memory
subtest of the WMS-III; the Rey Complex Figure Test;26

the Stroop Color-Word Test;27 the Symbol Digit Modal-
ities Test;28 and the Trailmaking Test, Parts A and B.22

The battery focused on the following domains: atten-
tion/psychomotor speed (e.g., Trailmaking Test, Part A;
Symbol Digit Modalities Test; Stroop Color), visuospa-
tial skills (Rey Complex Figure Task—copy subtest),
learning and memory (Rey Auditory Verbal Learning
Test—learning over five trials and delayed recall; WMS-
III Logical Memory—delayed recall; Rey Complex Fig-
ure Test—delayed recall), and executive systems func-
tioning (untimed working memory, set shifting/
response inhibition, fluency). The untimed working
memory measures included the Letter-Number Se-
quencing and the Visual Memory Span—backwards
subtests of the WMS-III. The set shifting/response in-
hibition tasks included the Trailmaking Test, Part B, and
a ratio that compared performance on the Color and
Word subtests to the Color-Word subtest. Measures of
fluency included the Controlled Oral Word Association
and the Ruff Figural Fluency Test.



J Neuropsychiatry Clin Neurosci 15:2, Spring 2003 217

KALECHSTEIN et al.

TABLE 1. Comparison of methamphetamine users and control
subjects on demographic and psychometric indices
using t tests and chi-square tests.

Controls
(n � 18)

Methamphetamine
Users (n � 27)

Index
Mean
(SD) Mean (SD)

Age 32.7 (8.0) 35.4 (8.3)
Education 13.2 (1.4) 12.6 (1.6)
Estimated premorbid IQ 110.3 (7.8) 109.4 (7.7)
Amount of methamphetamine

used per week (grams) — 2.1 (0.5)
Beck Depression Inventory score

on the day of assessment 7.3 (7.4) 8.6 (5.1)
Ethnicity

Caucasian 9 22
Black 4 1
Latino 3 3
Asian 2 1

Sex
Male 15 19
Female 3 8

Note: There were no significant differences in the demographic
and psychometric indices between the methamphetamine users and
the control group.

Data Analysis
Multivariate analysis of variance (MANOVA) was used
to determine group differences in each of the four neu-
rocognitive domains. For each of the three MANOVAs,
the maximum P value was set at 0.05 (two-tailed test),
as is recommended when conducting multiple compar-
isons.29 If the MANOVAs were significant, follow-up
univariate ANOVAs were conducted to identify the par-
ticular measures that were most sensitive to metham-
phetamine dependence. The percentage of the variance
explained was calculated with eta-squared (g2).

RESULTS

Table 1 shows that the methamphetamine-dependent in-
dividuals and the non-drug-using control subjects did
not differ in terms of age, education, estimated level of
premorbid intellectual functioning, or severity of self-
reported depressive symptomatology. Therefore, covar-
iates were not included in subsequent group compari-
sons.

Table 2 reveals that methamphetamine users showed
significantly poorer performance than control subjects
on measures of attention/psychomotor speed, on mea-
sures of verbal learning and memory, and on fluency-
based measures of executive systems functioning (i.e.,
fluency, set shifting/inhibition). On a measure of non-
verbal learning and memory, a trend was observed in-
dicating that methamphetamine-dependent individuals

performed poorly relative to non-drug-using controls.
The groups did not differ on a measure of visuospatial
skills, untimed tests of working memory, or measures of
set shifting/response inhibition. The magnitudes of the
significant associations ranged from moderate (g2�0.19)
to large (g2�0.29). Table 2 also shows consistency in the
effects across the neurocognitive tests that constituted
each domain.

A separate set of analyses determined whether the
groups differed in the number of individuals who
would be classified as impaired. Participants were con-
sidered to be impaired within a particular neurocogni-
tive domain if their score was at least two standard de-
viations below the mean (according to published norms)
on at least one test. For each test, this determination was
based on scores adjusted for age, education, and gender.
Miller and colleagues have used a similar algorithm.30

Table 3 lists the percentage of individuals in each
group who met criteria for impairment in each neuro-
cognitive domain. Although the groups did not differ
on untimed measures of working memory or set shift-
ing/response inhibition, moderate group differences in
classification rates of impairment were observed on
measures of attention/psychomotor speed and learning
and memory. Methamphetamine-dependent individ-
uals were much more likely than non-drug-users to be
classified as impaired on measures of fluency.

DISCUSSION

To our knowledge, these findings are the first to dem-
onstrate that methamphetamine dependence is associ-
ated with impairments across a range of neurocognitive
domains, including attention/psychomotor speed,
learning and memory, and fluency-based measures of
executive systems functioning, in a sample of users
whose abstinence was monitored with urine screening.
Moreover, methamphetamine-dependent individuals
were more likely than non-drug-users to be classified as
impaired in the areas of attention/psychomotor speed,
learning and memory, and executive systems function-
ing. Furthermore, the differential performance across
the test and control groups was not attributable to dem-
ographic profile, estimated premorbid IQ, and level of
self-reported depression.

The degree of impairment in this sample of metham-
phetamine users is substantial, and it is greater than has
been observed in neurocognitive studies of cocaine de-
pendence31,32 and even alcohol dependence (without
Korsakoff’s syndrome).33 Because this study used a cross-
sectional design, however, causality cannot be inferred.
It is also possible that a single factor that we did not mea-
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TABLE 3. Frequency of impairment for methamphetamine users
and matched control subjects by neuropsychological
domain (percentages)

Neuropsychological Domain
Controls
(n � 18)

Methamphetamine
Users (n � 27)

Attention/psychomotor speed 11 22
Learning and memory 11 37
Executive systems function

Working memory 11 4
Fluency 11 56
Set shifting/response inhibition 11 19

TABLE 2. Comparisons of methamphetamine users and control subjects on neurocognitive measures using MANOVA

Controls (n � 18)
Methamphetamine
Users (n � 27)

Domain Measure Mean (SD) Mean (SD) F df g2 P

Attention/psychomotor speed 3.61 3, 41 0.22 �0.05
Trailmaking Test-Part A 23.7 (7.5) 28.1 (9.0) 2.57 1, 43 — �0.12
Symbol Digit Modalities Test 57.5 (10.2) 47.7 (10.2) 9.25 1, 43 0.19 �0.01
Stroop – Color 91.8 (33.3) 77.4 (12.7) 3.95 1, 43 0.09 �0.06

Visuospatial skills
Rey Complex Figure Test (copy) 31.7 (5.7) 29.1 (4.4) 1.10 1, 43 0.03 NS

Learning and memory 3.60 4, 39 0.29 �0.05
RAVLT Trials 1–5 55.9 (9.6) 45.8 (11.1) 8.63 1, 43 0.19 �0.01
Delayed Recall 12.0 (2.7) 8.4 (3.3) 12.54 1, 43 0.25 �0.01
WMS-III Logical Memory (30� delay) 27.0 (5.7) 20.4 (6.6) 7.83 1, 43 0.17 �0.01
Rey Complex Figure Test (30� delay) 21.6 (9.4) 17.0 (6.2) 6.40 1, 43 0.16 �0.07

Executive systems functioning
Working memory 1.28 2, 42 0.08 NS

Letter-Number Sequencing 11.5 (3.7) 10.2 (2.4)
Visual Memory Span–Backwards 7.8 (1.9) 7.7 (1.8)

Fluency 4.54 2, 42 0.19 �0.05
Verbal Fluency 47.4 (14.5) 36.0 (11.0) 8.02 1, 43 0.17 �0.01
Nonverbal Fluency 103.2 (19.9) 87.1 (27.5) 4.07 1, 43 0.10 �0.05

Set shifting/response inhibition 1.06 2, 42 0.05 NS
Trailmaking Test, Part B 59.1 (20.0) 70.7 (28.7)
Stroop Interference (T-score) 52.8 (16.1) 48.6 (13.0)

Note: RAVLT � Rey Auditory Verbal Learning Test; WMS-III � Wechsler Memory Scale; NS � not significant

sure produced a liability to develop methamphetamine
dependence and neurocognitive impairment.34

Although it is possible that the observed neurocog-
nitive deficits were the result of a transient “crash”
phase or the residual symptoms of withdrawal, we used
a number of precautions to reduce the likelihood that
such factors would affect test performance. For example,
urine screening was used to monitor abstinence from
drug use. Furthermore, methamphetamine-dependent
study participants reported only minimal levels of dys-
phoric mood, agitation, insomnia, or slowness of move-
ment—the cardinal symptoms of stimulant with-
drawal—on the day on which the neurocognitive
measures were administered. The latter finding is con-
sistent with a recently published report showing that
symptoms of methamphetamine withdrawal resolve to
minimal levels by the 5th day of abstinence.19

It is important to note that no controlled studies have
documented the time course of methamphetamine with-
drawal in human subjects. Although we considered a
host of factors that potentially moderate performance on
neurocognitive tests, preclinical research has shown that
the dopaminergic system is affected for months after
cessation of methamphetamine use.6,7 Therefore, unde-
tected factors related to withdrawal might have affected
test performance for this sample. Conversely, in a sam-
ple of 15 detoxified methamphetamine-dependent in-
dividuals, Volkow and colleagues reported that meth-
amphetamine-dependent individuals demonstrate poor
test performance even after 12 months of abstinence.15

Their work suggests that the impairments observeddur-
ing the early phases of abstinence are relatively stable.

While these findings preliminarily show that meth-
amphetamine dependence is associated with neurocog-
nitive impairment, several limitations should be noted.
The sample size was not large enough to identify risk
factors or protective factors that might distinguish be-
tween impaired and nonimpaired methamphetamine-
dependent subjects. Likely factors that should be con-
sidered in future studies include the amount, frequency,
and duration of use of methamphetamine, and demo-
graphic factors, such as age, education, and socioeco-
nomic status. The sample size also limits the degree to
which these findings are generalizable to methamphet-
amine-dependent individuals with different demo-
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graphic and drug use profiles. The period of abstinence
for our study subjects, 5 to 14 days, constitutes another
potential limitation. Furthermore, although the SCID-IV
was used to rule out comorbid psychiatric illness, it is
possible that the interview did not detect abuse of other
substances. In addition, it is possible that subclinical
withdrawal symptoms might have affected test perfor-
mance. Longitudinal assessment of abstinent metham-
phetamine-dependent individuals will provide impor-
tant data on the durability of these deficits.

It is likely that the severity of the neurocognitive im-
pairment observed in this sample is associated with
worse functional outcomes, including poorer vocational
functioning and an elevated risk of relapse to depen-
dence. Although the association between neurocogni-
tion and functional outcomes has not been examined in
methamphetamine-dependent individuals, or in users
of any drugs, it has been documented in other disorders.

For example, in individuals with HIV, neurocognitive
deficits have been linked to poor vocational function-
ing.35,36 Similar findings have been reported for samples
of individuals diagnosed as having schizophrenia.37 In
the schizophrenia literature, these deficits are associated
with an inability to learn skills during the course of re-
habilitation or to implement learned skills. Neurocog-
nitive impairment may undermine the effectiveness of
psychosocial treatments for methamphetamine depen-
dence as well, suggesting that this concern is an impor-
tant area of study.
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