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Implications of Chronic Methamphetamine Use:
A Literature Review

Charles W. Meredith, MD, Craig Jaffe, MD, Kathleen Ang-Lee, MD, and Andrew J. Saxon, MD

Methamphetamine (MA) abuse is increasing to epidemic proportions, both nationally and globally.
Chronic MA use has been linked to significant impairments in different arenas of neuropsychological
function. To better understand this issue, a computerized literature search (PubMed, 1964–2004) was
used to collect research studies examining the neurobiological and neuropsychiatric consequences
of chronic MA use. Availability of MA has markedly increased in the United States due to recent
technological improvements in both mass production and clandestine synthesis, leading to significant
public health, legal, and environmental problems. MA intoxication has been associated with signif-
icant psychiatric and medical comorbidity. Research in animal models and human subjects reveals
complicated mechanisms of neurotoxicity by which chronic MA use affects catecholamine neuro-
transmission. This pathology may underlie the characteristic cognitive deficits that plague chronic
MA users, who experience impairments in memory and learning, psychomotor speed, and informa-
tion processing. These impairments have the potential to compromise, in turn, the ability of MA
abusers to engage in, and benefit from, psychosocially based chemical-dependency treatment. Devel-
opment of pharmacological interventions to improve these cognitive impairments in this population
may significantly improve the degree to which they may be able to participate in treatment. Atypical
antipsychotics may have some promise in this regard. (HARV REV PSYCHIATRY 2005;13:141–154.)
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The United States is currently experiencing an epidemic of
methamphetamine (MA) use, in part due to recent techno-
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logical advances in its synthesis and administration. This
epidemic has had substantial effects in regard to public
health, psychiatric comorbidity, and economic costs. As sci-
entific evidence accumulates on the long-term psychiatric
comorbidities secondary to MA abuse, and as recreational
use of this compound escalates, there is a pressing need for
further research in the areas of prevention and treatment.
This review will present a brief historical introduction to
the current MA epidemic, an overview of the pharmacologic
and neurotoxic effects of MA administration, a summary
of MA’s pathological effects on general physical health and
on cognition, and a description of its contribution to psy-
chiatric comorbidity. We will finish with a review of treat-
ment and a discussion of arenas in which future research
is urgently needed. In order to address these issues, a com-
puterized literature search (PubMed, 1964–2004) was used
to collect research studies examining the neurobiological
and neuropsychiatric consequences of chronic MA use. Var-
ious combinations of the following keywords were used: cog-
nition, methamphetamine, neuroimaging, neuropsychology,
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neurotoxicity, and treatment. We also considered sources
cited in the reports identified by our original search. Given
the limited number of available studies in certain areas, par-
ticularly treatment, we did not exclude them based on stan-
dards of quality or rigor.

THE MA EPIDEMIC

History

A derivative of the stimulant amphetamine, MA was first
synthesized from ephedrine by the Japanese pharmacolo-
gist Nagayoshi Nagai in 1893.1 It did not become widely
used until the 1940s, when it was utilized by Japanese,
American, and German military personal to combat fatigue
and increase performance, as well as by Japanese factory
workers, during World War II. Following the end of the war,
surplus military stocks flooded the Japanese market, culmi-
nating in an epidemic of abuse in which 5% of the popula-
tion is estimated to have abused MA, one-tenth of whom are
thought to have experienced MA-induced psychotic symp-
toms. Abuse in Japan temporarily decreased in response to
passage of the stimulant control act in 1951, but there have
been several epidemics since then.

In the United States, in response to various pharmaceu-
tical companies’ withdrawal of several formulations of MA
from the domestic market, underground MA labs emerged in
California’s Bay Area in the early 1960s.2 Motorcycle gangs
such as the Hells Angels quickly took control of this newly
developing illicit market, and MA abuse spread up and down
the West Coast.3 Law enforcement efforts targeting motorcy-
cle gangs, coupled with the development of simpler methods
for MA synthesis, had the effect of shifting control of the
United States’ illicit MA market to Mexican-based traffick-
ers in the early 1990s.4

Bay Area biker groups had utilized the “P2P method”
of MA synthesis, with the principal chemicals phenyl-2-
propanone (P2P), aluminum, methylamine, and mercuric
acid.5 Passage of the Federal Chemical Diversion and Traf-
ficking Act of 1988, however, led to the development of
strict federal controls on P2P, making reliance on the P2P
method less profitable.6,7 Subsequently, the P2P method has
been essentially replaced by the ephedrine/pseudoephedrine
reduction method, which often utilizes a phosphorous-based
precursor such as red phosphorous or hypophosphorous acid.

Epidemiology

The ephedrine/pseudoephedrine reduction method is
cheaper, simpler, and more efficient than its predecessor,
resulting in much purer yields of the extremely potent and
addictive D-isomer of MA. With the advent of this method of
synthesis, “superlabs” that have the capacity to produce ten

or more pounds of MA in one production cycle have recently
spread extensively throughout Mexico and the American
Southwest. Precursor compounds can be easily diverted
from legitimate use and smuggled across international
borders (from both Canada and Mexico), to be used for
clandestine MA production in both the Southwest and
Northwest.5 Isolated from rechargeable camera batteries,
elemental lithium can also be used as a catalyst in the am-
monia/alkali method of reduction of ephedrine into MA.8,9

Sometimes referred to as the “Nazi method,” this chemical
reduction has become popular in some western regions of
the United States, resulting in the production of “crank.”
The name “crank” is said to derive from bikers’ using the
crank cases of their motorcycles to transport the substance.

In high-production regions such as the Southwest and
Northwest, local and state legislators have tried to fight
independent producers in home-based labs by passing leg-
islation limiting the quantities of over-the-counter phar-
maceuticals available for purchase that contain possible
MA precursors.10 Congress has passed the Comprehensive
Methamphetamine Control Act, which limited access to pre-
cursor chemicals and increased penalties for manufactur-
ing MA or trafficking in it.11,12 The 2001 SAMSHA National
Household Survey on Drug Abuse Data reported that 4% of
the U.S. population had some use of MA in their lifetime;
1.1% had used MA in the past year; and 0.5% had used in
the past month.13 Data from 2002 suggested that 5.3% of
Americans have used MA in their lifetimes, with 0.7% in the
last year.11 Out of 180,455 male arrestees surveyed from 39
sites across the United States in 2003, 12.9% reported using
MA annually, and 8.7% reported use within the past week.14

Data from arrestees, emergency room (ER) presentations,
and treatment admissions have consistently suggested a
higher prevalence of use in the U.S. Southwest, West Coast,
and Midwest, with lower rates of use in the Southeast and
Mid-Atlantic states.13−15 Studies have shown that in some
populations, up to 50% of individuals who have used am-
phetamines several times develop dependence.16 It is esti-
mated that over 35 million people internationally abuse MA
or amphetamines, compared to 15 million abusers of cocaine
and less than 10 million regular abusers of opiates.17 His-
torically, higher-use regions have included Asia, Australia,
Scandinavia, and the United States.

Legal efforts to combat the growing MA epidemic have
led nationally to significant increases in lab seizures—from
1,918 in 1999 to 13,092 in 2001, with 8,129 through October
2002.18 While the total number of seizures has begun to de-
crease in high-risk regions, the proportion of “superlabs”
making up these seizures has increased. Nevertheless, to-
tal illicit MA production is thought to be further increasing.
ER visits with mention of MA or amphetamine increased
54%, from 25,254 to 38,961, from 1995 to 2002, with most
visits centered around the major cities of the West Coast
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and Southwest.19 In that same time span, among patients
aged 6 to 17 years, ER visits related to MA or amphetamine
increased by 88%.

Public Health Consequences

In addition to the specific impact on users, as discussed
above, the increase in MA use has had other significant
public health effects in the United States. The use of
phosphorous-based solvents has led to the pollution of water
supplies, agricultural land, and even housing. The impact of
MA on the environment cost California $5.5 million to clean
up in 2001.5 That same year, 1,231 children found at in-home
labs during drug seizures in California, Missouri, Oregon,
and Washington were found to have toxic levels of precursors
and byproducts in their bloodstreams, necessitating treat-
ment or hospitalization.20 The number of pediatric deaths
and ER visits for significant burns suffered in in-home MA
labs has increased (Hammond C, personal communication,
15 August 2001), as has the number of pediatric visits for
inadvertent MA poisoning.21 The use of lead acetate as an
occasional reagent in MA synthesis has led to an increase in
lead poisoning.22

Fetal exposure to MA is increasing and has been shown
to lead to multiple prenatal complications, such as intra-
ventricular hemorrhage, fetal growth restriction, increased
risk of preterm labor, placental abruption, decreased birth
weight, cardiac defects, cleft palate, and behavioral effects
in neonates.22−27 Visual recognition memory, which has been
correlated with subsequent IQ, is lower in infants with pre-
natal stimulant exposure.28 Swedish studies show that pre-
natal amphetamine exposure is correlated with poor social
adjustment and an increased incidence of aggressive behav-
ior in both 4 and 8 year olds,29−31 with continued behavioral
problems at the age of 14 years,32 with slightly lower IQ,33

and with delays in mathematical and language skills that
impaired school performance and subsequent educational
advancement at ages 4, 8, and 14.29,32,34 Some of these chil-
dren, however, also had significant prenatal nicotine and
alcohol exposure, were raised by mothers who continued to
abuse amphetamines, or lived in foster care for significant
portions of the study period. A cohort of children aged 6.9
+/− 3.5 years with prenatal MA exposure exhibited deficits
in delayed verbal memory and sustained attention that were
correlated with reduced volumes in the hippocampus and
striatal nuclei.35

Needle sharing among MA abusers who use IV admin-
istration has resulted in higher rates of hepatitis C and
HIV.36,37 MA abuse has been identified as a contributing fac-
tor to the spread of HIV among the population of men who
have sex with men. In this same group of men, both MA and
amphetamine use have been linked to increased incidence of
unprotected sex and other high-risk sexual behaviors.36,38−41

EFFECTS OF MA AND MA ABUSE

Pharmacological and Neurobiological Effects

Due to its lipophilic nature, MA has increased central ner-
vous system (CNS) penetration and is more potent than
its parent compound amphetamine.42 It acts similarly to
stimulate release of newly synthesized catecholamines in
the CNS and, to some extent, blocks presynaptic reuptake
of these neurotransmitters. Studies in transgenic knockout
mice reveal the target of amphetamines to be the dopamine
transporter (DAT), which regulates dopaminergic transmis-
sion by facilitating dopamine reuptake.43−45 Amphetamines
block DA reuptake via DAT but primarily reverse the
direction of DA transport through the channel, leading to
increased DA release.43

MA is typically smoked, injected, ingested, snorted, dis-
solved sublingually, or solubilized and consumed in a bever-
age such as coffee. Both smoking and injection are reported
to result in the immediate sensation of several minutes of
intense euphoria. The “high” produced by MA is less imme-
diate, longer lasting, and less intense if the MA is adminis-
tered via other routes, with slower absorption.46 Euphoria
occurs five minutes after intranasal use and twenty minutes
after oral ingestion, but is reported to last 8–12 hours.22 This
long-lasting effect is due, in part, to the 12-hour half-life of
MA—in contrast, for example, to the 90-minute half-life of
cocaine.47 The longer half-life of MA, coupled with its inex-
pensive synthesis, may explain why MA abusers regularly
spend roughly 25% as much as cocaine abusers on their drug
habits.48

MA intoxication initially produces excessive stimulation
of the sympathetic nervous system, resulting in marked
tachycardia, hypertension, pupillary dilation, diaphoresis,
tachypnea, peripheral hyperthermia, and hyperpyrexia.
In addition to euphoria, desired effects include a height-
ened sense of attentiveness, increased energy, height-
ened curiosity, elevated interest in environmental stimuli,
and, initially, hypersexuality and decreased anxiety.49−51

Repeated MA use results in catecholamine depletion and
produces a withdrawal syndrome marked more by psy-
chiatric complaints than by physical manifestations. La-
beled “the crash,” stimulant withdrawal characteristically
manifests as depression with severe dysphoria,22,46,50,52,53

irritability and melancholia,50,52,53 anxiety,22,46,52 marked
fatigue with hypersomnia,22,50 intense craving for the
drug,22 and even paranoia22,46 or aggression.22 Although the
severity of the abstinence syndrome appears to be related
to the frequency of use, it tends to resolve spontaneously.53

The intensity of this post-binge dysphoria can, in the short
term, lead to lethal suicidal ideation that warrants inpatient
psychiatric treatment.

The withdrawal syndrome specific to chronic MA abuse
can cause much more severe anergia and dysphoria than
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seen in cocaine withdrawal and may last up to 12 months.54

Some authors view the increased severity and duration of
these withdrawal symptoms as the clinical manifestations of
residual neurotoxicity from chronic MA abuse.55 Most stud-
ies of neurotoxicity, however, have been performed in animal
models.

Effects on the Monoamine System

MA use leads to neurotoxicity to both the DA and seroton-
ergic transmitter systems (5HT) across a wide variety of
mammalian species. Rodents treated with repeated doses
of MA for several weeks show losses of the 5HT transporter
(SERT), 5HT depletion, depletion of the major 5HT metabo-
lite 5-hydoxyindole acetic acid, and reductions in tryptophan
hydroxylase (TPH).56,57 Acute and chronic exposure to MA or
amphetamines in rodents both lead to striatal DA depletion
and physical destruction of striatal DA terminals,44,58−62 as
well as to decreased levels of presynaptic markers of DA
function such as tyrosine hydroxylase (TH),63,64 DAT,61,62,65

and the vesicular monoamine transporter (VMAT).66 Nigros-
triatal DA cell bodies are preserved in most species, indicat-
ing that MA exposure preferentially leads to selective degen-
eration of striatal DA terminals rather than to cell loss.67

MA neurotoxicity in both rodents and higher primates
is at least partially reversible when animals are treated
with MA in noncontinuous, bingelike administration sched-
ules that more closely approximate a human “meth run.”68

Evoked efflux of striatal 5HT normalizes in rodents six
months after MA treatment.69 MA-related cognitive prob-
lems, behavioral disturbances, and decrements in DA
functioning normalize with time in both rodents68,70 and
primates,71,72 although the extent of normalization depends
on both the dose and chronicity of MA exposure. MA has
been shown to lead to deficits in DA and 5HT function that
can persist for up to four years in primates, but these ani-
mals show marked recovery between three months and four
years after treatment.73 Data pooled from both rodents and
primates is most consistent with a recovery process best
explained by a compensatory increase in enzymatic activ-
ity in residual DA nerve terminals, DA axonal regeneration,
or collateral DA sprouting.67,71,72

Human MA abusers report patterns of repeated dosing in
the range of 20–40 mg every 2–3 hours,74 which can result
in consumption of 0.3 to 1.0 grams during a 24-hour binge.75

Primates treated with equivalent dosing regimens develop
dose-dependent decreases in striatal DAT density as mea-
sured by positron emission tomography (PET) imaging, and
have decreased levels of DAT, DA, and the DA metabolite
dihydroxyphenylacetic acid (DOPAC) at autopsy.76 Human
studies profiling long-term MA neurotoxicity, however, have
been mixed, with conflicting PET and autopsy findings. PET
studies reveal that striatal DAT density is markedly reduced

in chronic MA abusers after three years of abstinence, sug-
gesting that chronic MA abuse leads to destruction of DA
nerve terminals or cell bodies.77 Yet at postmortem, MA
abusers have marked decreases in striatal TH, DAT, and
DA, but preservation of the presynaptic DA markers VMAT
and DOPA decarboxylase without any signs of pigmented
cell loss in the substantia nigra.78,79 These findings suggest
that MA-induced neurotoxicity leads to selective destruction
or downregulation of particular DA synthetic and functional
proteins rather than to general destruction of DA terminals
or cell bodies.78 This conception complements longitudinal
PET data from vervet monkeys showing reductions in TH,
DAT, and VMAT that recover with time, and an absence of
cell loss in DA-rich areas of the ventral midbrain.67 Such
preserved DA cellular integrity is difficult to explain since
both reductions in VMAT density and at least some partial
cell loss would be expected to occur consistently in a model of
toxicity that leads to extensive terminal degeneration. The
absence of these findings and the phenomenon of recovery of
DA functional markers may explain why human MA abusers
do not have many gross cognitive or behavioral deficits that
remain unrecoverable as they progress through treatment.

Although the molecular mechanism underlying MA-
induced neurotoxicity remains unclear, most evidence
implicates reactive oxygen species (ROS) and resultant ox-
idative stress. Pretreatment with inhibitors of DA synthesis
protect against MA-induced toxicity to both DA and 5HT
systems, while treatment with L-DOPA restores the capa-
bility of MA to induce neurotoxicity, indicating that endoge-
nous DA is required for neurotoxicity to occur.56,80−83 MA
treatment leads to a DA-dependent increase in levels of the
neurotoxin 6-hydroxydopamine (6-OHDA).83,84

Severity of MA-induced neurotoxicity is influenced by
the levels of the reducing enzyme superoxide dismutase
(SOD),85−88 the ROS-producing enzyme neuronal nitrous
oxide synthase (nNOS),89,90 and the antioxidants ascorbic
acid and glutathione.91,92 MA appears to redistribute DA
from the reducing environment of the synaptic vesicles into
the oxidizing environment of the neuron’s cytoplasm. The
end result is the generation of free radicals and reactive
metabolites that likely lead to protein and cell membrane
destruction. Consequently, VMAT-2 knockout mice demon-
strate increased damage to the DA system when treated
with MA, as VMAT-2 maintains sequestration of DA in the
reducing environment of the synaptic vesicle.44

Pathophysiological Effects

Amphetamine abuse has been documented to produce both
significant psychiatric and medical comorbidity—in partic-
ular, marked vascular and cardiac toxicity. Chronic MA
administration in animals leads to pathological cerebrovas-
cular changes and signs of hemorrhage.93 Case studies and
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a retrospective cohort study have linked death in human
MA abusers to an increased frequency of pulmonary edema,
cerebral hemorrhage, and congestive heart failure.94−96 MA
intoxication has been implicated in acute aortic dissec-
tion and myocardial infarction.97 The catecholamine excess
released by MA can sensitize the abuser’s myocardium to
ectopic cardiac stimuli, leading to the development of lethal
cardiac arrhythmias.

The large catecholamine release induced by MA inges-
tion also leads to significant hyperpyrexia that can be fatal
either directly or via contribution to cerebral hemorrhage,
seizures, or rhabdomyolysis.96,98,99 Direct CNS toxicity in
the acute setting can take the form of seizure activity,
including status epilepticus.100,101 Renal failure can result
either from infarction secondary to vasospasm or from
rhabdomyolysis.99 While MA use is associated with higher
rates of ER utilization, the majority of these visits are for
blunt trauma from multivehicular accidents and interper-
sonal trauma such as gunshot and stab wounds.99,102

The discovery that MA leads to DA depletion and striatal
neurotoxicity led initially to public health concerns that as
MA-abusing populations aged, they would be at increased
risk for the development of parkinsonism, but no studies
have confirmed this prediction. The explanation may be
that the use of MA leads to more DA depletion in the cau-
date nucleus, which is involved in cognitive function, than
in the putamen,79 which is primarily involved in motor
function.103 In contrast, patients with Parkinson’s disease
have markedly higher levels of DA loss in the putamen com-
pared to this population,104 and more loss in the putamen
than in the caudate.105

A variety of adverse psychiatric effects from MA may
result from particular abusers’ heightened sensitivity to
MA, from repeated administration or an escalation in dose,
or from changing the route of administration to injection.
This presentation can manifest as euphoric disinihibition,
extremely impaired judgment, grandiosity, extreme psy-
chomotor agitation, and even bizarre stereotypies such as
the repeated disassembling and reassembling of electri-
cal objects and appliances, and formication (i.e., scratch-
ing of imagined insects perceived under skin).4,22,99,106,107

In fact, marked stimulant intoxication can trigger or re-
semble manic or hypomanic episodes. Multiple case re-
ports and autopsy case reviews have, over the years,
suggested that chronic MA and amphetamine abuse can con-
tribute to increased incidence of violent behavior and violent
death, often in the setting of stimulant-induced psychosis
(which is the source of the popular antidrug slogan “speed
kills”).108−112

Based on neuroimaging, neuropsychological testing,
and psychiatric evaluation, evidence accrued from empir-
ical data implicates heavy use of MA as a contributing
agent to a variety of psychiatric pathologies, including

psychosis,107,113−115 mood disturbance,115−117 anxiety,114−116

attention-deficit hyperactivity disorder (ADHD),75,118 motor
dysfunction,119 and cognitive deficits.75,118−120 Proposed
mechanisms for the onset and persistence of psychiatric
symptoms, especially psychosis, among MA abusers include:
(1) chronicity of MA use, (2) DAT loss in the nucleus accum-
bens and caudate/putamen, and (3) alterations in cerebral
blood flow.114,121

Psychotic symptoms—including hypersensitivity to the
environment, paranoid ideation, auditory and visual hallu-
cinations, and persecutory delusions—often develop.98 MA
psychosis, which is thought to be due to the excess of synap-
tic dopamine,113,122,123 mimics symptoms of schizophrenia.124

The presence of psychosis and stereotypies is at least par-
tially related to the level of MA metabolites in the blood and
urine of acutely psychotic abusers.107 Risk factors for the
development of MA psychosis include younger age at first
use, using larger amounts of MA, having more premorbid
schizoid or schizotypal characteristics, and having a genetic
polymorphism in the gene that encodes the DAT.125,126

Also, rates of other psychiatric disorders—including major
depression, alcohol dependence, and antisocial personality
disorder—were higher in individuals with MA psychosis
than MA users without psychosis.125 A deletion in the gene
for glutathione S-transferase has been linked to a predispo-
sition toward development of MA psychosis in MA-abusing
women,127 as has a polymorphism in the gene for alpha-
synuclein, a structural protein involved in membrane clus-
tering of DAT.128

Neurological problems—including traumatic brain
injury, birth trauma, learning disabilities, and soft neuro-
logical signs—have also been associated with an increased
risk of treatment-resistant MA psychosis.129 Unfortunately,
MA psychosis is thought to recur among individuals with a
history of MA psychosis—even during times of abstinence
that include remission of psychotic symptoms.130 Although
there are no controlled studies available examining the use
of antipsychotics in the treatment of MA psychosis, Sato and
colleagues131 have suggested that MA psychosis is mediated
by dopamine hypersensitivity and that haloperidol may
be prophylactic against paranoid psychosis. There are
also published case reports of olanzapine and risperidone
effectively treating the psychotic symptoms in outpa-
tients with MA psychosis —both acutely and during early
abstinence.132,133

While there are no data exploring the association be-
tween MA use and bipolar disorder or the likelihood of
inducing mania, a number of studies have found depres-
sive symptoms, irritability, and suicidal ideation among MA
abusers during active use and also during withdrawal and
early abstinence.53,114−117 In the largest study of psychiatric
symptoms among MA users (n = 1,016), depression was the
most common symptom experienced, and 27% of the sample
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had attempted suicide at least once in their lifetimes. The
severity of depression was highest in females and MA users
who injected MA.115 Beck Depression Inventory scores of
MA abusers in early abstinence (4 to 7 days) are positively
correlated with the amount of recent MA use and nega-
tively correlated with glucose metabolism in an area of the
anterior cingulate involved in mood symptoms.116 Anxiety
and depressive symptoms in MA-dependent inpatients have
been shown to improve significantly over an average of three
weeks of abstinence134 but may persist for over a year in
some patients.114 Female MA abusers tend to report more
severe symptoms.115,135

An association between MA use and ADHD has recently
been identified.75,136,137 ADHD is a clinical diagnosis char-
acterized by a syndrome of inattention, impulsivity, and
hyperactivity that can persist into adulthood.138−141 Adults
meeting DSM-IV criteria for ADHD are characterized pri-
marily by symptoms of inattention; impulsivity and hyper-
active symptoms tend to remit after childhood.141,142 Cur-
rent understanding of ADHD based on neuroimaging data
conceptualizes the disorder as one of relative prefrontal
dopamine hypoactivity.141 Dopamine activity in the frontal
lobe is intimately involved in executive function,143,144 a
domain in which both children and adults with ADHD
demonstrate clinical impairment.141,145−147 Since ADHD is
associated with a hypo-dopaminergic state, it makes sense
that the primary pharmacological treatments for ADHD are
methylphenidate and amphetamine.148−150 While there is a
clinical perception of risk in prescribing stimulants, previous
data indicate that treating childhood ADHD with a stimu-
lant may reduce the risk of later developing a substance
use disorder.151 The presence of ADHD among MA abusers
has been a focus of recent study. Among outpatient adult
MA abusers, 33 to 40%75,136 screen positive for presump-
tive childhood ADHD based on the Wender Utah Rating
Scale (WURS),152 while a study of MA-dependent inpatients
found that 71% of the 51 participants screened positive on
the WURS.137

Human data overwhelmingly implicate MA abuse in
the development of characteristic neurocognitive impair-
ments that are both dose- and duration-dependent in sever-
ity. While single doses of amphetamine have been shown
to improve performance in several domains of neurocogni-
tive functioning in normal humans,153−155 chronic abusers
actively using MA suffer from multiple neurocognitive
impairments in dose-dependent fashion. The severity of
these deficits depends upon the frequency of MA use118,156

and the severity of MA dependence.157

MA abusers appear to develop different cognitive impair-
ments than do abusers of other stimulants or other classes
of illicit drugs. Active abusers of MA and cocaine both have
significantly impaired verbal memory, but MA abusers also
demonstrate impaired performance on tasks of perceptual

speed and information manipulation, and do very poorly on
tasks that combine these skills with visuomotor scanning.158

Compared to cocaine and heroin abusers, abusers of MA or
amphetamine also demonstrate deficits on tests of executive
function such as the Wisconsin Card Sorting Test (WCST),
which suggests frontal dysfunction.158,159

Marked impairment in the neurocognitive functioning of
MA-dependent patients persists into abstinence, is slow to
normalize, and actually worsens initially. MA-dependent pa-
tients in early abstinence (5 to 14 days) perform markedly
worse than controls on measures of attention and psychomo-
tor speed, and of verbal learning and memory, as well as
on fluency-based measures of executive function such as set
shifting and inhibition.120 MA-dependent inpatients show
essentially no improvement in visuospatial learning after
three weeks of abstinence and remain in the functionally
impaired range, while they significantly worsen in verbal
learning, throughout this time period.137 Despite 2 months
of abstinence, abusers consistently demonstrate errors in
selective attention and priming.160 After 3 months of absti-
nence, recovering MA abusers score worse on word recogni-
tion and tests of episodic memory than do individuals contin-
uing to use MA, who themselves score worse than MA-naive
controls.161 Decrements in performance on psychomotor and
verbal memory tasks do lessen in MA-dependent subjects
between 3 and 14 months of abstinence, but this improve-
ment falls short of statistical significance.162 MA-dependent
individuals with an average of 8.0 +/− 2.2 months of ab-
stinence showed little difference in verbal memory com-
pared to controls, but do perform significantly worse on
working-memory tasks.163 Cocaine-dependent samples have
been shown to have cognitive deficits, particularly in verbal
memory, in early abstinence164−166 and again 6 months af-
ter their last use.164 Yet cocaine abusers do not differ from
normal controls three years after their last use.167

Biological markers of impaired brain function that are
specific to MA abuse also persist into abstinence. Chronic
abusers with an average of 5.9 +/− 9.0 months of absti-
nence still have significantly reduced striatal DAT density—
which is correlated with both their years of MA use and the
severity of their impairments in verbal memory and psy-
chomotor function.119 With additional abstinence, DAT den-
sity fully recovers, but baseline neurocognitive function lags
behind162—a result that complements PET studies in pri-
mates and that suggests the possible involvement of other
transmitter systems.67 Increased levels of MA use leads to
increased reductions of DAT density in the striatum and
nucleus accumbens, which results in a higher likelihood and
higher severity of residual psychotic symptoms as measured
by the Brief Psychiatric Rating Scale.114 In contrast to MA,
chronic cocaine use is associated with increases in DAT den-
sity, which return toward normal with abstinence. These
increases in DAT density are correlated with the depressive
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symptoms seen in stimulant withdrawal, but have not been
implicated in cognitive deficits.168−171

Based on human neuroimaging and animal data, it is
unclear whether changes in DAT density represent terminal
degeneration or compensatory downregulation of the trans-
porter protein in response to a MA-induced hyperdopamin-
ergic state. Human and primate histological studies are sug-
gestive of preserved DA terminal integrity,67,78,172 but given
the short life span of the DAT protein, the 17 months needed
for full DAT recovery is not consistent with MA-induced
changes being solely due to protein downregulation.162

Additionally, the persistence of DAT losses after three years
of abstinence in some populations is certainly suggestive
of permanent terminal or transporter loss.77 Volkow162 has
proposed that DAT recovery via either increased arboriza-
tion or transporter protein upregulation on surviving DA
terminals could lead to normalized ligand binding in imag-
ing studies, but that it may not be sufficient to fully restore
the dopaminergic neurotransmission that subjects need in
order to resume baseline neuropsychological functioning.

This question of what causative mechanism actually
reduces DAT density in response to chronic MA use is fur-
ther complicated by a lack of knowledge concerning DAT
levels prior to MA abuse. It is possible that MA abusers
may have an intrinsically low level of DAT to begin with,
which could predispose them to abuse stimulants in an effort
to compensate for an intrinsically hypoactive dopaminergic
system. PET studies have shown low right-sided putamen
DAT levels to be correlated with schizoidal traits such as
amotivation, asociality, and poor drive.173 Data from crav-
ing studies also suggest that levels of DA-system activity
may significantly differ between individuals, since high D2
levels in stimulant-naive subjects predict reinforcing effects
of methylphenidate administration.174

Finally, metabolic irregularities are common in MA
abusers and have been linked to the behavioral manifes-
tations of MA-induced psychiatric impairment. Measures of
cellular energy regulation are decreased in the basal gan-
glia of chronic MA abusers in dose-dependent fashion, sug-
gesting impairments in energy production at the cellular
level.175,176 In view of the similar findings for the anterior
cingulum, it has been proposed that such a decrease con-
tributes to the development of attention deficits and alter-
ations in the reward system in MA abusers.177 These deficits
have been linked to hypoactivity in orbitofrontal and dor-
solateral prefrontal cortex within this population.178 Dys-
regulation of glucose metabolism in limbic and cingulate
cortex, as well as significant structural loss of limbic, par-
alimbic, and cingulate gray matter, has been strongly cor-
related to the elevated depressive and anxiety symptoms
in active chronic MA abusers.116,179 Verbal memory impair-
ments in this same subject group were correlated with sever-
ity of hippocampal shrinkage, which averaged 8% in the MA
group.179

TREATMENTS FOR MA ABUSE
AND DEPENDENCE

The primary modality of treatment for MA dependence is
behavioral. In a nonrandomized, uncontrolled, retrospec-
tive analysis of cocaine and MA abusers in inpatient treat-
ment, chemical and electrical aversion therapies resulted in
a self-reported abstinence rate of 53% for 12 months.180 The
most adequately tested treatment approach, however, is the
Matrix Model, a 4-month, manualized, intensive outpatient
therapy that, in order to maintain abstinence, combines
cognitive-behavioral therapy, family education, 12-step pro-
gram participation, and behavioral approaches such as pos-
itive reinforcers.181,182 MA abusers remained active in treat-
ment for an average of 17 weeks and submitted an average
of eight random urine toxicology screens (just under 20% of
which were positive for MA).183

Two to five years after completion of treatment in the
Matrix Model, subjects reported markedly less MA use and
higher occupational and psychiatric functioning, and only
6.5% of urine analyses at follow-up were positive for MA.46

Subjects were sampled nonrandomly, however, since this
follow-up analysis was limited to the first 25% of the origi-
nal 500 Matrix subjects to be located. While it is apparent
that a significant number of prior MA abusers are able to
obtain long-term benefits from the Matrix approach, it is dif-
ficult to draw detailed conclusions about the efficacy of this
model.

Due to the significant cognitive impairments that typi-
cally develop in the setting of chronic MA abuse, patients
entering treatment can have extreme difficulty participat-
ing in psychologically based treatments such as the Matrix
Model and could benefit greatly from effective pharmaco-
logical therapies for MA dependence. Data on pharmaco-
logical treatments for MA abuse are sparse, however, and
there are currently no medications that are FDA approved
for treatment of MA dependence.184 Although imipramine
dosed at 150 mg/day has been shown to keep both MA and
cocaine abusers in treatment longer than controls dosed
with 10 mg/day, it led to no measurable reduction in MA
use or craving.185,186 The addition of desipramine to the
standardized Matrix treatment program led to no signif-
icant differences compared to a Matrix treatment plus
placebo group or to Matrix treatment alone.187 Fluoxetine
decreases MA self-administration in animal studies, and an
unpublished double-blind, placebo-controlled study in MA-
dependent adults demonstrated decreased subjective crav-
ings for MA in the treatment group.184 Fluoxetine did not,
however, decrease either subjective reports of MA use or pos-
itive urine toxicology screens.188

While the calcium channel blocker amlodipine has shown
no benefit for treatment of MA dependence in a small
unpublished trial,184 isradipine may have future promise
as an anti-reward or anti-craving medication for MA
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dependence. In MA-naive volunteers, isradipine reduces
some of the positive subjective effects of MA administration
and subsequent craving for MA. Since isradipine has not
been studied in MA-dependent patients, however, it needs
to be further evaluated to determine its potential utility.189

The anticonvulsant vigabatrin has been shown to reduce
cocaine use and craving in human studies, but due to a
high incidence of visual-field problems in earlier studies
and in clinical use in other countries, it is not yet avail-
able in the United States.190 Although it has not yet been
tested in controlled trials, vigabatrin failed to produce any
visual-field defects in a recent nine-week, open-label, pilot
study primarily in MA abusers, and subjects appeared to
have lower drug use than otherwise expected.191 In animal
studies, olanzapine, risperidone, and clozapine decreased
the ability of subjects to discriminate dextroamphetamine
from placebo, suggesting that atypical antipsychotics may
be effective in attenuating the positive subjective effects of
MA and subsequent craving for the drug.192−194 Risperidone
has recently been shown to limit the ability of humans to cor-
rectly identify dextroamphetamine after administration195

and also to limit the subjective “high” from experimentally
administered cocaine.196 A recent, four-week, open-label pi-
lot study of risperidone in 11 MA-dependent subjects en-
tering treatment resulted in a single MA-positive speci-
men out of 36 weekly urine samples collected throughout
the study.197 Given the ability of atypical antipsychotics
to improve cognitive function in schizophrenia, it is likely
that future studies will investigate whether they can also
improve the cognitive deficits that arise with chronic MA
abuse.198,199

FUTURE DIRECTIONS

The MA epidemic continues to spread, with MA use
increasing particularly among younger cohorts. Chronic MA
abuse in our society has contributed to overwhelming pub-
lic health concerns and has been demonstrably linked to
physiological, neurocognitive, and psychiatric comorbidity.
Of particular concern, chronic MA abusers develop charac-
teristic neurocognitive impairments that affect information
processing, verbal memory, and other domains of cognition.
These impairments make it quite challenging to retain these
individuals in CBT and case management–based psychoso-
cial treatments. Nevertheless, these modalities are both the
best studied and the most effective treatment strategies
developed to date for MA abusers attempting to enter recov-
ery. The development of pharmacological treatments that
could decrease MA craving, decrease MA use, improve cog-
nitive function, and increase treatment retention in early
abstinence would greatly improve our ability to treat MA
dependence. Possible candidates for future research in this

area include the atypical antipsychotics, the calcium chan-
nel blocker isradipine, and the anticonvulsant vigabatrin.

REFERENCES

1. Suwaki H. Methamphetamine abuse in Japan: its 45 year his-
tory and the current situation. In: Klee H, ed. Amphetamine
misuse: international perspectives on current trends. Reading,
England: Harwood Academic, 1997:199–214.

2. Anglin MD, Burke C, Perrochet B, Stamper E, Dawud-Noursi
S. History of the methamphetamine problem. J Psychoactive
Drugs 2000;32:137–41.

3. Miller MA. History and epidemiology of methamphetamine
abuse in the United States. In: Klee H, ed. Amphetamine mis-
use: international perspectives on current trends. Reading,
England: Harwood Academic, 1997:113–34.

4. Morgan P, Beck JE. The legacy and the paradox: hidden
contexts of methamphetamine use in the United States. In:
Klee H, ed. Amphetamine misuse: international perspectives
on current trends. Reading, England: Harwood Academic,
1997:135–62.

5. National Drug Intelligence Center. Methamphetamine. In:
National Drug Threat Assessment 2003. http://www.usdoj.gov/
ndic/pubs3/3300/meth.htm.

6. U.S. Department of Justice. Report to the US Attor-
ney General by the Suspicious Orders Task Force: Com-
prehensive Methamphetamine Control Act of 1996. 1999.
http://www.deadiversion.usdoj.gov/pubs/program/sotf/.

7. Nordahl TE, Salo R, Leamon M. Neuropsychological ef-
fects of chronic methamphetamine use on neurotransmitters
and cognition: a review. J Neuropsychiatry Clin Neurosci
2003;15:317–25.

8. Salocks C. Kaley K. Clandestine drug labs: metham-
phetamine [Technical support document: Toxicology]. 2003. At
http://www.oehha.ca.gov/public info/clanlabs.html.

9. Ely R, McGrath D. Lithium-ammonia reduction of ephedrine
to methamphetamine: an unusual clandestine synthesis. J
Forensic Sci 1990;35:720–3.

10. Gorelick DA, Cornish JL. The pharmacology of cocaine, am-
phetamines, and other stimulants. In: Graham A, Schultz T,
Mayo-Smith M, Ries R, Wilford B, eds. Principles of addiction
medicine. Chevy Chase, MD: American Society of Addiction
Medicine, 2003:157–90.

11. Office of National Drug Control Policy. Methamphetamine
[Fact sheet]. 2003. At http://www.whitehousedrugpolicy.gov/
drugfact/index.html.

12. Feinstein D. Methamphetamine, the drug epidemic of the
90s: problems and solutions. 2002. http://feinstein.senate.
gov/meth booklet.html.

13. Office of Applied Statistics, Substance Abuse and Men-
tal Health Services Administration. Summary of Find-
ings from the 2000 National Household Survey on Drug
Abuse. 2001. http://www.oas.samhsa.gov/NHSDA/2kNHSDA/
2kNHSDA.htm.

14. Zhang Z. Drug and alcohol use and related matters among
arrestees, 2003 [Institute of Justice, U.S. Department of Jus-
tice]. http://www.ojp.usdoj.gov/nij/adam/ADAM2003.pdf.



Harv Rev Psychiatry

Volume 13, Number 3 Meredith et al. 149

15. Community Epidemiology Work Group, National Institute
on Drug Abuse. Epidemiologic trends in drug abuse, ad-
vance report. 2003. http://www.drugabuse.gov/PDF/CEWG/
AdvReport1203.pdf.

16. Woody GE, Cottler LB, Cacciola J. Severity of dependence:
data from the DSM-IV field trials. Addiction 1993;88:1573–
9.

17. United Nations Office on Drug Control and Crime Preven-
tion. World Drug Report 2000. http://www.unodc.org/unodc/
en/world drug report 2000.html.

18. Office of National Drug Control Policy. National Drug Con-
trol Strategy: update 2003. http://www.whitehousedrugpolicy.
gov/publications/policy/ndcs03/table71.html.

19. Office of Applied Statistics, Substance Abuse and Men-
tal Health Services Administration. Amphetamine and
methamphetamine emergency department visits 1995–2002
[DAWN report]. 2004. At http://dawninfo.samhsa.gov/old
dawn/pubs 94 02/shortreports/.

20. National Drug Intelligence Center. Information bulletin: chil-
dren at risk. 2002. http://www.usdoj.gov/ndic/pubs1/1466/.

21. Kolecki P. Inadvertent methamphetamine poisoning inpedi-
atric patients. Pediatr Emerg Care 1998;14:385–7.

22. National Institute on Drug Abuse. Methamphetamine abuse
and addiction [Research Report series]. 1998. http://165.112.
78.61/ResearchReports/Methamph/methamph4.html.

23. Eriksson M, Larsson G, Winbladh B, Zetterstrom R. The influ-
ence of amphetamine addiction on pregnancy and the newborn
infant. Acta Paediatr Scand 1978;67:95–9.

24. Eriksson M, Larsson G, Zetterstrom R. Amphetamine addic-
tion and pregnancy. II. Pregnancy, delivery and the neona-
tal period. Socio-medical aspects. Acta Obstet Gynecol Scand
1981;60:253–9.

25. Dixon SD, Bejar R. Echoencephalographic findings in neonates
associated with maternal cocaine and methamphetamine use:
incidence and clinical correlates. J Pediatr 1989;115:770–8.

26. Plessinger MA. Prenatal exposure to amphetamines. Risks
and adverse outcomes in pregnancy. Obstet Gynecol Clin
North Am 1998;25:119–38.

27. Smith L, Yonekura ML, Wallace T, Berman N, Kuo J, Berkowitz
C. Effects of prenatal methamphetamine exposure on fetal
growth and drug withdrawal symptoms in infants born at
term. J Dev Behav Pediatr 2003;24:17–23.

28. Hansen RL, Struthers JM, Gospe SM Jr. Visual evoked poten-
tials and visual processing in stimulant drug-exposed infants.
Dev Med Child Neurol 1993;35:798–805.

29. Billing L, Eriksson M, Steneroth G, Zetterstrom R. Predictive
indicators for adjustment in 4-year-old children whose moth-
ers used amphetamine during pregnancy. Child Abuse Negl
1988;12:503–7.

30. Billing L, Eriksson M, Jonsson B, Steneroth G, Zetterstrom R.
The influence of environmental factors on behavioural prob-
lems in 8-year-old children exposed to amphetamine during
fetal life. Child Abuse Negl 1994;18:3–9.

31. Eriksson M, Billing L, Steneroth G, Zetterstrom R. Health
and development of 8-year-old children whose mothers
abused amphetamine during pregnancy. Acta Paediatr Scand
1989;78:944–9.

32. Eriksson M, Jonsson B, Steneroth G, Zetterstrom R.
Amphetamine abuse during pregnancy: environmental fac-
tors and outcome after 14–15 years. Scand J Public Health
2000;28:154–7.

33. Billing L, Eriksson M, Steneroth G, Zetterstrom R. Pre-school
children of amphetamine-addicted mothers. I. Somatic and
psychomotor development. Acta Paediatr Scand 1985;74:179–
84.

34. Eriksson M, Zetterstrom R. Amphetamine addiction dur-
ing pregnancy: 10-year follow-up. Acta Paediatr Suppl
1994;404:27–31.

35. Chang L, Smith LM, Lopresti C, et al. Smaller subcortical vol-
umes and cognitive deficits in children with prenatal metham-
phetamine exposure. Psychiatry Res 2004;132:95–106.

36. Bluthenthal RN, Kral AH, Gee L, et al. Trends in HIV sero-
prevalence and risk among gay and bisexual men who inject
drugs in San Francisco, 1988 to 2000. J Acquir Immune Defic
Syndr 2001;28:264–9.

37. Harris NV, Thiede H, McGough JP, Gordon D. Risk factors for
HIV infection among injection drug users: results of blinded
surveys in drug treatment centers, King County, Washing-
ton 1988–1991. J Acquir Immune Defic Syndr 1993;6:1275–
82.

38. Halkitis PN, Parsons JT, Stirratt MJ. A double epidemic: crys-
tal methamphetamine drug use in relation to HIV transmis-
sion among gay men. J Homosex 2001;41:17–35.

39. Paul JP, Stall R, Davis F. Sexual risk for HIV transmission
among gay/bisexual men in substance-abuse treatment. AIDS
Educ Prev 1993;5:11–24.

40. Frosch D, Shoptaw S, Huber A, Rawson RA, Ling W. Sexual
HIV risk among gay and bisexual male methamphetamine
abusers. J Subst Abuse Treat 1996;13:483–6.

41. Shoptaw S, Reback CJ, Freese TE. Patient characteristics, HIV
serostatus, and risk behaviors among gay and bisexual males
seeking treatment for methamphetamine abuse and depen-
dence in Los Angeles. J Addict Dis 2002;21:91–105.

42. Lake CR, Quirk RS. CNS stimulants and the look-alike drugs.
Psychiatr Clin North Am 1984;7:689–701.

43. Giros B, Jaber M, Jones SR, Wightman RM, Caron MG. Hy-
perlocomotion and indifference to cocaine and amphetamine in
mice lacking the dopamine transporter. Nature 1996;379:606–
12.

44. Fumagalli F, Gainetdinov RR, Valenzano KJ, Caron MG. Role
of dopamine transporter in methamphetamine-induced neu-
rotoxicity: evidence from mice lacking the transporter. J Neu-
rosci 1998;18:4861–9.

45. Cho AK, Melega WP. Patterns of methamphetamine abuse and
their consequences. J Addict Dis 2002;21:21–34.

46. Rawson RA, Huber A, Brethen P, et al. Status of metham-
phetamine users 2–5 years after outpatient treatment. J Ad-
dict Dis 2002;21:107–19.

47. Cho AK, Melega WP, Kuczenski R, Segal DS. Relevance of
pharmacokinetic parameters in animal models of metham-
phetamine abuse. Synapse 2001;39:161–6.

48. Rawson R, Huber A, Brethen P, et al. Methamphetamine and
cocaine users: differences in characteristics and treatment
retention. J Psychoactive Drugs 2000;32:233–8.



150 Meredith et al.
Harv Rev Psychiatry

May/June 2005

49. Gawin FH, Ellinwood EH Jr. Cocaine and other stimulants.
Actions, abuse, and treatment. N Engl J Med 1988;318:1173–
82.

50. Gawin F, ME K, Ellinwood E. Stimulants. In: Galanter M, Kle-
ber H, eds. Textbook of substance abuse treatment. Washing-
ton, DC: American Psychiatric Press, 1994.

51. Cretzmeyer M, Sarrazin MV, Huber DL, Block RI, Hall JA.
Treatment of methamphetamine abuse: research findings and
clinical directions. J Subst Abuse Treat 2003;24:267–77.

52. Cantwell B, McBride AJ. Self detoxication by amphetamine
dependent patients: a pilot study. Drug Alcohol Depend
1998;49:157–63.

53. Newton T, Kalechstein AD, Duran S, Vansluis N, Ling W.
Methamphetamine abstinence syndrome: preliminary find-
ings. Am J Addict 2004;13:248–55.

54. Ellinwood E, King G, Lee T. Chronic amphetamine use and
abuse. In: Watson S, ed. Psychopharmacology: the fourth
generation of progress [CD-ROM version]. Philadelphia:
Lippincott, Wilkins & Williams, 1998.

55. Davidson C, Gow AJ, Lee TH, Ellinwood EH. Metham-
phetamine neurotoxicity: necrotic and apoptotic mechanisms
and relevance to human abuse and treatment. Brain Res Brain
Res Rev 2001;36:1–22.

56. Hotchkiss AJ, Gibb JW. Long-term effects of multiple doses
of methamphetamine on tryptophan hydroxylase and tyro-
sine hydroxylase activity in rat brain. J Pharmacol Exp Ther
1980;214:257–62.

57. Ricaurte GA, Schuster CR, Seiden LS. Long-term effects of
repeated methylamphetamine administration on dopamine
and serotonin neurons in the rat brain: a regional study. Brain
Res 1980;193:153–63.

58. Ricaurte GA, Guillery RW, Seiden LS, Schuster CR, Moore
RY. Dopamine nerve terminal degeneration produced by high
doses of methylamphetamine in the rat brain. Brain Res
1982;235:93–103.

59. Ricaurte GA, Seiden LS, Schuster CR. Further evidence that
amphetamines produce long-lasting dopamine neurochemi-
cal deficits by destroying dopamine nerve fibers. Brain Res
1984;303:359–64.

60. Ryan LJ, Linder JC, Martone ME, Groves PM. Histological
and ultrastructural evidence that D-amphetamine causes de-
generation in neostriatum and frontal cortex of rats. Brain Res
1990;518:67–77.

61. Wagner GC, Ricaurte GA, Johanson CE, Schuster CR, Seiden
LS. Amphetamine induces depletion of dopamine and loss of
dopamine uptake sites in caudate. Neurology 1980;30:547–50.

62. Wagner GC, Ricaurte GA, Seiden LS, Schuster CR, Miller RJ,
Westley J. Long-lasting depletions of striatal dopamine and
loss of dopamine uptake sites following repeated administra-
tion of methamphetamine. Brain Res 1980;181:151–60.

63. Koda LY, Gibb JW. Adrenal and striatal tyrosine hydroxy-
lase activity after methamphetamine. J Pharmacol Exp Ther
1973;185:42–8.

64. Schmidt CJ, Gibb JW. Role of the serotonin uptake car-
rier in the neurochemical response to methamphetamine:
effects of citalopram and chlorimipramine. Neurochem Res
1985;10:637–48.

65. Wagner GC, Preston K, Ricaurte GA, Schuster CR, Seiden
LS. Neurochemical similarities between d,l-cathinone and
d-amphetamine. Drug Alcohol Depend 1982;9:279–84.

66. Frey K, Kilbourn M, Robinson T. Reduced striatal vesicu-
lar monoamine transporters after neurotoxic but not after
behaviorally-sensitizing doses of methamphetamine. Eur J
Pharmacol 1997;334:273–9.

67. Harvey DC, Lacan G, Tanious SP, Melega WP. Recovery from
methamphetamine induced long-term nigrostriatal dopamin-
ergic deficits without substantia nigra cell loss. Brain Res
2000;871:259–70.

68. Cass WA, Manning MW. Recovery of presynaptic dopaminergic
functioning in rats treated with neurotoxic doses of metham-
phetamine. J Neurosci 1999;19:7653–60.

69. Cass WA. Attenuation and recovery of evoked overflow of stri-
atal serotonin in rats treated with neurotoxic doses of metham-
phetamine. J Neurochem 2000;74:1079–85.

70. Friedman SD, Castaneda E, Hodge GK. Long-term
monoamine depletion, differential recovery, and subtle
behavioral impairment following methamphetamine-induced
neurotoxicity. Pharmacol Biochem Behav 1998;61:35–44.

71. Melega WP, Quintana J, Raleigh MJ, et al. 6-[18F]fluoro-
L-DOPA-PET studies show partial reversibility of long-
term effects of chronic amphetamine in monkeys. Synapse
1996;22:63–9.

72. Melega WP, Raleigh MJ, Stout DB, Huang SC, Phelps ME.
Ethological and 6-[18F]fluoro-L-DOPA-PET profiles of long-
term vulnerability to chronic amphetamine. Behav Brain Res
1997;84:259–68.

73. Woolverton WL, Ricaurte GA, Forno LS, Seiden LS. Long-term
effects of chronic methamphetamine administration in rhesus
monkeys. Brain Res 1989;486:73–8.

74. Jaffe J. Drug addiction and drug abuse. In: Goodman L,
Gilman S, eds. Pharmacological basis of therapeutics. New
York: McMillan, 1985.

75. Simon SL, Richardson K, Dacey J, et al. A comparison of
patterns of methamphetamine and cocaine use. J Addict Dis
2002;21:35–44.

76. Villemagne V, Yuan J, Wong DF, et al. Brain dopamine neuro-
toxicity in baboons treated with doses of methamphetamine
comparable to those recreationally abused by humans: ev-
idence from [11C]WIN-35,428 positron emission tomogra-
phy studies and direct in vitro determinations. J Neurosci
1998;18:419–27.

77. McCann UD, Wong DF, Yokoi F, Villemagne V, Dannals RF,
Ricaurte GA. Reduced striatal dopamine transporter density
in abstinent methamphetamine and methcathinone users:
evidence from positron emission tomography studies with
[11C]WIN-35,428. J Neurosci 1998;18:8417–22.

78. Wilson JM, Kalasinsky KS, Levey AI, et al. Striatal dopamine
nerve terminal markers in human, chronic methamphetamine
users. Nat Med 1996;2:699–703.

79. Moszczynska A, Fitzmaurice P, Ang L, et al. Why is parkinson-
ism not a feature of human methamphetamine users? Brain
2004;127:363–70.

80. Gibb JW, Kogan FJ. Influence of dopamine synthesis on
methamphetamine-induced changes in striatal and adrenal



Harv Rev Psychiatry

Volume 13, Number 3 Meredith et al. 151

tyrosine hydroxylase activity. Naunyn Schmiedebergs Arch
Pharmacol 1979;310:185–7.

81. Schmidt CJ, Ritter JK, Sonsalla PK, Hanson GR, Gibb
JW. Role of dopamine in the neurotoxic effects of metham-
phetamine. J Pharmacol Exp Ther 1985;233:539–44.

82. Johnson M, Stone DM, Hanson GR, Gibb JW. Role of the
dopaminergic nigrostriatal pathway in methamphetamine-
induced depression of the neostriatal serotonergic system. Eur
J Pharmacol 1987;135:231–4.

83. Axt KJ, Commins DL, Vosmer G, Seiden LS. alpha-Methyl-p-
tyrosine pretreatment partially prevents methamphetamine-
induced endogenous neurotoxin formation. Brain Res
1990;515:269–76.

84. Seiden LS, Vosmer G. Formation of 6-hydroxydopamine in cau-
date nucleus of the rat brain after a single large dose of methyl-
amphetamine. Pharmacol Biochem Behav 1984;21:29–31.

85. Cadet JL, Sheng P, Ali S, Rothman R, Carlson E, Epstein C.
Attenuation of methamphetamine-induced neurotoxicity in
copper/zinc superoxide dismutase transgenic mice. J Neu-
rochem 1994;62:380–3.

86. De Vito MJ, Wagner GC. Methamphetamine-induced neuronal
damage: a possible role for free radicals. Neuropharmacology
1989;28:1145–50.

87. Hirata H, Ladenheim B, Carlson E, Epstein C, Cadet JL.
Autoradiographic evidence for methamphetamine-induced
striatal dopaminergic loss in mouse brain: attenuation
in CuZn-superoxide dismutase transgenic mice. Brain Res
1996;714:95–103.

88. Maragos WF, Jakel R, Chesnut D, et al. Methamphetamine
toxicity is attenuated in mice that overexpress human man-
ganese superoxide dismutase. Brain Res 2000;878:218–22.

89. Itzhak Y, Ali SF. The neuronal nitric oxide synthase inhibitor,
7-nitroindazole, protects against methamphetamine-induced
neurotoxicity in vivo. J Neurochem 1996;67:1770–3.

90. Itzhak Y, Martin JL, Black MD, Ali SF. Effect of mela-
tonin on methamphetamine- and 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine-induced dopaminergic neurotoxicity and
methamphetamine-induced behavioral sensitization. Neu-
ropharmacology 1998;37:781–91.

91. Wagner GC, Carelli RM, Jarvis MF. Ascorbic acid reduces
the dopamine depletion induced by methamphetamine and
the 1-methyl-4-phenyl pyridinium ion. Neuropharmacology
1986;25:559–61.

92. Hastings TG, Lewis DA, Zigmond MJ. Role of oxidation in the
neurotoxic effects of intrastriatal dopamine injections. Proc
Natl Acad Sci U S A 1996;93:1956–61.

93. Rumbaugh C. Small vessel cerebral vascular changes follow-
ing chronic methamphetamine intoxication. In: Ellinwood EH
Jr, Kilbey MM, eds. Cocaine and other stimulants. New York:
Plenum, 1977.

94. Jackson JG. The hazards of smokable methamphetamine. N
Engl J Med 1989;321:907.

95. Karch SB, Stephens BG, Ho CH. Methamphetamine-related
deaths in San Francisco: demographic, pathologic, and toxico-
logic profiles. J Forensic Sci 1999;44:359–68.

96. Shaw KP. Human methamphetamine-related fatalities in Tai-
wan during 1991–1996. J Forensic Sci 1999;44:27–31.

97. Swalwell CI, Davis GG. Methamphetamine as a risk factor for
acute aortic dissection. J Forensic Sci 1999;44:23–6.

98. King G, Ellinwood E. Amphetamine and other stimulants. In:
Lowinson, Ruiz, Milman, Langrod, eds. Substance abuse: a
comprehensive textbook. Baltimore, MD: Williams & Wilkins,
1997.

99. Richards JR, Bretz SW, Johnson EB, Turnipseed SD, Bro-
feldt BT, Derlet RW. Methamphetamine abuse and emergency
department utilization. West J Med 1999;170:198–202.

100. Alldredge BK, Lowenstein DH, Simon RP. Seizures associated
with recreational drug abuse. Neurology 1989;39:1037–9.

101. Olson KR, Kearney TE, Dyer JE, Benowitz NL, Blanc PD.
Seizures associated with poisoning and drug overdose. Am J
Emerg Med 1993;11:565–8.

102. Logan BK. Methamphetamine and driving impairment. J
Forensic Sci 1996;41:457–64.

103. Alexander GE, DeLong MR, Strick PL. Parallel organization
of functionally segregated circuits linking basal ganglia and
cortex. Annu Rev Neurosci 1986;9:357–81.

104. Wilson JM, Levey AI, Rajput A, et al. Differential changes in
neurochemical markers of striatal dopamine nerve terminals
in idiopathic Parkinson’s disease. Neurology 1996;47:718–
26.

105. Kish SJ, Shannak K, Hornykiewicz O. Uneven pattern of
dopamine loss in the striatum of patients with idiopathic
Parkinson’s disease. Pathophysiologic and clinical implica-
tions. N Engl J Med 1988;318:876–80.

106. Ellinwood E. Amphetamine psychosis. I. Description of the in-
dividuals and the process. J Nerv Ment Dis 1967;144:273.

107. Batki SL, Harris D. Quantitative drug levels in stimulant psy-
chosis: relationship to symptom severity, catecholamines and
hyperkinesia. Am J Addict 2004;13:461–70.

108. Bailey DN, Shaw RF. Cocaine- and methamphetamine-related
deaths in San Diego County (1987): homicides and accidental
overdoses. J Forensic Sci 1989;34:407–22.

109. Fukushima A. Criminal responsibility in amphetamine psy-
chosis. Jpn J Psychiatry Neurol 1994;48 suppl:1–4.

110. Lora-Tamayo C, Tena T, Rodriguez A. Amphetamine derivative
related deaths. Forensic Sci Int 1997;85:149–57.

111. Logan BK, Fligner CL, Haddix T. Cause and manner of
death in fatalities involving methamphetamine. J Forensic Sci
1998;43:28–34.

112. Shaw K, Chung J. Methamphetamine and opiate-related fatal-
ities in Taiwan Forensic Medicine Center in 1996. Narc Bull
(Taiwan) 1997;2:1–14.

113. Buffenstein A, Heaster J, Ko P. Chronic psychotic illness from
methamphetamine. Am J Psychiatry 1999;156:662.

114. Sekine Y, Iyo M, Ouchi Y, et al. Methamphetamine-related psy-
chiatric symptoms and reduced brain dopamine transporters
studied with PET. Am J Psychiatry 2001;158:1206–14.

115. Zweben JE, Cohen JB, Christian D, et al. Psychiatric symp-
toms in methamphetamine users. Am J Addict 2004;13:181–
90.

116. London ED, Simon SL, Berman SM, et al. Mood disturbances
and regional cerebral metabolic abnormalities in recently
abstinent methamphetamine abusers. Arch Gen Psychiatry
2004;61:73–84.



152 Meredith et al.
Harv Rev Psychiatry

May/June 2005

117. Kalechstein AD, Newton TF, Longshore D, Anglin MD, van
Gorp WG, Gawin FH. Psychiatric comorbidity of metham-
phetamine dependence in a forensic sample. J Neuropsychi-
atry Clin Neurosci 2000;12:480–4.

118. Simon SL, Domier C, Carnell J, Brethen P, Rawson R, Ling W.
Cognitive impairment in individuals currently using metham-
phetamine. Am J Addict 2000;9:222–31.

119. Volkow ND, Chang L, Wang GJ, et al. Association of dopamine
transporter reduction with psychomotor impairment in
methamphetamine abusers. Am J Psychiatry 2001;158:377–
82.

120. Kalechstein AD, Newton TF, Green M. Methamphetamine
dependence is associated with neurocognitive impairment in
the initial phases of abstinence. J Neuropsychiatry Clin Neu-
rosci 2003;15:215–20.

121. Iyo M, Sekine Y, Mori N. Neuromechanism of developing
methamphetamine psychosis: a neuroimaging study. Ann N
Y Acad Sci 2004;1025:288–95.

122. Ellison G. Stimulant-induced psychosis, the dopamine theory
of schizophrenia, and the habenula. Brain Res Brain Res Rev
1994;19:223–39.

123. Graham AW, Schultz TK, Mayo-Smith MF, Ries RK, Wilford
BB, eds. Principles of addiction medicine. 3rd ed. Chevy Chase,
MD: American Society of Addiction Medicine, 2003.

124. Harris D, Batki SL. Stimulant psychosis: symptom profile and
acute clinical course. Am J Addict 2000;9:28–37.

125. Chen CK, Lin SK, Sham PC, et al. Pre-morbid characteristics
and co-morbidity of methamphetamine users with and without
psychosis. Psychol Med 2003;33:1407–14.

126. Ujike H, Harano M, Inada T, et al. Nine- or fewer repeat alleles
in VNTR polymorphism of the dopamine transporter gene is a
strong risk factor for prolonged methamphetamine psychosis.
Pharmacogenomics J 2003;3:242–7.

127. Koizumi H, Hashimoto K, Kumakiri C, et al. Association
between the glutathione S-transferase M1 gene deletion
and female methamphetamine abusers. Am J Med Genet
2004;126B:43–5.

128. Kobayashi H, Ide S, Hasegawa J, et al. Study of asso-
ciation between {alpha}-synuclein gene polymorphism and
methamphetamine psychosis/dependence. Ann N Y Acad Sci
2004;1025:325–34.

129. Fujii D. Risk factors for treatment-resistive metham-
phetamine psychosis. J Neuropsychiatry Clin Neurosci 2002;
14:239–40.

130. Yui K, Ishiguro T, Goto K, Ikemoto S, Kamata Y. Spontaneous
recurrence of methampetamine psychosis: increased sensi-
tivity to stress associated with noradrenergic hyperactivity
and dopaminergic change. Eur Arch Psychiatry Clin Neurosci
1999;249:103–11.

131. Sato M, Chen CC, Akiyama K, Otsuki S. Acute exacerbation of
paranoid psychotic state after long-term abstinence in patients
with previous methamphetamine psychosis. Biol Psychiatry
1983;18:429–40.

132. Misra L, Kofoed L. Risperidone treatment of metham-
phetamine psychosis. Am J Psychiatry 1997;154:1170.

133. Misra LK, Kofoed L, Oesterheld JR, Richards GA. Olanzapine
treatment of methamphetamine psychosis. J Clin Psychophar-
macol 2000;20:393–4.

134. Saxon AJ, Straits-Troster K, Rippeth JD, Romwall L, Rosen-
baum G, Bush KR. Longitudinal cognitive changes among
methamphetamine dependent patients in early abstinence.
Presented at annual meeting of College on Problems of Drug
Dependence, Bal Harbour, FL, June 2003.

135. Marsden J, Gossop M, Stewart D, Rolfe A, Farrell M. Psychi-
atric symptoms among clients seeking treatment for drug de-
pendence. Intake data from the National Treatment Outcome
Research Study. Br J Psychiatry 2000;176:285–9.

136. Sim T, Simon SL, Domier CP, Richardson K, Rawson RA, Ling
W. Cognitive deficits among methamphetamine users with at-
tention deficit hyperactivity disorder symptomatology. J Ad-
dict Dis 2002;21:75–89.

137. Jaffe C, Bush KR, Straits-Troster K, et al. A comparison
of methamphetamine-dependent inpatients with and without
childhood attention deficit hyperactivity disorder symptoma-
tology. J Addict Dis (in press).

138. Clure C, Brady KT, Saladin ME, Johnson D, Waid R, Rit-
tenbury M. Attention-deficit/hyperactivity disorder and sub-
stance use: symptom pattern and drug choice. Am J Drug Al-
cohol Abuse 1999;25:441–8.

139. Wilens TE, Prince JB, Biederman J, Spencer TJ, Frances
RJ. Attention-deficit hyperactivity disorder and comorbid sub-
stance use disorders in adults. Psychiatr Serv 1995;46:761–3,
765.

140. Hill JC, Schoener EP. Age-dependent decline of at-
tention deficit hyperactivity disorder. Am J Psychiatry
1996;153:1143–6.

141. Faraone SV, Biederman J, Spencer T, et al. Attention-
deficit/hyperactivity disorder in adults: an overview. Biol Psy-
chiatry 2000;48:9–20.

142. Biederman J, Mick E, Faraone SV. Age-dependent decline of
symptoms of attention deficit hyperactivity disorder: impact
of remission definition and symptom type. Am J Psychiatry
2000;157:816–8.

143. Jentsch JD, Roth RH, Taylor JR. Role for dopamine in the be-
havioral functions of the prefrontal corticostriatal system: im-
plications for mental disorders and psychotropic drug action.
Prog Brain Res 2000;126:433–53.

144. Previc FH. Dopamine and the origins of human intelligence.
Brain Cogn 1999;41:299–350.

145. Barkley RA, Grodzinsky G, DuPaul GJ. Frontal lobe func-
tions in attention deficit disorder with and without hyperac-
tivity: a review and research report. J Abnorm Child Psychol
1992;20:163–88.

146. Barkley RA. Issues in the diagnosis of attention-
deficit/hyperactivity disorder in children. Brain Dev 2003;25:
77–83.

147. Seidman LJ, Biederman J, Weber W, Hatch M, Faraone
SV. Neuropsychological function in adults with attention-
deficit hyperactivity disorder. Biol Psychiatry 1998;44:260–
8.

148. Kempton S, Vance A, Maruff P, Luk E, Costin J, Pantelis C.
Executive function and attention deficit hyperactivity disor-
der: stimulant medication and better executive function per-
formance in children. Psychol Med 1999;29:527–38.

149. Spencer T, Biederman J, Wilens T, et al. Efficacy of
a mixed amphetamine salts compound in adults with



Harv Rev Psychiatry

Volume 13, Number 3 Meredith et al. 153

attention-deficit/hyperactivity disorder. Arch Gen Psychiatry
2001;58:775–82.

150. Wilens TE, Spencer TJ, Biederman J, et al. A controlled clinical
trial of bupropion for attention deficit hyperactivity disorder
in adults. Am J Psychiatry 2001;158:282–8.

151. Wilens TE, Faraone SV, Biederman J, Gunawardene S. Does
stimulant therapy of attention-deficit/hyperactivity disorder
beget later substance abuse? A meta-analytic review of the
literature. Pediatrics 2003;111:179–85.

152. Ward MF, Wender PH, Rieimherr FW. The Wender Utah
Rating Scale: an aid in the retrospective diagnosis of child-
hood attention deficit disorder. Am J Psychiatry 1993;150:885–
90.

153. Mohs RC, Tinklenberg JR, Roth WT, Kopell BS. Metham-
phetamine and diphenhydramine effects on the rate of cog-
nitive processing. Psychopharmacology 1978;59:13–9.

154. Carpenter JA. The effect of caffeine and alcohol on simple
visual reaction time. J Comp Physiol Psychol 1959;52:491–
6.

155. Soetens E, Casaer S, D’Hooge R, Hueting JE. Effect of
amphetamine on long-term retention of verbal material. Psy-
chopharmacology 1995;119:155–62.

156. McKetin R, Mattick RP. Attention and memory in illicit
amphetamine users. Drug Alcohol Depend 1997;48:235–42.

157. McKetin R, Mattick RP. Attention and memory in illicit
amphetamine users: comparison with non-drug-using con-
trols. Drug Alcohol Depend 1998;50:181–4.

158. Simon SL, Domier CP, Sim T, Richardson K, Rawson RA, Ling
W. Cognitive performance of current methamphetamine and
cocaine abusers. J Addict Dis 2002;21:61–74.

159. Ornstein TJ, Iddon JL, Baldacchino AM, et al. Profiles of cogni-
tive dysfunction in chronic amphetamine and heroin abusers.
Neuropsychopharmacology 2000;23:113–26.

160. Salo R, Nordahl TE, Possin K, et al. Preliminary evidence of
reduced cognitive inhibition in methamphetamine-dependent
individuals. Psychiatry Res 2002;111:65–74.

161. Simon SL, Dacey J, Glynn S, Rawson R, Ling W. The effect of
relapse on cognition in abstinent methamphetamine abusers.
J Subst Abuse Treat 2004;27:59–66.

162. Volkow ND, Chang L, Wang GJ, et al. Loss of dopamine
transporters in methamphetamine abusers recovers with pro-
tracted abstinence. J Neurosci 2001;21:9414–8.

163. Chang L, Ernst T, Speck O, et al. Perfusion MRI and com-
puterized cognitive test abnormalities in abstinent metham-
phetamine users. Psychiatry Res 2002;114:65–79.

164. Di Sclafani V, Tolou-Shams M, Price LJ, Fein G. Neuropsycho-
logical performance of individuals dependent on crack-cocaine,
or crack-cocaine and alcohol, at 6 weeks and 6 months of ab-
stinence. Drug Alcohol Depend 2002;66:161–71.

165. Beatty WW, Katzung VM, Moreland VJ, Nixon SJ. Neu-
ropsychological performance of recently abstinent alcoholics
and cocaine abusers. Drug Alcohol Depend 1995;37:247–
53.

166. Berry J, van Gorp WG, Herzberg DS, et al. Neuropsycholog-
ical deficits in abstinent cocaine abusers: preliminary find-
ings after two weeks of abstinence. Drug Alcohol Depend
1993;32:231–7.

167. Selby MJ, Azrin RL. Neuropsychological functioning in drug
abusers. Drug Alcohol Depend 1998;50:39–45.

168. Mash DC, Pablo J, Ouyang Q, Hearn WL, Izenwasser S.
Dopamine transport function is elevated in cocaine users. J
Neurochem 2002;81:292–300.

169. Little KY, Zhang L, Desmond T, Frey KA, Dalack GW, Cassin
BJ. Striatal dopaminergic abnormalities in human cocaine
users. Am J Psychiatry 1999;156:238–45.

170. Malison RT, Best SE, Wallace EA, et al. Euphorigenic
doses of cocaine reduce [123I]beta-CIT SPECT measures of
dopamine transporter availability in human cocaine addicts.
Psychopharmacology (Berl) 1995;122:358–62.

171. Malison RT, Best SE, van Dyck CH, et al. Elevated stri-
atal dopamine transporters during acute cocaine abstinence
as measured by [123I] beta-CIT SPECT. Am J Psychiatry
1998;155:832–4.

172. Harvey DC, Lacan G, Melegan WP. Regional heterogeneity of
dopaminergic deficits in vervet monkey striatum and substan-
tia nigra after methamphetamine exposure. Exp Brain Res
2000;133:349–58.

173. Laakso A, Vilkman H, Kajander J, et al. Prediction of detached
personality in healthy subjects by low dopamine transporter
binding. Am J Psychiatry 2000;157:290–2.

174. Volkow ND, Wang GJ, Fowler JS, et al. Association of
methylphenidate-induced craving with changes in right
striato-orbitofrontal metabolism in cocaine abusers: implica-
tions in addiction. Am J Psychiatry 1999;156:19–26.

175. Ernst T, Chang L, Leonido-Yee M, Speck O. Evidence for long-
term neurotoxicity associated with methamphetamine abuse:
a 1H MRS study. Neurology 2000;54:1344–9.

176. Sekine Y, Minabe Y, Kawai M, et al. Metabolite alterations in
basal ganglia associated with methamphetamine-related psy-
chiatric symptoms. A proton MRS study. Neuropsychopharma-
cology 2002;27:453–61.

177. Nordahl TE, Salo R, Possin K, et al. Low N-acetyl-aspartate
and high choline in the anterior cingulum of recently abstinent
methamphetamine-dependent subjects: a preliminary proton
MRS study. Magnetic resonance spectroscopy. Psychiatry Res
2002;116:43–52.

178. Paulus MP, Hozack NE, Zauscher BE, et al. Behavioral and
functional neuroimaging evidence for prefrontal dysfunction
in methamphetamine-dependent subjects. Neuropsychophar-
macology 2002;26:53–63.

179. Thompson PM, Hayashi KM, Simon SL, et al. Structural ab-
normalities in the brains of human subjects who use metham-
phetamine. J Neurosci 2004;24:6028–36.

180. Frawley PJ, Smith JW. One-year follow-up after multimodal
inpatient treatment for cocaine and methamphetamine depen-
dencies. J Subst Abuse Treat 1992;9:271–86.

181. Rawson R, Obert J, McCann M. The neurobehavioral treat-
ment manual. Beverly Hills, CA: Matrix, 1989.

182. Rawson RA, Gonzales R, Brethen P. Treatment of metham-
phetamine use disorders: an update. J Subst Abuse Treat
2002;23:145–50.

183. Huber A, Ling W, Shoptaw S, Gulati V, Brethen P, Rawson R.
Integrating treatments for methamphetamine abuse: a psy-
chosocial perspective. J Addict Dis 1997;16:41–50.



154 Meredith et al.
Harv Rev Psychiatry

May/June 2005

184. Srisurapanont M, Kittiratanapaiboon P, Jarusuraisin N.
Treatment for amphetamine psychosis. Cochrane Database
Syst Rev 2001:CD003026.

185. Galloway GP, Newmeyer J, Knapp T, Stalcup SA, Smith
D. Imipramine for the treatment of cocaine and metham-
phetamine dependence. J Addict Dis 1994;13:201–16.

186. Galloway GP, Newmeyer J, Knapp T, Stalcup SA, Smith D. A
controlled trial of imipramine for the treatment of metham-
phetamine dependence. J Subst Abuse Treat 1996;13:493–7.

187. Shoptaw S, Rawson RA, McCann MJ, Obert JL. The Matrix
model of outpatient stimulant abuse treatment: evidence of
efficacy. J Addict Dis 1994;13:129–41.

188. Batki S, Moon J, Bradley M, et al. Fluoxetine and metham-
phetamine dependence—a controlled trial: preliminary anal-
ysis. NIDA Res Monogr 1999;180:235.

189. Johnson BA, Roache JD, Bordnick PS, Ait-Daoud N. Is-
radipine, a dihydropyridine-class calcium channel antago-
nist, attenuates some of d-methamphetamine’s positive sub-
jective effects: a preliminary study. Psychopharmacology
1999;144:295–300.

190. Brodie JD, Figueroa E, Dewey SL. Treating cocaine addiction:
from preclinical to clinical trial experience with gamma-vinyl
GABA. Synapse 2003;50:261–5.

191. Brodie JD, Figueroa E, Laska EM, Dewey SL. Safety
and efficacy of gamma-vinyl GABA (GVG) for the treat-
ment of methamphetamine and/or cocaine addiction. Synapse
2005;55:122–5.

192. Arnt J. Sertindole and several antipsychotic drugs differ-
entially inhibit the discriminative stimulus effects of am-
phetamine, LSD and St 587 in rats. Behav Pharmacol
1992;3:11–8.

193. Arnt J. Inhibitory effects on the discriminative stimulus prop-
erties of D-amphetamine by classical and newer antipsy-
chotics do not correlate with antipsychotic activity. Relation
to effects on the reward system? Psychopharmacology (Berl)
1996;124:117–25.

194. Mechanic JA, Wasielewski JA, Carl KL, Holloway FA. Attenu-
ation of the amphetamine discriminative cue in rats with the
atypical antipsychotic olanzapine. Pharmacol Biochem Behav
2002;72:767–77.

195. Rush CR, Stoops WW, Hays LR, Glaser PE, Hays LS.
Risperidone attenuates the discriminative-stimulus effects
of d-amphetamine in humans. J Pharmacol Exp Ther
2003;306:195–204.

196. Newton TF, Ling W, Kalechstein AD, Uslaner J, Tervo
K. Risperidone pre-treatment reduces the euphoric effects
of experimentally administered cocaine. Psychiatry Res
2001;102:227–33.

197. Saxon AJ, Jaffe C, Meredith C, et al. Open-label trial of risperi-
done for methamphetamine dependence. Presented at annual
meeting of College on Problems of Drug Dependence, Orlando,
FL, June 2005.

198. Bilder RM, Goldman RS, Volavka J, et al. Neurocognitive ef-
fects of clozapine, olanzapine, risperidone, and haloperidol in
patients with chronic schizophrenia or schizoaffective disor-
der. Am J Psychiatry 2002;159:1018–28.

199. Weickert TW, Goldberg TE, Marenco S, Bigelow LB,
Egan MF, Weinberger DR. Comparison of cognitive perfor-
mances during a placebo period and an atypical antipsy-
chotic treatment period in schizophrenia: critical examina-
tion of confounds. Neuropsychopharmacology 2003;28:1491–
1500.


