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Abstract

The evaluation and management of methamphetamine-associated psychosis (MAP) is
an area of study with a paucity of large-scale, longitudinal data. Methamphetamine
use has soared in popularity worldwide in the past decade, leading to a surge in indi-
viduals experiencing its neurotoxic effects. Current evidence suggests that metham-
phetamine causes neurodegeneration and psychosis through VMAT?2 inhibition which
raises dopamine and GABA levels in the brain’s dopaminergic pathways, leading to
oxidative stress and inflammation. Differentiating MAP from primary psychotic dis-
orders is challenging; high rates of persistent psychosis leading to a diagnosis of pri-
mary psychotic disorder and an absence of an etiologic differentiation amongst the
DSM-5 diagnostic criteria further complicate the diagnostic process. Once a diagnosis
of methamphetamine-associated psychosis is made, benzodiazepines have been shown
to provide temporary relief; in addition, depending on the severity and impact of psy-
chotic symptoms, antipsychotics may be indicated both short and long terms for ongo-
ing symptom management. Robust data for these treatments is limited and primarily
draws on animal studies or case reports. Further research is needed to codify MAP
treatment standards of care.
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Stimulant use, including methamphetamine, 3,4-methyl enedioxy-methamphetamine
(MDMA), and cocaine, constitutes a growing prevalence worldwide. These highly potent
substances have numerous negative biopsychosocial impacts including homelessness,
intravenous drug use, cardiovascular morbidity, drug-seeking sex work, and long-term
psychiatric symptoms (Barr et al., 2006). Methamphetamine use, after rising steadily in
the 1990s and declining in the early 2000s, has risen to all-time highs (Substance Abuse
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and Mental Health Services Administration (SAMHSA), 2023). Use patterns, availability,
and health consequence are a function of the type and abundance of methamphetamine
available, largely produced via a phenyl-2-proponone (P2P) method. Given the relative
ease with which the precursor P2P can be obtained, methamphetamine is produced on
a widespread industrial scale, which results in ubiquitous availability at historically low
prices. Moreover, P2P methamphetamine, compared to alternatives prepared from ephed-
rine or pseudoephedrine, seems to pose unique health risks, including worse neurotoxicity
and psychosis (Courtney & Ray, 2014). Most recent epidemiological data indicate that in
2021, over 2.5 million people in the USA reported methamphetamine use that year, with
over 16 million people reporting a lifetime history (SAMSHA 2023). Despite these statis-
tics, only about 17.8% of individuals in drug treatment programs in the USA are enrolled
for the treatment of stimulant use (Ronsley et al., 2020).

Current modes of treatment for stimulant use disorder are varied, encompassing social
and pharmacological methods, with the most robust evidence-based treatment endors-
ing contingency management for reduction in psychostimulant use (Ronsley et al., 2020).
Pharmacotherapy options have been explored for treating methamphetamine use disorder
including opioid antagonists (Jayaram-Lindstrom et al., 2008), anticonvulsants (Elkashef
et al., 2012), psychostimulants (Konstenius et al., 2014), and antidepressants (Naji et al.,
2022), but the results have provided insufficient evidence of significant benefit (Chan
et al., 2019). Despite the availability of research studying methamphetamine use disorder,
research specifically related to methamphetamine-associated psychosis (MAP) and evi-
dence-based treatments are lacking. Studies conducted in Japan show that psychosis is a
common effect of methamphetamine use with up to 21% of users experiencing psychosis
that persists more than 6 months after discontinuing use, and 49% experienced psychotic
relapse over the course of 15-20 months (Barr et al., 2006). Studies have reported that
approximately 15-23% of recreational methamphetamine users experience MAP (McK-
etin et al., 2006, 2010), and up to 60% of people with methamphetamine use disorder
(previously known as dependence) experience psychosis (Smith et al., 2009; Sulaiman
et al., 2014).

Pharmacotherapy is often employed in MAP treatment (Chiang et al., 2019; Fluyau
et al., 2019), but evidence regarding specific medications, dosage, and treatment
duration is limited. Therefore, the present review aims to provide updated, clinically
focused information on the differentiation between methamphetamine-associated
psychosis and primary psychotic disorders, along with the proposed neurobiological
effects of MAP and evidence-based treatment.

Methods

The authors conducted electronic searches, using PubMed, Google Scholar, and PsycINFO.
Search parameters included all English-language articles published up to April 2023.
Search terms included “methamphetamine” (or “amphetamine”) in conjunction with terms
such as “psychosis,” “substance induced,” “treatment,” “stimulant induced,” “persistent,”
and “neurobiology.” Among search results with relevant titles, abstracts were reviewed.
Full-text articles were retrieved for further investigation as determined by authors. All rel-
evant randomized controlled trials, retrospective cohort studies, and review articles were
included. References in retrieved articles were reviewed for additional relevant articles.
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Manuscripts that were not subject to peer-review as well as literature published in lan-
guages other than English were excluded.

Results
Neurotoxicity of Methamphetamine

Once metabolized, methamphetamine increases dopamine levels in the central nerv-
ous system through the inhibition of dopamine transporters (DAT) and the vesicular
monoamine transporter (VMAT?2) (Chiang et al., 2019). VMAT?2 inhibition causes
an increased concentration of dopamine in the three dopaminergic pathways: nigros-
triatal, which is primarily involved in behaviors associated with reward or predicted
stimuli; mesolimbic, which aids in processing rewards and translating reward-associ-
ated emotions into action; and mesocortical, which is thought to primarily affect cog-
nitive function (Hsieh et al., 2014). Without the activity of the dopamine and VMAT?2
transporters, dopamine is also released from the ventral tegmental area and travels to
the nucleus accumbens and pre-frontal cortex of the mesolimbic dopaminergic path-
way, where it increases to neurotoxic levels (Jan et al., 2012). Eventually, the dopa-
minergic receptor density and function adjust to chronically heightened dopamine
signaling (Chiang et al., 2019; Hsieh et al., 2014). Activation of dopamine in the three
pathways causes increased release of gamma-aminobutyric acid (GABA) from the sub-
stantia nigra pars reticulata of the brain, and subsequent disinhibition of glutamate
release within the cortex (Chiang et al., 2019; Hsieh et al., 2014). An increase in gluta-
mate reinforces this process, allowing the cycle to perpetuate for over 24 h after meth-
amphetamine use (Hsieh et al., 2014). The dysregulation in dopaminergic and GABA
signaling in the cortex is one of the mechanisms believed to trigger the disorganized
thought process and hallucinations associated with MAP through the damage of corti-
cal interneurons (Chiang et al., 2019; Hsieh et al., 2014).

In addition to the relationship between neurotransmitter dysregulation and psychotic
symptoms, inflammation and oxidative stress in the brain are also theorized to exacerbate
MAP. As an individual uses methamphetamine, the blood brain barrier is compromised
by a methamphetamine-induced influx of pro-inflammatory cytokines and a decrease of
pro-inflammatory cytokines, which are cytotoxic to the neurons (Licinio et al., 1993;
Papageorgiou et al., 2019; Srisurapanont et al., 2021; X. Yang et al., 2020a, b). High
levels of inflammatory cytokines have been correlated with more severe psychosis and
cognitive dysfunction in patients with MAP (X. Yang et al., 2020a, b). The inflamma-
tory cytokine, IL-2, can provoke dopamine release (Lapchak, 1992), and therefore may
contribute to the dopamine excess that causes psychotic symptoms (Licinio et al., 1993),
as well as triggering an overproduction of reactive oxygen species, thereby becoming
neurotoxic and causing apoptosis of neurons involved in dopaminergic signaling (Chiang
et al., 2019; Jan et al., 2012). This increased oxidative burden occurs via methampheta-
mine-induced morphologic changes in mitochondria and DNA strand breaks (Paulus &
Stewart, 2020).

While methamphetamine leads to microscopic degeneration, it also can cause gross
changes in the brain. Studies have indicated that those who have experienced MAP,
compared to methamphetamine users who have not experienced psychosis, have less

@ Springer



International Journal of Mental Health and Addiction

cortical thickness in areas of the brain where substance use dysregulation is theorized
to occur (Srisurapanont et al., 2021).

Risk Factors

Individuals with MAP were 5 times more likely to have a family history of schizophrenia com-
pared to methamphetamine users without psychosis (Seeman, 2005), suggesting a relationship
between the hereditary factors for schizophrenia and MAP. Multiple genetic variations com-
monly found in individuals with schizophrenia have also been found significantly more fre-
quently in patients with MAP compared to healthy controls (Kishimoto et al., 2008) and com-
pared to methamphetamine users without psychosis (Breen et al., 2016). In addition to possible
genetic predisposition for MAP, shared risk factors between substance abuse and mental illness,
such as environmental exposures, neurological mechanisms, impulsivity, and social pressures,
may play a role in development of MAP (Kuitunen-Paul et al., 2020). For example, childhood
trauma may be a risk factor for psychosis among methamphetamine users; individuals that
reported three or more adverse childhood events (ACEs) had 4.5 times higher odds of a lifetime
psychosis compared to methamphetamine users without reported ACEs (Ding et al., 2014). It
has been reported that regular methamphetamine users were 11 times more likely to experience
psychosis than the general population (Lappin & Sara, 2019), and the risk of MAP is higher
among methamphetamine users with earlier age of initiation of methamphetamine use, larger
doses of methamphetamine, longer duration of drug use, or more frequent methamphetamine
use (Cumming et al., 2020; Jones et al., 2020; M. Yang et al., 2020a, b). Additionally, Yang and
colleagues found that there is a positive correlation between methamphetamine use duration
and MAP duration (M. Yang et al., 2020a, b).

Definitions
Acute Methamphetamine-Associated Psychosis

Acute methamphetamine-associated psychosis can be diagnosed when the psychotic symp-
toms emerge during or within 1 month of usage of the drug, commonly showing signs
of irritability, anxiety, psychosis, and mood disturbances with the prominent psychotic
symptoms being auditory and tactile hallucinations, ideas of reference, and paranoid delu-
sions (Zweben et al., 2004; M. Yang et al., 2020a, b). In a study conducted by Fasihpour
et al. (2013), in an inpatient setting, the predominant symptoms were persecutory delu-
sions (82%), auditory hallucinations (70.3%), reference delusions (57.7%), visual halluci-
nation (44.1%), grandiosity delusions (39.6%), infidelity delusions (26.1%), bizarre delu-
sions (7.2%), thought broadcasting (6.3%), passivity feelings (4.5%), thought withdrawals
(3.6%), tactile hallucinations (1.8%), thought insertions (1.8%), olfactory hallucinations
(0.9%), and nihilistic delusions (0.9%). (Fasihpour et al., 2013).

Chronic Methamphetamine-Associated Psychosis

Methamphetamine-associated psychosis was initially believed to follow a transient course, with
symptoms fading with time since last use, but approximately 16-25% of methamphetamine
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users experience chronic MAP that lasts 1 month or more beyond achieving abstinence
(Fiorentini et al., 2021; Iwanami et al., 1994; McKetin et al., 2016; Su et al., 2018; Voce et al.,
2019a, b), and one study reported patients that experienced symptoms similar to schizophre-
nia after 8 to 12 years of abstinence (Teraoka, 1967). Chronic MAP manifests with chronic
symptoms including ideas of reference, delusions, and hallucinations (Akiyama et al., 2011;
M. Yang et al., 2020a, b). These findings suggest that methamphetamine-associated psychosis
is not always limited to a transient or acute course and can instead persist chronically in a sig-
nificant portion of patients.

Schizophrenia as a Comparison

Due to the overlap in symptoms, schizophrenia should be included in the differential of
MAP. These similarities can be seen in the diagnostic criteria for schizophrenia, found in
the DSM-5-TR, replicated in Table 1 (American Psychiatric Association, 2022). Look-
ing at the pathophysiology of schizophrenia, it is clear why this is the case. Dopamine
and glutamate are the leading neurotransmitters implicated in schizophrenia (Jauhar et al.,
2022). Increased dopamine synthesis has been frequently replicated in studies looking at
patients with schizophrenia, which correlates with the symptoms seen in patients with
MAP. Another hypothesis is glutamate deficiency, illustrated in recreational phencyclidine
(an anesthetic drug) use which blocks the glutamatergic postsynaptic receptor N-methyl-
D-aspartate (NMDA) and is known to cause lengthy periods of intense psychosis (Jauhar
et al., 2022).

Comparison Between Acute Methamphetamine Psychosis and Primary Psychotic
Disorder

The diagnosis of acute methamphetamine-associated psychosis can usually be differentiated
from a primary psychotic disorder based on DSM 5-TR criteria replicated in Table 2. Addi-
tionally, researchers have observed differences in the symptoms and severity of symptoms
across both conditions. Close observation and comparison of symptoms across both condi-
tions revealed the predominance of persecutory delusions, auditory and visual hallucinations,
odd speech, and delusions of reference in methamphetamine-associated psychosis relative
to primary psychotic disorder (Chen et al., 2003). Shelly et al. reported that those with acute
amphetamine psychosis showed higher frequency of auditory hallucinations (48.5%) in com-
parison to schizophrenia (20.3%), whereas thought broadcasting was less prevalent in the MAP
group (24%) compared to the schizophrenia group (Shelly et al., 2016). Several studies have

Table 1 Diagnostic criteria of schizophrenia from DSM5-TR (ICD-11 6A20)

Schizophrenia criteria

Two (or more) of delusions, hallucinations, disorganized speech, grossly disorganized or catatonic behavior,
negative symptoms, each present for a significant portion of time during a 1-month period

Social and/or occupational dysfunction
Continuous signs of the disturbance for at least 6 months
Absence of schizoaffective and mood disorder. Substance use and/or general medical condition

No prior diagnosis of pervasive developmental disorder
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Table 2 Diagnostic criteria of primary vs substance-induced psychotic disorder from DSM5-TR, ICD-11

6A2Y, and 6C46.6

Primary psychotic disorder

Substance-induced psychotic disorder

Presence of delusions and/or hallucinations

Symptoms are greater than expected from the related
substance used

Psychotic episodes occur that are unrelated to sub-
stance usage

Episodes of psychosis occur before any substance
usage

There is a period 1 month from the last usage of any
substances that has symptoms of psychosis

Presence of delusions and/or hallucinations

Delusions and/or hallucinations appeared during or
soon after use of a substance capable of produc-
ing these symptoms

The symptoms cannot be attributed to another
psychotic disorder that is not related to substance
abuse

The symptoms do not occur exclusively during
periods of delirium

The symptoms cause disruption in functioning or
cause clinically significant distress

also shown the predominance of thought disorder (characterized by the loosening of associa-
tions and disorganized speech) in schizophrenia and have established the presence of thought
disorder as a salient and defining feature of schizophrenia, as these symptoms are rarely ever
seen in methamphetamine-associated psychosis (Angrist et al., 1974; BELL, 1965; Yui et al.,
2000). Studies have also reported differences in the severity of negative symptoms as a differen-
tiating factor between schizophrenia and MAP, with some studies demonstrating fewer negative
symptoms in patients with MAP compared to those with SSD (Hajebi et al., 2018; M. Yang
et al., 2020a, b). Hajebi et al. compared the severity of the symptoms and found that those with
non-affective psychosis presented with severe negative symptoms relative to those with acute
methamphetamine psychosis and that those in the non- affective psychosis group continued to
maintain increased severity of negative symptoms after discharge (Hajebi et al., 2018). How-
ever, the literature on this subject has been discordant; Srisurapanont et al. found no significant
difference in symptom severity for positive or negative symptoms between the schizophrenia
and MAP groups (Srisurapanont et al., 2011), highlighting a need for further research to com-
pare these two disorders.

The trials that compared the differences in the cognitive symptoms between metham-
phetamine-associated psychosis and schizophrenia reported that both methamphetamine-
associated psychosis and schizophrenia had similar cognitive symptoms profile (Chen
et al., 2015; Jacobs et al., 2008), although Ezzatpanah et al. have also reported that visual
attention deficits were more pronounced in schizophrenia compared to acute methampheta-
mine psychosis (Ezzatpanah et al., 2014). These findings led to the conclusion that certain
brain areas (e.g., parietal cortex) were affected more in schizophrenia compared to acute
methamphetamine psychosis (Wearne & Cornish, 2018).

Comparison Between Chronic Methamphetamine-Associated Psychosis
and Primary Psychotic Disorder

The diagnosis of chronic methamphetamine-associated psychosis is complicated by var-
ious factors, such as the previously stated overlap in symptoms with schizophrenia spec-
trum disorder, relapse in methamphetamine use, and possible cessation of psychiatric
medication (Hajebi et al., 2018). Studies conducted on patients with chronic psychosis
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have shown that the symptom profile of chronic methamphetamine psychosis overlaps
with that of schizophrenia (Medhus et al., 2013; Srisurapanont et al., 2011). However, a
2016 study by Wang et al. found subtle differences in the symptom presentation which
can be used to distinguish chronic methamphetamine psychosis from schizophrenia (L.
J. Wang et al., 2016). This study compared 53 patients with chronic methamphetamine
psychosis and 53 patients with schizophrenia and found that participants in the MAP
group experienced higher proportions of visual hallucinations (30.2%) and somatic hal-
lucinations (20.8%) than patients in the schizophrenia group (11.3% and 3.8%, respec-
tively), while conceptual disorganization was more pronounced in schizophrenia group
compared to chronic methamphetamine psychosis group (L. J. Wang et al., 2016). The
patients in the schizophrenia group had a higher educational attainment than in the
chronic methamphetamine psychosis group, suggesting that the differences in concep-
tual disorganization were not attributed to education level. It has also been found that
schizophrenia was associated with greater frequency and severity of negative symptoms
compared to chronic methamphetamine psychosis (M. Yang et al., 2020a, b). In addition
to differences in symptom presentation between chronic MAP and SSD, one study also
reported that treatment response to antipsychotic medication differs between patients
with schizophrenia and chronic MAP, and thus could be one way to distinguish between
these two diseases (Sekiguchi et al., 2021). In this study, patients with chronic MAP
required fewer antipsychotic medications at lower chlorpromazine equivalent doses to
manage their symptoms, as well as a shorter hospital stay, when compared to the SSD
group (Sekiguchi et al., 2021). Studies differentiating chronic methamphetamine psy-
chosis from acute methamphetamine psychosis reported that non-auditory hallucination
occurred with greater frequency in chronic methamphetamine psychosis compared to
acute methamphetamine psychosis (Iwanami et al., 1994). It has also been reported that
the negative symptoms occurred with greater severity in patients with schizophrenia
compared to those with acute and chronic methamphetamine psychosis, but the negative
symptoms demonstrated by the chronic methamphetamine psychosis group were sig-
nificantly greater than those in the acute methamphetamine group (Chen et al., 2003).
Additionally, Voce and colleagues found that negative symptoms associated with MAP
were more frequently found in patients who used methamphetamine in combination
with other illicit substances compared to those without polysubstance use (Voce et al.,
2019a, b). Methamphetamine can also cause toxic injury to the brain, and while trials
have shown that MAP and schizophrenia have similar symptom profiles, some biologi-
cal changes seen in methamphetamine psychosis may vary from those seen in schizo-
phrenia (Yamamuro et al., 2015). Yamamuro et al. used functional near-infrared spec-
troscopy (NIRS) to monitor the brain blood oxygenation levels while performing verbal
fluency tasks (VFT) in patients with methamphetamine psychosis and schizophrenia and
found that oxyhemoglobin concentration changes in the prefrontal cortex (channels 8,
9, and 12) during VFT were significantly larger in patients with methamphetamine psy-
chosis than they were in patients with schizophrenia (Yamamuro et al., 2015). However,
despite these findings, many studies have found biological similarities between schizo-
phrenia and MAP regarding genes (Breen et al., 2016; Kishimoto et al., 2008), brain
structure volumes (Farnia et al., 2020), and cytokine aberrations (Dahan et al., 2018;
Goldsmith et al., 2016; X. Yang et al., 2020a, b). When studied in a South-African pop-
ulation, however, no such genetic relationship was found; Asadi et al. found that poly-
genic risk scores for schizophrenia were not correlated with MAP nor any brain meas-
ures (Asadi et al., 2021), suggesting that further genetic studies in diverse populations
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are warranted. These findings suggest that the pathophysiology of schizophrenia and
methamphetamine-associated psychosis share similar characteristics, but additional
research may be useful to further explore pathophysiologic differences between the two
diseases.

Treatment of Acute Map

Methamphetamine-associated psychotic symptoms can pose challenges to treatment pro-
viders, particularly if symptoms are acute and complex in nature or if agitation is involved.
Furthermore, because the clinical presentation can overlap significantly with a primary
psychotic disorder, securing an accurate diagnosis can prove challenging. However, obtain-
ing the correct diagnosis can have treatment implications and can be important for dis-
charge planning. For example, a patient with a primary psychotic disorder may benefit
from case management services, while a patient with MAP may benefit from substance use
disorder treatment to minimize future use of methamphetamines.

A careful history of the patient should also include the quantity, duration, and method
of methamphetamine use as these factors are associated with MAP (Arunogiri et al., 2018;
R et al., 2013). Studies suggest that binge use of methamphetamines is associated with
psychotic symptoms (Glasner-Edwards & Mooney 2014; Lineberry & Bostwick, 2006).
In addition, the onset of psychotic symptoms is associated with the duration and timing of
methamphetamine use (Bramness et al., 2012).

Obtaining a history of other psychiatric symptoms also remains important. Irritabil-
ity, anxiety, and mood changes can also occur with methamphetamine use (Zweben et al.,
2004). Providers should observe for negative symptoms during a mental status exam,
including signs of apathy (through blunted affect), avolition (lack of goal directed activity),
alogia (decreased verbal spontaneity), and anhedonia (loss of pleasure). If available, labo-
ratory workup can be considered including urine drug screen to assess for substance use,
complete blood count, and metabolic panel to assess for infection, anemia, hypothyroidism
or folate deficiency, and liver function tests to look for potential alcohol or IV drug use
(Hepatitis C). Collateral history should be gathered to corroborate findings and establish
a longitudinal view of the patient’s symptoms to better decide on appropriate diagnosis,
treatment, and prognosis.

As there are few studies regarding treatment of MAP, treatment recommendations for cli-
nicians are generally based upon case reports, animal studies, and the transference of knowl-
edge in the treatment for acutely agitated patients. Benzodiazepines are effective in reducing
the acute symptoms of MAP (Grigg et al., 2018; Richards et al., 2015) but are associated with
sedation, tolerance, and respiratory depression, and may not be appropriate for long-term use
(Johnson & Streltzer, 2013). In a randomized clinical trial in China, 120 patients with acute
MAP symptoms were treated with either paliperidone extended release (ER) or risperidone;
patients from both groups experienced statistically significant improvements in Positive and
Negative Syndrome Scale (PANSS) total score following the treatment course, without sta-
tistically significant differences in efficacy between the two medications, and adverse effects
were significantly reduced in the paliperidone ER group (G. Wang et al., 2020). Verachai
and colleagues conducted a double-blind randomized controlled trial comparing the efficacy
of quetiapine to haloperidol and found that quetiapine was as effective for the treatment of
MAP as haloperidol, with comparable side effects (Verachai et al., 2014). These findings are
similar to a study done by Leelahanaj in 2005, which compared olanzapine to haloperidol in
efficacy (Leelahanaj et al., 2005). Both olanzapine and haloperidol were efficacious in the
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treatment of MAP, but olanzapine had lower frequency and severity of extrapyramidal symp-
toms. Zarrabi et al. evaluated the clinical course and treatment of 152 inpatient admissions
and found that risperidone and olanzapine were used most frequently and that recovery from
psychotic symptoms in 31.6% of the inpatients took more than 1 month (Zarrabi et al., 2016).
These authors suggested that both risperidone and olanzapine are helpful with MAP symp-
toms but also help to restore weight and appetite, reduced by methamphetamine use. Another
study conducted by Farnia and colleagues compared aripiprazole and risperidone and found
that both were effective for patients with MAP (Farnia et al., 2016). These authors found that
risperidone had the greater efficacy in reducing positive psychotic symptoms, but aripiprazole
had a greater efficacy in reducing negative symptoms (Ashok et al., 2017; Lee et al., 2009;
Volkow et al., 2001). Decreased D2 receptor availability has been associated with increased
impulsivity (Lee et al., 2009) and pleasure (Volkow et al., 1999) from drug use in humans. In
animal trials, rats with decreased D2 receptors demonstrate increased impulsivity and drug-
seeking behavior (Dalley et al., 2007). These findings suggest that D2 receptor antagonists
could exacerbate drug craving for methamphetamine. Since antipsychotic medications have
an antagonistic effect on the D2 receptor, it is important to bear in mind the importance of
administering the lowest effective dose of antipsychotic medication in patients with MAP
to avoid exacerbating methamphetamine craving and use. Furthermore, paliperidone has
demonstrated a faster dissociation rate from human-cloned D2 receptors in tissue culture
compared to risperidone, chlorpromazine, haloperidol, and olanzapine (Seeman, 2005); in
addition to decreased risk of extrapyramidal side effects, it could be postulated that medica-
tions with faster dissociation rate from D2 receptors may also minimize drug craving induced
by D2 receptor antagonism; however, the evidence to support this claim is scarce thus far.
Additionally, treating patients with MAP with the lowest effective dose is also of the utmost
importance because of their increased risk of some adverse effects when treated with antipsy-
chotic medications. Compared to patients with schizophrenia without methamphetamine use,
patients with methamphetamine use disorder had 4 times higher odds of experiencing extrap-
yramidal side effects when receiving antipsychotic medication (Temmingh et al., 2020).

Regarding treatment compliance among patients with MAP, Asadi et al. found that
patients with higher PANSS score had higher rates of noncompliance. Nonetheless,
patients’ attitudes regarding treatment became more favorable over time (Asadi et al.,
2021), which may increase treatment compliance.

Treatment of Chronic Map

The management of MAP, particularly treatment of refractory and persistent symptoms
even after a period of abstinence, also remains ill-defined. Clinical guidelines lack an abun-
dance of randomized controlled trials (Grigg et al., 2018). No antipsychotic is currently
defined as superior to others in efficacy of reducing chronic methamphetamine-associated
psychotic symptoms. Two recent systematic reviews conducted by Chiang et al. and Fluyau
et al. in 2019 indicate that antipsychotics were effective for MAP (Chiang et al., 2019;
Fluyau et al., 2019). Srisurapanont and colleagues conducted a systematic review and
meta-analysis, and this data suggests that olanzapine and quetiapine are possibly superior
to aripiprazole and risperidone in the treatment for MAP (Srisurapanont et al., 2021). How-
ever, the authors caution that these data should be interpreted with an abundance of caution
due to the low quality of the trials and an overall paucity of evidence (Srisurapanont et al.,
2021). Patients with MAP resistant to antipsychotics have also been described as respon-
sive to clozapine treatment in case reports (Seddigh et al., 2014).
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While antipsychotic medications may have limited efficacy in MAP, alternative treatments
may be necessary for clinicians to consider. Case reports (Grelotti et al., 2010) and animal stud-
ies (YL et al., 2012) suggest that electroconvulsive therapy (ECT) may be beneficial in improv-
ing psychotic symptoms. However, an Iranian pilot study conducted on ten patients with chronic
methamphetamine-associated psychotic symptoms found no difference in Brief Psychiatric
Rating Scale scores in patients treated with ECT compared to those maintained on olanzapine
(Ziaaddini et al., 2015). However, this study had a small sample size with only five patients in
each group; larger longitudinal trials determining efficacy of ECT for MAP are needed.

Minocycline has also been studied recently for its efficacy in treating MAP. A small
trial of five participants with treatment-resistant methamphetamine psychosis found that
200 mg minocycline once daily improved both positive and negative symptoms and neuro-
cognitive function, such as auditory working memory, within 2 months (Alavi et al., 2021).

Long-term treatment of individuals with MAP should be tailored to the ongoing needs of
patients as well as individuals’ risks for side effects. Management of MAP should also attend to
reduction and, ideally, abstinence from methamphetamines to reduce a return or worsening of
psychotic symptoms. Comprehensive treatment should be provided to address other co-occurring
psychiatric symptoms as well as psychosocial interventions to bolster relapse prevention skills.

Conclusion

This article summarizes the current understanding of methamphetamine-associated psy-
chosis, which is a significant and potentially long-lasting effect of increasing stimulant use
worldwide. Its neurobiology, comparison to schizophrenia and other primary psychoses, and
clinical and pharmacological treatment strategies summarize an adequate starting point for
management; however, there is room for improvement in current standard of care. While
some studies show promising results, additional longitudinal studies are needed to bolster
evidence and provide more concrete data to inform clinical decision making. New pharma-
cological treatments and testing to differentiate between acute, chronic, and primary psycho-
sis in people with MAP should be investigated to provide clinicians with additional tools in
diagnosis and treatment.
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