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Abstract

Background: Methamphetamine use can precipitate a transient psychotic state, referred to
as methamphetamine-associated psychosis (MAP). It can be challenging to distinguish MAP
from schizophrenia (SZ) in clinical settings, as these disorders share a similar psychiatric
symptom profile. The overlap between MAP and SZ has led some people to question
whether MAP is better conceptualised as a distinct clinical entity, or as a precipitation of SZ.
To address these issues, this thesis aimed to examine the profile and underlying structure of

psychotic symptoms associated with methamphetamine use.

Methods: Four research approaches were adopted. A systematic review (study one) was
conducted to canvas the existing literature for specific psychiatric symptoms, and the
duration of symptoms, in MAP (k=94; n=7387). Univariate regression (study two) was used
to investigate the association between methamphetamine use and psychiatric symptom
prevalence in a cohort of people with primary psychosis (n=636). Exploratory factor analysis
(study three) was used to investigate the factor structure of psychiatric symptoms among a
cross-sectional survey of people who use methamphetamine (n=153). Latent class analysis
(LCA) was used to examine profiles of lifetime psychotic symptoms among people currently
using methamphetamine (n=554, study four), and the concordance between these profiles and
a diagnosis of SZ was assessed. In study five, LCA was used to investigate profiles of
current psychiatric symptoms among people with past-month methamphetamine use (n=160),

and the alignment of these profiles with diagnoses of MAP and SZ was examined.

Results: The systematic review (study one) found that most commonly reported symptoms
of MAP were persecutory delusions, auditory and visual hallucinations, hostility, and
conceptual disorganisation. One-quarter of people with MAP reported persistent psychotic

symptoms (>1 month after drug cessation). Methamphetamine use was associated with a
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higher prevalence of hallucinations and persecutory delusions among people with SZ (study
two). A three-factor model of psychiatric symptoms was identified amongst people who use
methamphetamine (study three), including a positive/activation factor and an affective factor
(both associated with methamphetamine use), and a negative symptoms factor (associated
with depressant drug use, but not methamphetamine use). Follow-up LCA showed that
negative symptoms were not observed among people with positive/activation symptoms.
LCA revealed three profiles of lifetime psychotic symptoms (study four), and three profiles
of current psychiatric symptoms (study five) amongst methamphetamine users. In both LCA
models, a class of individuals who experienced persecutory delusions and hallucinations were
differentiated from a smaller class who experienced a wider range of symptoms (i.e. non-

persecutory delusions) and who were more likely to meet criteria for SZ.

Conclusions: Persecutory delusions, hallucinations, hostility, and conceptual disorganisation
are prominent symptoms of MAP. Negative symptoms do not appear to be a component of
MAP, but rather are associated with polysubstance use. Two distinct psychotic syndromes
exist among people who use methamphetamine. These empirically-derived syndromes
partially aligned with current diagnostic constructs, and are consistent with the need for a
MAP diagnostic category separate from SZ. Greater consideration of specific symptoms
(e.g., negative symptoms and non-persecutory delusions) may improve diagnostic accuracy

by identifying people with a higher risk of SZ.
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Thesis Introduction

Part A: Methamphetamine use

Overview

Methamphetamine — and its less potent chemical analogue amphetamine
(henceforward collectively referred to as methamphetamine) — are categorised in a class of
drugs referred to as amphetamine-type stimulants (1). These synthetic psychostimulants act
on the central nervous system by increasing levels of dopamine, serotonin, and noradrenaline
producing, inter alia, feelings of euphoria, confidence, energy, and increased attention (2-4).
In 2016, it was estimated that approximately 1.4% of the Australian adult population had
used illicit methamphetamine in the past 12 months (5). The most commonly used form of
the drug in Australia is crystalline methamphetamine, which is typically smoked or injected.
Most people who use methamphetamine do so infrequently and without developing
dependence (colloquially termed addiction); however, a substantial minority ultimately
transition to frequent and dependent use (6). Somewhat hidden due to drug criminalisation,
these people often form a highly disadvantaged and marginalised population with high levels

of polysubstance use and complex psychiatric comorbidity (7, 8).
History of Methamphetamine Use

The first-documented widespread use of methamphetamine occurred during World
War |1, when the drug was used by soldiers to reduce hunger and fatigue (9, 10). Between
the 1930s and 1960s, methamphetamine-based pharmaceuticals (under brand names such as
Benzedrine and Methedrine) were liberally prescribed for various health complaints,
including migraines, excessive body fat, poor concentration, narcolepsy, anxiety, depression,

and schizophrenia (9, 11). With wider therapeutic use of methamphetamine, awareness of the
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potential for physical and psychological dependence and associated harms of the drug
increased (12). To curb the problematic use of these drugs, the United Nations signed the
Convention on Psychotropic Substances treaty in 1971, placing a regulatory framework
around the supply of psychostimulants and other psychoactive drugs (1). Methamphetamine
is currently listed as Schedule 8 controlled substance in Australia; a classification for drugs
that have legitimate medical use but are also considered to have a high risk of abuse and
dependence (1). In Australia, low-dose methamphetamines are approved as oral prescription
medications (i.e. dexamphetamine) for the treatment of conditions such as attention-deficit
hyperactivity disorder and narcolepsy (13); however, it is illegal to possess, manufacture,

supply, or distribute methamphetamines without governmental authorisation.

Forms and administration of methamphetamine

In Australia, methamphetamine is sold on the illicit drug market in three main
physical forms: a powder (referred to as “speed”), a concentrated paste or liquid (“base”), and
a refined crystalline form (“ice”) which is the most common form used in Australia (5, 6).
Routes of administration vary depending on the form of the drug and include swallowing (all
forms), snorting (powdered and crystal methamphetamine), smoking (crystal
methamphetamine), or injection (all forms). According to the Australian National Drug
Strategy Household Survey, smoking is the most common route of administration for past-
year users of crystal methamphetamine in Australia (68%), followed by injection (19%) (5).
Intravenous injection provides the most immediate and intense effects (14), however, a
similarly intense and rapid effect can be achieved by smoking or inhaling crystal

methamphetamine (15).

Acute Effects of Methamphetamine
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The half-life of methamphetamine in humans is approximately 11 hours, and the
subjective effects of the drug typically last 4 — 8 hours, with residual effects persisting for up
to 12 hours (2). Methamphetamine stimulates the central nervous system, increasing heart
rate, blood pressure, and body temperature. The subjective effects include a “rush” of
euphoria, alertness, and energy, in conjunction with an increased sense of well-being,
increased sex drive, reduced appetite, behavioural disinhibition, and reduced need for sleep
(3, 4, 10). Acute intoxication can also induce symptoms of psychiatric disturbance, including

hallucinations, delusions, hostility, and symptoms of anxiety (including panic).

Extent of Use

In 2019, it was estimated that 29 million people globally had used illicit
methamphetamine in the previous 12 months, making methamphetamine the second most
commonly used class of illicit drugs worldwide after cannabis (14). Methamphetamine use is
particularly common in Asia, North America, and Australia. In 2016, the Australian National
Drug Strategy Household Survey estimated that approximately 6.3% of the general
population (1.3 million people) aged over 14 years had used illicit methamphetamine in their
lifetime (5), and approximately 1.4% (340 000 people) had used the drug in the previous 12
months. Of those who had used methamphetamine in the previous year, most had used the
drug less than once per month (69%), 11% had used once per month, and 20% used the drug
on a weekly or daily basis. Thus, most people who use methamphetamine in their lifetime
will use on an infrequent basis (16), often as a recreational party drug, appetite suppressant,
to aid work or study performance, or as a coping strategy to alleviate negative emotions.
However, regular methamphetamine use is associated with a risk of developing dependence

(17).

Dependence on Methamphetamine
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According to the Diagnostic and Statistical Manual of Mental Disorders (DSM) 4th
Edition (166), substance dependence is characterised by withdrawal symptoms following
acute intoxication, psychological preoccupation with the drug, and tolerance in which
increasingly higher doses are required to achieve the same level of initial effect (18). It has
long been recognised that the pharmacological symptoms of tolerance and withdrawal occur
in the context of behavioural and cognitive symptoms that characterise substance-related
problems. In the DSM-5, these symptoms are described in three clusters involving
impairments in control over substance use (i.e. cravings, inability to reduce use), impairments
in social functioning (i.e. failure to fulfil obligations, interpersonal problems due to use), and
engagement in risky substance use (i.e. continued use despite detriments to physical or
psychological health). Methamphetamine dependence has been subsumed in the DSM-5
under the diagnosis of a methamphetamine use disorder (18). Symptoms of
methamphetamine withdrawal can last up to two weeks after intoxication (6) and can include
fatigue, lethargy, appetite disturbances, anxiety, hostility, psychomotor retardation, poor
concentration, and strong cravings for the drug (15). Depressive symptoms are particularly
common in methamphetamine withdrawal and include feelings of hopelessness, social

withdrawal, anhedonia, or suicidal ideation (19).

Among people who infrequently use methamphetamine, approximately one in five
will transition to regular dependent use (6). In 2013-2014, Degenhardt and colleagues (20)
estimated that 268 000 Australians aged 15-54 years were dependent on the drug.
Dependence is more likely with injection or smoking compared to other routes of
administration (17, 21). Due to high purity levels and ease of administration through
smoking, people who use crystal methamphetamine are nearly twice as likely to develop
dependence compared to those who use other forms of the drug (17). Individuals who are

dependent on illicit substances are unable to discontinue use despite negative impacts on their
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interpersonal relationships, employment, and/or physical and psychological health (18).
These individuals are more likely than the general population to experience family
breakdown, physical and sexual assault, domestic violence, social isolation and
marginalisation, unemployment, homelessness and legal and financial difficulties. Compared
to the general population, people who are dependent on methamphetamine are also more
likely to experience a range of psychiatric disorders, notably major depression, generalised

anxiety disorder, and post-traumatic stress disorder (22).
Polysubstance Use

Most people who use methamphetamine will also use a range of other licit and illicit
substances, primarily tobacco, cannabis, alcohol, and heroin (8). These substances are often
used simultaneously or concurrently with methamphetamine, in part, to reduce
methamphetamine-related arousal and anxiety or to ease withdrawal symptoms (23, 24).
Some people frequently engage in heavy use of both methamphetamine and heroin, shifting
between these drugs depending on whichever is available and affordable at the time (23).
The use of multiple substances is referred to as polysubstance use, and this pattern can
increase the toxicity associated with methamphetamine use (25) and can compound negative

consequences on an individual’s physical and mental health (23).

Part B: Methamphetamine-associated psychosis (MAP)

One of the most widely-documented outcomes of methamphetamine use is the
capacity for the drug to precipitate a transient psychosis, even among people without a pre-
existing psychotic disorder (26). This acute psychotic syndrome, hereafter referred to as
methamphetamine-associated psychosis (MAP), has a lifetime prevalence of 43% in people

with methamphetamine use disorders (27). The MAP syndrome is characterised by the
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presence of delusions or hallucinations (18), referred to as positive psychotic symptoms

(Table 1), which typically resolve within two or three weeks after drug cessation (28).

Table 1. Description of Positive Psychotic Symptoms

Symptom DSM-5 definition Commonly described types:
Delusions A false belief based on an Persecution (belief that one is being
incorrect inference about attacked or conspired against), reference

external reality that is firmly  (belief that events or features in the

held, despite what almost environment have a particular significance

everyone else believes, and to oneself), grandiosity (belief of inflated

despite what constitutes worth, power, knowledge, or connection to

incontrovertible and obvious  a deity or famous person), control (belief

proof or evidence to the that feelings, thoughts, or actions are being

contrary. controlled by external forces), thought
broadcasting (belief that one's thoughts
are being broadcast out loud for others to
perceive).

Hallucinations A perception-like experience  Visual (sight — often involve seeing

with the clarity and impact of  visions of people or shadows), auditory

a true perception, but without (sound — often involve hearing voices),

the external stimulation of tactile (touch), gustatory (taste), olfactory

the relevant sensory organ. (smell).

However, there are substantial variations in the profile and duration of symptoms reported

among people with MAP.

Symptom Profile of MAP

Early research into the MAP syndrome as identified delusions and hallucinations as
core components of the symptom profile, which are often accompanied by affective

symptoms (anxiety, depression, and hostility) — and to a lesser extent — disorganised
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psychotic symptoms (defined as fragmentations in logical and goal-directed capacities for
speech, thought, affect, or movement). The first cases of MAP were described by Young and
Scoville in 1938 and several subsequent analogous case reports over the following two
decades (29-33). In these cases, people taking amphetamine-based pharmaceuticals exhibited
prominent delusions of persecution and reference, verbal hallucinations, and distressing
visions. The reports described talkativeness, excessive psychomotor activity, and
distractibility, and in some cases, fragmented and circumstantial speech. The first extensive
study of MAP was published in a pioneering monograph by Phillip Connell in 1958 (34),
which described the symptom profile of 42 patients with MAP. Paranoia was a central
feature, occurring with full awareness and orientation, and often in combination with auditory
and visual hallucinations, ideas of reference, and anxiety. This profile was replicated in a
handful of laboratory experiments conducted during the 1970s and 1980s, in which people
who used illicit drugs (many without a history of psychosis) were repeatedly administered
amphetamines over multiple hours or days and observed within controlled conditions (35-37).
Most participants exhibited paranoia often accompanied by threatening hallucinations, such
as overhearing people plotting against them; these experiences often led participants to

become highly anxious, uncooperative, and aggressive.

More recent large-scale case-control and cross-sectional surveys have reinforced
persecutory delusions, auditory and visual hallucinations and referential delusions as the most
prevalent symptoms of MAP in both clinical and community-based samples (28, 38-41).
Relative to earlier work, these studies have also reported a much wider range of
methamphetamine-associated symptoms, including olfactory and tactile hallucinations,
delusions of control, grandiosity, and mindreading, and disorganised behaviour, speech and
thought processes (conceptual disorganisation). These studies also highlighted the

prominence of affective disturbance in MAP, particularly within in-patient samples (42, 43),
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who reported very high rates of depressive symptoms (up to 91%), anxiety (up to 63%),

hostility (up to 84%), and symptoms of suicidality (up to 69%).

Negative psychotic symptoms have been reported in a minority of people with MAP;
however, it remains unclear whether these symptoms are due to the effect of
methamphetamine or to other confounding factors. Negative psychotic symptoms are
characterised by a blunting or loss of normal capacities for speech, motor function, affect,
social engagement, and motivation. Srisurapanont and colleagues (44, 45) examined the
lifetime prevalence of negative psychotic symptoms among 168 in-patients with MAP (from
Australia, Japan, Thailand, and the Philippines), and identified poverty of speech,
psychomotor retardation, and flattened affect in 20-26% of patients. Negative symptoms
have been reported at similar rates in clinical samples recruited from Australia and the United
States (46, 47). Importantly, most patients in these studies had been interviewed within two
weeks of methamphetamine use and while on a regime of antipsychotic medications. Thus,
negative symptoms in this population may be attributable to methamphetamine withdrawal
(which occurs during the first two weeks of detoxification) or the side effects of antipsychotic
medications, which can produce secondary negative symptoms such as affective blunting and
social withdrawal (18, 48). Accordingly, a recent study by McKetin and colleagues (40)
examined the psychiatric symptoms among 164 regular methamphetamine users recruited
from the Australian community, and found no evidence that negative psychotic symptoms are

exacerbated by methamphetamine use.

Duration of Symptoms in MAP

Most episodes of MAP are transient and resolve within one month after drug
cessation; however, a minority of individuals (9-39%) experience symptoms that persist for

several months or even years (28, 38, 39). The (typically) transient nature of MAP is best
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documented in experimental studies. Participants (most with no prior history of psychosis)
rapidly developed an acute psychotic reaction upon methamphetamine administration, which
resolved within one week after intoxication. In a review of 111 patients admitted to hospital
with MAP, Fashipour and colleagues (28) found that the mean duration of psychotic
symptoms was 17 days after hospitalisation, and a vast majority of cases resolved in less than
one week (17%), between 1 — 2 weeks (29%), or between 2 — 4 weeks (45%). However, a
small proportion (9%) experienced persistent symptoms that continued beyond this one-
month timeframe. The proportion of individuals with persistent psychotic symptoms was
even larger in a Japanese sample of 104 MAP inpatients: around one-third were hospitalised
with persistent symptoms for 1-3 months (10% of cases), 3—12 months (16%) or longer (4%)
(39). Japanese researchers have long posited that chronic methamphetamine use can elicit
states of “prolonged” (1-6 months) or “persistent” psychosis (over 6 months), and that these

represent syndromes that are distinct from transient forms of MAP (49).

Recurrence of MAP episodes

MAP is often a recurrent syndrome in people with chronic methamphetamine use.
The first reported case of recurrent MAP was described in 1950, involving a man who was
rehospitalised with MAP multiple times over 6 years (31). In each instance, a relapse into
methamphetamine use triggered an abrupt re-emergence of paranoia, “excitement,” and
psychomotor agitation that subsided within one week of hospitalisation. This cyclical pattern
is common: a Japanese study of patients admitted to hospital with MAP found that almost
half had experienced at least one prior episode, with some having experienced ten prior
episodes (50). In such cases, individuals often report an identical profile of symptoms across
subsequent episodes (50-53). Symptoms of MAP can return after a single administration of
methamphetamine, in smaller doses than initially used, and even after an extended period of
abstinence from the drug (54-59). In some cases, people with a history of MAP report a re-
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emergence of psychotic symptoms when exposed to psychosocial stress, even without further
methamphetamine use. This long-term vulnerability to psychosis is likely due to
dopaminergic sensitisation (51, 60), a phenomenon that occurs when repeated or excessive
stimulation of the dopamine system (e.qg., through methamphetamine use) precipitates a
hypersensitivity to further dopaminergic stimulation (e.g., psychosocial stress). This positive
feedback mechanism produces a hyper-dopaminergic state, which according to the dopamine
hypothesis of psychosis (61), can play a causal role in the development of positive psychotic

symptoms.

Diagnostic Criteria for MAP

A diagnosis of MAP is currently based on the criteria for substance-induced psychotic
disorder outlined within the DSM-5 (18) or the International Classification of Diseases
version 11 (62). A person diagnosed with MAP must experience delusions or hallucinations
that develop during or soon after intoxication or withdrawal from methamphetamine. The
disturbance must not be better explained by a primary psychotic disorder, evidenced when
symptoms resolve within “about one month” (DSM-5) or six months (ICD-11) after drug
intoxication. Positive psychotic symptoms must result in clinically significant distress or
functional impairment. These criteria imply that individuals may not necessarily meet the
full diagnostic criteria for MAP if they experience some psychotic symptoms associated with
methamphetamine intoxication or withdrawal, depending on clinical judgement of the impact

and intensity of symptoms.

Other forms of substance-induced psychoses

The DSM-5 criteria for substance-induced psychotic disorder outlines a range of illicit
and prescription drugs that can prompt psychotic symptoms (18), including alcohol, cannabis,

phencyclidine (PCP), other hallucinogens (i.e. LSD), inhalants, sedatives, hypnotics, cocaine,
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and other stimulants. Cannabis-related psychosis often involves delusions of persecution,
auditory or visual hallucinations, obsessive ideation, confusion, interpersonal sensitivity,
agitation, depression, and anxiety (167). Psychosis associated with alcohol (otherwise known
as alcohol hallucinosis) is more limited to verbal hallucinations, paranoia, and depressive
disturbances (168). A predisposition to psychosis appears to play a greater role in the
development of cannabis-associated psychosis compared to MAP. Many individuals who
experience psychosis related to cannabis use begin using the drug shortly before psychosis
onset (175). Cannabis-related psychosis is more likely to involve a chronic course than MAP
175), and there is a greater risk of transition to schizophrenia (123). By contrast, alcohol-
induced psychosis usually occurs only after months or years of prolonged heavy alcohol
consumption among those with moderate or severe alcohol dependence (18, 168). People
with alcohol-related psychosis have the lowest risk of transition to schizophrenia compared to

other forms of substance-induced psychoses (123).
Part C: Differentiating MAP from schizophrenia (SZ)

When people who use methamphetamine present with acute psychotic symptoms,
clinicians need to determine whether symptoms are attributable to methamphetamine use
(MAP) or to an undiagnosed primary psychotic disorder that is endogenous to the person (63,
64), such as schizophrenia (SZ). A diagnosis of SZ (Table 2) requires the presence of
delusions, hallucinations, or disorganised speech, which can occur in the presence of other
non-required symptoms (catatonia, disorganised behaviour, and negative symptoms) that may
also constitute a diagnosis of SZ. The diagnostic criteria differentiates SZ from MAP, in that
positive psychotic symptoms must persist for at least one month (precluding a diagnosis of
MAP), and must not be better explained by non-organic factors, such as substance use or a

medical condition (e.g., a brain tumour) (18).
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Table 2. Summary of DSM-5 criteria for substance-induced psychosis and SZ

Substance-Induced Psychosis (i.e. MAP)

Schizophrenia

A. Presence of one or both of the following
symptoms:

1. Delusions.
2. Hallucinations.

B. There is evidence from the history, physical
examination, or laboratory findings that (1)
symptoms developed during or soon after
substance intoxication or withdrawal, and (2) the
substance involved is capable of producing these
symptoms.

C. The disturbance is not better explained by a
psychotic disorder that is not substance-induced.
Evidence of an independent psychotic disorder
could include (i) the symptoms preceded the
onset of the substance use, (ii) symptoms persist
for a substantial period of time (e.g., about 1
month) after withdrawal or intoxication, or (iii) a
history of recurrent psychotic episodes that are
not substance-related.

D. The disturbance does not occur exclusively
during the course of a delirium.

E. The disturbance causes clinically significant
distress or impairment in social, occupational, or
other important areas of functioning.

A. Presence of at least two of the following
symptoms (must include 1, 2, or 3) for a one-
month period:

1. Delusions.

2. Hallucinations.

3. Disorganised speech.

4. Grossly disorganised or catatonic behaviour.
5. Negative symptoms.

B. There has been a marked decrease in
functioning in one or more major areas (i.e. work,
relationships, self-care) since the onset of the
disturbance.

C. Continuous signs of disturbance for at least 6
months, which includes at least 1 month of
psychotic symptoms.

D. The disturbance is not attributable to
schizoaffective disorder and depressive or bipolar
disorder with psychotic features.

E. The disturbance is not attributable to the
physiological effects of a substance or another
medical condition.

F. The disturbance is not attributable to autism
spectrum disorder or a communication disorder.
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In reality, it can be extremely challenging for clinicians to provide a reliable and
accurate diagnosis of MAP or SZ, as both of these disorders are often expressed as recurrent
syndromes with similar profiles of psychiatric symptoms. Misdiagnosis can have serious and
long-term implications for treatment and prognosis (65). People with a misdiagnosis of SZ
may have their substance use overlooked and be placed on unnecessary long-term regimes of
antipsychotic medication, which can have significant lasting side effects including metabolic,
motor and hormonal abnormalities (66). A misdiagnosis of MAP among those with
undetected SZ may lead to exclusion from early-psychosis intervention or specialist
treatment, and duration of untreated psychosis is one of the strongest predictors of poor
prognosis among people with psychotic disorders (67). The following section will outline

some of the major complications in differentiating MAP from SZ.

Methamphetamine use and SZ

Considerable epidemiological evidence demonstrates an overlap between
methamphetamine use and primary psychotic disorders: the rate of stimulant use disorder is
9% among people with psychotic disorders (compared to 3% of the Australian general
population (68)), and conversely, the rate of SZ is 10% in people who use methamphetamine
(relative to 1% in the general population (69)). This presents a challenge for clinicians who

must distinguish those with SZ from the substantial number of people with MAP.

A diagnosis of SZ is appropriate when symptoms are not better accounted for by
methamphetamine use; evident when the onset of psychotic symptoms precede initiation of
methamphetamine use or persist during periods of abstinence. However, determining the
causal and temporal relationship between methamphetamine use and psychotic symptoms is
often difficult, as methamphetamine use can alter the onset and clinical course of SZ (48, 70).

Some argue that the use of psychoactive substances, such as methamphetamine, can precede
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and precipitate the onset of an initial psychotic episode in some people with a predisposition
to develop SZ. In a recent population-based cohort study, Callaghan and colleagues (71),
examined hospital records for people with no prior history of psychosis who were readmitted
after initial hospitalisation (up to ten years later). Those with methamphetamine abuse or
dependence (n=72,324) had a nine-fold risk of subsequently being diagnosed with SZ relative
to people in the control (appendicitis) group, and a 1.5 to 2.8-fold risk relative to individuals
who used cocaine, alcohol, or opioids. Moreover, it can be difficult to pinpoint the onset of a
psychotic disorder, as subtle prodromal symptoms often manifest for months or years before
a first frank psychotic episode (64). Clinicians can struggle to retrospectively determine
whether psychotic symptoms preceded the initiation of methamphetamine use in cases where

methamphetamine exposure was a potential precipitating factor.

Exposure to psychostimulants can worsen delusions and hallucinations in people with
SZ (72). Experimental studies have demonstrated that the administration of prescription
amphetamines to people with SZ can exacerbate existing positive symptoms in 70% of those
with an active psychotic episode, and precipitate a re-emergence of positive symptoms in
30% of those recovering from a psychotic episode (72). This suggests that people with
undiagnosed SZ experience psychotic symptoms that emerge with methamphetamine use,
and these individuals would present to healthcare services in much the same manner as
individuals with MAP. Importantly, the relationship between methamphetamine use and
symptoms of SZ has not been examined in regards to real-world patterns of illicit
methamphetamine use, which is likely to be more sustained, chaotic, and intensive than
experimental administration. It is unclear how illicit methamphetamine use may alter the
symptom profile of people with SZ, and this lack of understanding may further complicate

the task of distinguishing methamphetamine-precipitated SZ from MAP.

Similarities in Symptom Profiles
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Connell first asserted that MAP “may be indistinguishable from acute or chronic
paranoid schizophrenia,” and since, numerous clinicians and researchers have described
virtually identical symptom profiles among people with MAP and SZ (34, 73-77). Delusions
and hallucinations are the only symptom criteria for a diagnosis of MAP (Table 1), however,
these are also diagnostic criteria for SZ ((18)). This is particularly problematic as the most
dominant symptoms of both disorders include persecutory delusions, reference delusions, and
auditory and visual hallucinations (76, 78). Although disorganised speech and grossly
disorganised behaviour are diagnostic features of SZ (18), but not MAP, these symptoms are
observed in both disorders. Using differential item functioning analysis, Srisurapanont and
colleagues (45) found that the severity of positive psychotic symptoms was almost identical
among people with MAP (n=169) relative to people with SZ (n=169). Likewise, Medhus
(79) demonstrated that people with methamphetamine-related psychoses (n=9) exhibited
positive and disorganised symptoms at the same rate of severity and prevalence as people
with SZ who screened negative for methamphetamines (n=33). This implies that clinicians
cannot reliably differentiate MAP from SZ based on the presence or absence of positive and

disorganised symptoms alone.

Negative psychotic symptoms are one (of five) symptom criteria listed for SZ, but
they are not featured in the symptom criteria for MAP. As such, particular debate has
focused on whether these symptoms could be a point of distinction between the two disorders
(40, 49). Although negative symptoms are not required for a diagnosis of SZ, and are
observed in only a minority of people with SZ (23-27%) (80), several studies have reported
negative symptoms to be markedly more prevalent and severe among patients with SZ
compared to patients with MAP (49, 81, 82). This suggests that people who present with
significant negative symptoms may be more likely to have an underlying primary psychotic

disorder rather than MAP. Conversely, others have observed no differences in the severity of
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negative symptoms between people with MAP and SZ (45), and have reported that the
prevalence rate of negative symptoms among people with MAP (20-26%) is comparable to
that observed in SZ (44, 47). The possible role of negative psychotic symptoms in the

differential diagnostic process warrants further clarification.

MAP and SZ as a Single Psychosis

The overlap in the clinical characteristics between MAP and SZ had led some
researchers to challenge the current conceptualisation of MAP as a unique disorder distinct
from SZ, and instead to propose that these disorders constitute a single clinical entity.
Bramness and colleagues (83) argue that MAP represents a precipitation of SZ, in that
methamphetamine acts as a trigger to precipitate an underlying predisposition to SZ in
vulnerable drug-takers. This hypothesis is underpinned by the diathesis-stress model of
psychiatric disorders (77), which posits that psychiatric disorders result from an interaction
between internal vulnerabilities (e.g. genes) and environmental stressors (e.g.
methamphetamine exposure) over the lifespan (78). A low level of methamphetamine use is
needed to trigger a psychotic episode for people with high dispositional vulnerabilities to
developing psychosis (i.e. genetic risk for SZ), whereas an extreme level of
methamphetamine exposure is needed to catalyse a psychotic episode in people with low
psychotic vulnerabilities. In this model, MAP and SZ share common aetiopathological
processes and represent quantitative (rather than qualitative) differences on one disease

continuum.

This model is consistent with findings by Chen and colleagues (84), who report that
methamphetamine users with a history of MAP are five-times more likely to have a family
member with SZ relative to users without a history of MAP, implying overlapping genetic

risk factors between the two disorders. If these conditions do constitute one clinical disorder,
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the current process of assigning people to non-overlapping categories of MAP or SZ may
unnecessarily complicate the diagnostic process by imposing artificial boundaries between
these disorders. Exploring distinctions between the psychiatric symptom profiles of MAP
and SZ will inform an understanding of the conceptual relationship between these disorders,
and may improve differential diagnosis and treatment outcomes for people who use

methamphetamine.

Part D: Utility of data-driven statistical techniques for understanding

psychiatric symptom profiles

Sophisticated data-driven techniques provide novel methods that may identify more
subtle differences in psychiatric symptoms between people with MAP and SZ. Data-driven
statistical techniques are used to empirically explore the underlying (latent) theoretical
structure of a phenomenon within multivariate data. Latent constructs cannot be directly
observed (85, 86), but are statistically inferred by examining the relationships between
measured variables (i.e. psychiatric symptoms). Two powerful data-driven techniques
include factor analysis, used to identify latent groupings of variables (i.e. factors), and latent
class analysis, used to identify latent groupings of respondents (i.e. classes). Preliminary
factor analyses have demonstrated that psychiatric symptoms in MAP may have different
underlying factor structure to that typically observed in SZ (40, 44). A small number of
latent class analyses suggest that there are separate classes (or psychiatric symptom profiles)
among people within the methamphetamine-using population (40, 87). The following section
will explain these statistical techniques, and outline how they have been previously used to

understand the profile of psychiatric symptoms associated with methamphetamine use.

Factor Analysis
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Factor analysis examines the bivariate correlations between observed variables (i.e.
psychiatric symptoms) to identify smaller groups of highly inter-correlated variables that
represent underlying factors (also referred to as dimensions) (88, 89). For example, in a
hypothetical dataset containing variables for five psychiatric symptoms (depression, anxiety,
delusions, and hallucinations), participants with high ratings of depression may also rate
highly on anxiety (forming an “affect” factor), and those who rate highly on hallucinations
also rate highly on delusions (forming a “positive psychosis” factor). The factor analysis
model (Figure 1) assumes that these symptoms vary together because they are the product of
common underlying pathologies (unmeasured latent construct), and additional error due to
unreliability in measurement (90). Factor analyses can be exploratory, where there is no
imposition of a preconceived structure on the outcome and directly derives factors based on
relationships in the data; or confirmatory, which is used to verify a model of factor structure

that has been hypothesised a-priori based on existing theory or empirical research (91).

Exploratory factor analysis examines inter-item correlations and attempts to explain
as much common variance as possible with each derived factor (91). Factor loadings indicate
the degree of association between each variable and each derived factor, essentially
conveying how much each variable contributes to that factor. The factors are rotated to
identify a model with the maximum number of high factor loadings and the minimum number
of cross-loadings (in which a variable loads onto multiple factors) (91). The method of
rotation depends upon whether factors are assumed to be correlated (oblique) or uncorrelated
(orthogonal) with one another. Determining the number of extracted factors involves a
degree of subjective judgement based on the strength of relationships between the

variables and factors (factor loadings); and balance between explanatory power (greatest
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Figure 1. The factor analysis model
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explained common variance) and parsimony (simplest model) (91, 92). Extracted factors

should have a common conceptual meaning that is distinct from other factors. Interpretation
of each factor can be aided by reviewing the variables with the highest factor loadings and
these are considered most representative of the factor. Individual factor scores (e.g. affect
score) can be calculated for each respondent in the data, which reflects that person’s

responses across each variable once it has been weighted against each factor (92, 93).

In confirmatory factor analysis (90, 92), the model can be constrained to conform to
a particular structure based on pre-existing hypotheses about the relationships between the
measured variables (e.g. an expectation that the model will find a two-factor structure
representing positive psychosis and affect). Indices of model fit measure the discrepancy
between the expected and observed covariance between the variables (goodness of fit).
Principal components analysis is a related data-reduction technique (93), which examines the
covariance between variables to identify a small number of unique index components which
represent the most individual variation in the measured data. Whereas factor analysis
assumes that the latent construct (e.g. "positive psychosis™ factor) is driving the variance in
the measured variables (e.g. delusions and hallucinations), principal components analysis

instead assumes that variance in symptoms is driving the latent construct (derived
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components). Unlike factor analysis, principal components analysis does not incorporate a

specific error term for each variable into the derived principal components (93).

Factor Analysis and MAP

Factor analysis may be useful in exploring the structure of psychiatric symptoms
among people who use methamphetamine, and preliminary evidence indicates that a different
factor structure may underlie MAP relative to SZ. Factor analyses of people with psychotic
disorders (particularly SZ) have generally identified four broad factors: Positive psychotic
symptoms (i.e. hallucinations, suspiciousness), affect (i.e. anxiety, depression), negative
psychotic symptoms (i.e. blunted affect, emotional withdrawal, motor retardation), and
activation (i.e. excitement, motor hyperactivity). These four factors differ in their
associations with genetic, cognitive, and neurobiological correlates (94-99). Given the
potential aetiological differences between substance-induced and primary psychotic
disorders, these classic factors may not accurately represent the underlying structure of
symptoms in MAP. A recent exploratory factor analysis by McKetin and colleagues (40)
found that psychiatric symptoms exacerbated by methamphetamine use were represented by
three factors (positive psychosis, affective symptoms, and psychomotor agitation), and unlike
the structure of SZ, there was no evidence of a negative psychotic factor. Using principal
components analysis, Srisurapanont and colleagues (44), found that hallucinations and
delusions merged with incoherent speech to form a single positive/disorganised factor
underlying MAP. Previous studies that have compared SZ and MAP on these classic four
factors may have failed to discern subtle differences between these disorders due to differing

underlying factor structures.

Latent Class Analysis
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Latent class analysis (binary variables) and latent profile analysis (continuous
variables) are used to split seemingly heterogeneous data into smaller homogeneous groups
of people (i.e. classes or subpopulations of individuals) who exhibit similar patterns of
response profiles (e.g. psychiatric symptoms) (100). Whereas factor analysis is used to
identify groups of variables to derive underlying factors, latent class/profile analysis is used
to identify groups of respondents (cases) to identify mutually exclusive classes of people. A
hypothetical three-class model (Figure 2) may distinguish between people with delusions and
hallucinations (class one, 30% of cases), depression and anxiety (class two, 50% of cases), or

all these symptoms (class three, 20% of cases).

Figure 1. Hypothetical three-class model
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This statistical process attempts to extract mutually exclusive groups by maximising
between-class differences and minimising the within-class differences (101). Using the
maximum likelihood method, the maximum probability of each individual’s membership to

each class is estimated and used to allocate that individual to a particular class (102). The
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analysis calculates the probability that an individual will provide a certain response on an
item (i.e. the likelihood of reporting a specific symptom) given the individual’s class
membership (item response probabilities). To determine the number of latent classes
underlying the data, successive models that specify a greater number of latent classes, are
generated. The goodness of fit for each successive model is compared to the previous model.
The aim is to identify the model with the highest accuracy and goodness of fit, strongest
explanatory power, and most parsimonious structure (101, 103). The final model should

extract classes that appear conceptually meaningful and interpretable.

LCA can be catagorised as a type of cluster analysis — a broad umbrella term that can
be used to describe a family of related statistical techniques that divide data into groupings
based on measures of distance between data points (169). These techniques include also
include hierarchical cluster analysis and K-means cluster analysis, which have been used in
prior research (170, 171) to understand groupings of people based on their clinical
characteristics. LCA offers several key advantages over these other clustering techniques.
Hierarchical cluster analysis can only be applied to dichotomous data and k-means cluster
analysis can only be applied to interval or ratio data, whereas LCA can accommodate all
types of data (172, 173). LCA offers several indices of goodness of fit that assist the
researcher in determining the optimal number of clusters (such as the Bayesian Information
Criterion), whereas there are no such diagnostics for K-means cluster analysis and
hierarchical cluster analysis (172, 173). In sum, LCA is a type of cluster analysis that is

particularly powerful and flexible when compared to other types of cluster analyses.

Latent Class Analysis and MAP

There is preliminary evidence of distinct classes (or profiles/syndromes) of

psychiatric symptoms associated with methamphetamine use. Using latent class analysis,
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Bousman and colleagues (87) identified three profiles of positive psychotic symptoms among
people dependent on methamphetamine and who did not meet criteria for SZ. Classes were
characterised by persecutory delusions (class one); hallucinations and persecutory delusions
(class two); or hallucinations, persecutory delusions, and delusions of reference, control and
thought passivity (class three). That is, class three reported a more severe symptom profile
with higher rates of “bizarre” delusions, which are linked to a higher risk of psychotic
disorder and have historically been considered indicative of SZ (104). The profiles (or
syndromes) identified by Bousman and colleagues (87) varied in degree of similarity to the
profile typically observed in SZ. By not differentiating these separate profiles of psychosis
(particularly those more similar to SZ), prior research may have obfuscated subtle differences
between the symptom profiles of MAP and SZ. Further research is needed to understand how
people with SZ are captured within profiles of psychosis in this population, and whether these

individuals would share an overlapping latent symptom profile with people who have MAP.

Part E: The current research

Summary of the Issues

Psychotic symptoms are experienced by a considerable proportion of people who use
methamphetamine (105), and it can be challenging for clinicians to determine whether these
symptoms are attributable to methamphetamine-associated psychosis, primary psychotic
disorders (such as SZ), acute methamphetamine intoxication or withdrawal, or another
comorbid psychiatric disorder. Accurate diagnosis of these conditions is crucial to ensuring
appropriate treatment, adequate support, and overall better outcomes for people who use
methamphetamine and experience psychotic symptoms (65). The ability for clinicians to

differentiate MAP from other conditions has been hindered by a lack of consistent detailed
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data into the profile of psychiatric symptoms observed in MAP. Symptoms of MAP have
often been measured using broad psychiatric symptom categories (i.e. positive, negative,
disorganised, and affective symptoms (45, 69, 79) that might not accurately reflect the
underlying factor structure of psychiatric symptoms among people with MAP. In particular,
it is unclear whether negative symptoms are a core component of MAP or attributable to
secondary factors (such as the side effects of medication) (40, 47). Detailed studies that
document the specific symptoms associated with MAP have generated widely discrepant
prevalence rates for certain psychotic symptoms (e.g. first rank delusions, tactile
hallucinations (28, 38, 106)) and certain psychiatric symptoms (conceptual disorganisation,
depression (37, 42, 76, 107)) among this population. Many previous attempts (38, 69, 76,
106) to differentiate the psychiatric symptom profile of MAP from SZ have primarily used
traditional methods of analysis (such as pairwise group comparisons) to compare the cross-
sectional symptom profiles of MAP and SZ; an approach that has not identified reliable

differences between these disorders.

In this thesis, | explore the application of data-driven techniques to provide a more
sophisticated understanding of the psychiatric symptom profile associated with
methamphetamine use. Factor analysis can be used to establish the underlying factor
structure of psychiatric symptoms associated with methamphetamine use, and to examine
how the derived factors relate to methamphetamine use. These factor structures cannot be
measured when using traditional methods of analysis to examine cross-sectional data, and
this technique provides a novel method of clarifying the presence or absence of a negative

syndrome in people who use methamphetamine (and do not have SZ).

Latent class analysis can be used to identify discrete profiles (or syndromes) of
psychiatric symptoms underlying the population of people who use methamphetamine.

These latent profiles cannot be detected when measuring the rates of specific psychiatric

39



PROFILE OF METHAMPHETAMINE PSYCHOSIS

symptoms averaged across a sample. Prior research may have recruited people who represent
different distributions of these profiles, and delineating between these separate symptom
profiles may reconcile the wide variations in prevalence rates previously reported for specific
psychiatric symptoms. Although a small number of latent class analyses have been used to
identify discrete symptom profiles among people who use methamphetamine (87); no prior
research has examined how these empirically-derived syndromes correspond to the current
diagnostic constructs of MAP and SZ. If the diagnostic categories of MAP and SZ
correspond to separate latent profiles, this approach may identify novel differences in specific
psychiatric symptoms between these groups that cannot be observed through traditional
methods of analysis. From a theoretical standpoint, this finding would also support the need
for separate diagnostic classifications for SZ and MAP. Alternatively, if the diagnostic
groupings of MAP and SZ correspond to a single psychotic syndrome with a shared symptom
profile, which would align with the argument (108) that MAP represents a precipitation of

SZ.

Aims and Outline of the Current Thesis

The overarching aim of this thesis was to clarify the profile and underlying structure
of psychotic symptoms among people who use methamphetamine. In doing so, | intended to
provide greater insight into potential distinctions between the psychiatric symptom profile of
people with methamphetamine-associated psychoses (MAP) relative to people with
schizophrenia (SZ). This objective was addressed in a series of studies, with five key

research questions:

Research Question 1. Which psychiatric symptoms have been associated with MAP, and

what is the typical duration of symptoms in this condition?
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A systematic review was conducted to canvas the available literature for the profile
and duration of psychiatric symptoms in the MAP syndrome. This review was used to
ascertain (i) which psychiatric symptoms have been associated with MAP, (ii) how this
symptom profile changes longitudinally, and (iii) the proportion of people who experience
psychotic episodes that persist beyond one month after drug cessation (as per the DSM-5

criteria for MAP).

Research Question 2. What is the association between methamphetamine use and psychiatric

symptoms among people with primary psychotic disorders?

In study two, the association between methamphetamine use and psychiatric symptom
prevalence was examined among people with primary psychotic disorders, specifically SZ
and affective psychotic disorders. The past-year prevalence for specific psychiatric
symptoms was compared among people who have used methamphetamine during the past 12

months relative to people who have not.

Research Question 3. What is the underlying factor structure of psychiatric symptoms among

people who use methamphetamine (and do not have SZ)?

In study three, exploratory factor analysis was used to examine the structure of current
psychiatric symptoms in people who use methamphetamine and do not meet lifetime criteria
for SZ. This analysis was used to investigate the presence of a negative symptom syndrome

and to examine how this syndrome relates to methamphetamine use.

Research Question 4. Are there distinct profiles of positive psychotic symptoms among
people who use methamphetamine, and how do these profiles correspond to the diagnostic

criteria for SZ?
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In study four, latent class analysis was used to examine latent classes (or profiles) of
delusions and hallucinations rated across the lifetime in a sample of people who have used
methamphetamine in the past month, including those who met criteria for SZ. Follow-up
analyses were used to investigate how the derived latent symptom profiles correspond to the

diagnosis category of SZ.

Research Question 5. Are there distinct profiles of psychiatric symptoms among people who
use methamphetamine, and how do these profiles represent people with SZ and people with

MAP?

In study five, latent class analysis was used to examine latent classes (or profiles) of
positive psychotic, affective, disorganised/activation, and negative symptoms rated in the
past-month among people who have used methamphetamine at least monthly. Follow-up
analyses were conducted to investigate how these profiles represent people who meet

diagnostic criteria for SZ relative to those who meet diagnostic criteria for MAP.

The findings from these five studies are synthesised in a final discussion chapter, in
which | review possible implications for the diagnosis and clinical management of psychotic

symptoms among people who use methamphetamine.
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Study One: A systematic review of the symptom
profile and course of methamphetamine-associated

psychosis.

This study has been published as following journal article:
Voce, A., McKetin, R., Calabria, B., Burns, R., & Castle D. (2019). A systematic
review of the symptom profile and course of methamphetamine associated psychosis.
Substance Use and Misuse, 54(4): 549-559.

Foreword:

Study one addressed the first research question of this thesis: Which psychiatric
symptoms have been associated with MAP, and what is the typical duration of symptoms in
this condition? This systematic review was conducted to establish what is already known
within the existing literature. This study synthesised the available literature for (i) specific
psychiatric symptoms in the MAP syndrome, and (ii) the proportion of people who
experience persistent psychotic episodes that continue beyond one month after drug cessation
(thereby exceeding the duration criteria for MAP defined in the DSM-5). The relevant MAP
literature spans over 60 years, and to account for evolving diagnostic classifications across
this time, 1 used broad inclusion criteria to capture people who were diagnosed with MAP or
were identified as having MAP by the authors. Likewise, in recognising that different
methodologies would bias the symptom profiles reported, | incorporated a wide range of
research types into this review, including case-control, cross-sectional, experimental, case

report, and longitudinal studies.
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ABSTRACT

Objectives: The psychiatric symptom profile of methamphetamine-associated psychosis
(MAP) has varied considerably across studies of different research designs. We performed a
systematic review to examine the available evidence for specific psychotic symptoms associ-
ated with MAP, including the clinical course and longitudinal changes in this symptom pro-
file. Methods: Five key electronic databases were searched to identify studies that examined
the symptom profile or clinical course of MAP in individuals identified as having MAP. The
reporting of specific psychiatric symptoms, and duration of symptoms where available, was
recorded for each study. Results: Ninety-four articles were identified (n=7387), including
case-control (k=29), cross-sectional (k= 20), experimental (k=6), case report (k=29), and
longitudinal (k=20) studies. Persecutory delusions, auditory and visual auditory hallucina-
tions were by far the most commonly reported symptoms (reported in 65-84% of studies).
Hostility, conceptual disorganization, and depression were reported in a large proportion of
studies (31-53%). Negative symptoms were mostly absent (<20%). The median percentage
of participants with persistent psychotic symptoms (>1month duration) across studies was
25% (excluding case reports). Conclusion: Persecutory delusions, auditory and visual halluci-
nations, hostility, depression and conceptual disorganization are central to MAP, whereas
negative psychotic symptoms are typically absent. An overrepresentation of institutionalized
or male participants may have overemphasized negative symptoms and underreported
affective symptoms in past research. Symptoms of MAP may persist beyond one month
after drug cessation in some individuals. Clinicians are encouraged to manage affective
symptoms in MAP individuals, and monitor for the development of chronic psych-

KEYWORDS
Amphetamine; stimulants;
substance induced
psychotic disorder; clinical
presentation; dur-

ation; persistent

otic symptoms.

Introduction

Methamphetamine is a highly addictive synthetic psy-
chostimulant used by an estimated 36 million people
globally (United Nations Office on Drugs & Crime,
2016). A number of serious negative physical and
psychiatric outcomes are associated with heavy or
long-term use of methamphetamine or its derivative
amphetamine (henceforth collectively referred to as
methamphetamine unless otherwise specified). One
of the most well-documented effects of heavy meth-
amphetamine use is a transient psychotic state
referred to as methamphetamine-associated psychosis
(MAP; Glasner-Edwards et al., 2014; Grant et al,

2012), which is reported in approximately 23% of
individuals who regularly use the drug (McKetin,
McLaren, Lubman, & Hides, 2006). A diagnosis of
MAP is currently based on the Diagnostic and
Statistical Manual of Mental Disorders 5th edition
(DSM-5) criteria for substance-induced psychosis,
which requires an individual to present with either
delusions or hallucinations (i.e., positive symptoms)
that abate within approximately one month of
drug cessation (American Psychiatric Association,
2013). Although clinical profile and duration of
psychotic symptoms is central to a diagnosis of
MAP, methodological heterogeneity across studies

CONTACT Alexandra Voce @ alexandra.voce@anu.edu.au @ Centre for Research on Ageing, Health and Wellbeing, Australian National University, Room

1.16, Building 54, Mills Road, Florey, ACT 2601, Australia.
@ Supplemental data for this article can be accessed here.
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have produced conflicting findings into these clinical
characteristics.

Well-established symptoms of MAP include audi-
tory and visual hallucinations and delusions of perse-
cution, as well as hostility, anxiety and hyperactivity
(Bell, 1973; Ellinwood, 1967; McKetin et al., 2016a).
The role of other psychotic symptoms in MAP is less
clear, and prevalence rates have varied substantially
for specific subtypes of symptoms, for instance, first-
rank delusions (thought withdrawal, insertion, broad-
casting, or external control) and tactile hallucinations
(Chen et al., 2003; Ellinwood, 1967; Fasihpour et al.,
2013). Particular attention has been paid to the exist-
ence of a negative syndrome in MAP patients
(Tomiyama, 1990; Srisurapanont et al., 2011).
McKetin et al. (2016a) examined the factor structure
of psychiatric symptoms exacerbated by current meth-
amphetamine use over a 12-month period in a sample
of dependent users. Symptoms clustered on three
dimensions: positive psychotic symptoms (i.e., delu-
sions and hallucinations); affective symptoms (e.g.,
depression and hostility); and psychomotor agitation
(e.g., bizarre/disorganized behavior and motor hyper-
activity), however, no evidence for negative symptoms
was found. These findings contrast with Ali and et al
(2011), who observed poverty of speech, psychomotor
retardation and flattened affect in 26% of inpatients
with MAP.

Critical to a diagnosis of “substance induced psych-
otic disorder” in the DSM-V (American Psychiatric
Association, 2013) is the qualification that the psych-
otic disturbance must not be better explained by a pri-
mary psychotic disorder (such as schizophrenia).
Cases in which positive psychotic symptoms precede
substance use or persist for at one month or more
after acute drug intoxication are suggested to be evi-
dence of primary psychotic disorders. While psychotic
symptoms induced by methamphetamine are typically
transient and resolve within one month of acute
intoxication (Bell, 1965; Chen et al.,, 2003), evidence
indicates that a minority of chronic users experience a
form of persistent MAP that may continue for several
months or years (Chen et al., 2005; McKetin et al.,

2016b; Tomiyama, 1990). Iwanami et al. (1994)
reported on 104 psychiatric inpatients with
“amphetamine  delusional disorder” (DSM-III-R

equivalent of MAP) and did not meet criteria for
schizophrenia. Despite ongoing abstinence and anti-
psychotic pharmacotherapy, 27% experienced symp-
toms lasting beyond on month and 17% experienced
symptoms lasting over three months. Resolving these
empirical inconsistencies is essential as the profile and
duration of psychotic symptoms are fundamental to

our present conceptualization of MAP (American
Psychiatric Association, 2013).

Despite 60years of research examining the symp-
tom profile of MAP (Connell, 1958), no previous sys-
tematic review has documented and synthesized the
available evidence for specific psychiatric symptoms in
this syndrome. A clearer understanding of these
clinical characteristics may provide greater accuracy
when differentiating MAP from other psychotic disor-
ders, assist clinicians in planning holistic and inte-
grated treatment to address the various co-occurring
psychiatric issues associated with MAP, and provide
important insights into underlying aetiopathologi-
cal mechanisms.

This systematic review examines the literature on
MAP, to ascertain which psychotic symptoms have
been associated with MAP and how this symptom
profile changes longitudinally. In addition, we will
examine the clinical duration of MAP symptoms by
determining the proportion of participants who
experience MAP episodes that persist beyond one
month after drug cessation as per DSM-5 criteria.

Method
Search strategy

To ensure a systematic and explicit process of study
identification and selection, we conformed to the
“Preferred Reporting Items for Systematic Reviews
and Meta-Analyses” (PRISMA) guidelines (Figure 1;
Table S1 in Supplementary Material). With the assist-
ance of an experienced librarian, five electronic data-
bases were searched (PsychINFO, Medline, PubMed,
Scopus, and Ovid) for articles published up to 14
March 2018. All searches combined the two concep-
tual domains: methamphetamine or amphetamine,
and psychotic symptoms. Both studies of metham-
phetamine and amphetamine were included due to
their overlapping physiological effects (Martin, Sloan,
Sapira, & Jasinski, 1971) and difficulties in reliably
distinguishing between these compounds in the illicit
drug market (McKetin, McLaren, & Kelly, 2005).
When available, subject headings were exploded
and combined. For example, the Medline search
involved: “Methamphetamine” (exp), “Amphetamine”
(exp), “Amphetamine-related disorders” (exp),
*amphetamine$”, *amfetamine$, methamphetamine$,
methylamphetamine$; AND Substance-Induced Psychoses”
(exp), “psychotic”, “psychos$s”, “Hallucinations” (exp),
“Delusions” (exp), “Paranoi*”, “mania”. The search was
limited to peer-reviewed empirical studies which were
published in English language journals with human
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Figure 1. PRISMA flow diagram of article search and selection process. Note. 1. Numerous articles are listed under multiple

justifications.

subjects. Documents such as reviews, commentaries,
unpublished papers, and book chapters were excluded.
Latest editions of key journals, subject reviews and the
reference lists of papers were hand-searched to locate
studies not identified by the electronic search. A total
of 4455 papers were identified through the electronic
database search (k=4451) and hand-search (k=4).
After removal of duplicates (k=2043), abstracts of the
remaining 2464 papers were screened.

Inclusion criteria

To be eligible for inclusion, studies had to examine
the profile or clinical duration of MAP symptoms in
participants who (i) were explicitly identified as hav-
ing symptoms of MAP by the authors, (ii) were diag-
nosed with MAP, or (iii) had been diagnosed with
substance-induced psychosis and currently used meth-
amphetamine or amphetamine. Abstracts were
screened for relevance based on the inclusion criteria
and all full text articles (k=404) were judged for eli-
gibility by one reviewer (A.V). A second reviewer
(R-M) then independently assessed 85% of full-text
articles (k=336) for eligibility. Initial agreement
between the reviewer ratings was 88%. Disagreements

were resolved by discussion and consensus between
AV and RM (k=42), and judgement by a third
reviewer (R.B) where necessary. Where multiple
articles assessed the same population, only articles
with the most detailed description of the symptom
profile was selected (k=15 excluded). Case-control
studies involving participants with and without MAP
were included only if the data for MAP participants
could be extracted separately. Included studies are
listed in Table S2 in Supplementary Material.

Data extraction

As studies reported symptoms in different scales and
units of measurement, we reduced the findings of
each study to a basic binary measure (symptom pre-
sent (1) or symptom absent (0)). We collated a list of
psychotic symptoms that were measured in the
reviewed studies. Each study was examined to deter-
mine whether it measured each specific psychotic
symptom and whether this symptom was reported as
present or absent in the sample. A symptom was cate-
gorized as present when it was reported as a preva-
lence or scale score for the sample or when the
symptom was explicitly noted in a case description.
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These findings thus reflect the available evidence for
the presence of a symptom, and do not reflect
their severity.

Data on symptom duration differed across research
designs. For case-control, experimental, cross-sectional
and longitudinal studies, information on the duration
of symptoms was extracted from the studies if it were
possible to calculate the proportion of individuals
experiencing persistent symptoms (one month after
the cessation of drug use). In addition, we also calcu-
lated the maximum number of days taken for symp-
toms to abate in experimental studies. For case
studies, we calculated the proportion of individuals
for which symptoms lasted less than one week,
1-4 weeks, 1-6 months, or over 6 months.

Results
Study characteristics

Overview of studies

A total of 94 eligible studies were identified with a
total of 7387 participants, including 20 cross-sectional
surveys, 29 case-control surveys, ten longitudinal sur-
veys, and 29 case reports (with 49 individual cases).
There were also six experimental studies in which par-
ticipants were administered methamphetamine under
laboratory conditions to induce psychotic symptoms.
Case report and experimental studies were primarily
conducted in the USA (48%), with some articles from
the UK (11%) and Japan (11%); whereas longitudinal,
case-control and cross-sectional survey studies were
primarily conducted in Japan (38%), with fewer stud-
ies from Australia (13%), the USA (10%) and Iran
(8%). Includes studies ranged in publication date from
1949 to 2018. Sample sizes (excluding case studies)
varied depending on the research design and ranged
widely from 4 to 1112 participants (interquartile
range, IQR=16-151). In the experimental studies,
doses of methamphetamine ranged from 5mgs to 274
mgs and were administered either once off, once per
hour for several hours or several days; or every 6 h for
several hours or days. Length of follow up in longitu-
dinal studies ranged from 3 months to 16 years), with
54-100% of participants retained at follow-up (IQR).
The substance of interest as per the inclusion criterion
included methamphetamine (63%, k=59), amphet-
amine (16%, k=15), both amphetamine and metham-
phetamine (9%, k=38), or prescription amphetamines
(32%, k=30). Full details of the study characteristics
for each study design are available in Tables S3-S7 in
Supplementary Material.

Participant demographics

Studies typically had a majority of male participants
(IQR=70-90%) and the mean age ranged between 29
and 37years (IQR). Seventy-two percent of studies
recruited inpatients or outpatients from hospitals or
psychiatric units. Other studies recruited from drug
treatment services (11%), prisons (5%), community
settings (4%), or private practitioners (3%). Forty-five
percent of studies reported the proportion of partici-
pants who were identified as having methampheta-
mine dependence, use disorders, abuse, or addiction
(henceforth collectively referred to as dependence)
based on criteria from the DSM or International
Statistical Classification of Diseases and Related
Health Problems (ICD; World Health Organization,
1992). The mean rate of dependence when reported
was typically very high (median =99%).

Diagnosis or identification of MAP

All study participants were identified as having symp-
toms of MAP, but only 65% of studies gave partici-
pants an explicit diagnosis of MAP or substance-
induced psychosis. A diagnosis of MAP was particu-
larly uncommon in case report studies (18%) and did
not occur in any experimental studies. The DSM
(American Psychiatric Association, 2013) was the
most commonly used classification system to diagnose
MAP (k=23), whereas nine studies used versions of
the ICD (World Health Organization, 1992), and five
studies employed both the ICD and DSM systems.
One study used the Chinese Classification of Mental
Disorders Version 3 (CCMD-3; Chinese Medical
Association, 2004).

Measurement of symptoms

The use of standardized scales to measure psychiatric
symptoms was reported in 4% of case studies, 40% of
experimental studies, 48% of case-control studies, 50%
of cross-sectional studies, and 80% of longitudinal
studies. The range of rating scales encompassed the
Brief Psychiatric Rating Scale (k=9; Overall &
Gorham, 1962), the Positive and Negative Syndrome
Scale (k=3; Kay, Fiszbein, & Opler, 1987), the MINI
International ~ Neuropsychiatric (k=3,
Sheehan et al, 1998), the Methamphetamine
Experience Questionnaire (k=2; Leamon et al., 2010),
the Scale for the Assessment of Negative Symptoms
(k= 3; Andreasen, 1983), the Scale for the Assessment
of Positive Symptoms (k=2; Andreasen, 1984), the
Composite International Diagnostic Interview (k=1;
CIDI; Cooper, Peters, & Andrews, 1998) and the

Interview
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Figure 2. Percentage of total studies reporting each symptom.

Structured Clinical Interview for DSM-IV (k=2;
SCID; First, Spitzer, Gibbon, & Williams, 2002).

Profile of psychiatric symptoms

As shown in Figure 2, the most commonly reported
symptoms across all study types were delusions of
persecution (reported in 84% of studies), auditory hal-
lucinations (69% of studies) and visual hallucinations
(65% of studies). Relatively fewer studies reported
delusions with non-persecutory themes, ranging
from 5% (delusions of guilt) to 31% (delusions of
reference), or hallucinations in other sensory modal-
ities (21% tactile, olfactory 10%, gustatory 2%).
Hostility was recorded in 53% of studies. Other
commonly reported symptoms included conceptual

ODisorganised
symptoms

O Affective
symptoms

@ANegative
symptoms

disorganization (36% of studies), depression (31% of
studies), hyperactivity (28% of studies), inappropriate
affect (27% of studies) and anxiety (27% of studies).
Flat affect was reported in 19% of studies, while other
negative symptoms were reported in 6 to 15%
of studies.

Variation in psychiatric symptoms by study design

Reporting of specific psychiatric symptoms varied
among studies with different methodological design
and sample characteristics, such as mean age, gender
ratio, and recruitment method (Table 1). A wide
range of psychiatric symptoms were reported in the
experimental studies. Compared to other study
designs, a higher proportion of these studies reported
disorganized psychotic symptoms (100% compared to
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Table 1. Proportion (%) of studies reporting psychiatric symp-
toms by study design.

CcC cs Lon Exp Case

Any positive symptom 87 80 83 100 98
Any hallucination 69 85 83 80 73
Auditory hallucinations 69 65 83 60 49
Visual hallucinations 62 60 50 40 51
Persecutory delusions 69 75 83 80 67
Reference delusions 37 35 33 20 18
Any first-rank delusion 31 40 67 60 2
Any non-persecutory delusion 56 55 83 60 53
Any disorganized symptom 37 60 50 100 61
Conceptual disorganization 12 35 33 40 22
Inappropriate affect 12 35 17 40 20
Disorganized speech 6 15 17 60 16
Disorganized behavior 6 40 0 40 2
Any affective symptom 25 50 50 100 85
Hostility 19 50 17 80 51
Depression 25 35 33 40 20
Anxiety 19 25 0 60 22
Any negative symptom 25 20 50 60 22

Note. Study design includes case-control (CC), cross-sectional (CS), longitu-
dinal (Lon), experimental (Exp), and case reports (Case).

[cf] 37-61%), particularly disorganized speech (60%
cf. 6-17%), any affective symptoms (100% cf.
25-85%), particularly hostility (80% cf. 17-51%) and
anxiety (60% cf. 0-25%). Cross-sectional studies typically
aimed to document a detailed symptom profile of MAP,
whereas case-control studies typically aimed to compare
MAP with schizophrenia on the core positive symptoms
of psychosis. Compared to case-control studies, a greater
proportion of cross-sectional studies measured and
reported affective (50% cf. 25%) and disorganized symp-
toms (60% cf. 37%), particularly disorganized behavior
(40% cf. 6%). Fifty percent of longitudinal studies
reported negative symptoms compared to 20-25% of
case-control and cross-sectional studies. A single case
study (2%) reported first-rank delusions (i.e., thought
withdrawal, broadcasting, insertion, control, mindread-
ing), compared to 31-67% of other study designs.

Compared with male-majority samples, samples in
which female participants outnumbered male partici-
pants reported more affective symptoms (60% cf. 33%),
particularly depression (50% cf. 18%), but fewer nega-
tive psychotic symptoms (0% cf. 24%). Participants
recruited from prisons, community settings, drug treat-
ment services or private practitioners reported fewer
disorganized (23% cf. 46%) and negative psychotic
symptoms (8% cf. 24%) compared to those recruited
from inpatient or outpatient clinical samples. No note-
worthy differences in the symptoms profiles were
observed between other study characteristics, such as
country of origin and diagnostic process.

Duration of symptoms

Twenty-seven studies reported the percentage of par-
ticipants who experienced persistent psychotic

symptoms (>1month after abstinence), including 12
case-control, five cross-sectional, four longitudinal,
and six experimental studies. The overall median
prevalence of persistent symptoms across these studies
was 25%. This rate varied by study design, geographic
location, and diagnostic classification system used.
There were no cases of persistent symptoms in experi-
mental studies, and the maximum amount of time for
symptoms to abate once the final amphetamine dose
was administered ranged from 12h to 7days. In con-
trast, longitudinal studies reported persistent symptoms
in a median 40% of participants (range 14-96%).

Almost half of case-control, cross-sectional, longitu-
dinal and experimental studies that reported duration
of symptoms were conducted in Japan (41%, k=11):
in these studies, persistent symptoms were found in a
median 44% of participants (range 18-96%). A much
lower prevalence rate of 12% (ranging 0-39%) was
reported in fourteen studies conducted in the USA,
Australia, Canada, Iran and broader Asia. The differ-
ence in prevalence rates between Japanese and non-
Japanese studies was statistically significant (t =4.79, p
=.0001). Japanese studies primarily used the ICD-10
system (35%) over the DSM-IV system (25%), whereas
few non-Japanese studies employed the ICD-10 (6%)
relative to the DSM-IV (42%).

Twenty-four case studies reported on the duration
of symptoms after participants ceased methampheta-
mine use (i.e., when admitted to hospital), with per-
sistent symptoms identified in two participants (8%).
Symptoms persisted for 1-4 weeks in most cases (58%;
k=14), while 36% of participants (k=28) experienced
symptoms for one week or less.

Longitudinal changes in symptom profile

Longitudinal changes in the profile of MAP symptoms
were reported in four studies, with mixed results;
positive symptoms reduced over time in three studies
and remained stable in the fourth study, whereas
negative symptoms were stable in three studies and
increased in the fourth study. Yeh, Lee, Sun, and Wan
(2001) found a reduction in most positive symptoms
and stable rates of most negative symptoms when
assessing a sample of former MAP patients who had
successfully avoided rehospitalization over a 7-month
period, half of whom abstained from methampheta-
mine use. Tomiyama (1990) measured abstinent
patients hospitalized for MAP who were prescribed
antipsychotic medication, which can produce second-
ary negative symptoms (Tandon, Nasrallah, &
Keshavan, 2009). Over a 4-month period, Tomiyama



(1990) found longitudinal decreases in positive symp-
toms and increases in negative symptoms. Over a 3-
year period, Sato, Chen, Akiyama, and Otsuki (1983)
examined individuals who were continually hospital-
ized for psychotic reactions to methamphetamine and
found stable rates of positive and negative symptoms.
Javadian, Shabani, and Shariat (2016) measured psych-
otic symptoms across a three month period in a sam-
ple of former MAP patients, comparing those who
remained abstinent and those who relapsed to meth-
amphetamine use. Across the total sample, positive
symptoms decreased while negative symptoms
remained stable, except for those who reused metham-
phetamine, in whom positive symptoms increased
over time.

Three longitudinal studies reported the frequency
at which participants with an initial MAP diagnosis
eventually transition to a diagnosis of schizophrenia.
Similar rates were reported by Kittirattanapaiboon
et al (2010; k=1116) and Medhus et al. (2015; kK =28)
who found that 33-38% were re-diagnosed with
schizophrenia after 6-7 years, while a lengthier study
of 825 patients found 16% transitioned to schizophre-
nia within 16 years (Niemi-Pynttari et al., 2013).

Discussion

This is the first systematic review to examine the
symptom profile, duration and longitudinal changes
in psychotic symptoms associated with MAP. We
identified a profile of symptoms primarily consisting
of persecutory delusions, auditory and visual halluci-
nations, and to a lesser extent, hostility, conceptual
disorganization,  depression and  hyperactivity.
Negative symptoms were mostly absent from this pro-
file. These symptoms mirror the symptom constella-
tion identified in early foundational experiments into
the MAP syndrome (AAngrist & Gershon, 1970; Bell,
1973; Jonsson & Sjostrom, 1970), and our findings
align with the symptom profile with the factor struc-
ture of MAP symptomology identified by McKetin
et al. (2016a), which included positive psychotic
symptoms, affective symptoms, and symptoms of psy-
chomotor agitation (i.e., hyperactivity).

Negative psychotic symptoms

Few studies (6-19%) reported negative psychotic
symptoms—such as flat affect, poverty of speech, avo-
lition, reduced motor activity, and social withdrawal—
supporting the argument that negative symptoms are
not characteristic of MAP (McKetin et al., 2016a).
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Alternatively, the profile of negative symptoms may
change over the course of MAP to gradually resemble
that observed in schizophrenia. Very few longitudinal
studies have examined the long-term symptom trajec-
tory of MAP, but those that have done so, indicate
that positive symptoms may decrease while negative
symptoms may stabilize or increase over time (Sato
et al, 1983; Tomiyama, 1990; Yeh et al,, 2001). This
pattern is well-recognized in individuals with chronic
schizophrenia and has been associated with gradual
neurodegeneration which can occur over the course
of psychotic disorders (Foussias, Agid, Fervaha, &
Remington, 2014; Tandon et al,, 2009).
Neurodegeneration may also occur with prolonged
methamphetamine use (Chen et al., 2015). Further
research is needed to confirm whether negative symp-
toms increase over time, and to investigate whether
this change is associated with a greater risk of transi-
tioning to schizophrenia later in life.

Affective symptoms

The range of affective dysregulation associated with
MAP (e.g., hostility, depression, inappropriate affect)
reflects the significant reciprocal relationships between
affective disorders, psychotic disorders and metham-
phetamine use (Darke, Kaye, McKetin, & Duflou,
2008; Hartley, Barrowclough, & Haddock, 2013;
Koreen et al.,, 1993), and supports previous arguments
that affective symptomology is a core component of
MAP (McKetin et al, 2016a; Tsuang, Simpson, &
Kronfol, 1982), as seen in other psychotic disorders
such as schizoaffective disorder (American Psychiatric
Association, 2013). Consistent with epidemiological
research into sex differences in affective disorders
(Altemus, Sarvaiya, & Epperson, 2014), depression
was more commonly reported in female-majority sam-
ples compared to male-majority samples. Over half
the reviewed studies reported symptoms of hostility.
Methamphetamine use has been associated with a
dose-related increase in violence, and risk of violent
behavior is especially high in those with severe or per-
sistent psychotic symptoms (McKetin, McLaren,
Lubman, & Hides, 2008; McKetin et al., 2014). These
findings highlight the need for clinicians to assess,
acknowledge and effectively manage affective and
arousal symptoms in individuals with MAP.

Duration of psychotic symptoms

It has been long debated whether MAP constitutes a
psychotic reaction attributable to exclusively to the
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psychotomimetic properties of the drug, or whether
MAP occurs when methamphetamine acts as a stres-
sor and precipitates primary psychotic in individuals
with predisposition to psychotic illness (Bramness
et al., 2012; van Os, 2014); the observed heterogeneity
in duration of psychotic symptoms implies that both
these clinical states may exist within the metham-
phetamine-using population. Experimental studies
appear to demonstrate a psychotic state attributable
primarily to methamphetamine use, as most (other-
wise healthy) participants exhibited psychotic symp-
toms upon a sufficiently large dosage of the drug and
these symptoms resolved within one week after drug
administration. On the other hand, an average of 25%
of participants experienced “persistent MAP,” in
which symptoms extended beyond the DSM time-
frame of “about 1month” after acute intoxication
(American Psychiatric Association, 2013) and were
likely precipitated by factors beyond mere metham-
phetamine exposure. Cases of persistent MAP were
significantly more likely in Japanese—relative to non-
Japanese—studies, which typically used the ICD classi-
fication (World Health Organization, 1992) to exclude
individuals with primary psychotic disorders (i.e.,
cases of psychosis persisting for over 6 months after
drug intoxication).

Many researchers have asserted the existence of a
persistent form of MAP which is appears to be etio-
logically separate from transient MAP (Chen et al,
2005; McKetin, Baker, Dawe, Voce, & Lubman, 2017;
McKetin et al, 2016b), and subtle differences are
observed in risk factors and symptom profiles—indi-
cating potentially different pathogenic pathways—
between transient and persistent MAP (Chen et al,
2005; McKetin et al., 2017; McKetin et al., 2016b). In
contrast, similarities in symptom profiles and risk
factors between schizophrenia and persistent MAP
suggest that this condition may constitute drug-
precipitated schizophrenia. Further research is needed
to investigate the validity and characteristics of per-
sistent MAP and individuals with MAP should be
closely monitored for the development of chronic
psychotic symptoms in clinical settings.

Limitations of the reviewed studies

Many of the reviewed studies did not adjust for fac-
tors known to influence psychotic symptom severity
(McKetin, Lubman, Baker, Dawe, & Ali, 2013), par-
ticularly, poly-drug use, frequency and duration of
methamphetamine use, and antipsychotic medication
use. The dosages and frequency of methamphetamine

use were likely underreported or misrepresented in
survey and case study designs due to an overreliance
on self-report measures (Rosay, Skroban Najaka, &
Herz, 2007). Although undermined by serious ethical
issues, experimental studies were able to overcome
self-report limitations and observe participants transi-
tion through a wide range of symptoms over many
hours or days. Nonetheless, the validity of experimen-
tal studies is limited by failures to use the use standar-
dized scales to measure psychiatric symptoms, and
failure to employ standardized diagnostic tools to
exclude those with possible primary psychotic disor-
ders. Certain symptoms reported by most experimen-
tal studies, particularly hostility and anxiety, were
likely exacerbated by prolonged and continuous con-
finement in the laboratory setting. Finally, experimen-
tal studies may not have replicated the symptomology
associated with chronic or heavy methamphetamine
use which often occurs in a binge pattern over several
days, weeks or months (Cho & Melega, 2002).

A majority of studies recruited from inpatient set-
tings, and likely missed methamphetamine users with
milder or more transient symptoms who may not
seek medical assistance. As a result, the derived symp-
tom profile may reflect more severe or complex path-
ology than is typical for the broader population of
methamphetamine users. Similarly, an average of only
20-30% of participants were female in the included
studies. This disparity is likely due to sampling error
rather than a heightened risk of MAP among males,
as a recent systematic review of factors associated
with psychotic symptoms in adults using metham-
phetamine found no association between MAP and
gender (Arunogiri, Foulds, Mcketin, & Lubman,
2018). The current study did not directly compare
symptom profiles between males and females, how-
ever, some limited evidence suggests that prevalence
of specific psychotic symptoms in methamphetamine
users is moderated by sex (Mahoney, Hawkins, De La
Garza, Kalechstein, & Newton, 2010), and research
into sex differences in schizophrenia also indicates
that negative symptoms may be more likely in males
whereas affective symptoms may be more likely in
females (Ochoa, Usall, Cobo, Labad, & Kulkarni,
2012). Overall, an overrepresentation of institutional-
ized males in the MAP literature may have underesti-
mated affective symptoms and overestimated negative
psychotic symptoms in the MAP symptom profile.

None of the reviewed studies examined the length
of psychotic symptoms in community methampheta-
mine users, most likely due to difficulties in verifying
periods of methamphetamine abstinence. As such, the



extent and impact of persistent MAP symptoms in
this population is widely unknown, and future
research should explore symptom profile and duration
in community samples of methamphetamine users
with a particular focus on those earlier in their drug
use trajectory (i.e., recreational users).

Limitations of the current review

A key limitation of this systematic review is that the
included studies often focused on symptoms that are
considered representative and diagnostic of MAP (i.e.,
delusions), and a greater number of studies measured
(and thus reported) these symptoms relative to symp-
toms considered less characteristic of MAP (such as
stereotyped behavior). Second, these results do not
reflect the exact prevalence rate of specific symptoms
in MAP population. Studies reported symptoms in
different scales and units of measurement, and as
such, consolidation into the current review required
these diverse findings to be reduced to a basic binary
measurement (symptom present or absent). As a
result, studies that reported low prevalence or high
prevalence of a given symptom were both coded as
“symptom present.” Finally, studies of disparate qual-
ity were aggregated into the present review without
differential weighting against indicators of study qual-
ity (such as sample size).

Future research may build upon this review by
using meta-analytic techniques (i.e., meta-regression)
to examine the interacting relationships between
symptom profiles and different study characteristics
(i.e., sample population, sex ratio, mean age, location
of study) whilst systematically adjusting for variations
in the methodological quality.

Conclusions

The current review employed broad inclusion criteria
to extract the profile of psychotic symptoms associated
with MAP from an extensive collection of studies.
The symptom profile of MAP consists of persecutory
delusions, auditory and visual hallucinations, hostility,
depression, and conceptual disorganization. Negative
symptoms do not appear characteristic of MAP.
Symptoms may persist beyond one month after
intoxication in some individuals. Previous research
may have underreported depression, and overempha-
sized negative symptoms, due to a reliance on institu-
tionalized male participants. Clinicians are encouraged
to monitor patients for the development of chronic
psychotic symptoms and to effectively manage
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affective symptoms among those with MAP. Further
research into the symptom profile and duration of
MAP in community methamphetamine users is essen-
tial to improving diagnosis, treatment and overall
wellbeing in this population.
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PROFILE OF METHAMPHETAMINE PSYCHOSIS

Study Two: The relationship between illicit
amphetamine use and psychiatric symptom profiles
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Voce, A., McKetin, R., Burns, R., Castle D., & Calabria, B. (2018). The relationship
between illicit amphetamine use and psychiatric symptom profiles in schizophrenia

and affective psychoses. Psychiatry Research, 265: 19-24.

Foreword:

Study two addressed the second research question of this thesis: What is the
association between methamphetamine use and psychiatric symptoms among people with
primary psychotic disorders? In this study, | explore whether methamphetamine use is
associated with differences in the prevalence of specific psychiatric symptoms among people
with schizophrenia (SZ) and affective psychotic disorders. | explored the relationship
between methamphetamine use and symptom prevalence separately for those with SZ
(n=347) and those with affective psychoses (n=289), as these two diagnostic groups are
characterised by distinct psychiatric symptoms profiles. Psychiatric symptoms among a
sample of past-year methamphetamine users (n=205) were compared against a control sample
of lifetime users (n=431) who had not used methamphetamine for at least 12 months. These
findings provide greater insight into how illicit methamphetamine may exacerbate or
precipitate psychiatric symptoms among people with primary psychotic disorders, which may
facilitate efforts to distinguish cases of methamphetamine-precipitated SZ from cases of

MAP.
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ARTICLE INFO ABSTRACT

Keywords: This study examines whether illicit amphetamine use is associated with differences in the prevalence of specific
Methamphetamine psychiatric symptoms in a community sample of individuals diagnosed with schizophrenia or affective psychotic
Stimulants

disorders. Data was drawn from the Australian Survey of High Impact Psychosis. The Diagnostic Interview for
Psychosis was used to measure substance use and psychiatric symptoms. Participants had used amphetamine
within their lifetime and had an ICD-10 diagnosis of schizophrenia (n = 347) or an affective psychotic disorder
(n = 289). The past year prevalence of psychiatric symptoms was compared among those who had used am-
phetamine in the past year (past-year use, 32%) with those who had not (former use, 68%). Univariate logistic
regression analysis indicated that past-year users with schizophrenia had a significantly higher past year pre-
valence of hallucinations, persecutory delusions, racing thoughts, dysphoria, and anhedonia relative to former
amphetamine users with schizophrenia. There were no significant differences in symptoms between past-year
and former users with affective psychotic disorders. The relationship between amphetamine use and specific
psychiatric symptoms varies across different psychotic disorders. Amphetamine use may hinder prognosis by
exacerbating symptoms of schizophrenia through dopaminergic dysfunctions or depressive vulnerabilities,
however, this needs to be confirmed by prospective longitudinal research.

Primary psychotic disorders
Bipolar disorder

Substance use
Hallucinations

Delusions

1. Introduction Curran et al. (2004) systematically reviewed 32 experimental stu-

dies in which individuals with schizophrenia were administered pre-

Illicit amphetamine use is associated with poorer functioning and
prognosis in persons with primary psychotic disorders, such as schizo-
phrenia spectrum disorder (Lambert et al., 2005; Schimmelmann et al.,
2012). Prevalence rates of methamphetamine and amphetamine
(hereafter referred to collectively as amphetamine) use are significantly
elevated in those with psychotic disorders relative to the general po-
pulation (Sara et al., 2015), particularly for those with affective psy-
chotic disorders, such as bipolar disorder (McElroy et al., 2001;
Winokur et al., 1998). It is well-documented that prescription amphe-
tamine-type psychostimulants can exacerbate and precipitate halluci-
nations, delusions and manic symptoms in those with psychotic dis-
orders (Curran et al., 2004), however, it remains unclear whether the
use of illicit amphetamines in community settings is associated with
meaningful differences exist in the expression of specific psychiatric
symptoms.

scription psychostimulants which have a similar neuronal action in the
brain to amphetamine, such as dexamphetamine or methylphenidate.
Delusions and hallucinations (referred to as positive psychotic symp-
toms) were exacerbated in 70% of participants with active psychoses
and precipitated in 30% individuals recovering from a psychotic epi-
sode. In a recent study of 2,307 adults with bipolar disorder,
Viktorin et al. (2017) found that treatment with methylphenidate sig-
nificantly increased the risk of hospitalisation with a manic episode.
Mania was defined by the International Classification of Diseases 10th
revision (ICD-10; World Health Organisation, 1992) and is char-
acterised by elevated mood and symptoms of disorganisation such as
inappropriate social behaviour, reckless activity, and distractibility. No
field research has examined whether these relationships apply to the
illicit use of non-prescription street amphetamine in the broader po-
pulation of people with psychotic disorders.
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The relationship between psychiatric symptoms and illicit substance
use in those with schizophrenia has been examined more generally in
several case-control studies. Soyka et al. (2001) found that persons with
schizophrenia who use illicit substances were more likely than non-
users to exhibit hallucinations and delusions, and less likely to exhibit
negative symptoms, however these differences have not been con-
sistently replicated (Stone et al., 2014). Whist few such studies have
included persons with affective psychotic disorders, Weiss et al. (2004)
reported that those with bipolar disorder often perceive subjective re-
ductions in depression and racing thoughts when using illicit drugs or
alcohol. These findings may not reflect the specific relationship be-
tween amphetamine use and psychiatric symptoms as the overall results
for users of different substances were aggregated in these studies.

Delineating the profile of psychiatric symptoms associated with
amphetamine use in persons with psychotic disorders may inform our
understanding of how amphetamine use contributes to the burden of
psychotic illness and may lead to poorer prognosis in this population.
Treatment for psychotic disorders and co-morbid substance use remains
a complex challenge (Dixon, 1999; Hunt et al., 2013) and clarifying the
relationship between amphetamine use and symptomatology may ad-
vise treatment options in this context.

The current study examined whether illicit amphetamine use was
associated with differences in the prevalence of specific psychiatric
symptoms in a community sample of people with psychotic dis-
orders. Psychiatric symptoms were compared for individuals who
had used amphetamine in the past 12 months (referred henceforth as
“past-year users”) relative to a control sample of individuals who had
not used amphetamine for at least 12 months but had at some point
within their lifetime (referred henceforth as “former users”). The
relationship between amphetamine use and psychiatric symptoms
was compared separately for participants with schizophrenia and
those with affective psychotic disorders, as these two diagnostic
groups are characterised by distinct psychiatric symptoms profiles
(American Psychiatric Association, 2013). Amphetamine use is
strongly related to specific positive psychotic symptoms (such as
persecutory delusions) in otherwise healthy individuals, and as such,
we aimed to examine both specific symptoms and broad symptom
categories. We expected that the prevalence rate of delusions and
hallucinations to be higher in past-year — relative to former — am-
phetamine users with schizophrenia. Based on findings from
Viktorin et al. (2017), we expected the prevalence rate of elevated
mood and disorganised symptoms (i.e. inappropriate social beha-
viour, reckless activity, and distractibility) to be higher in past-year —
relative to former — amphetamine users with affective psychotic
disorders.

2. Method
2.1. Participants and procedure

Data was drawn from the Australian Survey of High Impact
Psychosis (SHIP) (Morgan et al., 2012). Individuals aged 18-64 years
were screened for psychosis when contacting public mental health
services at seven sites across the five mainland states of Australia in
2010. This sampling frame covered 10% of the Australian population
aged 18-64 years (approximately 1.5 million people in catchment
area). From the 7955 eligible individuals who screened positive for
psychosis, 1825 were randomly selected (via computer generator) and
assessed on measures of substance use, psychiatric symptoms, cognitive
ability, physical health, medication use, health service use and demo-
graphic data. The study was approved by institutional human research
ethics committees at each study site, and all participants provided
written informed consent prior to interview. Further detail on the SHIP
study procedures are reported elsewhere (Morgan et al., 2012). Authors
of the current study had access to data for individuals who had used
illicit amphetamine within their lifetime (n = 731).
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2.2. Measures

2.2.1. Psychiatric diagnosis

Psychiatric history and symptoms were assessed using the
Diagnostic Interview for Psychosis (DIP; Castle et al., 2006). Current
and lifetime ICD-10 diagnoses (World Health Organisation, 1992) were
generated from the DIP using a computer algorithm based on the Op-
erational Criteria Checklist for Psychosis (OPCRIT; McGuffin et al.,
1991). ICD-10 diagnoses generated using the DIP (Castle et al., 2006)
have substantial interrater reliability (kappa = 0.74), good test-retest
reliability (kappa = 0.65), and good convergent validity against the
Schedules for Clinical Assessment in Neuropsychiatry (SCAN;
Wing et al., 1990). The present study extracted data for individuals who
had a current diagnosis of either schizophrenia (n = 347) or an affec-
tive psychotic disorder, such as depressive psychosis (n = 26), schi-
zoaffective disorder (n = 135) or bipolar disorder (n = 128). We ex-
cluded those with subclinical psychotic symptoms (n =12) or a
diagnosis of non-psychotic depression (n = 46) or delusional disorders
(n = 37).

2.2.2. Psychiatric symptoms

Prevalence rates of psychiatric symptoms were assessed in the DIP
based on clinical observation, participant self-report and clinical case-
notes where available. The current study used past-year ratings for
auditory hallucinations (non-verbal, multiple voices, running com-
mentary), delusions (persecution, reference, control, grandiosity and
bizarre), affective symptoms (suicidality, dysphoria, anhedonia, ele-
vated mood, and anxiety), disorganised (including manic) symptoms
(racing thoughts, distractibility, reckless activity and inappropriate
social behaviour). Composite binary variables were created to indicate
whether participants had experienced any delusion, hallucination, any
affective symptom, or any disorganised symptom.

2.2.3. Substance and medication use

Lifetime and past year use of amphetamines, alcohol, cannabis,
tranquilisers, cocaine, hallucinogens and ecstasy were assessed based
on self-report. Amphetamines also included methamphetamine and
non-prescription dexamphetamine. The frequency of substance use in
the past year was scored as daily (or almost daily), weekly (1-2 days per
week), monthly (1-3 occasions per month), less than monthly, or no use
in past year. The number of participants reporting amphetamine use on
a daily, weekly, or monthly basis was too few for reliable ordinal
analyses to be conducted separately for each diagnostic group (refer to
Supplementary Table 1). Consequently, categories of amphetamine use
frequency were collapsed into a binary outcome variable to reflect past-
year amphetamine use (any use in past 12 months) and former am-
phetamine use (no use in past 12 months). With the exception of can-
nabis, the number of former users reporting illicit substance use was too
small for reliable analysis and were merged into one binary “poly-
substance use” variable to identify individuals who had used heroin,
tranquilisers, cocaine, hallucinogens or ecstasy within the past 12
months. Participants were asked whether they had used any anti-
psychotic, antidepressant or mood stabilising medication in the past 12
months.

2.2.4. Demographics characteristics

Demographic measures included current age in years, sex, marital
status (‘single and never married’, ‘married or de facto’, ‘separated,
divorced or widowed’), age in years when left school, and employment
status over the past 12 months (‘employed’, ‘home duties’, ‘carer for
relatives’, ‘retired’, ‘volunteer work’, ‘student’, or ‘unemployed’).

2.3. Statistical analyses

Two-tailed analyses were conducted using Stata version 14.1
(StataCorp, 2015). The predictor measure was past year prevalence of
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each psychiatric symptom and the main outcome variable was past year
amphetamine use. Potential confounding variables were defined as
variables significantly associated with both the predictor measure and
outcome variables. Descriptive comparisons were made using in-
dependent sample t-tests for continuous variables and Pearson's chi-
square tests for binary variables. Pearson's chi-square tests were used to
identify unadjusted differences in the prevalence rates of psychiatric
symptoms between past-year and former amphetamine, with a stringent
alpha value of p < 0.01 considered statistically significant to correct for
multiple comparisons. Univariate logistic regression was used to esti-
mate the unadjusted and adjusted odds ratios (ORs) and 95% con-
fidence intervals (CI) of each psychiatric symptom between past-year
and former amphetamine users, with alpha values of p < 0.05 con-
sidered statistically significant.

3. Results
3.1. Sample characteristics

The study sample consisted of 636 participants, 55% (n = 347) of
whom were diagnosed with schizophrenia and 44% (n = 289) with an
affective psychotic disorder (Table 1). The median age of participants
was 33 years (IQR = 28-40). The majority of participants were male
(67%), single and had never been married (67%), and they had a mean
of 16 years (SD = 0.12) total education. Sixty-eight (n = 431) percent
of participants had not used amphetamine within the past year (“former
amphetamine users”). Thirty-two percent of participants had used
amphetamine in the past year (“past-year amphetamine users”), either
less than monthly (58%), on 1-3 occasions per month (19%), 1-2 days
per week (15%), or daily/almost daily (9%). Frequency of ampheta-
mine use is reported separately for each diagnostic group in Supple-
mentary Table 1. Past-year users were younger, more likely to be em-
ployed in the past 12 months, and reported a shorter duration of

Table 1
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psychotic disorder relative to former amphetamine users. Past-year
users were more likely than former users to report frequent alcohol
consumption, use illicit substances in addition to amphetamines in the
past 12 months (Table 1), and meet criteria for lifetime diagnosis of
cannabis abuse or dependence.

3.2. Association between amphetamine use and symptoms

The prevalence of specific psychiatric symptoms in past-year and
former amphetamine users are shown in Table 2. In those with affective
psychotic disorders, there were no statistically significant differences in
the unadjusted prevalence rates of symptoms between past-year and
former amphetamine users (OR = 0.818-1.71; p = 0.018-0.971). Past-
year use was associated marginally higher likelihood of reporting sev-
eral disorganised symptoms, including inappropriate social behaviour
(p = 0.018; OR = 1.89), racing thoughts (p = 0.069; OR = 1.59),
reckless activity (p = 0.057; OR = 1.65), and any disorganised
symptom (p = 0.046; OR = 1.71).

Confounding factors included age, employment status, lifetime di-
agnosis of cannabis dependence/abuse, duration of psychotic disorder,
frequent alcohol use, cannabis use, and other illicit substance use (any
use of heroin, tranquilisers, cocaine, hallucinogens or ecstasy within the
past 12 months). These confounders, as well as antipsychotic medica-
tion use and mood stabiliser medication use were adjusted for in sub-
sequent regression analyses (Table 3).

After adjusting for confounding variables, past-year — relative to
former — amphetamine users with schizophrenia were more likely to
experience hallucinations in at least one sensory modality (p = 0.056).
Among those with schizophrenia, the odds of experiencing persecutory
delusions was more than two-times higher in past-year — relative to
former — amphetamine users; however, other delusions were not sig-
nificantly associated with amphetamine use for this group. Past-year
amphetamine users with schizophrenia were more likely to report

Demographic characteristics and substance use for past-year versus former amphetamine users.

Amphetamine use group: Former use (n = 431) % (n)

Past-year use (n = 205) % (n) Test values

Age in years, M (SD) 35.0 (0.43)
Male sex 66.1 (285)
Single, never married 66.8 (288)
Age (years) when left school, M (SD) 16 (0.18)
Paid employment in past 12 months 31.9 (133)
Psychotic Disorder

ICD-10 diagnosis

Schizophrenia 54.3 (234)
Affective psychoses 45.7 (197)
Duration of illness in years, M (SD) 14 (9.2)
Course of illness

Single episode with recovery 6.3 (27)
Multiple episode with recovery 66.3 (286)
Continuous chronic illness 27.4 (118)
Substance used in past 12 months

Mood stabilizers® 25.3 (109)
Antidepressants” 33.6 (145)
Antipsychotics® 84.7 (365)
Frequent alcohol use” 48.7 (210)
Frequent cannabis use” 33.8 (143)
Lifetime cannabis abuse/dependence 80.3 (346)
Other illicit substances® 13.7 (59)
Heroin use 11.2 (15)
Tranquiliser use 25.5 (25)
Cocaine use 6.1 (7)
Hallucinogen use 5.4 (12)
Ecstasy use 6.3 (13)

32.7 (0.56) t=3.17; p = 0.002*

70.2 (144) x 2 =1.07; p = 0.300

69.8 (143) x % =274 p=0.253

16 (0.09) t = 0.47; p = 0.640

41.5 (85) x % =6.93; p = 0.008*

55.1 (113) X 2 =0.04; p = 0.844

44.9 (92)

11 (7.7) t = 2.99; p = 0.003*
x%=3.08;p=0.214

5.4 (11)

60.5 (124)

34.1 (70)

25.4 (52) x 2= <0.001; p = 0.984

27.8 (57) x 2 =218 p=0.139

83.4 (171) x 2 =0.16; p = 0.680

63.9 (131) x 2 =12.84;p = < 0.001*

64.0 (128) % 2=50.37;p = < 0.001*

87.3 (179) x 2 =4.77; p = 0.029

52.7 (108) x % =109.09; p = < 0.001*

44.1 (41) x 2 =31.96; p = < 0.001*

53.2 (33) x % =12.62; p = < 0.001*

29.1 (23) x % =18.76; p = < 0.001*

22.1 (25) x 2 =21.15;p = < 0.001*

35.9 (47) x 2 =47.83;p = < 0.001*

Note. Asterisks (*) indicate statistically significant difference (p = < 0.05). Separate baseline characteristics for the schizophrenia and affective psychoses groups are

available in Supplementary Table 2.

@ Prescription medication, further information available in Supplementary Table 3.

b Frequent use is defined as at least once per month during past 12 months;

¢ Any use of heroin, tranquilisers, cocaine, hallucinogens or ecstasy during past 12 months.
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Table 2
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Psychiatric symptom prevalence in former versus past-year amphetamine users in Past 12 months.

Schizophrenia, % (n)

Affective psychotic disorders, % (1)

Former use Past-year use Total (n = 347) P value Former users Past-year users Total (n = 289) P value
(n = 234) (n=113) (n=197) (n=92)
Hallucinations
Multiple voices 23.5 (55) 35.4 (40) 27.4 (95) 0.020 17.3 (34) 21.7 (20) 18.7 (54) 0.363
Running commentary 26.5 (62) 30.1 (34) 27.6 (96) 0.483 21.8 (43) 29.3 (27) 24.2 (70) 0.164
Non-verbal sounds 24.8 (58) 33.6 (38) 27.7 (96) 0.084 27.4 (54) 23.9 (22) 26.3 (76) 0.529
At least one sensory modality 61.5 (144) 77.0 (87) 66.6 (231) 0.004 * 53.3 (105) 57.6 (53) 54.7 (158) 0.493
Delusions
Persecutory 50.4 (188) 68.1 (77) 56.2 (195) 0.002 *  48.7 (96) 53.3 (49) 50.2 (145) 0.473
Control 13.6 (32) 15.9 (18) 14.4 (50) 0.575 11.7 (23) 10.9 (10) 11.4 (33) 0.841
Reference 35.9 (84) 44.2 (50) 38.6 (134) 0.134 29.4 (58) 35.9 (33) 31.5 (91) 0.273
Grandiosity 29.9 (70) 32.7 (37) 30.8 (107) 0.593 25.9 (51) 31.5 (29) 27.7 (80) 0.319
Bizarre 20.5 (48) 20.3 (23) 20.5 (71) 0.973 13.2 (26) 13.0 (12) 13.1 (38) 0.971
Any delusion 65.8 (154) 77.9 (88) 69.7 (242) 0.022 58.9 (116) 79.6 (64) 62.3 (180) 0.081
Affective symptoms
Dysphoria 31.2 (73) 46.9 (53) 36.3 (126) 0.004 * 68.5 (135) 75.0 (69) 70.6 (204) 0.261
Suicidal ideation 21.8 (51) 31.9 (36) 25.1 (87) 0.043 41.1 (81) 48.9 (45) 43.6 (126) 0.213
Anhedonia 29.9 (70) 45.1 (51) 34.9 (121) 0.005 * 67.5 (133) 72.8 (67) 69.2 (200) 0.362
Anxiety 47.8 (112) 42.7 (47) 46.2 (159) 0.373 56.1 (110) 65.6 (59) 59.1 (169) 0.132
Elevated mood 5.1 (12) 10.6 (12) 6.9 (24) 0.059 34.5 (68) 43.5 (40) 37.4 (108) 0.142
Any affective symptom 65.0 (152) 69.9 (79) 66.6 (231) 0.359 87.3 (172) 93.5 (86) 89.3 (258) 0.114
Disorganised symptoms
Thoughts racing 6.8 (16) 15.9 (18) 9.8 (34) 0.008 * 36.6 (72) 47.8 (44) 40.1 (116) 0.068
Distractibility 6.4 (15) 15.9 (18) 9.5 (33) 0.005 * 38.1 (75) 47.8 (44) 41.2 (119) 0.116
Inappropriate social 3.8 (9) 10.6 (12) 6.0 (21) 0.013 * 25.4 (50) 39.1 (36) 29.8 (86) 0.017
behaviour
Reckless activity 4.7 (11) 8.0 (9) 5.8 (20) 0.222 27.9 (55) 39.1 (36) 31.5 (91) 0.056
Any disorganised symptom 26.1 (61) 34.5 (39) 28.8 (100) 0.104 46.2 (91) 60.9 (56) 50.1 (147) 0.020

Note. Asterisks (*) indicate statistically significant difference (p = < 0.01) in prevalence of psychiatric symptoms between former and past-year amphetamine users.

Unadjusted values available in Supplementary Table 4.

Table 3
Logistic regression for relationship between amphetamine use status and psy-
chiatric symptoms.

Table 4
Logistic regression for relationship between symptom categories and amphe-
tamine use.

Unadjusted univariate Adjusted® univariate

Unadjusted univariate Adjusted” univariate

OR  95% CI Pvalue OR  95% CI P value OR  95% CI Pvalue OR  95% CI P value
Schizophrenia Schizophrenia
Any hallucination 2.09 1.25-3.48 0.005 1.76 0.98-3.16 0.056 Any hallucination 2.09 1.25-3.48 0.005 2.01 1.14-3.52 0.015
Persecutory 2,10 1.31-3.36 0.002 214 .614-2.71 0.006 Any delusion 1.82 1.08-3.07 0.023 1.70 0.95-3.03 0.071
delusions Any affective 1.25 0.77-2.03 0.360 1.52 0.89-2.62 0.125
Dysphoria 1.94 1.22-3.09 0.005 212 1.24-3.62 0.006 symptom
Anhedonia 1.92 1.21-3.06 0.006 2.01 1.18-3.42 0.010 Any disorganised 1.49 0.92-2.42 0.104 1.31 0.76-2.28 0.331
Thoughts racing 2.58 1.26-5.27 0.009 2.45 1.05-5.69 0.038 symptom
Affective Psychoses
Note. * Adjusted for age, employment status, alcohol, cannabis and other sub- Any hallucination 119 0.72-1.96 0.493  .756 0.63-1.89  0.756
stance use (including heroin, tranquilisers, cocaine, hallucinogens or ecstasy), Any delusion 159 0.94-270 0082 175 0.97-3.18  0.062
duration of illness, antipsychotic and mood stabilising medication use and Any affective 208 082526 0121 230 081-653 0.118
lifetime cannabis abuse/dependence. symptom
Any disorganised 1.81 1.01-2.99 0.021 1.58 0.89-2.83 0.119
symptom

racing thoughts compared to former users. The odds of experiencing
dysphoria and anhedonia two times higher for past-year — relative to
former — amphetamine users with schizophrenia. Unadjusted and ad-
justed values for composite symptom scores are available in Table 4.

4. Discussion

The current study is the first directly examine the relationship be-
tween specific psychiatric symptoms and illicit amphetamine use in a
community sample of individuals with schizophrenia and affective
psychotic disorders. This relationship was explored using validated
diagnostic tools and psychopathology measures in a representative
community sample of Australians with psychotic disorders
(Morgan et al., 2012). The association between past-year illicit am-
phetamine use and prevalence of specific symptoms of psychosis varied
for those diagnosed with schizophrenia and affective psychotic

22

Note. * Adjusted for age, employment status, alcohol, cannabis and other sub-
stance use (any use of heroin, tranquilisers, cocaine, hallucinogens or ecstasy
within the past 12 months), duration of illness, antipsychotic and mood stabi-
lising medication use and lifetime cannabis abuse/dependence.

disorders. Consonant with our expectations, past-year amphetamine use
in those with schizophrenia was associated with a higher prevalence of
hallucinations and persecutory delusions, as well as symptoms of de-
pression (dysphoria and anhedonia) and racing thoughts. Contrary to
expectations, however, amphetamine use was unrelated to the profile of
psychiatric symptoms in persons with affective psychotic disorders.
This apparent lack of equivalent association indicates that ampheta-
mine may be acting on schizophrenia-specific dysfunctions to worsen
psychiatric symptoms.
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4.1. Schizophrenia

The current study aligns with previous research indicating that il-
licit amphetamine use can precipitate and exacerbate positive schizo-
phrenic symptoms (Curran et al., 2004), which likely occur through
activating dopaminergic pathways in those with schizophrenia. The
dopamine hypothesis of schizophrenia holds that overactivity of do-
paminergic neurotransmission in mesolimbic pathways results in posi-
tive psychotic symptoms of schizophrenia (Maia and Frank, 2017).
Amphetamine use also induces the release of dopamine and can result
in dopaminergic sensitization in chronic users (Laruelle, 2000; Wang
et al., 2010); this occurs when excessive stimulation of the dopamine
system increases hyper-reactivity to further pharmacological or en-
vironmental dopaminergic triggers. This positive feedback mechanism
prompts cumulative dopamine dysfunction in individuals with schizo-
phrenia. Higher rates of racing thoughts in past-year users may be at-
tributable to the direct acute effects of amphetamine intoxication,
which are widely observed in individuals without a history of psychotic
disorders (Angrist and Gershon, 1970; Courtney and Ray, 2014).

Our findings replicate previous case-control research demonstrating
that amphetamine use is related to depression in persons with schizo-
phrenia. Depressive symptoms are reported in up to 75% of persons
with schizophrenia, leading some to argue that depression is intrinsic in
the expression of schizophrenia and may have a direct role in the for-
mation and maintenance of positive psychotic symptoms (Hartley et al.,
2013). Illicit amphetamine use may function as a stressor in activating
this underlying predisposition towards depression. Alternatively, de-
pressive symptoms precede and promote amphetamine use. The ‘alle-
viation of dysphoria model’ (Dixon et al., 1991) suggests that patients
whose symptoms lead to distress or depression attempt to self-medicate
with illicit substances. Patients with schizophrenia who experienced
worsened positive symptoms may have used amphetamine to mask
subsequent dysphoria and improve negative mood. Effective manage-
ment of depressive symptoms may reduce amphetamine use in those
who use substances to alleviate such symptoms.

4.2. Affective psychotic disorders

The current findings conflict with those of Viktorin et al. (2017)
who identified an association between prescription methylphenidate
and higher risk of mania in those with bipolar disorder. Unlike sus-
tained frequent use associated with prescription medication regimes,
two-thirds of the past-year sample within the current study used am-
phetamine on a recreational (less-than-monthly) basis in an unknown
dosage and route of administration. Consistent with our hypothesis, the
prevalence of several specific disorganised symptoms which char-
acterise mania within the ICD-10 classification (e.g. reckless activity,
inappropriate social behaviour, and racing thoughts) appeared to be
higher among past-year - relative to former — amphetamine users with
affective psychoses (OR = 1.59-1.89). These differences of small effect
size were not considered statistically significant with the use of a
stringent alpha value. The current analyses may have lacked sufficient
statistical power to detect these differences, which may be identified
when comparing symptoms across a larger sample of frequent amphe-
tamine users.

4.3. Clinical implications

The potential for illicit amphetamine use to worsen symptoma-
tology in those with schizophrenia is particularly concerning given the
lifetime prevalence rates of stimulant use disorders is 13% in this po-
pulation (Sara et al., 2015). A higher likelihood of positive psychotic
and depressive symptoms may underlie the poorer treatment response,
higher rates of non-compliance and overall worse prognosis observed in
dual diagnosis patients with both psychotic and amphetamine use dis-
orders (Bartels et al., 1993; Lambert et al., 2005; de Haan et al., 2007).
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Amphetamine use was associated with delusions and hallucinations
despite high rates of past-year antipsychotic medication use (83%) in
the current sample. Although this does not reflect the rate of medication
adherence, these findings align with evidence that amphetamine use
may undermine the efficacy of some antipsychotic treatments
(Curran et al., 2004). Clinicians should screen routinely for substance
use, especially in the context of non-responsiveness to antipsychotic
treatment.

Although we found no evidence for worsened psychiatric symptoms
among past-year — relative to former — amphetamine users with affec-
tive psychotic disorders, frequent amphetamine use is nonetheless as-
sociated with serious impairments in physical and cognitive health,
social functioning and financial stability (Darke et al., 2008). Identi-
fying illicit amphetamine use in affective psychotic disorders may be
particularly challenging given the similarity in symptom profiles be-
tween users and non-users.

Dual diagnosis patients with schizophrenia should be informed
about how symptoms may be exacerbated or precipitated by amphe-
tamine use. Whilst depressive symptoms appear to be a prominent
element in the relationship between schizophrenia and amphetamine
use, clinicians often focus exclusively on positive psychotic symptoms
and infrequently offer treatment for affective symptoms (Cosoff and
Hafner, 1998). Illicit amphetamine use often occurs with high rates of
illicit polysubstance use (Darke and Hall, 1995; McKetin et al., 2005).
As such, clinicians must be particularly cautious about potential inter-
actions across multiple substances when prescribing antidepressant and
antipsychotic medication. Clozapine appears effective in reducing both
positive psychotic symptoms and stimulant use in those with schizo-
phrenia (Lubman et al., 2010) and could be integrated with motiva-
tional interviewing or cognitive behavioural therapy to also address
depression in dual diagnosis patients.

4.4. Limitations and future research

Several key limitations must be addressed. First, there are likely
other unmeasured confounding factors which may be associated with
both amphetamine use and psychiatric symptoms, such as a familial
risk of psychotic illness (Chen et al., 2005) and the amphetamine do-
sage and route of administration (Matsumoto et al., 2002). Second,
although previous research suggests amphetamine use exacerbates
psychotic symptoms (Curran et al., 2004), it is also plausible that psy-
chotic symptoms promote amphetamine use. We were unable to ex-
amine the precise dose-relationship between psychiatric symptoms and
amphetamine use as too few participants reported amphetamine use on
a daily, weekly or monthly basis. Future replications may establish the
direction of the observed correlations through longitudinal monitoring
of amphetamine use and changes in symptom prevalence and severity.
Third, certain neurotoxic effects of amphetamine may persist beyond 12
months after use (Yui et al., 1999). As the specific duration of ab-
stinence is unknown in the former user group, these neurobiological
characteristics may persist and underlie some psychiatric symptoma-
tology. Future research should employ a comparison group of in-
dividuals with no history of amphetamine use. Finally, the reliability of
self-reported drug use behaviours and past-year psychiatric symptoms
may have been impacted by recall bias. To reduce recall inaccuracy, the
DIP measure of psychiatric symptoms incorporates information ob-
tained from discharge summaries, case notes, case managers, or other
service staff, where available. Similarly, confidential self-report mea-
sures of drug use behaviour have been shown to be reliable and valid
when compared to biomarkers, criminal records and collateral inter-
views (Darke, 1998).

There are further caveats to the generalisability of these results.
Two-thirds of participants used amphetamine on a less-than-monthly
basis. Our findings therefore may not reflect psychiatric symptoms in
persons with heavy, frequent and dependent amphetamine use.
Differences in symptoms between frequent current amphetamine users
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and former users would likely be more pronounced than identified in
the current study. Similarly, in recruiting participants through com-
munity mental health services, these results are may not generalise to
people with a psychotic illness who have not been in contact with any
public or private mental health services, nor those who are treated by
private practitioners.

4.5. Conclusion

Amphetamine use is associated with higher rates of specific psy-
chiatric symptoms in those with schizophrenia, however, this re-
lationship is less clear for those with affective psychotic disorders.
Further research is needed to confirm the underlying mechanisms and
directions of these associations. Dual diagnosis patients should be
provided with integrated treatment for psychotic symptoms, depression
and substance abuse to ultimately improve wellbeing and prognosis.
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PROFILE OF METHAMPHETAMINE PSYCHOSIS

Study Three: Is there a discrete negative symptom

dimension in people who use methamphetamine?

This study has been published as following journal article:
Voce, A., Burns, R., Castle D., Calabria, B., & McKetin, R. (2019). Is there a
discrete negative symptom dimension in people who use methamphetamine?

Comprehensive Psychiatry, 93: 27-32.

Foreword:

Study three addressed the third research question of this thesis: What is the underlying
factor structure of psychiatric symptoms among people who use methamphetamine (and do
not have SZ)? Exploratory factor analysis was used to examine the structure of current (past-
month) psychiatric symptoms among people who had use methamphetamine in the past
month (n=153), and did not meet DSM-1V criteria for lifetime diagnoses of schizophrenia
(SZ). This study was intended to provide a greater understanding of the factor structure of
psychiatric symptoms among this population, and provide insight into how this structure
could differ from SZ. As particular debate has focused on whether negative symptoms could
be a point of distinction between SZ and MAP in clinical settings, this study was specifically
used to examine the presence of a negative syndrome and its relationship with

methamphetamine use.
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Corrections

At the time of thesis submission, there were three errors within the printed version of this paper. First, the
number of participants included in this study equals 153 (not 154). Second, there are two instances where the
number of participants (n) in each latent class was switched with the percentage of participants (%) in each class
(in the abstract and section 3.4). To clarify, class one comprised 68 participants (44% of the sample), class two
comprised 47 participants (31% of the sample), and class three comprised 38 participants (25% of the sample).
Third, the printed version incorrectly states “The three-factor model reported the lowest BIC value and the two-
factor solution reported the lowest AIC value (Supplementary Table 1)" (section 3.2). The three-factor model
had a lower AIC value (7466) than the two-factor model (7550).

A corrigendum was submitted to the journal to amend these errors in January 2021.
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ARTICLE INFO ABSTRACT

Keywords:

Amphetamine
Methamphetamine-induced psychosis
Psychostimulants

Factor analysis

Negative psychotic symptoms

Background: Positive psychotic symptoms have consistently been associated with methamphetamine use but the
presence of a negative symptom cluster remains unclear. We used exploratory factor analysis to examine
whether a discrete negative syndrome could be delineated among methamphetamine users, and to examine
the clinical correlates of this syndrome.
Method: Participants (N = 154) were people who used methamphetamine at least monthly and did not meet
DSM-IV diagnostic criteria for lifetime schizophrenia. Scores on the Brief Psychiatric Rating Scale for the past
month were subject to exploratory factor analysis. Latent class analysis was applied to resultant factor scores
to determine whether negative and positive factors were experienced by the same participants. Past-month sub-
stance use measures were days of use for each drug type and methamphetamine dependence assessed using the
Severity of Dependence Scale.
Results: We articulated a three-factor model including ‘positive/activation symptoms’ (e.g. suspiciousness, hallu-
cinations, conceptual disorganisation, tension), ‘affective symptoms’ (e.g. depression, anxiety) and ‘negative
symptoms’ (e.g. blunted affect, motor retardation). Positive-activation and affective symptoms (but not negative
symptoms) were positively correlated with past month days of methamphetamine use (r = 0.16; r = 0.25) and
severity of dependence (r = 0.24; r = 0.41). Negative symptoms were correlated with heroin (r = 0.24) and
benzodiazepine use (r = 0.21). Latent class analysis revealed a three-class model comprising a positive-
symptom class (44%, high positive-activation, low negative symptoms), a negative-symptom class (31%, low
positive-activation, high negative symptoms), and a low-symptom class (38%, low on all factors).
Conclusions: A negative symptom syndrome exists among people who use methamphetamine, but this appears
related to polysubstance use rather than forming a part of the psychotic syndrome associated with methamphet-
amine use. Overlooking the role of polysubstance use on negative symptoms may conflate the profiles of
methamphetamine-associated psychosis and schizophrenia.

© 2019 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction common symptom profile [2]. Robust evidence exists for a positive psy-

chotic syndrome (i.e. delusions and hallucinations) precipitated by

Differentiating between schizophrenia and substance-induced psy-
chosis in methamphetamine users is notoriously difficult [1], and previ-
ous researchers have argued that these two disorders manifest a

* Corresponding author at: Centre for Research on Ageing, Health and Wellbeing,
Australian National University, Room 1.16, Building 54, Mills Road, Florey, ACT 2601,
Australia.

E-mail addresses: alexandra.voce@anu.edu.au (A. Voce), richard.burns@anu.edu.au
(R. Burns), David.CASTLE@svha.org.au (D. Castle), bianca.calabria@anu.edu.au
(B. Calabria), rebecca.mcketin@curtin.edu.au (R. McKetin).

https://doi.org/10.1016/j.comppsych.2019.06.002

acute methamphetamine exposure in people without schizophrenia
[1,3-8], and the presence of these positive symptoms are core diagnos-
tic features for both substance-induced psychosis and schizophrenia
(diagnostic and statistical manual for mental disorders fifth edition;
DSM-V [9]). However, unlike for schizophrenia, the diagnostic criteria
for substance-induced psychosis does not include negative psychotic
symptoms, which are characterised by absences or reductions in move-
ment, speech, affect and motivation (i.e. poverty of speech, psychomo-
tor retardation, and flattened or incongruous affect). The absence of
negative symptoms in the methamphetamine-associated psychosis

0010-440X/© 2019 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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may be a potentially crucial point of distinction from schizophrenia.
However, the literature has been mixed regarding the relationship be-
tween methamphetamine use and negative psychotic symptoms.

A recent systematic review [7] found that <20% of studies examining
the symptom profile of methamphetamine-associated psychosis report
negative symptoms. In the studies that do report negative symptoms,
the prevalence rate is typically 20% - 26% of patients [8,10]. However,
McKetin et al. [6] examined psychiatric symptom exacerbation associ-
ated with methamphetamine use and found no evidence for a negative
psychotic syndrome. This suggests that negative symptoms are not
acutely precipitated by methamphetamine use but may instead result
from various confounding factors occurring in this population. This
may include the primary or secondary effects of other substances, nota-
bly antipsychotic medication use [11], or methamphetamine-related
depression which can manifest as affective blunting and social with-
drawal [12]. These hypotheses have not been tested empirically in the
methamphetamine user population.

Alack of association between acute methamphetamine use and neg-
ative symptoms is supported by the schizophrenia literature. A system-
atic review of 32 experimental studies involving the administration of
psychostimulants in people with schizophrenia indicated that whilst
positive symptoms increased in 30-70% of patients, negative symptoms
typically decreased or remained stable [13]. Accordingly, neurobiologi-
cal studies of schizophrenia indicate increased dopamine in the striatum
occurs with the emergence of positive symptoms, whereas negative
symptoms have been associated with reductions in dopamine, particu-
larly in mesocortical tracts [14,15]. Although this research focuses on in-
dividuals with schizophrenia, it suggests that the surge of dopamine
released during acute methamphetamine exposure would likely result
in a symptom profile characterised by positive - rather than negative
- psychotic symptoms.

The current study aimed to determine whether a discrete negative
symptom syndrome exists in the psychiatric profile of methamphet-
amine users who did not meet diagnostic criteria for schizophrenia,
and to understand how this syndrome relates to methamphetamine
use. Exploratory factor analysis of current psychiatric symptoms was
used to identify whether a negative symptom syndrome exists in this
population. We then examined whether the derived factors were asso-
ciated with measures of methamphetamine and other substance use, fa-
milial morbidity for psychotic disorders, and other sociodemographic
risk factors for psychosis (e.g., younger age, male gender, and immigra-
tion). Latent class analysis was then used to identify subgroups of partic-
ipants based on their scores across the derived factors. We hypothesised
that if negative symptoms are part of an acute methamphetamine-
associated psychosis syndrome then we would expect that same
group of people who experience negative symptoms would also experi-
ence positive psychotic symptoms, and that these syndromes would
both be correlated with methamphetamine use.

2. Method
2.1. Procedure

Participants were recruited in Canberra, Australia, through word-of-
mouth, online and print media advertisements, and flyers placed at nee-
dle and syringe programs and on public notice boards. Inclusion criteria
were use of methamphetamine on at least six occasions over the past
6 months and being at least 18 years of age. To measure typical patterns
of substance use in the past month, participants were excluded if they
had been incarcerated, hospitalised or in residential drug treatment
during the month prior to interview. All participants were volunteers
who provided informed consent and were reimbursed AU$40 for their
time and travel expenses. Interviews were one-hour in duration and
were conducted in public locations convenient to the participant
(e.g., cafes, shopping malls). The study was approved by the
Australian National University's Human Research Ethics Committee.

Participants were excluded from analyses if they (i) had not used
methamphetamine in the past month (n = 10), (ii) met the DSM-IV di-
agnostic criteria for lifetime schizophrenia (n = 20) assessed using the
Composite International Diagnostic Interview (CIDI [16]), or (iii) had
missing data on the Brief Psychiatric Rating Scale (BPRS [17]) or the
CIDI (n = 6). The CIDI module did not measure negative and
disorganised symptoms (DSM-V criteria A3-A5 for schizophrenia), and
did not screen for bipolar disorder or schizoaffective disorder (DSM-V
criteria D for schizophrenia).

2.2. Measures

2.2.1. Psychiatric symptoms

Psychiatric symptoms in the past month were assessed using the
BPRS, in which symptom severity is rated from (1) “not present” to
(7) “extremely severe” [17]. A selection of interviews was audiotaped,
with consent the participants (n = 21), and rated by a second inter-
viewer (R.M) to calculate interrater reliability. Cohen's kappa values
were at an acceptable level for all symptoms other than elevated
mood and bizarre behaviour (< 0.40) [18], and therefore these items
were excluded from analyses. After excluding elevated mood and bi-
zarre behaviour, interrater agreement for categorical ratings of psychi-
atric symptoms was substantial (kappa = 0.69, range = 0.44-0.90).

2.2.2. Substance use and other measures

Self-reported days of use in the past four weeks was assessed for
methamphetamine, alcohol, tobacco, heroin, other opioids, cocaine, ec-
stasy, cannabis, other hallucinogens, inhalants, benzodiazepines, anti-
depressants, and antipsychotic medication (“How many days have
you used [substance] in the past month?”). Other measures of metham-
phetamine use included age of first use and dependence in the past
month. Dependence was defined as a score of 4 or greater on the Sever-
ity of Dependence Scale (SDS [19]), which yields 71% sensitivity and 77%
specificity against a DSM-IV diagnosis of severe amphetamine depen-
dence [20]. Demographic measures included age in years, sex, years of
education, employment status, and current living arrangement. Family
history of psychiatric illness was measured using adapted modules
from the Diagnostic Interview for Psychosis (DIP [21]).

2.3. Statistical analyses

Factor analysis and latent class analysis were conducted in MPlus
version 7.2 [22]. Exploratory factor analysis was used to examine cur-
rent psychiatric symptoms and their inter-correlations, and was esti-
mated with the principal axis factors method and an oblique oblimin
rotation. Only factor loadings of 0.32 or higher were considered [23]
as this reflects 10% of the variance accounted for by the latent factor.
Factor analysis models with increasing numbers of extracted latent fac-
tors were compared with a series of goodness of fit indicators, including
Akaike Information Criterion (AIC) and Bayesian Information Criterion
(BIC), with lower values reflecting a better fitting model. Once the opti-
mal number of latent factor dimensions to be extracted were identified,
latent class analysis was applied to the extracted factor scores for each
participant.

The five-class mixture model could not be estimated with 1000 ran-
dom starts, and thus, indices of model fit were compared across two-
class, three-class and four-class models. The best-fitting model was se-
lected based on higher entropy, lower AIC and BIC. The Vuong-Lo-
Mendell-Rubin Likelihood Ratio Test (VLMR LRT) and the parametric
bootstrapped likelihood ratio test (BLRT) were used to examine
whether each additional class significantly improved the fit of the
model to the data [24,25]. Descriptive analyses were undertaken in
Stata version 14.1 [26], with medians (mdn) reported for skewed data.
Comparisons of median factor scores between each class were con-
ducted with Wilcoxon rank-sum test, with an alpha value of p <.01
used to adjust for multiple testing. Two-way independent samples t-
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tests (or Wilcoxon rank-sum test for skewed data) was used to compare
factors between sample subgroups (p < .05 considered statistically sig-
nificant). Correlates between factor scores and continuous variables
(i.e. age) were examined using Pearson's pairwise correlations for nor-
mally distributed data (or Spearman's rank correlation for skewed con-
tinuous data).

3. Results
3.1. Sample characteristics

The sample consisted of 154 participants, with a median age of
39.4 years (SD = 10.1). The majority were male (69%), unemployed
(67%) and single (64%). The median age of first methamphetamine
use was 19.3 years (SD = 7.1) and participants had used for a median
of 20.1 years (SD = 9.5). The highest endorsements for primary route
of methamphetamine administration in the past month were for injec-
tion (74%) and for smoking (20%). Participants had used methamphet-
amine on a median of 11.5 days (interquartile range = 5-20) in the
past month, and 42% were dependent on methamphetamine. Partici-
pants had used a median of 5 different drug classes (IQR = 4-6) in
the past month, most commonly tobacco (98%), cannabis (79%), alcohol
(65%), benzodiazepines (51%), and heroin (48%). The most prevalent
BPRS symptoms included anxiety (71%), depression (64%), hostility
(52%), suspiciousness (36%), and self-neglect (34%), while relatively
few participants reported disorientation (1%), motor retardation (1%),
mannerisms and posturing (2%), or uncooperativeness (2%).

3.2. Exploratory factor analysis

Indices of model fit were compared across one-, two-, three-, four-
and five-factor models for the 22 BPRS items. The three-factor model re-
ported the lowest BIC value and the two-factor solution reported the
lowest AIC value (Supplementary Table 1). The three-factor model
was selected as the most parsimonious factor model with the highest
factor loadings (Table 1). Disorientation, self-neglect and
uncooperativeness demonstrated poor discrimination between the fac-
tors and were excluded from the final three-factor solution. Disorienta-
tion failed to significantly load on any factor, self-neglect cross-loaded
across factor two (0.59) and three (0.75); and uncooperativeness
loaded moderately first (0.59) and the second factor (0.64).

The first identified factor encompassed grandiosity, unusual thought
content, hallucinations, tension, conceptual disorganisation, hyperactiv-
ity, distractibility, excitement, and mannerisms (labelled ‘positive/acti-
vation symptoms’). A second ‘affective symptoms’ factor comprised of
depression, anxiety, suicidality, guilt, somatic concern, and hostility.
The third ‘negative symptoms’ factor was characterised by blunted af-
fect, emotional withdrawal, and motor retardation. Internal reliability
for each factor (o« = 0.73-0.78) was at an acceptable level (Cortina,
1993). Positive-activation symptoms shared a moderate positive corre-
lation with the affective symptoms (r = 0.41, p £0.001), and a large
negative correlation with negative symptoms (r = —0.63, p < 0.001).
There was no statistically significant correlation between negative and
affective symptoms (r = 0.04, p = .591). Inter-item correlations for
each factor are provided in Supplementary Tables 2-4.

3.3. Correlations between factors and substance use

Correlates of each factor are shown in Table 2. Scores on both the
positive-activation and affective symptom dimensions were positively
correlated with median days of methamphetamine use in the past
month, as well as with median dependence score and median days of
antipsychotic medication use (Table 2). Participants with a familial his-
tory of affective disorder scored higher on positive-activation symptoms
and affective symptoms. Negative symptoms were positively correlated
with days of heroin use and days of benzodiazepine use in the past

Table 1
Exploratory factor analysis results.
Factor 1: Factor 2:  Factor 3: Unadjusted
Positive/activation Affect Negative median
(interquartile
range)?®
Factor correlations, r
(p-value)
Positive/activation - 0.410 —0.630 -
(<0.001)  (<0.001)
Affect - - 0.044 -
(0.591)
Item loadings
Grandiosity 0.995 1.0 (1-1)
Distractibility 0.987 1.0 (1-1)
Unusual thought 0.980 0.455 2.0 (1-3)
con.
Suspiciousness 0918 0.653 2.0 (1-4)
Hallucinations 0.889 0.689 2.0 (1-3)
Mannerisms 0.861 0.449 1.0 (1-1)
Conceptual disorg. 0.775 1.0 (1-1)
Tension 0.415 1.0 (1-2)
Excitement 0.412 1.0 (1-1)
Hyperactivity 0.395 1.0 (1-1)
Suicidality 0.998 2.0 (1-4)
Anxiety 0.996 4.0 (2-5)
Depression 0.995 4.0 (3-5)
Guilt 0.979 1.0 (1-3)
Somatic concern 0.953 2.0 (1-2.5)
Hostility 0.951 3.0 (2-5)
Blunted affect 0.995 1.0 (1-2)
Motor retardation 0.993 1.0 (1-1)
Emotional with. 0.989 1.0(1-2)
Disorientation 1.0 (1-1)
Self-neglect 0.586 0.749 2.0 (1-4)
Uncooperativeness 0.640 0.595 1.0(1-2)
Alpha reliability 0.79 0.73 0.77 -
Explained variance® 0.35 025 0.21 -

Note. Factor loadings below 0.30 have been suppressed. Unusual thought con. = Unusual
thought content. Conceptual disorg. = Conceptual disorganisation. Emotional with. =
Emotional withdrawal.

2 Median (IQR) for item across total sample.

b Cumulative explained variance = 0.81.

month. Affective symptoms were positively correlated with a median
of drug classes used in the past month. Unemployed participants scored
higher on the positive-activation symptoms, and female participants
scored higher on affect.

3.4. Latent class analysis

LCA was applied to factor scores to identify classes of participants
who had similar scores across the positive-activation, affective and neg-
ative symptoms. Indices of model fit (BIC and AIC) across two, three and
four-class models were compared. Likelihood ratio tests indicated that
goodness-of-fit was significantly improved with each successive
model (Table 3). Relative to the three-class model, the four-class
model included a very small fourth class (n = 9) which shared a largely
overlapping symptom profile with the third class. The most parsimoni-
ous model was the three-class model (Fig. 1, Supplementary Table 4),
with adequate entropy (0.785) and low BIC/AIC. Class one (44%, n =
68) is referred to as the positive-symptom class and reported high
positive-activation symptoms compared to class two (p < 0.001) and
three (p £0.001). Class two (31%, n = 47), referred to as the negative-
symptom class, reported comparatively higher negative symptoms fac-
tor scores compared to class one (p <£0.001) and three (p <0.001). Class
three (38%, n = 25) reported low scores on all three factors, and is thus
referred to as the low-symptom class (Fig. 1, Supplementary Table 4).
All three classes had similar affective symptom scores. Participants in
the negative-symptom class reported significantly more days of benzo-
diazepine use (z = —2.32, p = .020, mdn difference = 15.5 days), and
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Table 2
Sociodemographic, drug use and psychiatric correlates of factor dimensions.
Positive-activation Affect  Negative
Spearman's rank correlation (p
value)
Age in years 0.01 (0.931) —0.04 0.023
(0.593) (0.777)
Years of education —0.01 (0.861) —0.01 0.004
(0.903) (0.960)
Age of first methamphetamine —1.57 (0.119) —1.54 0.86
use (0.126) (0.389)
Years of methamphetamine use 0.07 (0.366) —0.01 —0.02
(0.948) (0.756)
Wilcoxon rank-sum test value (p
value)
Male sex 1.20 (0.231) 231 —0.64
(0.022)" (0.518)
Currently unemployed 2.12 (0.035)" 1.18 0.24
(0.238) (0.806)
Single and never married —0.44 (0.656) —0.13 0.17
(0.893) (0.862)
Immigrant background 0.36 (0.717) 0.98 0.01
(0.325) (0.993)
Family history of affective 1.97 (0.050)" 3.29 1.24
disorder (0.001)" (0.217)
Family history of schizophrenia —1.57 (0.119) —1.54 0.86
(0.126) (0.389)
Substance use in past month, r
(p-value)
Median SDS score 0.24 (0.003)" 0.41 —0.05
(<0.001)" (0.531)
Days of methamphetamine 0.16 (0.043)" 0.25 0.001
use (0.002)" (0.995)
Days of heroin use —0.30 (0.004)" —0.03 0.24
(0.753) (0.019)"
Days of other opioid use® —0.10 (0.408) —0.08 —0.15
(0.493) (0.189)"
Days of benzodiazepines use —0.13 (0.200) 0.114 0.213
(0.270) (0.037)"
Days of alcohol use —0.10 (0.328) 0.11 0.14
(0.249) (0.135)
Days of cannabis use —0.03 (0.699) 0.02 0.03
(0.860) (0.714)
Days of antipsychotic use 0.18 (0.031)" 0.15 0.02
(0.059) (0.772)
Days of antidepressant use —0.14 (0.338) —0.06 0.229
(0.689) (0.118)
Median number of drug 0.02 (0.756) 0.25 0.08
classes used” (0.002)* (0.314)

2 Other opioids includes methadone, morphine, and prescription pain killers.

b Drug classes includes methamphetamine, alcohol, tobacco, heroin, other opioids, co-
caine, ecstasy, cannabis, other hallucinogens, inhalants, benzodiazepines, antidepressants,
and antipsychotic medication.

* p<.05.

marginally more days of heroin use (z = —1.73, p = .084, mdn
difference = 7.0 days) in the past month compared to the positive-
symptom class. These two classes did not differ on days of methamphet-
amine use in the past month (z = —0.661, p = .508, mdn difference =
2.0 days). A supplementary three-class latent model was conducted on
the original 22 BPRS items (Table S6; Fig. S1).

Table 3
Criterion for model selection in latent class analysis.
Two-class Three-class Four-class
Entropy 0.869 0.785 0.817
AIC/Adjusted BIC 1180/1179 1144/1142 1119/1117

BLRT (p-value)
VLMR LRT (p-value)

—614.8 (<0.001)
—614.8 (0.044)

—580.1 (<0.001)
—580.1 (0.031)

—558.2 (<0.001)
—558.2 (0.0202)

Note. AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion, BLRT =
parametric bootstrapped likelihood ratio test, VLMR LRT = Vuong-Lo-Mendell-Rubin
Likelihood Ratio Test.

4. Discussion

We identified a negative symptom syndrome in methamphetamine
users without a diagnosis of schizophrenia, which unlike the positive-
activation or affective symptoms, was not correlated with current meth-
amphetamine use or related to familial risk for psychosis. These results
suggest that negative symptoms are unlikely to be due to the direct ef-
fect of acute methamphetamine use. In addition, negative symptoms
were reported by a subpopulation of methamphetamine users which
differed from the subgroup of participants who experienced positive
psychotic symptoms. This suggests that negative symptoms are not oc-
curring within the same syndrome as methamphetamine-associated
psychosis. The negative syndrome was not correlated with
methamphetamine-related depression (i.e. the affect factor), nor was
it related to the secondary side effects of antipsychotic medication. Sev-
eral alternative explanations are considered below.

Negative symptoms may be a consequence of neurotoxic impair-
ment in long-term methamphetamine users. Prolonged or heavy meth-
amphetamine use impacts normal brain function and prompts changes
in brain structure [27,28], which in turn, may indirectly precipitate neg-
ative symptoms [14]. Longitudinal evidence into methamphetamine
users indicates that negative symptoms become increasingly prominent
as positive symptoms subside over time [29,30]. This ‘residual state’ is
observed in other psychotic disorders [31]. This explanation is not
reflected in the current findings because negative symptoms were not
associated with duration of methamphetamine use (in years) or fre-
quency of methamphetamine use. Nonetheless, it would be informative
for future longitudinal studies to assess whether these psychiatric fac-
tors alternate or interact over time, and whether negative symptoms
may have prognostic utility in predicting clinical course and treatment
response [32-34].

Alternatively, negative symptoms in the current sample may reflect
a pre-existing neurobiological or genetic vulnerability found in some in-
dividuals, and these symptoms are antecedent to - rather than induced
by - methamphetamine use. Although not tested directly, the self-
medication hypothesis [35] suggests that people with premorbid nega-
tive symptoms [36] may subsequently use substances (such as meth-
amphetamine) to temporarily alleviate the distress and suffering
associated with these symptoms. People with negative symptoms may
use methamphetamine to increase sociability and reduce blunted affect,
and indeed, amphetamine does appear to obscure negative symptoms
in experimental studies of schizophrenia [13]. A self-medication ap-
proach does not explain why individuals in the negative-symptoms
class do not report positive symptoms. We would expect to these indi-
viduals to either report positive symptoms alone, with negative symp-
toms masked by methamphetamine use, or to manifest both negative
and positive symptoms which vary based on fluctuating patterns of
methamphetamine use over the past month.

Finally, negative symptoms measured in this study may be an arte-
fact of polysubstance use. The current study found that the negative
syndrome was positively correlated with days of heroin use and days
of benzodiazepine use in the past month. Heroin and benzodiazepine
use was common among the current sample, and this polysubstance
use pattern is common among people who inject drugs [37]. In contrast
to the psychostimulant effects of methamphetamine, heroin and benzo-
diazepines are central nervous system depressants which produce re-
duced neurophysiological processing, impaired motor movements,
and respiratory and cardiovascular depression [38]. The intoxication ef-
fects of these depressant drugs correspond to the observed negative
symptoms in the current study, including slowed movements and
speech, social withdrawal, and blunted emotional expressiveness
[39-41]. Our results align with a recent Canadian study of polysubstance
users [42], in which frequency of opioid use was associated with emo-
tional withdrawal, social withdrawal, and motor retardation, but was
not associated with measures of positive psychotic symptoms. Likewise,
the current study found that frequency of methamphetamine use was
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Fig. 1. Median factor scores by class membership. Note. Median factor score coefficients for
each dimension are zero for the total sample. Statistical comparison between latent classes
is available in Supplementary Table 4.

associated with positive - but not negative - symptomology. Prospec-
tive longitudinal research is needed to explore a causal relationship be-
tween intoxication effects of depressant drugs and negative symptoms
in methamphetamine users.

4.1. Clinical implications

Overlooking the role of polysubstance use in the manifestation of
negative symptoms may lead people with methamphetamine-
associated psychotic symptoms to be misdiagnosed as having schizo-
phrenia. A common clinical scenario may involve a patient who reports
positive symptoms (i.e. delusions of persecution) precipitated by heavy
methamphetamine use, as well as diminished emotional expression
due to intermittent opioid use. Although these symptoms are
substance-induced, such a patient would meet the symptom criteria
for schizophrenia in presenting with both delusions and negative symp-
toms during a one-month period. Clinicians are often inclined to attri-
bute psychotic symptoms to primary psychotic disorders rather than
to substance use [43], and such misdiagnosis may result in the inappro-
priate prescription of long-term antipsychotic medications [44] rather
than focusing on the management of substance use disorders. The find-
ings of the current study support the need for clinicians to carefully as-
sess each patient's drug history across all classes of substances,
including licit prescription medications (such as benzodiazepines) to in-
form decisions about differential diagnoses. This would involve consid-
ering the number of drug types used, the timing and quantity of most
recent use for each drug type, and recent changes in drug use patterns
[45].

4.2. Limitations

First, the CIDI Schizophrenia module [16,46] did not include a mea-
sure of negative or disorganised psychotic symptoms [9], and therefore,
some participants with a diagnosis of schizophrenia may not have been
properly excluded have been captured in the negative-symptom class.
Similarly, we did not screen for participants who met criteria for other
primary psychotic disorders, such as bipolar disorder or schizoaffective
disorder, who would report delusions or hallucinations that were not
better explained by methamphetamine use (i.e. persisted for one
month beyond intoxication). In the current study, these methamphet-
amine users would have been incorrectly identified as meeting the diag-
nostic criteria for SZ and confounded the symptoms profiles observed.
Second, in recruiting from the community rather than clinical settings,
the extracted factors may not generalise to methamphetamine users
who require hospitalisation for more acute or complex psychotic symp-
tomatology. Third, factor analysis typically requires a sample of at least

200 participants, and although this risk is reduced due to the high num-
ber of observed items and sufficient inter-item communality [47]. Fi-
nally, the current study could be strengthened with the use of a
standardised tool to quantify drug use frequency in the past month,
such as the Timeline Followback method [48].

4.3. Conclusions

We identified a negative symptom factor in people who use
methamphetamine and who do not meet diagnostic criteria for schizo-
phrenia. This negative syndrome was not correlated with methamphet-
amine use, and instead may be an artefact of depressant or sedative use.
Overlooking the role of polysubstance use in people who use metham-
phetamine may have obfuscated diagnostic differences
methamphetamine-associated psychosis and schizophrenia in prior re-
search. Clinicians should carefully assess each patient's drug history to
allow for greater accuracy when differentiating between
methamphetamine-associated psychosis and schizophrenia in commu-
nity settings.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.comppsych.2019.06.002.
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PROFILE OF METHAMPHETAMINE PSYCHOSIS

Study Four: Latent psychotic symptom profiles
amongst people who use methamphetamine — what

do they tell us about existing diagnostic categories?

This study has been published as following journal article:
McKetin, R., Voce, A., Burns, R., Ali, R., Lubman, D., Baker, A., David, C. (2018).
Latent psychotic symptom profiles amongst people who use methamphetamine: what

do they tell us about existing diagnostic categories? Frontiers in Psychiatry, 9: 578.

Foreword:

Study four addressed the fourth research question of this thesis: Are there different
profiles of lifetime delusions and hallucinations among people who use methamphetamine,
and how do these profiles correspond to the diagnostic criteria for schizophrenia (SZ)?
Latent class analysis was used to examine whether there are discrete profiles (or syndromes)
of lifetime delusions and hallucinations among a sample of current methamphetamine users
(n=554). In the preceding studies, | examined the psychiatric symptom profile among
subpopulations of methamphetamine users (i.e. those with primary psychosis in study two;
those without SZ in study three). In study four, I built upon this research by documenting the
psychiatric symptom profile across the broad population of people who use
methamphetamine, including people who met DSM-IV criteria for SZ. | conducted follow-
up analyses to investigate how the empirically-derived profiles of psychosis correspond to a
diagnosis of SZ. These findings provide insight into whether this diagnostic category
sufficiently captures the heterogeneity in psychosis among this population, or rather, whether

multiple diagnostic categories of psychosis (i.e. MAP) appear necessary.
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The inability to distinguish clearly between methamphetamine-related psychosis and
schizophrenia has led to the suggestion that “methamphetamine psychosis” does not
represent a distinct diagnostic entity but rather that the drug has triggered a vulnerability
to schizophrenia. We tested this possibility by exploring the latent class structure of
psychotic symptoms amongst people who use the drug and examining how these
latent symptom profiles correspond to a diagnosis of schizophrenia. Latent class analysis
was carried out on the lifetime psychotic symptoms of 554 current methamphetamine
users, of whom 40 met the DSM-IV criteria for schizophrenia. Lifetime diagnoses of
schizophrenia and individual psychotic symptoms were assessed using the Composite
International Diagnostic Interview. The chosen model found 22% of participants had a
high propensity to experience a wide range of psychotic symptoms (schizophrenia-like),
whereas the majority (56%) more specifically experienced persecutory delusions and
hallucinations (paranoid psychosis) and had a lower probability of these symptoms
than the schizophrenia-like class. A third class (22%) had a low probability of all
symptoms, with the exception of 34% reporting persecutory delusions. Participants in
the schizophrenia-like class were more likely to meet diagnostic criteria for schizophrenia
(26 vs. 3 and 1% for each of the other classes, p < 0.001) but the diagnosis failed
to encompass 74% of this group. These results are consistent with there being a
distinction between schizophrenia and methamphetamine-related psychotic symptoms,
both in terms of the propensity to experience psychotic symptoms, as well as the
symptom profile; however, this distinction may not be captured well by existing diagnostic
classifications.

Keywords: methamphetamine, amphetamine-related disorders, psychotic disorders, schizophrenia, diagnosis,
psychosis
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INTRODUCTION

Both current international classification systems for mental
disorders [i.e., the International Statistical Classification of
Diseases and Related Health Problems (ICD), 10th Revision (1)
and the Diagnostic and Statistical Manual, 5th edition, DSM-5
(2)] differentiate between psychosis related to methamphetamine
use (under the diagnosis of a substance-induced psychosis) and
primary psychotic disorders, such as schizophrenia. However, the
commonality between the symptom profile of methamphetamine
psychosis and acute paranoid schizophrenia (3, 4) often makes it
difficult to make a clear diagnosis, particularly in the early stages
of psychosis when prognostic information is not yet available
(5, 6). This frustration has led to concerns about the clinical
utility of the diagnostic categories and the potential ramifications
of misdiagnosis and failure to intervene early, particularly as
substance-induced presentations are often used as a justification
to exclude individuals from psychiatric care (7).

Most of the previous research that has attempted to
differentiate between schizophrenia and methamphetamine-
related psychosis use has done so by comparing symptom profiles
cross-sectionally. For example, Medhus and colleagues compared
individuals presenting with psychosis by whether or not they
tested positive for methamphetamine psychosis, and found no
significant differences in the severity of positive symptoms (5).
Hides et al. (6) similarly failed to find differences in the severity
of overall positive or negative symptoms in methamphetamine
users who met DSM-IV diagnostic criteria for substance-induced
psychosis and those who met DSM-IV criteria for a primary
psychotic disorder. Srisurapanont et al. (8) examined more
specific symptoms in methamphetamine psychosis, and, using
cluster analytic techniques, found evidence of negative, positive
and affective symptom clusters, which were almost the same
as that seen in a comparison group of patients diagnosed with
schizophrenia.

This lack of a clear diagnostic boundary between
methamphetamine-related psychosis and schizophrenia has
led Bramness and colleagues to propose that methamphetamine
psychosis does not represent a unique diagnostic entity, but
would be better conceptualized as a triggering of a schizophrenia
spectrum disorder in vulnerable individuals (9). This theory
is couched in the stress-vulnerability framework, whereby
vulnerability to psychosis occurs along a continuum of risk, and
exposure to methamphetamine interacts with this latent risk to
precipitate psychosis. Conceptualized within this framework,
a psychosis precipitated by methamphetamine need not be
considered a separate diagnostic entity from a primary psychotic
disorder. This possibility opens the door for such individuals to
be provided with an early intervention approach for psychosis,
including antipsychotic treatment, as would be the case for
individuals with a primary psychotic disorder.

On the other hand, methamphetamine use is associated
with different prognostic outcomes amongst people presenting
with psychosis (10-12). Case reports (13) and experimental
inductions of methamphetamine psychosis (4) suggest that it
is a transient phenomenon that does not warrant ongoing
anti-psychotic treatment. There is also emerging evidence

that the symptom profile associated with methamphetamine
use can be distinguished from that associated with primary
psychotic disorders, in that specific types of psychotic symptoms
(particularly non-persecutory delusions) are risk markers for
more persistent psychosis (14) and a diagnosis of a primary
psychotic disorder (15, 16). Together, this evidence suggests
a potential clinical benefit in identifying methamphetamine-
related psychosis as distinct from non-organic psychotic
processes.

One way to test whether there is any merit in retaining the
diagnostic category of methamphetamine-induced psychosis (cf.
the triggering of schizophrenia) is using latent class analysis.
Latent class analysis classifies population heterogeneity into
categorical groups of homogeneous individuals which may have
implications for classification (i.e., diagnosis), prognosis (i.e.,
longitudinal course), and treatment (i.e., propensity to respond
to different treatments) (17). Latent class analysis has been
increasingly applied in psychiatry to identify subgroups of
patients or clinical markers that may have clinical utility but
which are obscured by more traditional methods of analysis,
such as pairwise group comparisons that presuppose diagnostic
structures and their relationship to clinical characteristics (18-
20). In latent class analysis, the presence of a group of people
who are homogenous in their symptom profile should present
as a single latent class. The presence of more than one latent
class would suggest multiple groups of individuals who are
distinguishable based on their symptom profile, and would be
consistent with a need for different diagnostic categories to reflect
these different symptom typologies.

Here we use latent class analysis to examine whether
there is evidence of different classes of psychosis amongst
people who use methamphetamine, as well as to understand
how these classes correspond to the diagnostic category of
schizophrenia. We hypothesized that if psychosis amongst
people who use methamphetamine reflects the triggering of
schizophrenia, then we would detect a single latent profile
of psychotic symptoms, thus reflecting the symptom profile
associated with schizophrenia. Conversely, if methamphetamine
induced a psychosis that was distinct from schizophrenia then
this should manifest as a separate class reflecting the symptom
profile associated with methamphetamine-induced psychosis.
Essentially, the presence of two or more latent classes would
suggest different psychosis typologies in the population, and this
would be more consistent with a need for multiple diagnostic
categories to capture the heterogeneity in psychosis amongst
people who use methamphetamine.

MATERIALS AND METHOD

Participants and Procedure

Participants were drawn from two Australian-based studies of
methamphetamine users (21, 22). Data on 178 participants were
taken from a cross-sectional survey conducted in Canberra in
2016-17 of volunteers recruited from the general community
(via advertisements at needle and syringe programs, online
and other public locations, and word of mouth) who used
methamphetamine at least monthly and who were aged 18
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years or older (21). Data for a further 376 participants were
drawn from a longitudinal cohort study, the Methamphetamine
Treatment Evaluation Study (MATES) (22, 23), conducted in
Sydney and Brisbane from 2006 to 2011, and which included
400 participants seeking treatment for methamphetamine
use; and, a further 101 dependent methamphetamine users
recruited from the community. MATES participants had to
be 16 years or older and not have been incarcerated, in
drug treatment or any in-patient treatment for the month
prior to enrollment. Participants from the MATES cohort
were not included if they did not meet DSM-IV criteria for
methamphetamine dependence in the year prior to recruitment
(n = 17) or they did not complete the 3-month follow-
up interview where a diagnosis of schizophrenia was made
(n = 92). Interviews were conducted face-to-face or by phone.
All participants were volunteers who provided either written
or verbal informed consent and were reimbursed (up to
AUDA40 per interview). Verbal informed consent procedures
were approved by the institutional Human Research Ethics
Committee.

Measures

Psychosis Measures

A DSM-1V lifetime diagnosis of schizophrenia was made using
the Composite International Diagnostic Interview (CIDI)
Version 2.1 (24). Negative symptoms, disorganization and
catatonia were not assessed because of the difficulty assessing
these symptoms retrospectively across the participant’s lifespan
based on current self-report. Lifetime psychotic symptoms were
based on the symptom criteria for schizophrenia as assessed in
the pertinent section of the CIDI (24). Delusions were grouped
as persecutory, thought projection, thought interference,
passivity, reference, other delusions (erotomania, jealousy,
mind reading). Hallucinations were categorized as complex
auditory hallucinations, other auditory hallucinations, visual
hallucinations, and other hallucinations (olfactory, gustatory
and tactile). See the Supplementary material for further
detail.

Substance Use

Days of methamphetamine use and other substance use
(cannabis, heroin, cocaine, ecstasy, hallucinogens, alcohol,
and tobacco) in the previous 4 weeks was assessed using the
Opiate Treatment Index (25). Self-reported abstinence from
methamphetamine was confirmed in a sub-sample of the
MATES cohort using hair toxicology, with false reporting
of abstinence occurring in only 6% of cases (22). Other
methamphetamine use measures included age of first use,
main route of methamphetamine administration in the
previous month, as well as severity of methamphetamine
dependence in the previous month, assessed using the
Severity of Dependence Scale (SDS) (26). Dependence
on methamphetamine was defined as a score of 4 or
greater on the SDS scale, which corresponds to a CIDI
diagnosis of severe dependence with 71% sensitivity and 77%
specificity (27). Baseline data are reported for the MATES
participants.

Statistical Analysis

Latent class analysis in MPlus version 7.2 (28) was applied to the
binary symptom variables using a maximum likelihood estimator
with robust standard errors. Latent models were fitted using
600 random starting values to ensure replication of the final
log-likelihood value. Modeling was performed sequentially by
examining whether each additional class significantly improved
the fit of the model to the data, as indicated by the Voung-
Lo-Mendell-Rubin Likelihood Ratio Test (VLMR LRT) and the
parametric bootstrapped Likelihood Ratio Test (BLRT) (29, 30).
Owing to a sample size that may be sensitive to small chi-
square changes, entropy, the Bayesian Information Criterion
(BIC) and Akaike Information Criterion (AIC) were also used to
compare model fit. Consideration of all goodness of fit indices
and parsimony determined the number of classes to be extracted.
Participants’ most likely class was determined from the latent
class posterior distribution.

Other data analyses were performed using Stata SE version
14.1 (31). Group comparisons were made using a Pearson’s Chi
Square test for categorical data, t-tests for continuous data, and
a median comparison test for skewed continuous data (where
medians and interquartile ranges [IQR] are reported rather
than means and standard deviations [SDs]). Receiver Operating
Characteristics was conducted using the “roctab” command and
the “pvenn2” was used to produce the related Venn diagram. All
tests were two-sided with significance set at p < 0.05.

RESULTS

Characteristics of the Sample

Participants (n = 554) had a mean (SD) age of 34.3 (9.5)
years, 70% were male, and 89% were Australian born. They
had used methamphetamine for a mean (SD) of 15.4 (9.0)
years and they had used on a median (IQR) of 14 (6-
20) days in the previous month. For participants who had
used methamphetamine in the previous month (95%), 86%
usually took crystalline methamphetamine. The main route of
administration was injection (75%), with 18% smoking and 6%
swallowing or snorting the drug. The most commonly used
other drugs in the previous month were tobacco (95%), cannabis
(79%), and alcohol (68%), with other drugs being used less
commonly (heroin 31%, ecstasy 21%, cocaine 21%, inhalants 6%,
and hallucinogens 6%).

Lifetime psychotic symptoms were reported by 87% of
participants, most commonly persecutory delusions (74%),
auditory hallucinations (49%: 27% complex and 23% other),
visual hallucinations (43%) and other hallucinations (56%)
(Table 1). Seven percent of participants (n = 40) met the DSM-IV
criteria for a lifetime diagnosis of schizophrenia.

Latent Class Analysis

A two-class model significantly improved fit over a one class
model (Table 2). A three-class model further improved model fit.
The three-class model was selected based on significant VLMR
and LRT tests, and lower AIC and adjusted BIC (Table 2). A
sensitivity analysis was conducted that included a covariate in
the analysis that identified the study from which participants
were recruited to confirm that this was not unduly influencing
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TABLE 1 | Participant characteristics by latent class.

“Schizophrenia-like”

“Paranoid “Few symptoms” Total sample

(n =123) psychosis” (n = 309) (n=122) (n = 554)
SYMPTOMS (%)
Persecutory delusions 98 80 3gettt 74
Delusions of reference 54 10 oIt 18
Thought projection 74 12%%% ettt 23
Thought interference 63 4 ottt 16
Delusions of passivity 58 e eod T 16
Other delusions 75 27 orettt 32
Visual hallucinations 70 497 o111 43
Complex auditory hallucinations 74 177 g Tt 27
Other auditory hallucinations 11 36 ottt 23
Other hallucinations? 85 67+ o1t 56
DEMOGRAPHICS
Age (median years) 33 33 35 34
Male (%) 71 69 75 71
Years of schooling (median) 10 10 10 10
Unemployed (%) 82 75 73 76
Immigrant (%) 17 8 12 i
METHAMPHETAMINE USE
Duration of use (median years) 15 14 15 14
Days of use (median) 14 15 13 14
Injecting (%) 80 71 71 73
SDS score (%) 9 8 7 8
Dependent (%) 81 79 74 78
OTHER DRUGS USED IN THE PAST MONTH (%)
Tobacco 98 93* 96 95
Cannabis 82 79 78 79
Alcohol 72 69 61 68
Ecstasy 15 25* 147 21
Cocaine 20 23 20 21
Hallucinogens 7 6 6
Inhalants 7 2 6
Heroin 28 33 30 31
No. other drug classes used in past month (mean) 3.3 3.4 3.1t 3
DSM-IV criteria for schizophrenia (%) 26 3 o 7
‘D <0.05 "p<001,"p < 0.001, relative to the schizophrenia-like class.
7‘/o< 0.05, 7‘”;7 < 0.001, relative to the paranoid psychosis class.
aTactile, gustatory or olfactory.
the classes detected. A comparable pattern of results was found.  that was characterized more specifically by persecutory

Analysis of a four-class model is not reported as the highest log-
likelihood value was not replicated and thus was excluded from
further consideration.

The symptom profile associated with each class in the
three-class model is shown in Figure 1, and the characteristics
of each class are shown in Table 1. The first class (22% of
participants) had a very high probability of reporting almost
all types of psychotic symptoms and were significantly more
likely to meet the DSM-IV criteria for schizophrenia than
the other two latent classes (26 vs. 3 and 0%, respectively;
Table 1). We labeled this group “schizophrenia-like.” The
majority of participants (56%) had a symptom profile

delusions (80%) and various hallucinations (17-67%; labeled
“paranoid psychosis”). Participants in this class and had a
significantly lower probability of all symptom types than
the schizophrenia-like group and only 3% met the DSM-
IV diagnostic criteria for schizophrenia. The third class
comprised a minority of participants (22%) who had a very low
probability of all symptoms with the exception of 34% reporting
persecutory delusions (labeled “few symptoms”); none of the
participants in this class met the DSM-IV diagnostic criteria for
schizophrenia.

There were few differences in the demographic or
polysubstance use characteristics of the three classes. The
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TABLE 2 | Model fit statistics for latent class analysis.

Full sample (N = 554)

Two-class Three-class

Class membership 1.n =169 (31%)

2.n = 385 (89%)

1.n =123 (22%)
2.n = 309 (56%)
3.n =122 (22%)

Bootstrap LRT (p-value) —7475 (<0.001) —7119 (<0.001)
Entropy 0.796 0.761
AIC/Adjusted BIC 5498/5522 5384/5421
VLMR LRT (p-value) —7475 (<0.001) —7119 (0.003)

Akaike’s information criterion (AIC), Bayesian information criterion (BIC), Voung-Lo-
Mendell-Rubin (VLMR), likelihood ratio test (LRT).

paranoid psychosis class was less likely to be immigrant, more
likely to use ecstasy and less likely to smoke tobacco, while
the few symptom class had lower levels of polysubstance use
(Table 1).

Receiver Operating Characteristics (ROC)

Analysis

To assess concordance between the DSM-IV diagnosis of
schizophrenia and the schizophrenia-like class we detected in
our LCA analysis, we conducted a ROC analysis with the
schizophrenia-like class (n = 123) as the reference variable and
the DSM-IV diagnosis of schizophrenia (n = 40) as the class
variable. Although there was significant concordance between
meeting the DSM-IV criteria for schizophrenia and membership
in the schizophrenia-like class (ROC area = 0.62, 95% CI 0.58—
0.66), and the DSM-IV criteria had good specificity in detecting
participants in the schizophrenia-like class (98%), sensitivity
was poor (26%). Thus, 74% of participants who fell into the
schizophrenia-like class did not meet the DSM-IV diagnostic
criteria for schizophrenia (Figure 2).

DISCUSSION

These findings suggest the presence of three latent
classes of psychosis vulnerability amongst people who use
methamphetamine, including two distinct classes of individuals
who have vulnerability to psychotic symptoms, but differ in
both their symptom profile and their probability of psychotic
symptoms. The identification of multiple relatively distinct
latent classes of psychosis (i.e., different typologies of psychosis)
in this population is inconsistent with the notion of a single
diagnostic category, as would be expected if methamphetamine
was triggering schizophrenia. Importantly, we found latent
symptom profiles that aligned conceptually with the existing
diagnostic groupings of schizophrenia and methamphetamine-
induced psychosis. Specifically, the larger of the two groups
had a symptom profile comprised of persecutory delusions
and hallucinations, consistent with the classic notions of
methamphetamine-induced psychosis (32). In contrast, a
minority of people who used the drug had a comparatively high
probability of all psychotic symptoms and were significantly

more likely to meet the DSM-IV diagnostic criteria for
schizophrenia.

The presence of multiple latent psychotic symptom profiles
in this population does not preclude a common etiology for
psychosis vulnerability, in the sense that different psychotic
symptom profiles could plausibly stem from a common
underlying vulnerability, as suggested by Bramness et al. (9).
For example, influenza results in symptom clusters in multiple
organ systems, which present at different time in the course of
the illness, and can vary in how they are expressed between
individuals. However, the reliance on clinical syndromes over
etiological mechanisms to define psychiatric disorders means that
diagnostic categories need to carry weight in their usefulness
to describe and treat patients, and to understand their likely
prognosis. In this sense, our data suggest that there are
meaningfully different sub-populations of psychosis amongst
people who use methamphetamine (both in terms of their
propensity to experience psychotic symptoms and their symptom
profile). Further research is needed to determine the prognostic
utility of these identified typologies and how they could be better
captured using diagnostic criteria.

Although the identified classes of psychosis vulnerability bear
some resemblance to existing diagnostic categories, individuals
who had a high probability of psychosis (the schizophrenia-like
class) were not sufficiently well captured by the diagnostic criteria
for schizophrenia, or at least not as they are assessed through
the CIDI. This lack of sensitivity to identify methamphetamine
users who have a high probability of psychosis is likely to
underpin the challenges faced by clinicians in being able to apply
diagnostic criteria to identify individuals who would benefit from
early intervention strategies for a psychotic disorder (7). That
said, we also show that the majority of individuals who use
methamphetamine do not reach a threshold of symptom severity
associated with schizophrenia, and this has potentially important
implications for treatment, in that these individuals may not
benefit from sustained antipsychotic treatment and may require
a different model of care.

The poor sensitivity of the diagnostic criteria for
schizophrenia to detect individuals who we identified as
having a schizophrenia-like psychosis is likely to be due to the
poor sensitivity of the CIDI to detect schizophrenia (relative
to clinician ratings) more generally (33). However, it could
also reflect poor sensitivity of the DSM criteria in the context
of comorbid methamphetamine use. The latter view has been
flagged by researchers and clinicians (7), and suggested by
prospective data, in which 30% of individuals initially diagnosed
with an amphetamine-related psychosis are re-diagnosed with a
primary psychotic disorder within 10 years (34). The existence of
this orphan category of individuals who had a high probability
of psychosis, but who failed to meet the DSM-IV criteria for
schizophrenia, may explain clinical descriptions of a persistent
or prolonged form of psychosis amongst people who use
methamphetamine (as distinct from schizophrenia), and that
this phenomena shares commonality with schizophrenia both
in terms of its familial morbidity (35) and symptom profile
(14). These individuals may have an underlying vulnerability
to schizophrenia that is triggered by methamphetamine, or
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FIGURE 1 | Lifetime symptom prevalence for the three-class model.

e "'Schizophrenia-like" (n = 123) = == "Paranoid psychosis" (n = 309) ===

"Few symptoms" (n = 122)

conversely, are using the drug as a form of self-medication to
manage a premorbid vulnerability or prodromal state.

Our finding suggest that assessing the past experience of
specific types of psychotic symptoms may help to identify
methamphetamine-related psychosis patients who would benefit
from an early intervention for a psychotic disorder. Specifically,
we found a broader symptom profile (i.e., presence of non-
persecutory delusions and complex auditory hallucinations)
amongst individuals who had a schizophrenia-like psychosis
profile. This finding aligns with our previous research which
found that the presence of these symptoms was associated
with psychosis that persisted beyond methamphetamine use
and that their presence in first episode psychosis portended
a subsequent diagnosis of schizophrenia (14-16). Conversely,
evidence of a second class of people with paranoid psychosis,
similar to the current conceptualization of methamphetamine-
induced psychosis, suggests that individuals who report having
only ever experienced persecutory delusions (with or without
hallucinations) are likely to be at much lower risk of having
schizophrenia and may benefit more from substance use
treatment to reduce their risk of subsequent psychotic episodes
rather than ongoing antipsychotic treatment. A caution here
is that we did not have prognostic data available to validate
the clinical utility of the latent classes of psychosis that we
detected. For this reason we suggest that the monitoring of
symptoms, including their response to clinical interventions,
remains imperative.

The presence of a sub-group of individuals who report
having experienced few psychotic symptoms, or only paranoia,
suggests differential vulnerability to methamphetamine-related
psychosis. This observation is consistent with previous literature
showing that not all people who use the drug develop psychotic

Total sample (N = 554)

Class 1 DSM-IV criteria

for schizophrenia

(Schizophrenia-like)

FIGURE 2 | Venn diagram showing overlap between the schizophrenia-like
class and a DSM-IV diagnosis of schizophrenia.

symptoms (36) and the continuum of psychosis vulnerability
observed at a population level, this owing to the many genetic
and environmental factors thought to contribute to psychosis
risk (37). The preponderance of persecutory delusions across all
classes of psychosis vulnerability, even amongst participant with
no other psychotic symptoms, may reflect suspiciousness related
to the illicit-drug using context (e.g., fear of retribution, social
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conflict, police surveillance). It could also reflect a continuum
of vulnerability whereby persecutory delusions are expressed
at lower levels of psychosis proneness, and conversely, that
higher levels of vulnerability are required for the expression of
hallucinations and non-persecutory delusions (36).

A limitation of the current study was that schizophrenia
was the only primary psychotic disorder diagnosed and only a
small number of participants met the criteria for this disorder.
However, we did not exclude psychotic symptoms that occurred
in the context of depression or mania when making this
diagnosis, and therefore any participants meeting the symptom
criteria for positive symptoms (i.e., presence of delusions and/or
hallucinations) in the context of these affective disturbances
would have been captured under a diagnosis of schizophrenia.
In addition, we used a DSM-IV diagnosis of schizophrenia (cf.
DSM-5) and we did not include negative symptoms, or symptoms
of disorganization or catatonia when making the diagnosis. The
inclusion of these symptoms may have improved alignment
between the diagnosis of schizophrenia and our high probability
of psychosis sub-population, as some of these symptoms have
been shown to differentiate between sub-classes of psychosis
proneness and predict conversion to psychotic disorders (20).
Finally, we did not attempt to diagnose substance-induced
psychosis in this sample, so although we observed a symptom
profile consistent with methamphetamine-related psychosis, we
cannot confirm whether these participants would have met
criteria for this disorder.

The finding that immigrants had a higher probability of
psychosis is consistent with migration being a risk factor for
psychosis (38), but it may also reflect racial differences in
psychosis risk. It is important to note that our sample consisted
of mostly Australian born individuals, and this may affect how
the findings generalize to other racial groups and cultures. There
was also a high rate of polysubstance use, including cannabis
use, in this sample. Cannabis use in particular has been related
to increased risk of developing a psychotic disorder (39, 40),
and more cannabis frequent use is associated with an elevated
occurrence of psychotic symptoms amongst people who use
methamphetamine (23). However, we did not find any evidence
of greater polysubstance use, including cannabis use, amongst
participants who had a high probability of psychosis in this
sample.

In sum, we demonstrate the importance of retaining the
diagnostic category of methamphetamine-related psychosis (i.e.,
substance-induced psychosis in the DSM-5) as an alternative
to schizophrenia, as it is clear that the majority of people
who use methamphetamine have a relatively low propensity to
experience psychotic symptoms that would meet the criteria
for schizophrenia, and have a different symptom typology.
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PROFILE OF METHAMPHETAMINE PSYCHOSIS

Study Five: A latent class analysis of psychiatric
symptom profiles associated with past-month

methamphetamine use

This study is based on the publication:
Voce, A., Burns, R., Castle D., Calabria, B., & McKetin, R. (2021). A latent class
analysis of psychiatric symptom profiles associated with past-month

methamphetamine use. Psychiatry Research, 298, 113760.

Foreword:

Study five addressed the final research question of this thesis: Are there different
profiles of psychiatric symptoms among people who use methamphetamine, and how do these
profiles represent people with SZ and people with MAP? Using latent class analysis, |
investigated whether there are separate profiles (or syndromes) of psychiatric symptoms
among 160 people who used methamphetamine in the past month. To build upon the
previous study, | measured a much wider range of symptoms (including affective,
activation/disorganised, negative, and positive psychotic symptoms) within the past-month
(rather than lifetime). It is important to understand how syndromes of psychosis manifest in
current symptomatology, as clinicians would typically observe an individual’s current
psychiatric presentation when making diagnostic judgements. To inform an understanding of
whether MAP is a distinct disorder from SZ, | examined whether different latent profiles
represented people who met lifetime diagnostic criteria for SZ relative to those who met

lifetime diagnostic criteria for MAP.

79



Psychiatry Research 298 (2021) 113760

o %

ELSEVIER

journal homepage: www.elsevier.com/locate/psychres

Contents lists available at ScienceDirect PSYCHIATRY

RESEARCH

Psychiatry Research

A latent class analysis of psychiatric symptom profiles associated with

t.)

Check for
updates
L |

past-month methamphetamine use

Alexandra Voce ™", Richard Burns?, David Castle >¢, Bianca Calabria ¢, Rebecca McKetin ©

2 Centre for Research on Ageing, Health and Wellbeing, Australian National University, Building 54, Mills Road, Acton, ACT 2601, Australia
Y Centre for Complex Interventions, Centre for Addictions and Mental Health, Toronto, Canada

¢ University of Toronto, Toronto, Canada

d Research School of Population Health, Australian National University, Building 54, Mills Road, Acton, ACT 2601, Australia
€ National Drug and Alcohol Research Centre, University of New South Wales, 22 King Street, Randwick, NSW 2031, Australia

ARTICLE INFO

Keywords:

Amphetamine

Stimulants

Schizophrenia
Methamphetamine-related
Substance-induced
Methamphetamine-associated
Drug-induced

ABSTRACT

We explored latent psychiatric symptom profiles associated with methamphetamine use, and examined how
these corresponded to diagnoses of schizophrenia (SZ) and methamphetamine-associated psychosis (MAP). We
assessed psychiatric symptoms among 160 people who had used methamphetamine in the past month. Psychi-
atric symptoms were defined as a score of 4+ on Brief Psychiatric Rating Scale (BPRS) items. Diagnoses were
made using the Composite International Diagnostic Interview (CIDI). Participants were defined as having MAP if
they met symptom criteria for SZ, but symptoms were considered to be always the result of substance use. Latent
class analysis identified three classes. Class one (44% of participants) had a low probability of most BPRS
symptoms; 4% met criteria for SZ, 51% for MAP. Class two (31% of participants) had a higher probability
hallucinations and suspiciousness (37-46%); 72% met criteria for MAP, and 7% for SZ. Class three (25% of
participants) had the highest probability for all positive psychotic symptoms (hallucinations, suspiciousness,
grandiosity, unusual thought content; 32-82%), and reported activation, conceptual disorganisation, and tension
(35% met criteria for SZ and 17% for MAP). We found three distinct classes of psychiatric symptom profiles, two
of which showed partial alignment with diagnostic constructs of SZ and MAP.

1. Introduction

People who engage in heavy long-term use of methamphetamine
comprise a complex clinical population, with elevated rates of comorbid
primary psychotic disorders such as schizophrenia (SZ; Akindipe et al.,
2014; Sara et al., 2015). Among those without a primary psychotic
disorder (endogenous to the person), 43% of people dependent on
methamphetamine experience a transient psychotic syndrome (Lecomte
etal., 2018), referred to here as methamphetamine-associated psychosis
(MAP; Glasner-Edwards et al., 2008; Grant et al., 2012). To meet the
DSM-5 diagnostic criteria for MAP (American Psychiatric Association
[APA]; 2013), individuals must experience delusions and hallucinations
(i.e. positive psychotic symptoms) that are deemed to be aetiologically
related to methamphetamine use (e.g., occur during or subsequent to
methamphetamine use, not persist for a substantial period after cessa-
tion of methamphetamine use, and not be better accounted for by a
pre-existing non-organic psychosis or other medical condition). A

* Corresponding author.
E-mail address: alexandra.voce@anu.edu.au (A. Voce).

https://doi.org/10.1016/j.psychres.2021.113760
Received 20 April 2020; Accepted 23 January 2021
Available online 27 January 2021

0165-1781/© 2021 Elsevier B.V. All rights reserved.

diagnosis of SZ can be appropriate when positive psychotic symptoms
are present and not better explained by substance use. Unlike MAP, a
diagnosis of SZ can also be based on other (non-essential) symptoms,
including disorganised speech, grossly disorganised or catatonic
behaviour, and negative symptoms (i.e. diminished emotional expres-
sion or avolition), and it requires continous signs of disturbance to
persist for a period of six months or more (APA, 2013). Not all cases of
methamphetamine-related psychosis fit neatly into these diagnostic
categories. A proportion of people experience persistent symptoms of
psychosis following methamphetamine use, but do not meet the full
criteria for SZ (McKetin et al., 2016; Voce at al., 2019a). Distinguishing
between SZ and MAP in clinical settings is notoriously difficult (Mathais
et al. 2008) and 25-38% of patients initially diagnosed with MAP in
clinical settings are subsequently rediagnosed with schizophrenia (Kit-
tirattanapaiboon et al, 2010; Medhus et al, 2015; Niemmi Pyntarri et al,
2013).

Although separate aetiological mechanisms are theorised to
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underpin SZ and MAP (Flaum & Schultz, 1996), these conditions can be
virtually identical in cross-sectional presentation (Bell, 1965; Medhus
et al., 2013); both are characterised by prominent delusions of perse-
cution and reference, auditory, and visual hallucinations. Notably, dis-
organised speech and behaviour are featured in the diagnostic criteria
for SZ, but not MAP, and yet these symptoms are observed in both dis-
orders. Moreover, several studies suggest that some genetic and familial
risk factors are common to both disorders (Arunogiri et al., 2018; Ikeda
etal., 2013), as people with MAP are more likely to report a history of SZ
among their biological relatives compared with methamphetamine users
with no history of psychosis (Chen et al., 2005).

The overlapping characteristics between MAP and SZ have led some
to argue that these conditions are not separate clinical entities, but
rather, that MAP is SZ precipitated by methamphetamine use among
vulnerable people (Bramness et al., 2012). In other words, MAP and SZ
may be better represented as quantitative (rather than qualitative) dif-
ferences on a disease continuum. This hypothesis aligns with the argu-
ment that traditional approaches of classifying psychotic disorders into
discrete categories draws artificial boundaries around psychotic phe-
nomena that are actually continuous in nature (Cuthbert & Insel, 2010;
Morris et al., 2016). Instead, it is argued that conceptualising psychotic
disorders as interrelated phenomena on a continuum (or several con-
tinua) would be a more valid approach to understanding the aetiological
and pathophysiological structure of psychosis (Potuzak, et al., 2012). On
the other hand, this does not necessarily mean that distribution of
etiological influences underlying this continuum is also continuous.
Kendler and colleagues (2019) has recently found differences in the
familial risk for those with substance-induced psychosis and SZ: while
familial risk for SZ predicts progression from substance-induced psy-
chosis to SZ, people with substance-induced psychosis who do not
develop SZ have a comparatively lower familial risk for SZ and relative
higher familial risk for substance use disorders.When investigating
whether existing diagnostic categories capture the true heterogeneity in
symptoms among a population, it can be informative to explore psy-
chiatric profiles derived directly from the data. Latent class analysis
(LCA) is a data-driven statistical technique that identifies classes of in-
dividuals (i.e. subpopulations) who exhibit similar profiles of item
endorsement (e.g. psychiatric symptoms). Using LCA, McKetin and
colleagues (2018) derived three latent classes among people who use
methamphetamine based on their lifetime profiles of positive psychotic
symptoms. This included a “schizophrenia-like” class (22% of people)
with a high likelihood of experiencing multiple types of delusions and
hallucinations, differentiated from a “paranoid psychosis” class (56% of
people) who experienced persecutory delusions and hallucinations, but
at a lower likelihood than the schizophrenia-like class. The
schizophrenia-like class not only exhibited a different profile of symp-
toms compared with the paranoid psychosis class, but also captured a
majority of people who met diagnostic criteria for SZ. These results are
consistent with the argument that multiple diagnostic categories are
needed to describe the heterogeneity in psychosis among people who
habitually use methamphetamine.

To provide a diagnosis of MAP or SZ, a clinician will typically
observe an individual's current psychiatric presentation, and assess
prior psychiatric history (APA, 2013). Thus, to judge the clinical utility
of a diagnostic category for MAP, further work is needed to test whether
multiple profiles (i.e. syndromes) emerge when applying LCA to current
(rather than lifetime) symptoms. Peralta and colleagues (2002) found a
low level of concordance between latent class models when applied to
lifetime, relative to past-month, ratings of psychotic symptoms. Those
authors concluded that symptom profiles derived through LCA are
highly dependent on the period of assessment, possibly because
observing current symptoms allows for better differentiation between
the unique profiles of people with early-stage psychoses relative to
chronic long-term psychoses. When formulating psychotic disorder di-
agnoses, clinicians will also assess a broad range of signs and symptoms
beyond delusions and hallucinations (APA, 2013). It is particularly
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informative to evaluate disorganised speech, disorganised behaviour,
and negative symptoms, as these are listed within the diagnostic criteria
for SZ. Thus, incorporating these symptoms (measured in the current
episode) may improve the demarcation between latent classes, provide a
more precise and complete account of profiles (or syndromes) of psy-
chotic symptoms in this population, and reveal how these clinical groups
may present differently in clinical settings.

The present study examines whether there are different profiles (or
syndromes) of psychotic symptoms among people who use metham-
phetamine, based on their current (past-month) profiles of psychiatric
symptoms. Based on the current diagnostic distinction between MAP
and SZ, we expect to identify at least two classes of distinct latent psy-
chiatric symptoms that align with each of these disorders. This finding
would support the utility of having multiple diagnostic constructs for
psychosis (i.e. a separate category for MAP) in this population. Alter-
natively, if all individuals with psychotic symptoms are represented in a
single latent class, this would suggest that all psychoses associated with
methamphetamine use (i.e. MAP and SZ) are better conceptualised as
one common clinical entity with a shared symptom profile. We also
examine how these profiles align with the DSM-IV lifetime diagnostic
criteria for SZ and MAP.

2. Method
2.1. Procedure

Participants were people who used methamphetamine who were
recruited through word-of-mouth, and through advertising on public
flyers, in local magazines, and online. All participants were volunteers
who provided oral informed consent and were reimbursed AU$40. The
study was approved by the Australian National University’s Human
Research Ethics Committee and conducted in Canberra, Australia. For
recruitment into the study, participants had to be at least 18 years of age,
have used illicit methamphetamine on at least six occasions over the
previous 6 months, and had not been incarcerated, hospitalised or in
residential drug treatment during the month prior to interview. This
final criterion was necessary to obtain a naturalistic picture of substance
use in the previous month. For inclusion in the current analysis, par-
ticipants had to have also used methamphetamine during the past month
to ensure that measures of methamphetamine use corresponded to the
past-month timeframe used to measure psychiatric symptoms. From the
original sample of 189 participants, those who had not used metham-
phetamine in the previous month (n=11), did not complete the Brief
Psychiatric Rating Scale Extended Version (BPRS-E; n=2), or did not
exhibit any clinically significant symptoms on the BPRS-E (n=16) were
excluded from all analyses. This gave a final sample of 160 participants.

2.2. Measures

2.2.1. Drug use

Drug use measures included the number of days of use in the pre-
vious four weeks for methamphetamine and all other major drug classes,
using questions from the Opiate Treatment Index (Darke et al., 1991).
Other drug measures included the main form of methamphetamine used
(crystalline, powdered, or other), route of administration in the previous
month (injection, smoking, snorting, or swallowing), and age at first
methamphetamine use. Methamphetamine dependence in the previous
month was defined as a score of four or greater on the Severity of
Dependence Scale (Gossop et al., 1995). This definition yields 71%
sensitivity and 77% specificity against a DSM-IV diagnosis of amphet-
amine dependence (Topp & Mattick, 1997).

2.2.2. Psychiatric symptoms

Psychiatric symptoms in the previous month were assessed using 24
items on the Brief Psychiatric Rating Scale Extended (BPRS-E; Ventura
et al,, 1993), and scored in severity from 1 (“not present”) to 7
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(“extremely severe”). Current symptoms were defined as a score of four
or greater on each item, which is the BPRS cut-off used to identify
clinically significant symptoms (Lukoff et al., 1986). Four items
(disorientation, uncooperativeness, mannerisms, and motor retardation)
were reported by under three percent (n=5) of the sample. These items
were excluded from further analyses because including items with very
low endorsement can make LCA models unstable ( Nylund-Gibson &
Choi, 2018). A selection of interviews was audiotaped (n=21) and rated
by a second interviewer (RM) for interrater reliability. Cohen’s kappa
values were at an acceptable level for all binary symptoms, other than
elevated mood and bizarre behaviour (< 0.40) (Landis & Koch, 1977);
hence, these items were excluded from the LCA. Interrater agreement for
binary ratings of the remaining psychiatric symptoms was substantial
(agreement = 0.85 - 0.95; kappa = 0.44 — 0.90). When describing re-
sults, these 18 symptoms were grouped in reference to four subscales
identified by Dazzi and colleagues (Dazzi et al., 2016). These included
anxiety, guilt, depression, and suicidality (affective symptoms); hallu-
cinations, unusual thought content, suspiciousness, and grandiosity
(positive symptoms); blunted affect and emotional withdrawal (negative
symptoms); excitement, motor hyperactivity and distractibility (acti-
vation symptoms), and conceptual disorganisation, tension, hostility,
self-neglect, and somatic concerns.

2.2.3. Lifetime diagnosis of SZ

A lifetime DSM-IV diagnosis of SZ was generated using the Schizo-
phrenia Module of the Composite International Diagnostic Interview
(CIDL; Andrews & Peters, 1998). DSM-IV (APA, 1994) diagnoses of SZ
were based on measures of positive psychotic symptoms (SZ criteria
A1-A2), functional impairment (SZ criteria B), illness duration (SZ
criteria C), and medical or substance use exclusions (SZ criteria E). The
diagnosis did not consider negative or disorganisedsymptoms (SZ
criteria A3-A5), and diagnoses did not exclude diagnoses of bipolar
disorder or schizoaffective disorder (SZ criteria D). A DSM-IV diagnosis
of SZ using the CIDI corresponds to 50-95% specificity and 20-93%
sensitivity against diagnostic ratings made by experienced clinicians
(Cooper et al., 1998).

2.2.4. Lifetime methamphetamine-associated psychosis (MAP)

Lifetime psychosis associated with methamphetamine use (MAP)
was assessed using items from the CIDI Schizophrenia module (relating
to DSM-IV diagnostic criteria for SZ). Participants were defined as
having MAP if they (i) had delusions or hallucinations that met symptom
criteria for SZ (SZ criteria A1-A2), (ii) psychotic symptoms were always
the result of substance use (SZ criteria E), (iii) psychotic symptoms were
not the result of a physical illness or injury (SZ criteria E), (iv) psychotic
symptoms resulted in clinically significant distress or impairment in
social, occupational, or other important areas of functioning (SZ criteria
B), and (v) they did not meet full DSM-IV criteria for SZ based on the
CIDI module. Of those who met this criteria for MAP (n=78), 87%
(n=68) reported that psychotic symptoms were due to methamphet-
amine or amphetamines, a further 6% (n=>5) cited methamphetamine
use in combination with other substances (cannabis, LSD, and alcohol),
and 6% (n=>5) did not report the substance involved. See Supplementary
Table 1 for further detail.

2.2.5. Other measures

Using a module from the Diagnostic Interview for Psychosis (DIP;
Castle et al., 2006), participants were asked whether any first- or
second-degree blood relatives had a history of SZ or non-psychotic af-
fective disorder (such as depression or anxiety). Demographic measures
included age in years, sex, completed years of schooling, current
employment status, formal post-secondary qualifications, incarceration
history, current living arrangement, and main source of income in the
previous month.
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2.2.6. Statistical analyses

Latent class analysis in MPlus v7.2 (Muthén, 2012) was applied to
the binary BPRS-E variables (i.e. symptom present at a severity of four or
higher) to identify mutually exclusive classes of participants who pre-
sented with similar patterns of specific psychiatric symptoms. The latent
classes were extracted by maximizing between-class differences and
minimizing the within-class differences (Muthén, 2004). Preferred
models are those with higher entropy, and lower Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC) scores. The
Voung-Lo-Mendell-Rubin  (VLMR) likelihood ratio test and
Lo-Mendell-Rubin (LMR) likelihood ratio test were used to examine
whether models with additional classes significantly improved the fit of
the model to the data (Lo et al., 2001; Yang et al., 2006). Once the
best-fitting latent class model was determined, the likelihood of
reporting each BPRS-E symptom was compared between the classes
using Pearson’s chi-square tests (XZ). To examine differences in diag-
nostic groupings (i.e. MAP and SZ), demographic, drug use, and clinical
characteristics between the classes, Pearson’s chi-square tests were used
for categorical variables, and Kruskal-Wallis one-way analyses of vari-
ance were used for (non-normally distributed) continuous variables.

3. Results
3.1. Participant characteristics

The study sample consisted of 160 participants, with a median age of
39 years (interquartile range [IQR] = 33 — 46). The majority were male
(66%), unemployed (68%) and single (66%). Participants had used
methamphetamine for a median of 20.1 years (SD= 9.29), and 42% were
currently dependent on the drug. During the previous month, partici-
pants had used methamphetamine on a median of 12 days (IQR = 5 -
20), with most reporting crystalline as the main form (93%) and injec-
tion as their main route of administration (76%). The majority of par-
ticipants had also used tobacco (98%), cannabis (79%), and alcohol
(65%) during the previous month. Half of the participants (50%) re-
ported a family history of affective disorders and 32% reported a family
history of SZ. Twenty participants (12%) met criteria for a lifetime DSM-
IV diagnosis of SZ based on the CIDI. Seventy-eight participants (49%)
met lifetime criteria for MAP (based on items from the CIDI).

3.2. Latent class analysis model

Indices of model fit were compared across two-class, three-class, and
four-class models (Table 1). A five-class model was also estimated, but
the results of this model were deemed unreliable, as the best log-
likelihood was not replicated with 1000 random starts. Likelihood
ratio tests indicated that goodness of fit was significantly improved with
the inclusion of a second class (over a single-class model), and with the
inclusion of a third class (over a two-class model). Goodness-of fit was
not significantly improved with inclusion of a fourth class (over a three-
class model). Relative to the four-class model, the three-class model had
a higher AIC value, but a lower BIC value and a more parsimonious
solution, with only modest decrease (3.5%) in entropy. The BIC has been

Table 1
Criteria for model selection in latent class analysis.
Two-class Three-class Four-class
model model model
AIC 2274 2240 2218
BIC 2388 2412 2449
Entropy .833 .821 .856
Likelihood Ratio Tests (p-value)
Voung-Lo-Mendell- 187.2 (p=.005)  72.5 (p=.001) 59.6 (p=.221)
Rubin
Lo-Mendell-Rubin 185.3 (p=.005) 71.8 (p=.001) 59.0 (p=.226)

Note. AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion
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recognised by several authors as a more reliable indicator of model fit
(Nylundet al., 2007; Yang, 2006), and Raftery (1995) has argued that a
model with a 10-point decrease in BIC value has a substantial (150:1)
likelihood of being the more appropriate model. In consideration of all
indices of model fit, and in particular the LRT comparisons and parsi-
mony, the three-class model was selected as the best fitting model.
Participants within the three classes were subsequently compared for
their probability of reporting each BPRS-E symptom (Supplementary
Table 2).

3.3. Latent symptom profiles

Class one comprised half of the participants (46%, n=74) and was
labelled the ‘low-pathology’ class (Fig. 1). These participants reported a
median of two clinically significant BPRS symptoms, most commonly
anxiety and depression (50-59%), but had a much lower likelihood of
positive psychotic symptoms (0-11%) compared with the other classes.
Class two comprised one-third of participants (29%, n=46) and was
labelled the ‘moderate-pathology’ class. These participants reported a
median of five clinically significant BPRS symptoms, had a very high
likelihood of most affective symptoms (depression, anxiety, and suici-
dality; 71-100%), and were more likely to report suspiciousness, hal-
lucinations, and unusual thought content (22-46%) compared with
people in the low-pathology class. Class three comprised one-quarter of
participants (25%, n=40) and was labelled the ‘high-pathology’ class.
Relative to people in other classes, those in the high-pathology class had
a much higher likelihood of reporting all positive psychotic symptoms
(32-82%), particularly unusual thought content (82%) and hallucina-
tions (82%). These participants also experienced a much greater range of
psychiatric symptoms relative to other classes. They reported a median
of eight clinically significant BPRS symptoms, and were significantly
more likely to experience tension (25%), conceptual disorganisation
(20%), and all symptoms of activation (excitement, motor hyperactivity,
distractibility; 15-20%), relative to people in other classes (0-3%
reporting these symptoms).

3.4. Concordance with diagnostic constructs

Participants in the high-pathology class were significantly more
likely to meet the lifetime diagnostic criteria for SZ (35%) than
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participants in the moderate-pathology class (7%). The remaining 58%
of the high-pathology class did not meet criteria for either SZ or MAP
(Table 2). Conversely, participants in the moderate-pathology class were
significantly more likely to meet lifetime diagnostic criteria for MAP
(72%) than participants in the high-pathology class (17%). Participants
in the low pathology class were unlikely to meet criteria for SZ (4%)
although 51% met the criteria for MAP.

3.5. Other correlates of class membership

Those in the high-pathology class were more likely to report a family
history of SZ (47%) compared people in the moderate- (24%) or low-
pathology classes (27%) (Table 2). Dependence on methamphetamine
was more common in the moderate-pathology class (67%) than the low-
pathology class (34%). Those in the high-pathology class were more
likely to have nominated injection as their main route of methamphet-
amine administration during the past month (90%, n=36) relative to
those in the low-pathology class (73%, n=54) and moderate-pathology
class (70%, n=32).

4. Discussion

We identified three psychiatric symptom profiles among people who
use methamphetamine, including two relatively distinct syndromes of
psychotic symptoms (i.e. the moderate- and high-pathology profiles).
These results are largely consistent with notion of a MAP syndrome that
is phenotypically distinct from SZ. The moderate-pathology profile
broadly aligns with current conceptualisations of methamphetamine-
associated psychoses, with psychiatric symptoms (persecutory beliefs,
hallucinations, and affective distress) that have been widely observed in
MAP (McKetin et al., 2016; Voce et al., 2019a). Seventy percent of those
with this profile met criteria for MAP during their lifetime, relative to
7% who met criteria for SZ. In contrast, the high-pathology profile
broadly aligns with the current concept of SZ with comorbid metham-
phetamine use. Although the high-pathology profile was reported by a
minority of methamphetamine users (25% of the total sample), it
captured most (70%) of those who met criteria for SZ during their life-
time. By contrast, the high-pathology profile captured only 8% of people
who met criteria for MAP during their lifetime. These people exhibited a
higher propensity to currently experience delusions and hallucinations

Low-pathology (46%, n=74)

=== Moderate-pathology (29%, n=46)

High-pathology (25%, n=40)

Hal SN CD
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pathology), + (moderate- versus high-pathology), and x (low- versus high-pathology). Statistical comparison detailed in Supplementary Table 2.
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Table 2
Demographic, clinical, and substance use characteristics by class membership.
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Low- Moderate- High- Test statistic (p- Comparison between classes,X?(p-value)
pathology pathology pathology value) Low versus Moderate versus Low versus
(44%, n=74) (31%, n=46) (25%, n=40) moderate high high
Demographics and Clinical History
Age in years, mdn (IQR) 39 (33 -46) 38 (30 -45) 41 (36 - 46) 3.3(.199) n/s
Male sex, % (n) 74 (55) 50 (23) 67 (27) 7.5 (.023) 7.4 (.007) 2.7 (.101) 0.6 (.439)
Lifetime Schizophrenia Diagnosis, % (1) 4(3) 7 (3) 35(14) 24.1 (<.001) 0.4 (.551) 10.6 (.001) 19.0 (<.001)
Lifetime MAP?, % (n) 51 (38) 72 (33) 17 (7) 25.6 (<.001) 4.9 (.027) 25.3 (<.001) 12.4 (<.001)
Family history affective disorder, % (n) 35 (26) 65 (30) 52 (21) 10.7 (.005) 10.3 (.001) 1.4 (.231) 3.2 (.072)
Family history of schizophrenia, % (n) 27 (20) 24 (11) 47 (19) 6.7 (.035) 0.1 (.705) 5.2 (.022) 4.8 (.028)
Methamphetamine Use
Days of use in past month, mdn (IQR) 10 (4 - 20) 14 (6 -21) 12 (6 -21) 4.2 (.122) n/s
Dependence in past month, % (n) 34 (25) 67 (31) 52 (21) 13.2 (.001) 12.9 (<.001) 2.0 (.159) 3.8 (.052)
Age of first use, mdn (IQR) 18 (15 -20) 18 (16 - 20) 18 (15-21) 0.1 (.981) n/s
Years of use, mdn (IQR) 21 (14 -28) 17 (10 - 25) 23 (16 - 28) 3.7 (.155) n/s
Injection as main route of administration in 73 (54) 70 (32) 90 (36) 5.7 (.056) 0.2 (.687) 5.4 (.020) 4.5 (.033)
past monthz, % (n)
Crystal as main form in past month?, % (n) 95 (70) 91 (42) 92 (37) 0.51 (.774) n/s
Other Substance Use
Cannabis use in past month?, % (n) 80 (59) 76 (35) 82 (33) 0.5 (.760) n/s
Alcohol use in past month®, % (n) 61 (45) 70 (32) 67 (27) 1.6 (.460) n/s
Tobacco use in past month®, % (n) 97 (72) 96 (44) 100 (40) 1.68 (.431) n/s
Antipsychotic use in past month7, % (n) 19 (14) 26 (12) 57 (23) 18.8 (<.001) 0.8 (.354) 8.7 (.003) 17.6 (<.001)

Note. mdn = median. IQR = interquartile range.

1. People with MAP were defined as having delusions or hallucinations that were considered to result from methamphetamine use among participants who did not
meet criteria for SZ based on the Schizophrenia Module of the CIDI (Supplementary Table 1).

. Other routes of administration include smoking (n=31), snorting (n=4), or swallowing (n=3) methamphetamine.

. Other forms include powered (n=8), base (n=1), or prescription (n=2) methamphetamine.

. No differences in days of alcohol use between the low- (mdn = 5), moderate- (mdn = 13), and high-pathology (mdn = 3) classes (F=1.67, p=.193).
. No differences in days of tobacco use between the three classes (mdn = 28 across all classes) (F=2.19, p=.115).

2
3
4. No differences in days of cannabis use between the low- (mdn = 25), moderate- (mdn = 28), and high-pathology (mdn = 25) classes (F=0.30, p=.743).
5
6
7

. Days of antipsychotic use was significantly higher among the high-pathology class (mdn = 28) relative to the moderate- and low-pathology classes (mdn = 1)

(F=8.58, p=.005).

relative to people in the other classes and had a more extensive
constellation of psychiatric symptoms (including conceptual dis-
organisation, tension, all symptoms of positive psychosis, and all acti-
vation symptoms). Of note, half of those in the low-pathology profile
met lifetime criteria for MAP. It is possible that some of these people
have a prior history of MAP but did not experience psychotic symptoms
during the month preceding interview. Among chronic methamphet-
amine users, MAP is often a recurrent syndrome with episodes of psy-
chotic symptoms followed by periods of recovery (Sato 1992; Sato
1986).

Our findings are consistent with experimental evidence demon-
strating that exposure to amphetamines can exacerbate positive psy-
chotic symptoms among people diagnosed with SZ (Curran et al., 2004).
Other experimental studies, however, have shown a reduction in posi-
tive psychotic symptoms among people with SZ when exposed to
amphetamine (Curran et al., 2004; van Kammen, 1982), suggesting that
the role of dopamine in the pathophysiology of psychosis is complex and
heterogenous (Hengartner & Moncrieff, 2018). Indeed, the neurobio-
logical changes associated with heavy chronic methamphetamine use
are more extensive and long-lasting than the changes that occur with
acute methamphetamine intoxication (Ashok et al., 2017; Hsieh et al.,
2014; Moszczynska, 2016).

Those with the high-pathology profile were significantly more likely
to report a family history of psychosis, which is a well-documented risk
factor for the development of SZ (Castle & Buckley, 2015). This may
reflect a genetic predisposition that may make these individuals more
vulnerable to developing a primary psychotic disorder (i.e. SZ), with
psychotic symptoms precipitated or exacerbated by methamphetamine
use. Kendler and colleagues (2019) found that people with MAP who
transitioned to a diagnosis of SZ had the same elevated familial risk for
psychosis as people with an initial diagnosis of SZ, concluding that SZ
following MAP is better explained as a drug-precipitated disorder in
vulnerable individuals rather than as a drug-induced syndrome. This

conclusion also implies that not all forms of methamphetamine-related
psychoses are a precipitation of SZ. Although not measured in the cur-
rent study, it would be interesting to examine whether the
moderate-pathology profile was associated with family history of drug
abuse. Prior research indicates that familial risk scores for drug abuse
are higher among people with MAP than methamphetamine users
without psychosis (Kendler et al., 2019).

Our results support the clinical utility of retaining a separate diag-
nostic category for MAP. Differences in familial risk for psychosis
associated with the moderate- and high-pathology profiles may corre-
spond to unique aetiological mechanisms between the two syndromes.
Nonetheless, we acknowledge the possibility that these latent profiles
could represent divergent manifestations of a single disorder, given that
different combinations of symptoms and risk factors can be observed
among people who have the same clinical disorder (APA, 2013). Even
so, the fundamental purpose of a diagnostic tool is to provide a useful
framework for organising clinical phenomena, making inferences about
likely outcomes, and guiding clinical decisions about treatment and
management (Kendell, 1989). There are clinically meaningful differ-
ences between people with the moderate- and high-pathology profiles,
with respect to their specific psychiatric and psychotic symptom profiles
and levels of propensity for experiencing current psychotic symptoms.
The moderate-pathology profile was reported by a non-trivial propor-
tion of the methamphetamine-using population (29%), who have a
comparatively lower propensity for psychotic symptoms (than people
with the high-pathology profile) and primarily report persecutory de-
lusions and hallucinations. These individuals could have different psy-
chiatric comorbidities (i.e. higher rates of depression and anxiety) and
may benefit from different treatment approaches (i.e. a focus on psy-
chological rather than pharmacological therapies) relative to people in
other classes. It is unlikely that such heterogeneity in psychosis would be
adequately described under one single diagnostic category, in the case
that MAP was subsumed under SZ as methamphetamine-precipitated SZ
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(Bramness et al., 2012). Instead, retaining a discrete diagnostic category
for MAP allows clinicians to identify and describe this clinically relevant
subpopulation.

Whilst having a construct for MAP appears clinically useful, the
existing diagnostic criteria may not provide a sufficiently reliable clas-
sification of this syndrome. Although the derived latent profiles show
partial alignment with the diagnostic constructs of SZ and MAP, almost
one-third of people with the moderate-pathology profile did not meet
our criteria for MAP, and almost two-thirds of people in the high-
pathology profile did not meet criteria for SZ. Moreover, half of those
with the most extensive profile of psychiatric symptoms (high-pathology
profile) did not meet criteria for either MAP or SZ. This lack of
concordance between empirically-derived syndromes and the current
diagnostic criteria may be due, in part, to poor sensitivity of the CIDI
Schizophrenia module against the DSM-IV diagnosis of SZ compared
with clinician ratings (Cooper et al., 1998). This discrepancy also sup-
ports criticisms that the existing diagnostic criteria for MAP have poor
predictive validity and diagnostic stability (Mathias et al., 2008). In-
dividuals diagnosed with MAP show substantial variability in their
speed of recovery and tendency to relapse (Sato, 1992; Voce et al.,
2019a; Yui et al., 2000), suggesting that the current diagnostic criteria
do not reflect a homogeneous group. Attempts at refining these criteria
could be guided by further data-driven analyses of people who use
methamphetamine (such as LCA), which may clarify the novel bound-
aries between MAP and other conditions associated with psychotic
symptoms. If applied to longitudinal data, future latent class analyses
could identify whether certain classes (or syndromes) are associated
with a greater risk of transitioning from MAP to SZ later in life, which
may indicate clinical characteristics that more indicative of
drug-precipitated SZ rather than a drug-induced psychosis.

Our results indicate that the presence of clinically significant con-
ceptual disorganisation, tension, or activation symptoms, when com-
bined with other patient information, could flag people who are more
likely to meet diagnostic criteria for SZ. Almost half (45%) of those with
the high-pathology profile reported at least one symptom of activation,
tension, or conceptual disorganisation, compared with less than 7% of
people in other classes. Individuals with these symptoms could benefit
from early intervention from specialist psychosis services, particularly
as disorganised symptoms are predictive of more unmet clinical and
social needs (Derks et al., 2012) and generally poorer outcomes (Ortiz
et al., 2017).

Negative symptoms are a recognised feature among some people
with SZ, but are not listed in the symptom criteria for MAP (APA, 2013),
leading some to argue that an absence of negative symptoms among
people with MAP could be a point of distinction from SZ (Tomiyama,
1990). In the current study, clinically significant emotional withdrawal
and motor retardation were uncommon across all three profiles.
Accordingly, prior research indicates that only a minority of metham-
phetamine users with SZ (Srisurapanont et al., 2003; Srisurapanont
et al., 2011) or MAP (Voce et al., 2019a) experience negative symptoms
in psychiatric settings. Given the low prevalence of significant negative
symptoms across community and psychiatric samples of methamphet-
amine users, observing negative symptoms may have limited practical
utility for differentiating SZ and MAP. Moreover, recent evidence im-
plies that negative symptoms among people with
methamphetamine-related psychosis may be an artefact of sedative drug
use, rather than forming a part of the MAP syndrome (Voce et al.,
2019b).

4.1. Limitations and future research

There were several limitations to the current study. Our diagnosis of
MAP was based on items from the Schizophrenia module of the CIDI, and
this method of deriving a diagnosis of substance-induced psychosis has
not been validated. Moreover, some individuals may have been incor-
rectly identified as not having SZ (false negatives), due to low sensitivity
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of the CIDI Schizophrenia module (Andrews & Peters, 1998). The CIDI
Schizophrenia module is based on symptom criteria (criterion A) spec-
ified in the DSM-IV (APA, 1994), which has since been superseded by the
DSM-5 (APA, 2013). In both editions, the presence of two or more
symptom types is required to satisfy criterion A; however, in the
DSM-1V, only one symptom type is needed if hallucinations contain
commentary or third person conversations or delusions contain
“bizarre” content. It is possible that fewer participants in the current
study would have met criterion A for SZ if DSM-5 criteria were applied.
Simiarly, participants with lifetime history of MAP were identified using
a proxy measure (based on the DSM-IV criteria), rather than using a
validated diagnostic tool. This catagorisation may have failed to detect
all participants with a lifetime history of MAP, and these possible false
negatives may explain why almost one-third of people with the
moderate-pathology profile did not meet our criteria for MAP.

We did not identify participants with other primary psychotic dis-
orders, such as bipolar disorder, and these individuals could have been
captured under a diagnosis of SZ on the CIDI. The prevalence rate of
comorbid methamphetamine use is higher among people with bipolar
disorders, relative to people with other primary psychotic disorders
(Grant et al., 2005; Estroff et al., 1985). As such, it would be informative
for future research to explore how individuals with bipolar disorders are
represented in latent psychiatric symptom profiles associated with
past-month methamphetamine use. Likewise, participants were
recruited from community settings, the symptoms profiles described
here may not generalise to psychiatric in-patients with more severe and
complex symptoms.

There are likely to be unmeasured factors that characterise certain
latent classes, or confound the relationship between methamphetamine
use and psychiatric symptoms, particularly with regard to patterns of
substance use (e.g., dosage of methamphetamine used). Consistent with
patterns of poly drug use widely observed among people who frequently
use methamphetamine (Kelly et al., 2017), the current sample reported
high rates of cannabis, tobacco, and alcohol use during the past month.
Use of these drugs is associated with increased risk of psychotic symp-
toms, albeit the direction of causality remains debated (Auther et al.,
2015; Gurillo et al., 2015; Marconi et al., 2016). Although recent rates of
cannabis use, tobacco use, and alcohol use did not differ among the three
derived classes, differences in lifetime exposure of these drugs may have
influenced the psychiatric symptom profiles reported in this study.
Likewise, participants were not asked about their most recent use of
methamphetamine or the typical quantity of methamphetamine used.
Without these measures, it is unclear to what extent the observed
symptom profiles reflect different patterns of methamphetamine con-
sumption (particularly those who use in a binging pattern of low fre-
quency but high quantity) or subtle differences in intoxication levels
during the interview. Antipsychotic medication use was more likely
among those with the high-pathology profile (57%), relative to other
profiles (19-26%), and may have attenuated positive psychotic symp-
toms or produced side effects (e.g. akathisia) that mimic tension, hy-
peractivity or negative symptoms (Caroff et al., 2011; Castle & Buckley,
2015; Lally & MacCabe, 2015).

Finally, future research may generate more precise and clinically
useful demarcations between empirically-derived psychotic syndromes
through the use of latent profile analysis. Whilst LCA derives groups
based on whether individuals reported symptoms. Latent profile analysis
(LPA) incorporates continuous (scale) data which may derive groups
that are delineated by the severity level of psychiatric symptoms re-
ported (Ferguson et al., 2020). Such an approach is consistent with a
shift towards more dimensional approach to conceptualising mental
disorders in psychiatry (Potuzak et al., 2012; van Os, 2014).

4.2. Conclusion

We identified two psychotic symptom profiles among people who use
methamphetamine that aligned with diagnostic categories of MAP and
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SZ, and a third symptom profile of depression and anxiety among people
who did not report psychotic symptoms. These findings are consistent
with the notion of a MAP syndrome that is clinically distinct from SZ,
and suggest that the diagnostic construct of MAP has practical utility in
allowing clinicians to draw inferences about psychosis liability, and
guide symptom management among this population. A notable pro-
portion of people who experienced psychotic symptoms were not
captured in the diagnostic groupings of MAP or SZ, reflecting the many
challenges involved in attempting to differentiate between these con-
ditions using current diagnostic processes.
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PROFILE OF METHAMPHETAMINE PSYCHOSIS

Thesis Discussion

In the current thesis, | aimed to investigate the profile and underlying structure of
psychotic symptoms among people who use methamphetamine, and to identify possible
differences in the psychiatric symptom profiles of methamphetamine-associated psychoses
(MAP) and schizophrenia (SZ). This aim was addressed in five research studies, with a focus
on the use of data-driven techniques to provide a sophisticated understanding of the
psychiatric symptom profile associated with methamphetamine use. The following chapter
serves as an integrative overview of these five studies, in which | articulate the specific
findings that pertain to each research question (Part A), and explore how these results relate
to the diagnostic construct of MAP (Part B). | discuss possible implications for the diagnosis
and clinical care of people with methamphetamine-related psychoses (Part C), and outline the
main limitations of this thesis (Part D). Finally, | propose future research to build upon the

current findings (Part E).

Part A: Findings for specific research questions

Research Question 1. Which psychiatric symptoms have been associated with MAP, and

what is the typical duration of symptoms in MAP?

In study one, | present a systematic review of the published peer-reviewed literature
into the profile and duration of psychiatric symptoms observed within MAP. The most
consistently reported symptom was delusions of persecution (reported in 84% of studies),
followed by auditory and visual hallucinations (65-69%). A wide range of other psychiatric
symptoms was also commonly reported, including conceptual disorganisation, hostility,
depression, and hyperactivity (28-53%). Less evidence was available for negative psychotic
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symptoms, which were reported by a minority (fewer than 19%) of studies. A small body of
longitudinal research suggested that negative symptoms might increase or stabilise over the
course of MAP, whereas positive symptoms may reduce or stabilise over time. One-quarter
of people with MAP experienced symptoms that persisted beyond one month after acute

intoxication.

Persecutory ideation, referential delusions, hallucinations, hyperactivity and hostility
were prominent among people with MAP, which reflects the profile of symptoms described
in early experimental studies of the syndrome (37, 40, 44, 107, 109, 110). These findings
also align with the factor structure of methamphetamine-exacerbated symptoms reported by
McKetin and colleagues (40), which included positive psychotic symptoms, affective
symptoms (i.e. depression), as well as symptoms of psychomotor agitation (i.e.
hyperactivity). This review demonstrates that the profile and duration of MAP symptoms
vary across studies with differing research methodologies (i.e. differences in study designs,
gender of participants, recruitment sources, and geographic locations). For instance, cases of
persistent MAP were more commonly reported among studies conducted in Japan (relative to
studies conducted elsewhere). Negative symptoms were more commonly reported among
samples recruited from psychiatric (relative to community) settings, and among samples in
which a majority of participants were male (relative to samples with mostly female

participants).

Research Question 2. What is the association between methamphetamine use and psychiatric
symptoms in people with primary psychotic disorders, specifically schizophrenia or affective

psychoses?

In study two, | presented novel evidence that illicit methamphetamine use is linked to

a higher likelihood of positive psychotic symptoms among a community-based sample of
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people with primary psychotic disorders. Among people with SZ, those who had used
methamphetamine in the past year were significantly more likely to report hallucinations,
persecutory delusions, symptoms of depression, and racing thoughts compared to people with
SZ who did not use methamphetamine in the past year. These findings are consistent with
experimental research showing that prescription amphetamines can exacerbate existing
psychotic symptoms, and precipitate the onset of new symptoms, among people with SZ in
controlled laboratory settings (75). An equivalent association between methamphetamine use
and positive psychotic symptoms was not found for people with affective psychotic disorders.
However, people with affective psychoses who had used methamphetamine in the past year
were (marginally) more likely to report manic symptoms (i.e. reckless activity, inappropriate
social behaviour, and racing thoughts) compared to those without past-year
methamphetamine use (18). Although these findings require replication with a larger sample,
they are consistent with prior research suggesting that stimulant pharmacotherapy is linked to

an increased risk of hospitalisation for mania among people with bipolar disorder (117).

Research Question 3. What is the underlying factor structure of psychiatric symptoms in

people who use methamphetamine (but do not have S2)?

In study three, exploratory factor analysis was used to identify three latent factors
underlying the profile of current psychiatric symptoms among people who use
methamphetamine. The first “positive-activation” factor (comprised of delusions,
hallucinations, conceptual disorganisation, and symptoms of activation) was positively
associated with the second “affect” factor (i.e. depression, anxiety, and hostility), but
negatively associated with the third “negative symptoms” factor (i.e. blunted affect,
emotional withdrawal, and motor retardation). This negative symptom factor was identified
in one-third of people who use methamphetamine, and this syndrome manifested in a
different latent class of methamphetamine users from those people who manifested positive
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symptoms. Moreover, this negative syndrome was unrelated to methamphetamine use or
dependence (unlike the positive-activation syndrome) but was associated with use of heroin

and benzodiazepines.

In this study, I identified an empirically-derived negative syndrome among people
who use methamphetamine, and specifically examined the relationship between this
syndrome and methamphetamine use. Although negative symptoms have been reported in a
minority of studies into MAP, it has previously been unclear whether these symptoms are
attributable to methamphetamine use or to confounding factors (40, 45). The results of this
study suggest that negative symptoms in this population do not occur as a component of the
MAP syndrome, but rather, as an artefact of polysubstance use (specifically the use of central
nervous system depressants that can produce secondary negative symptoms (111-114)). This
interpretation is synergistic with the findings of McKetin and colleagues (40, 45), who found
that methamphetamine use was not associated with an exacerbation (or increase) in negative
symptoms. They also reconcile the findings of Srisurapanont and colleagues (40, 45), who
identified a negative syndrome in MAP but did not examine the association between this
syndrome and methamphetamine use. This interpretation is also consistent with the
observation that stimulant use is associated with worsened positive, but not negative,
psychotic symptoms among people with SZ (115) and people with methamphetamine-related

psychosis (116).

Research Question 4. Are there different profiles of lifetime delusions and hallucinations
among people who use methamphetamine, and how do these positive psychosis profiles

correspond to the diagnostic criteria for SZ?
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Using latent class analysis (study four), | identified three profiles (or syndromes) of
positive psychotic symptoms among people who used methamphetamine, and explored how
these profiles corresponded to the diagnostic construct of SZ. These profiles represented
different subpopulations of people, who varied in their lifetime profiles of specific delusions
and hallucinations, their likelihood of meeting criteria for SZ, and their propensity to
experience psychotic symptoms during their lifetime. A minority of people (represented in
the schizophrenia-like profile) were significantly more likely to meet criteria for SZ (26% cf.
0-3%) and had a higher likelihood of reporting almost every type of hallucination and
delusion (including more complex auditory hallucinations and non-persecutory delusions)
relative to other methamphetamine users. Over half of the participants (represented in the
paranoid psychosis profile) reported persecutory delusions, visual hallucinations, and
auditory hallucinations, but at a lower probability than those in the schizophrenia-like profile.
One-fifth of people (represented in the few symptoms profile) exhibited comparatively low
levels of positive symptoms, with the exception of one-third who experienced persecutory
ideation. Very few individuals in the paranoid psychosis profile met criteria for SZ (3%),
suggesting that the heterogeneity in lifetime psychotic symptoms among people who use

methamphetamine is not sufficiently captured under this single diagnostic category (SZ).

Research Question 5. Are there different profiles of current psychiatric symptoms among
people who use methamphetamine, and how do these profiles represent people with SZ and

people with MAP?

Using latent class analysis (study five), | identified three profiles (or syndromes) of
current positive, affective, and activation/disorganised symptoms among people who use
methamphetamine. The subpopulations represented in these discrete profiles reported
different specific psychiatric symptoms, and had discrepant likelihoods of experiencing
current psychotic symptoms. Half of the population (represented in a low-pathology profile)
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had a low likelihood of reporting any psychotic symptoms (hallucinations, suspiciousness,
grandiosity, unusual thought content; 0-11%). One-third of people (represented in a
moderate-pathology profile) reported suspiciousness and hallucinations (37-46%), and were
significantly more likely to meet criteria for MAP (70%) compared to other profiles (15—
51%). A minority of people (represented in a high-pathology profile) had a much higher
likelihood of experiencing every symptom of positive psychosis (suspiciousness,
hallucinations, grandiosity, unusual thought content; 32-82%) and reported a much broader
range of psychiatric symptoms (including tension, conceptual disorganisation, and
activation). Those with the high-pathology profile were also significantly more likely to meet
criteria for SZ (35%) compared to people with other profiles (4—-7%). This data-driven
analysis provides novel evidence that people who meet criteria for MAP are typically
represented in a different latent psychiatric symptom profile from people who meet criteria

for SZ.

Part B: The diagnostic construct of methamphetamine-associated

psychosis (MAP)

A major question within the published literature is whether MAP should be
conceptualised as a distinct disorder or as a precipitation of SZ (108). In current
classification systems for psychotic disorders, MAP is considered a separate condition from
primary psychotic disorders. Compelling experimental evidence supports the existence of a
drug-induced psychosis that is attributable, and temporally linked, to methamphetamine use
(36, 37). However, MAP and SZ share similar profiles of psychiatric symptoms, longitudinal
courses, genetic and environmental risk factors (45, 84, 118), leading some to propose that

these conditions constitute one clinical entity. Bramness and colleagues (108) argue that
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methamphetamine use acts as an environmental trigger to precipitate SZ in people with an
underlying vulnerability to the disorder. This viewpoint raises the question of whether
assigning people to non-overlapping diagnostic categories of MAP or SZ oversimplifies the
diagnostic process by imposing artificial boundaries between these disorders. In the
following section, | discuss how each major finding of the current research might align with a
categorical perspective (i.e. MAP as separate from SZ) or dimensional perspective (i.e. MAP

as a form of SZz).

Negative symptoms

The current research suggests that negative symptoms could be a point of
differentiation between people with SZ and MAP. Negative psychotic symptoms are featured
within the symptom criteria for SZ (although not requisite for a diagnosis) and are observed
in approximately one-quarter of people with SZ (80). The findings of study three indicate
that negative symptoms may occur as an artefact of polysubstance use among people without
SZ, and although a formal diagnosis of MAP was not made among this sample, these results
support the assertion that negative symptoms are not a core component of the MAP syndrome
(40). This implies that MAP may be associated with a different symptom profile from SZ —
consistent with viewpoint of MAP as a distinct clinical entity. Prior research indicates that
negative symptoms are associated with different genetic variations, pathways of neural
activation, and neurocognitive impairments to positive symptoms of psychosis (119, 120).
Thus, the expression of primary negative symptoms in SZ (and not MAP) could reflect
distinct neurobiological or genetic underpinnings between these two disorders, although

further research is needed to test this possibility.

The possible role of dopamine
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The current findings align with the notion that dopaminergic dysregulation is a shared
mechanism underlying both MAP and SZ. Methamphetamine exposure prompts the release
of dopamine (2, 4), and according to the dopamine hypothesis of psychosis, an
overabundance of dopamine plays a causal role in the expression of positive psychotic
symptoms (61). In study three, positive-activation symptoms (e.g. suspiciousness,
hallucinations) were associated with methamphetamine use and dependence among people
who did not meet criteria for SZ. In study two, methamphetamine use was associated with
hallucinations and persecutory delusions among people with SZ, but importantly,
methamphetamine use was not associated with positive psychotic symptoms among people
with affective psychotic disorders. This latter finding implies that methamphetamine use
increases risk of psychosis by acting on pathways that are specific to both SZ and MAP,
consistent with the perspective that these disorders constitute a common clinical entity.
Nonetheless, many related disorders share overlapping neural underpinnings (18); for
instance, several studies have demonstrated that hyperactivation of the amygdala is common
across all types of anxiety disorders (121). Thus, evidence of a shared neural (i.e. dopamine)
dysfunction also does not preclude the possibility that MAP and SZ represent two discrete

disorders.

Separate syndromes of psychosis

In the current research, | identified two psychotic syndromes underlying the lifetime
and current symptom profiles of people who use methamphetamine; a syndrome
characterised by paranoia and hallucinations (paranoid psychosis profile in study four;
moderate-pathology profile in study five) differentiated from a syndrome of multiple types of
delusions and complex hallucinations (schizophrenia-like profile in study four, high-
pathology profile in study five). Importantly, these two syndromes were not associated with
differences in methamphetamine use, but they were associated a differential likelihood of
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experiencing delusions and hallucinations (which was significantly higher among those in the
high-pathology and schizophrenia-like profiles relative to those in the paranoid psychosis and
moderate-pathology profiles). From a dimensional perspective, it could be argued that these
empirically-derived syndromes represent different manifestations (i.e. differing severities) of
the same psychotic illness, with individuals further along the continuum of psychosis (i.e.
schizophrenia like and high-pathology profiles) reporting a higher likelihood of symptoms
relative to those at milder ends of the continuum. However, these syndromes were also
characterised by differences in the specific type of psychotic symptoms reported. In study
four, people with the schizophrenia-like profile were substantially more likely to report non-
persecutory delusions and complex auditory hallucinations relative to those with the paranoid
psychosis profile. In study five, those with the high-pathology profile were substantially
more likely to report symptoms of activation, tension, conceptual disorganisation, and
unusual thought content (i.e. non-persecutory delusions) relative to the moderate-pathology
profile. These differences in type imply that these syndromes are not simply different

severities of the same disorder, but rather, they reflect distinct illnesses.

These two empirically-derived syndromes align with current diagnostic classifications
of MAP and SZ, consistent with a categorical perspective that these disorders are separate
clinical entities (18). Current conceptualisations of MAP are broadly reflected in the
paranoid psychosis and moderate-pathology profiles, which were characterised by a
symptom profile (paranoia, hallucinations, and affective distress) widely observed in MAP
(40, 122). These profiles captured only a small proportion (3—-7%) of people who met criteria
for SZ, and in study five, 70% of people with the moderate-pathology profile met criteria for
MAP. In contrast, current conceptualisations of SZ with comorbid methamphetamine use
broadly align with the schizophrenia-like and high-pathology profiles, which captured a

majority of people who met criteria for SZ (65-70%). In study five, individuals with the
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high-pathology profile were significantly more likely to report a family history of psychosis
(reported by 47%), which is a well-documented risk factor for the development of SZ (48).
This likely reflects an underlying predisposition that makes these people more vulnerable to
developing SZ precipitated or exacerbated by methamphetamine use. Kendler and colleagues
(123) found that people with MAP who transitioned to a diagnosis of SZ had the same
elevated familial risk for psychosis as people with an initial diagnosis of SZ, concluding that
SZ following MAP is better explained as a drug-precipitated disorder in vulnerable
individuals rather than a drug-induced syndrome. This conclusion implies that not all forms
of methamphetamine-related psychoses are a precipitation of SZ, and methamphetamine-

induced psychoses exist separate from SZ.

The demonstration of two discrete psychotic syndromes among people who use
methamphetamine is largely consistent with the notion that the MAP syndrome is a distinct
clinical entity from SZ. However, this finding does not preclude the possibility that these
syndromes represent different severities along one continuum of psychotic disorder, in line
with a dimensional perspective of MAP as a precipitation of SZ (108). This model is based
on a diathesis-stress model of psychiatric disorders (124), in which liability to psychosis is
attributed to a combination of environmental stressors (i.e. methamphetamine use, trauma,
socio-economic challenges) and dispositional vulnerability (i.e. genetic risk). Itis
hypothesised that a low level of methamphetamine use is needed to trigger a psychotic
episode for someone with high vulnerability to SZ, whereas an extreme level of
methamphetamine exposure is required to catalyse a psychotic episode for someone with a
lower dispositional vulnerability. Accordingly, people with the high-pathology or
schizophrenia-like profiles may have experienced a more severe profile of psychotic

symptoms, without requiring a greater level of methamphetamine exposure, because they
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have a greater latent vulnerability to psychosis (i.e. familial risk) compared to other people

who used methamphetamine.

Within schizophrenia, many authors have speculated about different “clinical forms”
or “subtypes” comprising different profiles of psychiatric symptoms, functional impairments,
and biological correlates. Castle and colleagues (174) applied latent class analysis to 447
first contact patients with a diagnosis of schizophrenia, and found evidence for a
neurodevelopmental subtype (characterised by early onset, restricted affect, poor pre-morbid
adjustment, and male sex), a paranoid subtype (characterised by later onset, persecutory
delusions), and a schizoaffective subtype (characterised by dysphoria, persecutory delusions,
and female sex). Thus, it is possible that the two psychotic syndromes derived in the current
latent class analyses reflect different symptoms profiles among people with schizophrenia.
This is consistent with prior cluster analysis studies (156, 176) that have described a subset of
people diagnosed with schizophrenia who predominately report delusions and hallucinations

(as observed in the moderate-pathology profile).

Interestingly, the low-pathology profile was characterised by a lower likelihood of
current psychotic symptoms relative to the moderate-pathology profile, even though these
two profiles were associated with comparable rates of family history of SZ (24-27%). This
may reflect an interaction between genetic vulnerability and methamphetamine use, as people
with the moderate-pathology profile were significantly more likely to be dependent on
methamphetamine (67% cf. 34%), in line with recent evidence indicating that severe
substance use is a risk factor for MAP (125). Whilst this thesis cannot provide definitive
evidence on the validity of a categorical or dimensional approach for conceptualising the
relationship between MAP and SZ, the current results are nonetheless consistent with the

need for a diagnostic category of MAP.

98



PROFILE OF METHAMPHETAMINE PSYCHOSIS

Clinical Utility

There is clinical utility in retaining a diagnostic category for MAP separate from SZ.
MAP and SZ are constructs within a classification system, which ultimately aims to provide
clinicians with a useful framework for organising psychotic phenomena, to guide decisions
about treatment and to facilitate inferences about individual outcomes (18, 126, 127). In
psychiatry, artificial boundaries may be constructed around continuous phenomena to allow
clinicians to make categorical decisions, for example, by defining a cut-off point for

symptoms that are of “clinically significant” severity to warrant treatment (18, 128).

The two conceptually distinct syndromes of psychosis derived in the current thesis
involved different symptom profiles, risk factor correlates (i.e. familial history of psychosis),
and levels of likelihood for experiencing psychosis. It is unlikely that this heterogeneity in
psychosis would be accurately or reliably captured under a single diagnostic category, if the
concept of MAP was subsumed under SZ (as SZ precipitated by methamphetamine use).
Instead, having a category for MAP allows clinicians and researchers to identify and
categorise the distinct subpopulation of people (i.e. those with the paranoid psychosis and
moderate-pathology profiles) who report persecutory delusions and hallucinations, have
lower familial risk for psychosis, and a lower propensity to experience psychotic symptoms
(relative to those with the schizophrenia-like and high-pathology profiles). These individuals
constitute a substantial proportion of the methamphetamine-using population, and — although
not tested in the current thesis — they likely differ from other methamphetamine users in
regard to their episode duration, prognosis, comorbidity with other psychiatric conditions,
and responsiveness to different treatments (e.g. may be less likely to require long-term

antipsychotic medication).
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As emphasised by several authors (129-131), categorical and dimensional
perspectives are not mutually exclusive approaches of conceptualising psychiatric disorders,
and could be useful for different tasks. A categorical distinction between SZ and MAP may
be more practical for statistical reporting on prevalence and outcomes for MAP, for
facilitating clinician decision-making (i.e. whether to treatment is necessary), and for aiding
effective communication between patients, clinicians, and the community. Conversely,
dimensional approaches may be more precise when investigating the neurobiological basis of

these psychotic disorders (132).

The MAP diagnostic criteria

Although retaining a diagnostic category for MAP may be clinically useful, it appears
that this syndrome is not sufficiently defined within the existing DSM criteria. In study five,
although the moderate-pathology profile broadly aligned with the diagnostic concept of
MAP, one-third of people with this profile did not meet criteria for MAP. This lack of
concordance between the empirically-derived syndromes and the current diagnostic criteria
supports criticisms that the existing DSM criteria (18) do not provide an accurate or reliable
definition of the MAP syndrome (65, 198). This argument reflects the observation that
people diagnosed with MAP demonstrate substantial variability in the course and long-term
outcomes of their condition. Diagnoses based on the existing criteria tend to have poor
diagnostic stability (65), as a notable proportion of people (16 — 39%; 123, 133-135) initially
diagnosed with MAP are eventually re-diagnosed with SZ later in life. This variability in

outcome could suggest that the current criteria do not capture a homogeneous group.

Alternatively, poor concordance between the diagnostic construct for MAP and the
observed latent symptom profiles may reflect inaccuracies in the diagnostic classifications

used within the current research. Lifetime DSM-1V diagnoses of SZ made using the CIDI
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schizophrenia module have adequate sensitivity (68-93%) and specificity (50-95%) against
diagnostic ratings made by experienced clinicians (for SZ criteria A, B, D, E, F) (136).
However, this module has very low sensitivity (20%) for SZ criteria relating to symptom
duration (criteria C), meaning that some individuals with SZ may not have been accurately
identified. This would explain why most individuals in the schizophrenia-like profile did not
meet the diagnostic criteria for SZ (based on the CIDI), despite this profile capturing most
people who did meet these criteria. Likewise, some people with the moderate-pathology

profile who did not meet criteria for MAP may have had undetected SZ.

The discrepancy between our empirically-derived psychotic syndromes and the
current diagnostic categories is consistent with a major criticism of the categorical approach
to diagnostic classification —that patients with the same psychiatric disorder diagnosis often
present with different symptom profiles (177). Those with schizophrenia can present with
different profiles of psychiatric symptoms, functional impairments, and biological correlates,
leading many authors to speculate about different “clinical forms” or “subtypes” of the
disorder (178). Using latent class analysis, Castle and colleagues (174) identified three
subtypes of patients diagnosed with schizophrenia, including a neurodevelopmental subtype
(characterised by early onset, restricted affect, poor pre-morbid adjustment, and male sex), a
paranoid subtype (characterised by later onset, persecutory delusions), and a schizoaffective
subtype (characterised by dysphoria, persecutory delusions, and female sex). It is possible
that the two psychotic syndromes derived in the current latent class analyses reflect different
symptoms profiles associated with schizophrenia (rather than separate profiles for MAP and
SZ). This is consistent with prior cluster analyses (156, 176) that have described a subset of
people diagnosed with schizophrenia who predominately report delusions and hallucinations

(as observed in the moderate-pathology profile).
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The poor alignment between our empirically-derived psychotic syndromes and the
current diagnostic categories is also consistent with a second major criticism of the
categorical approach to diagnostic classification — the lack of specificity observed between
diagnostic groupings. More specifically, patients with different diagnoses often share similar
psychiatric symptoms and signs, and overlapping neurobiological and genetic correlates.
Bipolar disorder, schizophrenia, and MAP all share overlapping psychiatric symptoms (e.g.
paranoia, grandiosity, auditory hallucinations, agitated behaviour, suicidality), genetic and
environmental risk factors (i.e. family history of psychosis, childhood trauma), and
neurobiological similarities (i.e. dopamine abnormalities) (179, 180). Within the current
latent class models, it is possible that people with MAP and SZ were represented in both
psychotic symptom profiles. Although the high-pathology profile represented most
individuals who met criteria for SZ (70%), it also captured 15 percent of those with a
diagnosis of MAP. Conversely, the moderate-pathology profile represented most of those
who met criteria for MAP (70%); it also represented 7 percent of those with SZ. Some
authors (181) contend that psychiatric has not identified any single set of symptoms, signs, or
tests to reliably delineate psychiatric disorders (including MAP from SZ) into fully discrete
categories. This limitation has prompted many to argue that categorical boundaries between
psychotic disorders do not reflect the true nature of psychiatric diseases, which are better
conceptualised as existing on a dimension or continuum (or many continua). From this
perspective, it could be argued that these empirically-derived syndromes represent different
manifestations (i.e. differing severities) of the same psychotic illness (SZ), with individuals
further along the continuum of psychosis reporting a higher likelihood of symptoms relative

to those at milder ends of the continuum (83).

Indeed, the current diagnostic categories are unlikely to perfectly represent the true

underlying nature of psychotic disorders. Kendler (182) speculates that psychotic disorders
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involve unique webs of interrelated symptoms, signs, and underlying pathophysiology that
are separated by “fuzzy boundaries”. Even if psychotic phenomena are dimensional in
nature, Kendler (182) argues that it may be useful for clinicians to construct artificial
boundaries around these continuous phenomena to allow clinicians to make categorical

decisions.

Part D: Implications for diagnosis and intervention

Polysubstance use was associated with negative symptoms among people who use
methamphetamine in the current research. Methamphetamine is often used concurrently with
other drugs (23, 137), including heroin and benzodiazepines. As negative symptoms are
listed within the diagnostic criteria for SZ (18), overlooking the role of polysubstance use in
secondary negative symptoms may lead to a misdiagnosis of SZ among people with
methamphetamine-related psychoses. These findings highlight the need for clinicians to
assess each patient’s lifetime history of drug use across all classes of licit and illicit
substances, including the drug types used, recent changes in drug use patterns, and the timing
and quantity of most recent use for each drug type. Taking self-reported histories of drug use
may be difficult in some clinical settings, particularly when an individual is experiencing an
acute psychotic episode and may be disorientated or uncooperative. Nonetheless, these
assessments would help to ensure that people with MAP receive an accurate diagnosis and
appropriate treatment plan, with a focus on the management of substance use rather than the

long-term provision of antipsychotic medications.

A large subset of people who use methamphetamine will experience psychotic
symptoms (particularly paranoia) without reaching the clinical threshold for a psychotic
disorder. Despite not meeting the full criteria for a clinical disorder, these symptoms may
still cause distress and impairment, and if left untreated, may lead to the development of more
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serious and enduring psychotic episodes (67). The prominence of persecutory ideation in the
methamphetamine-using population may have serious consequences for the individual and
the broader community, particularly with regard to aggressive behaviour, as some people may
act violently as a pre-emptive defence against misperceived threats (138, 139). Public
education strategies may assist people who use methamphetamine to recognise persecutory
ideas in themselves and their peers, and encourage them to contact relevant mental health
services for further evaluation and treatment. Law enforcement, emergency medical staff,
and families of people who use methamphetamine may also benefit from similar education on
how to respond appropriately to delusional or aggressive behaviour associated with
methamphetamine intoxication (140).

The findings of this thesis demonstrate that many people experience psychotic
symptoms without meeting criteria for MAP and SZ. This further demonstrates that
delusions and hallucinations do not always occur in the context of a psychotic disorder, and
are not always associated with distress or impairment. This aligns with a recent meta-
analysis indicates that 6 percent of the general population experience hallucinatory or
delusional experiences in their lifetime, without having a clinical psychotic disorder
(McGrath et al., 2015). This highlights the need to dispel the commonly-held misconception
among general public and health care professionals (141) that psychotic experiences are
indicative of a serious psychotic disorder and poor outcomes. Such misconceptions can
create internalised stigma, fear and anxiety among people who experience psychotic
symptoms, which in turn, can prevent people from disclosing distressing symptoms to others
(142). Public education campaigns play an important role in demystifying and destigmatising
psychosis, and encouraging help-seeking among those who need support (143).

Specific types of psychotic symptoms may flag methamphetamine users who are

more likely to have an underlying psychotic disorder. The schizophrenia-like profile (in
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study four) was characterised by a lifetime history of complex auditory hallucinations and
non-persecutory delusions (e.g. thought interference, passivity, or projection). The high-
pathology profile (in study five) was characterised by current symptoms of activation
(distractibility, excitement/emotional lability, hyperactivity), tension, and conceptual
disorganisation (i.e. confused, vague, or disconnected speech). These symptoms were
associated with a higher likelihood of meeting diagnostic criteria for SZ. In clinical settings,
the presence of these symptoms could flag methamphetamine users who may be greater risk
of having an underlying psychotic disorder, and who might benefit from early intervention
from specialist psychosis services to monitor psychotic symptoms over long-term.

Anxiety and depression often co-occur with psychotic symptoms among people who
use methamphetamine. Affective symptoms (particularly suicidality, anxiety, and
depression) constitute a latent factor underlying the profile of current psychiatric symptoms
among people who use methamphetamine, and these affective symptoms are positively
associated with methamphetamine use and positive psychotic symptoms (study three).
Likewise, one-third of studies into the symptom profile of MAP report depression and
anxiety (study one). This aligns with evidence indicating that depression and anxiety can
precipitate positive psychotic symptoms in the general population (143), which suggests that
affective symptoms worsen delusions and hallucinations in some people who use
methamphetamine. Managing depression and anxiety may help some people to reduce
methamphetamine use by alleviating the need to self-medicate (144), which in turn, would
likely improve psychotic symptoms. Because people are more likely to seek treatment for
depression or anxiety compared to symptoms of psychosis (145), likely due to the stigma
associated with psychotic disorders, healthcare providers should screen for delusions and

hallucinations among people who use methamphetamine and report affective disturbances.
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Illicit methamphetamine use is linked to symptoms of psychosis and depression
among people with SZ (study two). This relationship may underlie the poorer treatment
response and overall worse prognosis observed in dual diagnosis patients with both psychotic
and methamphetamine use disorders (146-148). Given that the lifetime rate of stimulant use
disorders is considerably higher for people with SZ (9%) relative to the general Australian
population (3%) (68), people with SZ should be informed that methamphetamine use may
worsen their symptoms. People who have both SZ and substance dependence should also

receive treatment that holistically addresses both these comorbidities (149).

Part E: Limitations

The aforementioned implications must be placed in the context of several caveats.
Each individual study in this thesis included a statement of the main limitations of the
specific dataset used; as such, the following section addresses broader limitations that are
applicable across multiple studies within this thesis. First, this research measured the
relationship between methamphetamine use and psychotic symptoms among people recruited
from the community. The systematic review presented in study one (122) found that most
research into MAP has relied on in-patients recruited from psychiatric or emergency
departments, and these samples tend to report more disorganised and negative psychotic
symptoms relative to samples drawn from community settings. Prior research demonstrates
that clinical samples of methamphetamine users tend to report more co-morbid psychiatric
issues, heavier methamphetamine use, and more severe rates of methamphetamine
dependence (150). As such, the symptom profiles reported in the current research may not
generalise to psychiatric in-patients with more severe and complex symptoms. In particular,

the current research could not examine the correlates of specific negative symptoms due to
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low endorsement of negative symptom items among the respondents. Potuzak and colleagues
(131) caution against evaluating only severe hospitalised patients when studying psychotic
disorders, as this evidence must be complemented with community-based samples to
understand the full spectrum of psychotic symptomatology. This thesis captures a
community-based population that has been underrepresented in literature, and when
combined with research from in-patient samples, the current findings provide a more holistic
and ecologically valid representation of the various psychiatric symptom profiles associated

with methamphetamine use.

Second, other confounding factors associated with both methamphetamine use and
psychosis were not measured in the current research. Substance use disorders and psychotic
disorders are both associated with common genetic factors, indicators of cognitive
dysfunction and neurobiological abnormalities (149, 151), and environmental stressors,
including socio-economic inequality, poverty, social isolation, childhood abuse, and other
traumatic life events (149, 151). Inclusion of these factors would be particularly important
for future research that adopts a diathesis-stress perspective of psychosis among this
population. Similarly, there was a high rate of polysubstance use in this sample, particularly
with regard to cannabis, which has been consistently recognised as the most common
secondary illicit substance used by frequent methamphetamine users (152). Cannabis use is
associated with an increased risk of developing a psychotic disorder (153), and concurrent
use of cannabis and methamphetamine linked to greater neurocognitive impairment than
methamphetamine use alone (154). Although most analyses were adjusted for recent
cannabis use, differences in lifetime patterns of cannabis use may have influenced the

psychiatric symptom profiles reported in this research.

The use of the CIDI schizophrenia module to diagnose SZ is a key limitation of the
current research. First, this module is based on symptom criteria (criterion A) specified in the

107



PROFILE OF METHAMPHETAMINE PSYCHOSIS

DSM-1V (166), which has since been superseded by the DSM-5 (18). In the DSM-IV
diagnostic criteria for SZ, certain types of delusions (i.e. those containing “bizarre” content)
and hallucinations (i.e. those involving a running commentary or multiple voices conversing)
were considered diagnostically significant, and the presence of one such symptom was
sufficient to satisfy criterion A. This emphasis has since been removed in the DSM-5 criteria
for SZ, which requires the presence of two or more symptom types to satisfy criterion A
(regardless of delusional or hallucinatory content). Thus, fewer participants in the current
study may have met criterion A for SZ if DSM-5 criteria were applied. Second, the CIDI
schizophrenia module has very low sensitivity (20%) for measuring symptom duration
(DSM-IV criteria C for SZ) when compared against diagnostic ratings made by experienced
clinicians (136). It is possible that some participants with SZ were detected in the current
research, and some of these false negatives may have been incorrectly classified as meeting
criteria for MAP (in study five). Thus, this research could be improved with the use of
strongly validated diagnostic tools, such as the Psychiatric Research Interview for DSM-1V

Substance and Mental disorders (PRISM)(163).

Part F: Future research
The current research suggests that clinically significant primary negative symptoms
may be less likely among those with methamphetamine-related psychoses relative to people
with primary psychotic disorders (such as SZ). Further replication is needed to verify the
association between polysubstance use (particularly heroin and benzodiazepines) and the
frequency and severity of negative symptoms among people formally diagnosed with MAP,
relative to a matched sample of people diagnosed with SZ. It would be informative for future

research to test whether an absence of primary negative symptoms in MAP, but not SZ,
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corresponds to differences in neural pathways, genetic variations, and neurocognitive

impairments between these conditions.

Data-driven analyses could build upon the current research by examining whether
syndromes of methamphetamine users can be derived based on other clinical features, beyond
psychiatric symptoms (18, 70, 155). Kendler and colleagues (156) identified six latent
classes of psychiatric patients based on measures of clinical signs (e.g. reduction in
weight/appetite), course (e.g. benign versus chronic course), and outcome (e.g. poor versus
good outcome), in addition to specific psychiatric symptoms. Among people who use
methamphetamine, distinct latent syndromes might be characterised by differences in
symptom duration (i.e. persistent versus transient), the number of prior episodes, mode of
iliness onset (i.e. gradual versus rapid onset), responsiveness to different treatments, social
and occupational functioning, cognitive impairment, and genetic and family history factors.
By including these clinical features, future latent class analyses would likely generate more
precise and clinically useful demarcations between empirically-derived psychotic syndromes,

and may provide insight into potential aetiological differences between the syndromes.

Exploring the nature and prevalence of cognitive impairment among
methamphetamine users may be a promising avenue for differentiating forms of MAP from
SZ. A growing body of evidence has recognised cognitive abnormalities as highly prevalent,
albeit to varying degrees, among people with schizophrenia (70). These cognitive
abnormalities appear to be generalised in nature and can have a profound impact on ones’
functional outcome (183, 184). Likewise, heavy or long-term methamphetamine use may
result in cognitive deficits that can persist despite abstinence from methamphetamine use. A
recent review by Wearne and colleagues (164) found that cognitive domains appear to be

similarly impaired across people with MAP and schizophrenia, and the authors suggested that
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these similarities were “specifically comparable” for those with persistent or chronic MAP

(164).

Future latent class analyses could guide attempts to refine the diagnostic criteria for
MAP. The diagnostic instability associated with MAP (133-135) suggests that these criteria
may not reliably exclude methamphetamine users who have other psychiatric conditions
associated with delusional thinking or hallucinatory experiences (i.e. bipolar disorder,
schizoaffective disorder, post-traumatic stress disorder, depressive psychosis, obsessive
compulsive disorder, acute intoxication/withdrawal from methamphetamine, cannabis,
alcohol, or other drugs (69, 157-162)). To clarify the diagnostic boundaries between MAP
and these other psychiatric conditions, it would be informative to investigate whether these
clinical groupings (MAP and other psychiatric disorder) correspond to different latent
symptom profiles among people who use methamphetamine. In the current research (study
five), symptoms of activation, tension, and conceptual disorganisation differentiated those
with the high-pathology profile (associated with a diagnosis of SZ) from those with the
moderate-pathology profile (associated with a diagnosis of MAP). Likewise, the findings of
future latent class analyses may highlight novel symptoms, signs, and clinical indicators that
differentiate MAP from other conditions. If applied to longitudinal data, data-driven
techniques (such as latent growth curve modelling) could be useful in identifying whether
certain syndromes are associated with a greater risk of transitioning from MAP to SZ later in
life. This could identify clinical characteristics that more indicative of drug-precipitated SZ

rather than a drug-induced psychosis.

It would be informative for future research to directly test whether MAP and SZ are
represented by different underlying factors of psychiatric symptoms. This would be achieved
by recruiting a large sample of people diagnosed with SZ and people diagnosed with MAP,
who are matched on important covariates (such as history of substance use). These two
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clinical groups should complete the same psychiatric symptom scale. The researchers could
apply exploratory factor analysis to the data of people with MAP to identify the underlying
factor structure of the disorder (in terms of the number of factors, and the items comprising
those factors). Confirmatory factor analysis could then be applied to the data of people with
SZ to test whether the factor structure underlying MAP also applies to SZ. If these disorders
have a consistent factor structure of psychiatric symptoms, goodness of fit indices would
indicate that the MAP factor structure model also accounts for the observed covariance

among people with SZ.

A notable minority of people with MAP (25%) experience symptoms that persist
beyond one month after intoxication. Further research is needed to document the prevalence
and predictors of persistent MAP, and to understand the boundaries between persistent MAP,
transient MAP, and SZ (164, 165). As highlighted in the systematic review (study one), very
few researchers have examined the duration of psychotic symptoms among community
samples of people who use methamphetamine, most likely due to difficulties in verifying
periods of abstinence from methamphetamine. As a result, the extent of persistent MAP
among the broader (non-institutionalised) community is unknown. Moreover, it is unclear
how or why transient MAP develops into a more enduring illness for some people, and
further longitudinal research is needed to examine the clinical correlates associated with a
shift from transient to persistent MAP. As people with longer lasting episodes tend to have
more severe psychotic symptoms (110), it would be informative to examine whether
symptom severity predicts longer symptom duration, and whether this, in turn, is related to a
diagnosis of SZ. Finally, people with SZ demonstrate irregularities in brain structure,
physiology, and neurochemistry relative to the general population (48)), and it would
informative to test whether these irregularities also exist in people with persistent MAP.

Evidence reviewed by Wearne and colleagues (164) suggests that people with chronic (but
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not transient) MAP display similar cognitive dysfunctions to people with SZ, implying that
these two populations could share overlapping irregularities in brain function. If such
characteristics are identified in persistent (but not transient) MAP, this would suggest that
persistent MAP is qualitatively distinct from transient MAP, and may be reflect a

precipitation of SZ.

Summary

Through the novel application of data-driven statistical techniques, this thesis
provides a greater insight into the profile and underlying structure of psychotic symptoms
associated with methamphetamine use. This symptom profile was examined among people
recruited from the Australian community (rather than from in-patient settings), who constitute
an underrepresented population within the methamphetamine-associated psychosis (MAP)
literature. Prominent symptoms of MAP included persecutory delusions, auditory and visual
hallucinations, and affective symptoms, and one-quarter of people with MAP experienced
“persistent” psychotic symptoms that continue beyond one-month after drug cessation. A
minority of people who use methamphetamine experienced negative symptoms; however,
these symptoms were associated with polysubstance use (not methamphetamine use) and
manifested among a different latent class of people who reported delusions and
hallucinations. Thus, negative symptoms do not appear to be a component of MAP, and
could be a point of differentiation from SZ. Two distinct psychotic syndromes were
identified among people who use methamphetamine, which partially aligned with current
diagnostic constructs. This is consistent with the notion that MAP is clinically distinct from
SZ, and supports the practical utility of having a diagnostic construct of MAP to allow
clinicians to draw inferences about psychosis liability and for guiding symptom management.
A notable proportion of people who experienced psychotic symptoms were not captured in
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the diagnostic groupings of MAP or SZ. This research demonstrates that greater
consideration of specific symptoms (e.g., negative symptoms and non-persecutory delusions)

may improve diagnostic accuracy by identifying people with a higher risk of SZ.
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Appendix A:

Rejoinder to Thesis Examiners’ Comments

The following rejoinder provides responses to specific comments made by the thesis
examiners. Comments are summarised (rather than provided verbatim) to protect

confidentiality.
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Response One

Examiner one raised the comment that the association between methamphetamine use
and depressive symptoms (dysphoria and anhedonia) in study two may be interpreted through
the dopamine hypothesis of depression. In study two, those with schizophrenia who had used
amphetamine during the past-year were 1.9 times more likely to report anhedonia than those
who had not. It is possible that these depressive symptoms were related to
methamphetamine-related dopamine depletion over time. Methamphetamine intoxication
increases synaptic concentrations of dopamine, which is associated with elevations in mood
(Hellem et al., 2015), which are then depleted during withdrawal from the drug. Chronic
methamphetamine use may lead to long-term disruption in dopamine responsivity (Jan et al.,
2012; Nordahl et al., 2003). There is compelling evidence that downregulation of the
dopamine system is involved in anhedonia — a diminished interest or pleasure in stimuli that
one previously found rewarding — which is a core symptom of depression (Belujon & Grace,
2017). Thus, chronic methamphetamine use is hypothesised to predispose some people to
develop depression. Depression is well-documented among chronic methamphetamine users
(Darke et al., 2008), with some estimating that 40 percent of people entering treatment for
methamphetamine use meet criteria for a major depressive episode in the previous year
(McKetin et al., 2011). In study three, we identified a discrete affective symptom factor (i.e
depression, anxiety, suicidality) that was positively correlated with frequency of
methamphetamine use and severity of methamphetamine dependence. The affective
symptoms factor shared a moderate positive correlation with the positive symptoms factor;
consistent with the notion that a common mechanism (e.g. dopamine dysfunction) associated

with methamphetamine use may contribute to both symptom factors.
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Response Two

Examiner two raised the question about whether severity of symptoms may
differentiate people with MAP and SZ. Using data for study five, | compared those who met
criteria for MAP against those who met criteria for SZ on their severity of persecutory
delusions and hallucinations (as the most common positive psychotic symptoms across both
groups). The mean severity of persecutory delusions was higher among those who met
criteria for SZ (M = 4.1; SD = 2.2) relative to those who met criteria for MAP (M =2.7; SD =
1.4;t=-3.33, p=.0012). Similarly, the mean severity of hallucinations was higher among
those who met criteria for SZ (M = 4.7; SD = 1.7) relative to those who met criteria for MAP
(M =2.6;SD =1.3; t =-5.96, p=<.0001). This contrasts with Medhus and colleagues (2013),
who demonstrated that patients with methamphetamine-related psychoses exhibited
hallucinations, delusions, and suspiciousness at the same rate of severity and prevalence as
patients with SZ who screened negative for methamphetamines. It would be informative for
future research to examine whether methamphetamine users who meet criteria for SZ tend to
cluster into different latent classes than those who meet criteria for MAP based on their
severity (rather than prevalence) of psychiatric symptoms. This research question should be

examined in both community and clinical populations.

Response Three

Examiner two raised the issue of diagnosis for people who continue to use
methamphetamine and experience enduring psychotic symptoms (e.g. between 1 — 6 months).
This common clinical challenge is well-described in the literature (Bell 1973; Fraser, et al.,
2012; Mathias et al., 2008; Zeidman et al., 1975). Distinguishing between schizophrenia
(SZ) and methamphetamine-associated psychoses (MAP) often relies on the degree to which

methamphetamine can be implicated in the maintenance of psychosis, for which an adequate
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period of abstinence from methamphetamine and other substances is vital but often very
difficult to attain (Mclver et al., 2006). Accurate diagnoses can often only be made in
retrospect weeks or months after initial assessment, by which stage, clinicians necessarily
have already implemented a course of treatment. When tracking the outcomes of 135
patients with stimulant dependence and chronic psychosis, Shaner and colleagues (1998)
reported that a definitive diagnosis could not be made in more than 80% of cases, primarily
due to insufficient periods of abstinence. Based on our current knowledge and diagnostic
tools, it is not possible to assess the role of methamphetamine use in the aetiology or
maintenance of psychosis without obtaining a clear window of abstinence (Sweeting &
Farrell, 2005). In cases of persistent psychosis associated with methamphetamine use,
clinicians should aim to minimise any exacerbating factors that may contribute to psychotic

vulnerability.

Response Four

Examiner two raised the question of whether MAP is attributable to
methamphetamine exposure, a predisposition to psychosis, or both. If MAP resulted soley
from exposure to methamphetamine, this hypothesis would predict that there would be no
difference in measures of psychosis vulnerability between people with and without MAP.
This conflicts with findings by Chen and colleagues (2005), who reported that
methamphetamine users with a history of MAP are five-times more likely to have a family
member with SZ relative to users without a history of MAP. Likewise, Kendler and
colleagues (2019) reported that those with stimulant-induced psychosis had significantly
elevated familial risk scores for psychosis compared to stimulant users who did not have
stimulant-induced psychosis. This suggests that an individual’s predisposition to psychosis
plays an important role in the emergence of MAP. However, another key finding of Kendler
and colleagues (2019) was that the average familial risk of psychosis varied across different
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types of substance-induced psychosis, ranging from alcohol (lowest) to cannabis (highest),
with methamphetamine in between. Thus, the particular pharmacologic effects of
methamphetamine also contribute to the emergence of MAP. The finding that MAP is likely
attributable to a combination of both exposure to methamphetamine and an individuals’
psychotic vulnerability conflicts with the notion that virtually all individuals (regardless of
their vulnerability to psychosis) could develop schizophrenia with sufficient exposure to
methamphetamine. Indeed, some people do not develop psychotic symptoms despite years of
chronic methamphetamine use (Glasner-Edwards & Mooney, 2014), or despite being
administered exceedingly high doses of amphetamines consistently over several days in
experimental settings (Angrist & Gershon, 1970; McKetin, 2018). This body of evidence
also suggests that not all forms of methamphetamine-related psychoses are a precipitation of
SZ. Kendler and colleagues (2019) found that people with MAP who transitioned to a
diagnosis of SZ had the same elevated familial risk for psychosis as people with an initial
diagnosis of SZ, concluding that SZ following MAP is better explained as a drug-precipitated

disorder in vulnerable individuals rather than a drug-induced syndrome.

Examiner two further raised an issue regarding the possible role of methamphetamine
neurotoxicity in precipitating schizophrenia. Indeed, there is evidence that methamphetamine
(like other drugs of abuse) may precipitate schizophrenia among people vulnerable to the
disorder. Whilst psychosis liability is associated with a diagnosis of schizophrenia among
people who use methamphetamine (Kendler et al., 2019), the effects of long-term
methamphetamine use may also increase vulnerability to schizophrenia by causing long-
lasting, or permanent, changes in brain structure or function that are associated with the
disorder (Flaum & Schultz, 1996; Grant, et al., 2012). Chronic methamphetamine use has
been shown to lead to long-term neurotoxic changes in brain structure, physiology, and

chemistry (Jan et al., 2012; Yu et al., 2015). Methamphetamine use disrupts monoamine
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function (i.e. dopamine, serotonin and glutamate systems), which in turn likely contributes to
the widespread psychiatric disturbances observed in chronic methamphetamine users (Chang
et al., 2007; Nordahl et al., 2003). In particular, chronic or heavy methamphetamine use is
associated with dopaminergic dysfunction, which according to the dopamine hypothesis,
underlie psychotic symptoms among people with schizophrenia (Maia & Frank, 2017). Thus,
among people with a predisposition to schizophrenia (e.g. family history), neurotoxicity
caused by long-term exposure to methamphetamine may be a key factor in precipitating the

onset of a schizophrenic disorder.

Response Five

Examiner two requested further detail on the role of traumatic experiences as a key
confounding factor that may precipitate both psychosis and substance use among people who
use methamphetamine. Early trauma is a recognised environmental risk factor for the
development of psychotic disorders, and the likelihood of experiencing psychosis is more
than five-times higher for people who have experienced childhood trauma relative to those
who have not (Barrigdn et al., 2015; Harley et al., 2010). Although the mechanism
underlying this relationship is unknown, it is hypothesised that trauma may prompt
neurobiological and cognitive changes that predispose one to psychotic experiences (Hardy et
al., 2017; Ruby et al., 2014). Likewise, there is a well-documented relationship between
trauma and substance use, in that people with substance dependence are more likely to have
experienced traumatic events (Ford et al., 2007). Among adults seeking treatment for
substance use disorders, 33-50% of those meet criteria for post-traumatic stress disorder
(Ralevski et al., 2014). It is speculated that some people may develop substance use
disorders as they self-medicate distressing symptoms associated with a history of trauma.
Future researchers should include a measure of trauma when investigating the aetiology of
psychotic symptoms among those with methamphetamine-related psychosis.
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Response Six

Examiner three highlighted the finding of study two “After adjusting for confounding
variables, past-year — relative to former — amphetamine users with schizophrenia were more
likely to experience hallucinations in at least one sensory modality (p=0.056)" (page 58,
paragraph 3). The examiner noted that the observed p-value for this finding exceeded the
predetermined alpha level of p=0.050. We choose to report on this finding (with the p-value
emphasised) for several reasons. First, it has been widely argued that researchers should not
rely solely on whether an effect meets some arbitrary level of statistical significance (p-
values) to determine whether a difference between groups is noteworthy (Sullivan, 2012).
Instead, effect size is an important metric that, unlike the p-value, indicates the magnitude of
the difference between the groups. The odds ratio (2.09) for this finding indicates that those
who used amphetamine in the past year had a more than two-times greater odds of
experiencing hallucinations relative to those who had not used amphetamine in the past year.
Not only is this finding clinically meaningful (based on the effect size), but it was directly
relevant to our hypothesis: “We expected that the prevalence rate of delusions and
hallucinations to be higher in past-year — relative to former — amphetamine users with
schizophrenia”. Thus, this finding contributes to the theoretical discussion around the
relationship between methamphetamine use and positive psychotic symptoms among people
with schizophrenia. It is important to balance both magnitude of effect and the alpha value to

interpret the results.

Response Seven

Examiner three raised a comment around the specific region of dopamine dysfunction
identified among people with schizophrenia. It has been hypothesised that positive psychotic

symptoms may be linked to dopaminergic hyperactivity of the limbic striatum (Davis et al.,
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1991; Weinberger, 1987). This hypothesis was recently examined by McCutcheon and
colleagues (2018), who reviewed the existing evidence for dopaminergic abnormalities in
people with schizophrenia and conducted a meta-analysis to examine the magnitude of these
abnormalities across subdivisions of the striatum. It was found that those with schizophrenia
display greater dopaminergic dysfunction across dorsal (rather than limbic) subdivisions of
the striatum, providing evidence against a mesolimbic hypothesis of dopamine dysfunction.
Molecular imaging studies have provided further evidence for the role of dopamine
overactivity in the mesostriatal regions among people with schizophrenia. As highlighted by
McCutcheon and colleagues (2020), there is evidence that symptoms of schizophrenia are
associated with dysregulated firing of mesostriatal dopamine neurons, whereby dopamine
signals may aberrantly fire with irrelevant stimuli. In theory, this could lead people with

schizophrenia to experience innocuous stimuli as significant or threatening.

Response Eight

Examiner three noted that negative symptoms in study three were, on average, mild
compared to the positive psychotic symptoms. The median ratings on the BPRS items for the
negative-symptoms class was blunted affect (M = 2.7, SD = 1.2) emotional withdrawal (M =
2.5, SD = 1.1) and motor retardation (M = 1.6, SD = 0.7). These values fall between the
BRPS ratings of very mild and mild. It is proposed that these mild negative symptoms may
be artefacts of heroin and benzodiazepine use within the current sample, and it would be
valuable for further research to examine the evidence of this association with more severe
negative symptoms. The low severity of negative symptoms in the current sample may
reflect a sampling bias, in that people with moderate or severe negative symptoms may be

less likely to volunteer to participate in an interview.
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Response Nine

Examiner three noted that attempts to differentiate between schizophrenia and MAP
may be informed by examining whether duration of symptoms correspond to differences in
the profile and severity of symptoms. A key criterion for distinguishing between MAP and
SZ is duration of psychosis after cessation of drug use. Recent evidence indicates that
duration of psychosis is not only associated with differences in severity of symptoms, in that
those with longer lasting episodes tend to have more severe psychotic symptoms (Lecomte et
al., 2013), but those with persistent episodes of psychosis exhibit a different profile of
psychotic symptoms relative to those with transient symptoms. McKetin and colleagues
(2017) found that methamphetamine users with persistent MAP (lasting more than one
month) and those with SZ were more likely than those with transient psychosis (lasting less
than one month) to experience delusions of reference, thought interference, complex auditory,
visual, olfactory, and tactile hallucinations. Thus, people with transient episodes of MAP
differ from people with SZ or persistent MAP, in both severity and type of psychotic
symptoms. Moreover, there appear to be subtle differences in specific types of delusions and
hallucinations between those with MAP and SZ, which may not have been detected by other
studies (Hides et al., 2015; Medhus et al., 2013; Srisurapanont et al., 2011) that compare
these disorders on broad symptom categories (e.g delusions, hallucinations). This is
inconsistent with the notion that there is a linear relationship between duration and symptom
profile underlying this population, and instead, there is a qualitative, rather than a purely
quantitative, difference between those with persistent versus transient psychosis. In support
of this hypothesis, prior research (McKetin et al., 2017) has identified different correlates
associated with people who have persistent psychosis (i.e. major depression and family
history of schizophrenia) from those with transient psychosis (i.e. earlier onset

methamphetamine use and being male).
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Supplementary Table 1
PRISMA Guidelines

: . _ Reported
Section/topic Checklist item on page #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, | 2
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known. 3

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, | 4
outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 5
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 5
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 5
additional studies) in the search and date last searched.
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Supplementary Table 3

Sample Characteristics and Clinical Symptoms Reported in Case Control Studies (k=29)
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Note. NR = Not reported or unclear; H = hallucinations; D = delusions; * = participants recruited from hospital inpatient/outpatient samples; # = participants recruited from
prison; A = participants recruited from community; + = participants recruited from treatment centres; recruitment method not reported or unclear where blank; 1. Age is years
is presented as sample mean with standard deviation or as a range; 2. Symptoms explicitly reported as absent are denoted with “Symptom (0%)”; 3. Two mean ages are
provided as this paper contained two MAP samples. Meth = methamphetamine; Amph = amphetamine. The terms ‘amphetamine’ and ‘methamphetamine’ (and the
associated street names) have been used interchangeably or inconsistently, and may not reflect forensically verified differences in chemical structure.



Supplementary Table 4

Sample Characteristics and Clinical Symptoms Reported for Cross Sectional Studies (k=20)
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Speech (12%) Negative symptoms (26%)
Bousman Identified » MAP if Persecutory D (88%) Insertion D (33%)
! MINI dependant and Withdrawal D (28%) Control D (38%),
i%ls?r’alia 40 39+10 % Meth 100 adapted  symptomatic, based on Mindreading D (40%), Visual H (63%), NR
interview Auditory H (60%)
. Mean: 40 . L . Disorganised Behaviour, Conceptual
Farnia, 2014, 45  Range: 100 Amph NR SANS Diagnosis * interview Disorganisation, Flat affect, Poverty of Speech, NR
Iran & SAPS (DSM-1V) o
26-60 Avolition.
Persecutory D (82%) Reference D (57%)
o i< medical Somatic D (4%) Grandiose D (40%) Jealous
) . iagnosis * medica 0 i 0 i
Fasihpour, Prescript ] D (26%) Broadcasting D (6%) Insertion D o
2013, Iran 11130475 % Amph NR NR :;?ﬁ(;rrcij:)(based on DSM-IV (2%) Withdrawal D (4%) Control D (4%) 9%
Visual H (44%) Auditory H (70%) Tactile H
(2%) Olfactory H (1%)
- o Persecutory D (81%) Reference D (100%)
ldenhtlfledh* MAP if uglng Control D (72%) Visual H (18%) Auditory H
i methamphetamine an 0 : 0 0
Hall, 1988, IQR: 15- . . (54%) Tactile H (18%) Olfactory H (0%)
USA 1 30 NR Amph NR NR symptomatic, interview Depression (90%) Anxiety (63%) Hostility NR

with relatives and
participant, urine testing.

(27%) Inappropriate affect (9%) Conceptual
Disorganisation (18%) Disorganised




Behaviour (90%) Stereotyped Behaviour (0%)
Flat affect (9%) Disorientation (36%) Reduced
movement (9%)

Identified, MAP if

Herman, s 30 87 Prescript o NR symptomatic and using Persecutory D, Auditor-y H. (87%) NR
1954, USA Amph methamphetamine, urine Inappropriate affect, Disorientation.
testing and observation.
Persecutory D (83%) Reference D (85%)
Visual H (25%) Auditory H (72%) Depression
Iwanami Diagnosis * urine testing (90%) An?<iety (63%) Hostility (275)
1994, Ja[:’)an 10435 80 Meth NR NR and interview (DSM-111-R) Infa pproprlatg affect (100%) ConP eptual 26
Disorganisation (18%) Disorganised
Behaviour (90%) Flat affect (9%)
Disorientation (36%)
Identified * MAP if
symptomane aqd Leing Depression, Hostility, Conceptual
Johnson, methamphetamine or , ,
1966, Britain 17 35 28 Amph NR NR dependa%t, observation, Disorganisation NR
urine testing and medical
records
Liu, 2017, Meth + Diagnosis+ and interview  Persecutory D, Conceptual Disorganisation,
China 150 13-36 %2 Amph NR BPRS (ICI%-lO) Hostility, Depression, Anxiety, Hyperactivity. NR
Persecutory D, Guilt D, Grandiose D,
) Conceptual Disorganisation,
McKetin, Meth + Diagnosis + and interview  Anxiety, Depression, Suicidality, Hostility,
2016, 164 32+8.2 60 100 BPRS . . L NR
Australia Amph (DSM-1V) Mania, Inappropriate affect, Hyperactivity,
Disorientation, Disorganised Behaviour, Flat
affect, Social withdrawal, Reduced movement
Nakatani, Previously diagnosed * as -
1989, Japan 132 33 9 Meth NR NR MAP in n)wledicgl records. Auditory H NR
i;(él;mar;A 18 NR 1 Pzrsrfrzkpt NR NR NR * Persecutory D, Visual H, Depression NR
Identified * MAP if Persecutory D, Broadcasting D, Visual H,
Sat0,1986, L, R - Meth  NR \R Z%Z‘eﬁ:g:i‘gg,c and using, Auditory H, Anxiety, Hostility, Inappropriate o
Japan affect, Conceptual Disorganisation,

urine testing and medical
records.

Disorganised Behaviour




Srisurapanon Persecutory D (77%) Reference D (38%)

t, 2003, Diagnosis * interview using ~ Insertion D (33%) Mindreading D (53%)
ﬁ‘;;t;a“a’ 168 27476 76 Meth  NR Mot MINE-Plus Module M Visual H (38%) Auditory H (73%) NR
Philip,pines (ICD-10 and DSM-1V) Disorganised Behaviour (8%) Disorganised
Thailand Speech (11%) Negative symptoms (21%)
Sulaiman, Diagnosis * urine testing
2012, 49 3484 94 Meth 100 PANSS and interview using MINI Negative Symptoms 0
Malaysia (DSM-1V)
Szuster, Identified * MAP if Persecutory D (86%) Visual H (35%) Auditory
1990, 14 IQR21- 4 Meth  NR NR dependant and previously 4 g40¢) Suicidality (20%) Self-harm (7%)  NR
Hawaii 40 identified in medical Hostility (43%

records. ostility (43%)
Verachal, Diagnosis + interview .
2014, 80 23&25° 70,833 Meth 100 PANSS lassification NR Negative Symptoms NR
Thailand (classification NR)

Persecutory D, Reference D, Grandiose D,

) Mean: 30 Visual H, Auditory H, Suicidality, Self-harm,
Yukitake, , Meth + * Hostility, Inappropriate affect, Disorganised NR
1983, Japan 60 Range: 86 Amph NR NR NR 0s -y, pp p : ) g

19-49 Behaviour, Disorganised Speech,
Disorientation
Persecutory D (85%), Reference D (39%),
Grandiosity D (33%), Jealousy D (30%),
Zarrabi, 152 36181 94 Meth  NR BPRS Diagnosis * urine testing Broadcasting D (1%), Insertion D (1%), 32

2016, Iran and interview (DSM-1V) Withdrawal D (1%), Auditory H (51%), Visual
H (18%), Tactile H (1%), Hostility (69%),
Suicidality (14%).

Note. NR = Not reported or unclear; H = hallucinations; D = delusions; * = participants recruited from hospital inpatient/outpatient samples; # = participants recruited from
prison; A = participants recruited from community; + = participants recruited from treatment centres; recruitment method not reported or unclear where blank. 1. Age is years
is presented as sample mean with standard deviation or as a range; 2. Symptoms explicitly reported as absent are denoted with “Symptom (0%)”; 3. Two values are provided
as this paper contained two MAP samples. Amph= Amphetamine. Meth = Methamphetamine. Prescript Amph = Prescription Amphetamines (for example,
dextroamphetamine or d-amphetamine). The terms ‘amphetamine’ and ‘methamphetamine’ (and the associated street names) have been used interchangeably or
inconsistently, and may not reflect forensically verified differences in chemical structure.



Supplementary Table 5

Sample Characteristics and Clinical Symptoms Reported in Experimental Studies (k=6)

L:;?a?]lghor’ N g%ee in % Screened :c:?g;eé time Symptoms reported as present or absent Duration symptoms
Y g Male  for PPD ’ (prevalence in sample were available) 2 after drug cessation
country years substance
Anggard, S&T]%Sljrivg%r 1 week or less for
1973, 11 24-41 100 N* 18 hours' NR all participants,
Sweden Prescript Amph mean 5.3 days
Persecutory D (100%), Control D (50%), Olfactory H (25%), Auditory
Anarist 5-50mgs hourly  H (50%), Inappropriate affect (50%), Flat affect (25%), Hostility <2 davs for all
19790 U’S A 4 23-33 75 Y for 2-3 days. (75%), Social Withdrawal D (25%), Depression (50%), Anxiety (25%), artic?/ ants
’ Prescript Amph  Disorganised Speech (50%), Tactile H (25%), Hyperactivity (25%), P P
Grandiose D (25%), Disorganised Behaviour (25%).

274mgs (Mean)  Persecutory D (100%), Visual H (61%), Auditory H (76%), Tactile H, 1-2 davs in 9
Bell, 1973, 13 1639 o i injected over 2-  Anxiety, Hostility, Inappropriate affect, Hyperactivity, Disorganised articiyants 6 davs
Australia 3 hrs. Prescript  Speech (30%), Poverty of Speech, Conceptual Disorganisation (0%), lion 2 a?tici ,ants 4

Amph Reduced movement. P P

%gumrgjnet;/lery Persecutory D, Reference D, Control D, Visual H (0%), Auditory H
Griffith, 9 91-37 100 N* sychosis (max (0%), Olfactory H, Avolition, Hostility, Hyperactivity, Social <12 hours for all
1972, USA gé/ays) Withdrawal D, Disorientation (0%), Flat affect, Conceptual participants

. i . )

Prescript Amph Disorganisation (0%).
Jonsson, 50-75mgs every  Persecutory D (100%), Depression (66%), Anxiety (86%), Hostility <5 davs for all
1970, 15 18-35 86 N* 6 hours, for 36 (13%), Hyperactivity (100%), Disorientation (46%), Conceptual artic?/ ants
Sweden hours. Amph Disorganisation (93%), Disorganised Behaviour (46%). P P
Schulz, 8 19-37 0 v 30mgs one-off.  Mania, Conceptual Disorganisation, Disorganised Speech, Thought <1 day for all
1985, USA Prescript Amph  Broadcasting D, Auditory H, Visual H. participants

Note. NR = Not reported or unclear; PPD = Primary psychotic disorders, such as schizophrenia or bipolar disorder. 1. Bell (1973) included individuals diagnosed with
schizophrenia in results presented separately from those with MAP. H = hallucinations; D = delusions; * = participants recruited from hospital inpatient/outpatient samples;
recruitment method not reported or unclear where blank. 2. Symptoms explicitly reported as absent are denoted with “Symptom (0%)”. Amph= Amphetamine. Prescript
Amph = Prescription Amphetamines (for example, dextroamphetamine or d-amphetamine). The terms ‘amphetamine’ and ‘methamphetamine’ (and the associated street
names) have been used interchangeably or inconsistently, and may not reflect forensically verified differences in chemical structure.



Supplementary Table 6

Sample Characteristics and Clinical Symptoms Reported for Longitudinal Studies (k=10)

First N (% at Max Agein  Substance Male Scale used Diagnosed or Symptoms reported as Persistent Longitudinal
author, follow  followup  years (%) for identified as MAP, present or absent psychosis outcome
year, and up) lengthin  mean + symptoms method and (prevalence in sample were (%)
country months SD (or classification system available)
range) used (if app.)
Akiyama, 32 120 Range:  Meth 0 BPRS Identified # MAP if Persecutory D (91%), 96% NR
2006, Japan  (97%) 20-40 dependant and Auditory H (91%), Thought
symptomatic, Broadcasting D (75%),
interview Visual H (69%), Tactile H
(41%), Depression (91%),
Suicidality (69%).
Deng, 38 108 24 +8.3  Meth 85 PANSS Diagnosis * interview  None 21% NR
2012, (100%) (CCMD-3)
China
Javadian, 50 3 35£8.2  Meth 86 SANS, Diagnosis * interview  Delusions, Hallucinations, NR Depression
2016, Iran  (92%) SAPS (DSM-1V) Negative Symptoms, increased, no
Depression, Mania change in
negative
symptoms, and
reduction in
delusions,
hallucinations and
mania.
Kittirattana 1116 84 33+8.0 Meth 91 MINI Diagnosis * interview, None 14% 38% transitioned
paiboon, (40%) MINI (DSM-1V) to schizophrenia
2010,
Thailand
Lecomte, 295 6 Means: Meth 53 BPRS Identified *"+ None 30% NR
2013, (54%) 33; 38! MAP if symptomatic
Canada and dependant,
interview
Medhus, 28 72 Means:  Meth + 83 PANSS Diagnosis * based on ~ Conceptual disorganisation,  NR 33% transitioned
2015, (43%) 36; 34!  Amph DSM-1V (process Inappropriate affect, to schizophrenia
Norway NR), blood and urine Grandiose D, Persecutory D,

testing

Hostility.




Niemi- 825 192 26 +7.8  Meth + 74 NR Previously identified * None NR 16% transitioned

Pynttari, (100%) Amph as MAP in medical to schizophrenia
2013, records (DSM-111-R
Finland before 1995, ICD-10
afterwards)
Sato, 1983, 21 36 31 Meth 94 NR Identified * MAP if Control D + Thought NR No change in
Japan (76%) symptomatic and using Insertion D + Thought baseline
methamphetamine, Broadcasting D (24%), symptoms over
urine testing, medical ~ Persecutory D + Jealous D time.
records and (100%), Auditory H (76%),
observation Visual H (38%),

Disorganised Speech +
Conceptual Disorganisation

(19%).
Tomiyama, 11 4 39 Meth 82 SANS NR * Persecutory D & Reference NR Positive
1990, Japan (100%) +10.2 D (63%) Broadcasting D symptoms
(9%) Control D (36%) Visual reduced. Increase
H (45%) Auditory H (100%), in Flat Affect,
Hyperactivity, Avolition, Flat Reduced
Affect, Poverty of Speech, Movement, Social
Reduced movement Withdrawal D,
Conceptual
Disorganisation.
Yeh, 2001, 21 7 31+1.6 Meth+ 90 SADS & Identified * MAP if Persecutory D, Reference D, NR Decrease in
Taiwan (81%) Amph SANS symptomatic and using  Thought Broadcasting D, Persecutory D,
methamphetamine, Auditory H, Flat Affect, Thought
interview, urine Poverty of Speech, Broadcasting D,
testing, observation Avolition, Social Auditory H, and
Withdrawal. Social
Withdrawal. No
change in

Reference D, Flat
Affect, Poverty of
Speech,
Avolition.

Note. NR = Not reported or unclear; H = hallucinations; D = delusions; * = participants recruited from hospital inpatient/outpatient samples; # = participants recruited from
prison; A = participants recruited from community; + = participants recruited from treatment centres; recruitment method not reported or unclear where blank. 1. Two values
are provided as this paper contained two MAP samples. Amph= Amphetamine. Meth = Methamphetamine. The terms ‘amphetamine’ and ‘methamphetamine’ (and the
associated street names) have been used interchangeably or inconsistently, and may not reflect forensically verified differences in chemical structure.



Supplementary Table 7

Sample Characteristics and Clinical Symptoms Reported for Case Studies (29 case reports with 49 individual cases)

Hyperactivity, Stereotyped Behaviour

Lead author, year, Case # Age Sex  Substance Symptoms reported as present or absent * Duration of
and country symptoms
Angrist, 1974, USA  1* 19 M Amph Persecutory D, Reference D, Visual H, Hyperactivity NR
2% 18 M Amph Reference D, Grandiose D, Disorganised Speech, Conceptual Disorganisation NR
3* 18 M Amph Persecutory D, Reference D, Auditory H, Anxiety, Hostility, Disorganised Speech, NR
Conceptual Disorganisation
4* NR M Prescript Persecutory D, Reference D, Visual H, No Auditory H, Anxiety, Hostility NR
Amph
Beamish, 1960, 1=* 35 M Prescript Persecutory D, Guilt D, Visual H, Auditory H, Depression, Suicidality, Hostility, Flat NR
England Amph Affect, Inappropriate Affect
2% 39 M Prescript Persecutory D, Reference D, Visual H, Auditory H NR
Amph
3* 32 F Prescript Persecutory D, Visual H, Depression, Suicidality, Hostility, Social Withdrawal, <1 week
Amph Disorientation, Hyperactivity
4* 35 M Prescript Jealous, Hostility, Social Withdrawal, Disorganised Speech, No Conceptual <1 week
Amph Disorganisation
5* 30 M Prescript Persecutory D, Hostility, Disorganised Speech, Conceptual Disorganisation, <1 week
Amph Inappropriate Affect, Hyperactivity
6* 19 F Prescript Visual H, Auditory H, Anxiety, Disorientation, Conceptual Disorganisation, NR
Amph Hyperactivity
Bergua, 2002, Single* 28 M Amph Guilt D, Grandiose D, Religious, Self Harm 1-6 months
Germany
Buffman, 2001, USA  Single 34 M Meth Visual H, Auditory H, Inappropriate Affect, Disorientation, Hostility, Depression, 1-4 weeks
+ Disorganised Speech
Carr, 1954, England  Single* 41 M Meth Persecutory D, Visual H, Auditory H, Anxiety, Disorientation < 1 week
Dore, 2006, Australia Single * 44 F Meth Persecutory D, Reference D, Visual H, Auditory H, Self Harm, NO Disorientation NR
Gold, 1978, USA Single* 20 F Prescript Persecutory D, Reference D, Grandiose D, Visual H, Depression, Anxiety, Social 1-4 weeks
Amph Withdrawal, Disorganised Speech, Poverty of Speech, Conceptual Disorganisation,




Grelotti, 2010, USA  Single * 37 M Meth Persecutory D, Visual H, Auditory H, Depression, Suicidality, Social Withdrawal 1-4 weeks
Harajiri, 1986, Japan  Single * 25 M Prescript Visual H, Auditory H, Depression, Anxiety, Self-Harm, Hostility, Social Withdrawal, NR
Amph NO Disorientation, Conceptual Disorganisation, Hyperactivity
lyo, 1999, Japan Single* 24 M Meth Persecutory D, Auditory H NR
Kratofil, 1996, USA 1* 31 M Amph Persecutory D, Religious, Auditory H, Self-Harm NR
2% 29 M Meth Persecutory D, Self-Harm NR
3* 27 M Amph Persecutory D, Somatic D, Grandiose D, Religious, Self-Harm NR
Lynn, 1971, USA 1* 25 M Prescript Persecutory D, Visual H, Hostility, NO Disorientation, NO Conceptual Disorganisation, 1-4 weeks
Amph Inappropriate affect, Hyperactivity, Stereotyped Behaviour
2% 29 F Prescript Visual H, Auditory H, Anxiety, NO Disorientation, NO Conceptual Disorganisation, <1 week
Amph Inappropriate affect
3* 24 F Meth Persecutory D, Somatic D, Visual H, Auditory H, Anxiety, Hostility, NO NR
Disorientation, Conceptual Disorganisation, Inappropriate affect
4* 38 F Prescript Persecutory D, Anxiety, Hostility, NO Disorientation, NO Conceptual Disorganisation, NR
Amph NO Disorganised Behaviour, NO Stereotyped Behaviour
5* 50 F Meth Somatic D, NO Hallucinations (Vis, Aud, OIf, Tact, Gust), NO Disorientation, Flat 1-4 weeks
affect, Conceptual Disorganisation, Inappropriate affect, Hyperactivity, Disorganised
Behaviour
Misra, 2000, USA Single* 50 M Meth Persecutory D, Visual H, Auditory H, Hostility NR
Nakatani, 1998, 1* 55 M Meth Somatic D, Tactile H, Conceptual Disorganisation, Hostility, Hyperactivity, NO 1-4 weeks
Japan Disorientation
2* 47 M Meth Conceptual Disorganisation, Hostility, Auditory H, Visual H, Persecutory D, < 1 week
Disorientation
Ney, 1967, Canada Single~ 8 M Prescript Persecutory D, Reference D, Visual H, Auditory H, Tactile H, NO Depression, NO NR
Amph Anxiety, Hyperactivity
O’Flanagan, 1950, Single* 38 M Prescript Persecutory D, Somatic D, NO Hallucinations (Vis, Aud, OIf, Tact, Gust), Depression, < 1 week
England Amph Mania, NO Disorientation, Disorganised Speech, Hyperactivity
Okazaki, 2016, Japan 1~ 25 F Meth Visual H, Auditory H, Self-harm >6 months
2~ 24 F Meth Persecutory D, Hostility, Hyperactivity 1-4 weeks
Omidvar, 2012, Iran ~ Single * 47 M Meth Persecutory D, Control D, Depression, Self Harm, Social Withdrawal NR
Perry, 1977, USA Single* 16 F Prescript Grandiose D, Religious, Auditory H, Hostility, Stereotyped Behaviour, 1-4 weeks

Amph




Prout,1964, USA 1* 50 F Prescript Depression, Hostility, Disorganised Speech, Inappropriate Affect NR

Amph
2% 28 F Prescript Persecutory D, Reference D, Visual H, Auditory H, Hostility, Social Withdrawal, NR
Amph Hyperactivity, Inappropriate Affect
3* 23 F Prescript Persecutory D, Auditory H, Depression, Suicidality, Hostility, Hyperactivity NR
Amph
Siomopoulos, 1976, Single* 29 M Prescript Persecutory D, Grandiose D, NO Hallucinations (Vis, Aud, OIf, Tact, Gust), Anxiety, NR
USA Amph NO Disorientation, NO Disorganised Speech, NO Poverty of Speech, Conceptual
Disorganisation, Stereotyped Behaviour
Stanciu, 2015, USA Single* 30 F Prescript Somatic D, Tactile H, Anxiety, Self-harm, Hostility, Hyperactivity 1-4 weeks
Amph
Twohig, 2006, USA  Single* NR M Meth Persecutory D, Visual H, Hostility, Stereotyped Behaviour NR
Vila-Rodriguez, Single 35 M Meth Visual H, Persecutory D NR
2011, Canada
Wallis, 1949, Single* 29 M Prescript Visual H, Auditory H, Hostility < 1 week
England Amph
Wang, 2014, China 1* 25 M Meth Persecutory D, Jealous, Auditory H, Hostility, Social Withdrawal, Flat Affect 1-4 weeks
2* 30 M Meth Persecutory D, Auditory H, Hostility, NO Disorientation 1-4 weeks
Yeh, 2014, Taiwan Single 26 M Amph Somatic D, Tactile H 1-4 weeks
Young, 1961, USA Single* 12 M Prescript Persecutory D, Somatic D, Visual H, Disorganised Behaviour, Conceptual 1-4 weeks
Amph Disorganisation, Self Harm, Hyperactivity, Inappropriate Affect, Disorientation,
Reduced Movement, Poverty of Speech
Zeidman, 1975, USA Single* 44 M Prescript Persecutory D, Auditory H, Visual H, Hostility, Religious NR
Amph

Note. NR = Not reported or unclear; H = hallucinations; D = delusions; * = participants recruited from hospital inpatient/outpatient samples; + = participants recruited from
treatment centres; recruitment method not reported or unclear where blank; ~ = participants recruited from private clinics;. 1. Symptoms explicitly noted as absent are
denoted with “NO symptom”. Amph= Amphetamine. Meth = Methamphetamine. Prescript Amph = Prescription Amphetamines (for example, dextroamphetamine or d-
amphetamine). The terms ‘amphetamine’ and ‘methamphetamine’ (and the associated street names) have been used interchangeably or inconsistently, and may not reflect
forensically verified differences in chemical structure.



Supplementary Tables for Study Two

The relationship between illicit amphetamine use and psychiatric symptom

profiles in schizophrenia and affective psychoses



Supplementary Table 1.

Frequency of amphetamine use in past-year group

Schizophrenia Affective Total
(n=113) Psychoses (n=92) (n=205)
Less than monthly 60.2 (68) 54.3 (50) 57.6 (118)
1-3 times per month ~ 20.3 (23) 17.4 (16) 19.0 (39)
1-2 days per week 11.5(13) 18.5(17) 14.6 (30)
Daily/almost daily 8.0(9) 9.8 (9) 8.8 (18)




Supplementary Table 2

Table comparing demographics between past-year and former in SZ

Former amphetamine use Past-year amphetamine use
Affecti Affecti
Schizophrenia cctive Schizophrenia cctive
psychoses psychoses
Age in years, M (SD) * 33.9(0.57) 36.4(0.65) 31.4 (0.68) 34.3 (0.90)
Male sex, % (n) 76.9 (180)  52.3 (105) 80.5 (91) 57.6 (53)
Age (years) when left 159(0.11) 16.3(0.37) 15.9 (0.13) 16.0 (0.15)
school, M (SD)
Single, never married % (n) 27.3 (64) 40.1 (79) 20.3 (23) 42.4 (39)
Paid employment in past 12 31.2(73) 30.5 (60) 41.6 (47) 41.3 (38)

months, % (n)*

Duration of illness in years,  12.5(0.61)  15.2 (0.69) 9.7 (0.69) 13.6 (0.91)
M (SD) *

Course of illness, % (n)

Single episode with recovery 8.6 (20) 3.6 (7) 7.1 (8) 330)

Multiple episode with 61.1 (143)  72.6 (143) 55.7 (63) 66.3 (61)

recovery

Continuous chronic illness 30.3(71) 23.9 (47) 37.2 (42) 30.4 (28)

Substance use in past 12 months, % (n)

Antipsychotics * 90.2 (211) 78.2 (154) 88.5 (100) 77.2 (71)
Mood stabilizers * 17.5 (41) 34.5 (68) 14.1 (16) 39 (36)
Antidepressants 24.4 (57) 44.67 (88) 26.6 (30) 29.3 (27)
Frequent! alcohol use * 51.3(12) 45.7 (90) 62.3 (76) 59.8 (55)
Frequent! cannabis use * 30.1 (69) 38.1(74) 65.8 (73) 61.8 (55)
Other illicit substances * 11.5(27) 16.2 (32) 46.9 (53) 59.8 (55)
Lifetime cannabis 82.6 (76)

abuse/dependence * 85(199) 74.6 (147) 91 (103)

Note. * = Adjusted for in subsequent regression analyses.



Supplementary Table 3

Prescription medications used in past 12 months

Any medication
Antipsychotics
Typical - oral
Typical - depot
Atypical - oral
Atypical - depot
Atypical - clozapine
Mood stabilisers
Anxiolytics / Sedatives

Antidepressants

Former amphetamine use

Past-year amphetamine use

Schizophrenia Affective Schizophrenia Affective
(n=234) psychoses (n=113) psychoses
(n=197) (n=92)
96.6 (226) 96.9 (191) 93.8 (106) 90.2 (83)
90.2 (211) 78.2 (154) 88.5 (100) 77.2 (71)
5.1(12) 4.0 (8) 4.4 (5) 4.3 (4)
19.7 (46) 14.7 (29) 10.6 (12) 10.9 (10)
73.5(172) 57.4 (113) 73.4 (83) 57.6 (53)
14.1 (33) 14.2 (28) 17.7 (20) 14.1 (13)
22.2 (52) 9.6 (19) 12.4 (14) 54(5)
17.6 (41) 34.6 (68) 14.2 (16) 39.1 (36)
17.9 (42) 25.9 (51) 17.7 (20) 26.1 (24)
24.4 (57) 44.7 (88) 26.6 (30) 29.3 (27)




Supplementary table 4

Unadjusted Univariate Values for Psychiatric Symptoms

Symptom

Hallucinations
Multiple voices
Running commentary
Non-verbal sounds
Any hallucination

Delusions
Persecutory
Control
Reference
Grandiosity
Bizarre
Any delusion

Affective symptoms
Dysphoria
Suicidal ideation
Anhedonia
Anxiety
Elevated mood
Any affective symptom

Disorganised symptoms
Thoughts racing
Distractibility
Inappropriate social

behaviour
Reckless activity

Any disorganised symptom

OR

1.78
1.19
1.54
2.09

2.10
1.19
1.41
1.14
990
1.82

1.94
1.67
1.92
812
2.19
1.25

2.58
2.76
297

1.75
1.49

Schizophrenia

95% CI

1.09 -2.91
0.727 -1.96
0.941 —2.51

1.25-3.48

1.31-3.36
0.639 —2.23
0.897-2.23
0.704 — 1.84
0.567—-1.72
1.08 —3.07

1.22-3.09
1.01-2.77
1.21 -3.06
0.514 -1.28
0.954 —5.06
0.772 -2.03

1.26 -5.27
1.33-5.71
1.21-7.27

0.705 - 4.36
0.92 -2.42

P value

0.021

0.484

0.086
0.005 *

0.002 *
0.576
0.135
0.593
0.973
0.023

0.005 *
0.044
0.006 *
0.373
0.064
0.360

0.009 *
0.006 *
0.017

0.227
0.104

OR

1.33
1.48
.832
1.19

1.19
922
1.34
1.31
986
1.59

1.37
1.37
1.28
1.48
1.45
2.08

1.59
1.49
1.89

1.65
1.81

Affective Psychoses

95% CI

0.718 —2.47
0.848 —2.60
0.469 — 1.47
0.722 -1.96

0.730 — 1.96
0.419-2.02
0.793 —2.26
0.765 -2.26
0.473 —2.05
0.942 -2.70

0.787 - 2.41
0.883 —2.25
0.745-2.22
0.886 —2.49
0.879 -2.42
0.823 —-5.26

0.963 —2.62
0.904 —2.45
1.11-3.20

0.985-2.79
1.01 -2.99

P value

0.364
0.166
0.529
0.493

0.473
0.841
0.274
0.319
0.971
0.082

0.262
0.214
0.363
0.133
0.143
0.121

0.069
0.117
0.018

0.057
0.021

1. Asterisks (*) indicate statistically significant difference (p=<0.01).




Supplementary Tables for Study Three

Is there a discrete negative symptom dimension in people who use

methamphetamine?



Supplementary Table 1

Factor analysis indices of model fit

One Factor
Two Factors
Three Factors
Four Factors
Five Factors

AIC BIC

7755 7882

7550 7737
7466 * 7712 *
7467 7767

7477 7828

Note. * = Lowest (optimal) value. AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion.

Supplementary Table 2

Inter-item correlations for items in positive-activation symptom factor

Item, r (p-value)

Grandiosity
UTC
Hallucinations
Tension
Hyperactivity
Excitement
Concept. dis.
Mannerisms
Distractibility
Suspiciousness

Grandiosity uTC Hallucinations  Tension  Hyperactivity Excitement Concept. Mannerisms  Distractibility
0.47 (<.001) - - - - - - -

0.21 (.008)  0.53 (<.001) - - - - - -

0.10 (.198) 0.21 (.009) 0.25 (.002) - - - - -

0.23 (.003) 0.25 (.002) 0.25(.002)  0.64 (<.001) - - - -

0.30 (<.001)  0.26 (.001) 0.08 (3200  0.58 (<.001)  0.63 (<.001) - - -

0.39 (<.001) 0.44 (<001) 0.11(157) 0.42 (<001) 0.38(<.001)  0.50 (<.001) - -

0.23 (.004) 0.18 (.022) 0.14 (075)  0.38 (<.001)  0.32 (<.001) 0.21 (.008) 0.17 (.033) -

0.19 (.018) 0.27 (001)  0.29 (<.001) 0.36(<.001)  0.28 (<.001) 0.23 (.004)  0.30 (<.001)

0.42 (<.001) 0.61 (<.001) 0.37 (<.001) 0.02 (.833) 0.09 (.258) 0.12 (.124) 0.22 (.005) 0.19 (.018)




Supplementary Table 3
Inter-item correlations for items in affective symptom factor

Item, r (p-value)  Depression Anxiety Suicidality Guilt Hostility
Depression - - - - -
Anxiety 0.54 (<.001) - - - -
Suicidality 0.60 (<.001) 0.44 (<.001) - - -
Guilt 0.45(<.001) 0.33(<.001) 0.30(<.001) - -
Hostility 0.15 (.061) 0.39 (<.001) 0.33(<.001) 0.17 (.041) -

Somatic Concern  0.20 (.015) 0.18 (.027) 0.16 (.048)

0.29 (<.001)  0.20 (.015)

Supplementary Table 4

Inter-item correlations for items in negative symptom factor

Item, r (p-value) Blunted affect

Emotion.

Blunted affect

Emotion. 0.73 (<.001)

Motor Retardation 0.53 (<.001)

0.32 (<.001)

Note. Emotion. = Emotional withdrawal

Supplementary Table 5

Comparison of median factor scores by class membership

Positive Factor Affective Factor Negative Factor
Class 1, Mdn (IQR) 1.45 (0.60 — 2.44) 0.21 (-0.05 - 0.35) -0.87 (-1.18 — -0.62)
Class 2, Mdn (IQR) -1.02 (-2.33 - 0.20) 0.10 (-0.16 - 0.31) 1.35 (1.00 - 2.00)

Class 3, Mdn (IQR)  -1.52 (-2.48— -0.73) -0.24 (-0.56 — -1.13)  -0.43 (-0.60 — -0.01)

Wilcoxon Rank Sum, z (p-value)
Class 1 v Class 2 7.50 (<.001) 1.29 (.196)

Class 1 v Class 3 8.28 (<.001) 6.33 (<.001)
Class 2 v Class 3 0.17 (.167) 4.83 (<.001)

-9.10 (<.001)

-5.10 (<.001)
7.85 (<.001)




Supplementary Figure 1

Mean BPRS symptoms by class membership
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Note. Unusual Thoughts = Unusual Thought Content; Conceptual Dis. = Conceptual
Disorganisation; Hyperactivity = Motor Hyperactivity; Mannerisms = Mannerisms and
Posturing;

Emotional Withdr. = Emotional Withdrawal.



Supplementary Table 6

Mean BPRS symptoms by class membership

Class One Two Three Comparison
lv?2 1v3 2v3
Anxiety 4.0 3.6 4.0 n/s n/s n/s
Depression 4.0 4.2 3.9 n/s n/s n/s
Suicidality 2.7 2.5 2.6 * n/s n/s
Hostility 4.1 2.7 3.5 n/s n/s n/s
Guilt 2.4 1.8 1.7 n/s * n/s
Grandiosity 2.9 1.1 1.1 * * n/s
Somatic Concerns 2.7 1.8 2.0 n/s * n/s
Suspiciousness 4.2 2.7 2.5 * * n/s
Unusual Thoughts 4.4 2.1 1.9 * * n/s
Hallucinations 4.0 2.2 2.2 * * n/s
Conceptual Dis. 2.8 1.1 1.2 * * n/s
Tension 3.1 1.1 1.5 * * *
Excitement 3.0 1.0 1.3 * * *
Distractibility 2.1 1.4 1.4 * * n/s
Hyperactivity 2.5 1.0 1.2 * * *
Mannerisms 2.0 1.3 1.1 * * n/s
Blunted Affect 1.1 2.7 1.4 * n/s *
Emotional Withdr. 1.1 2.1 1.4 * n/s *
Motor Retardation 1.0 2.2 1.0 * n/s *

Note. * p = <.01; n/s = not statistically significant. Class one (n=18, 12%) appears to correspond to
the positive-symptom class (in the main text) as these individuals reported significantly higher
positive-activation symptoms (suspiciousness, unusual thought content, hallucinations, conceptual
disorganisation, tension, excitement, distractibility, hyperactivity, mannerisms) than class one and
three. Class two (n=26, 17%) appears to correspond to the negative-symptom class (in the main text)
in reporting higher negative symptoms (blunted affect, emotional withdrawal and motor retardation)
than class one or two. The largest group, class three (n=109, 71%), corresponds to the low-symptom
class in reporting lower positive-activation and negative symptoms than class one or two.



Supplementary Tables for Study Four

Latent psychotic symptom profiles amongst people who use
methamphetamine: what do they tell us about existing diagnostic

categories?



Supplementary Material
CIDI symptoms groupings:

Delusions were grouped as persecutory (beliefs about being spied on, talked about or laughed at,
followed or plotted against, or secretly tested), thought projection (hearing other people’s thoughts;
others hearing their thoughts), thought interference (convinced strange thoughts were being put
directly into their mind, or someone could steal their thoughts), passivity (convinced they were under
control of a power or force, or felt strange forces working on them, e.g. x-rays or laser beams),
reference (believed that they were being sent special messages through television/radio, or a book,
newspaper or song was meant only for them), other delusions (erotomania, jealousy, mind reading).
Hallucinations were categorized as complex auditory hallucinations (voices commenting on the
participant’s behavior or discussing the participant; two or more voices talking to each other; the
participant having a two-way conversation with voices, voices coming from the participant’s body),
other auditory hallucinations, visual hallucinations, and other hallucinations (olfactory, gustatory and
tactile).



Supplementary Figure 1.

Lifetime symptom prevalence for the three-class models for the full sample.
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Supplementary Figure 2.

Lifetime symptom prevalence for the three-class models for participants who met the symptom
criteria for schizophrenia.
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Supplementary Tables for Study Five

A latent class analysis of psychiatric symptom profiles associated with

past-month methamphetamine use



Supplementary Table 1.

Proxy diagnosis of people with methamphetamine-associated psychosis (MAP)

Summary of DSM-IV criteria for MAP?!

Corresponding item from the CIDI
schizophrenia module

A. Prominent delusions or hallucinations.

B. There is evidence that (1) symptoms in
Criteria A developed during, or within one
month of, methamphetamine intoxication or
withdrawal, and (2) methamphetamine use is
etiologically related to the disturbance

C. The disturbance is not better explained by
a psychotic disorder that is not substance-
induced

D. The disturbance does not occur
exclusively during the course of a delirium

Note. This diagnosis should be made only

when symptoms are in excess of those usually

associated with the intoxication or withdrawal
syndrome and when the symptoms are
sufficiently severe to warrant independent
clinical attention

Individuals presented with either
delusions or hallucinations (DSM-1V
criteria A1-A2 for SZ)

Symptoms “always the result of taking
medication, drugs or alcohol” (DSM-IV
criteria E for SZ)

Did not meet full DSM-IV diagnostic
criteria for schizophrenia based on the
full CIDI module

Symptoms were not “the result of a
physical illness or injury” (DSM-1V
criteria E for SZ)

Since symptoms begun has participant
been less able to do work, or make
friends or enjoy social relationships
(DSM-1V criteria B for SZ)

1. DSM-1V criteria for MAP are based on the DSM-IV criteria for substance induced
psychotic disorder (APA, 1994)
CIDI = Composite International Diagnostic Interview



Supplementary Table 2.
Probability of BPRS-E Symptoms by class membership

Class  One Two Three  Total Comparison across classes, X? (p-value)
(46%) (29%) (25%) (n=160) 1v2 2v3 1v3
Anxiety 59 100 56 70 249 (<.001) 25.1(<.001) 0.01(.755)
Depression 50 100 49 64 33.2(<.001) 30.8(<.001) 0.02(.897)
Suicidality 4 71 33 30 60.6 (<.001) 12.0 (001)  18.0 (<.001)
Guilt 1 11 8 6 5.6 (.018) 0.2 (.621) 3.1 (.077)
Hostility 36 63 67 52 8.0 (.005) 0.2 (.665) 10.0 (.002)
Somatic concerns 0 9 32 11 6.8 (.009) 7.4 (.007) 27.1 (<.001)
Grandiosity 0 0 32 8 - 17.6 (<.001)  27.1(<.001)
Unusual thought. 3 22 82 28 11.4 (.001) 316 (<.001)  77.7 (<.001)
Suspiciousness 11 46 70 36 18.8 (<.001) 5.2 (.023) 42.1 (<.001)
Hallucinations 4 37 82 33 22.1 (<.001) 18.2 (<.001)  73.9(<.001)
Self-neglect 30 33 42 34 0.1 (.740) 0.9 (.344) 1.9 (.170)
Conceptual dis. 3 0 20 6 1.3 (.261) 10.1 (.001) 9.7 (.002)
Excitement 3 0 20 6 1.3 (.261) 10.1 (.001) 9.7 (.002)
Distractibility 3 0 15 5 1.3 (.261) 7.4 (.006) 6.0 (.014)
Hyperactivity 0 0 20 5 - 10.1 (.001) 15.9 (<.001)
Tension 0 0 25 6 - 13.0 (<.001)  20.3(<.001)
Blunted affect 14 0 10 9 6.8 (.009) 4.8 (.028) 0.3 (.585)
Emotional withd. 7 0 2 4 3.2 (.072) 1.2 (.281) 0.9 (.331)

Note. Emotional withd = emotional withdrawal; Conceptual dis. = conceptual disorganisation;
Unusual thought = usual thought content (delusional thinking).
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