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Abbreviations

ADHD: Attention Deficit Hyperactivity Disorder

BDNF: brain-derived neurotrophic factor

CEQ: cocaine experience questionnaire

CIP: cocaine-induced psychosis

CSP: cortical silent period

D S H : Dopamine S -hydroxylase

DSMIV: Diagnostic and Statistical Manual of Mental Disorders,4" edition
ERPs: event-related potentials

CIDI-SAM: Composite International Diagnostic Interview — Substance Abuse
Module

CIP: Cocaine induced psychosis

MIP: methamphetamine-induced psychosis

NSF: N-ethylmaleimide sensitive factor

PPD: primary psychotic disorders

PRISM: Psychiatric Research Interview for Substance and Mental Disorders
SAPS-CIP: Scale for Assessment of Positive Symptoms for Cocaine-Induced
Psychosis

SCID: Structured Clinical Interview for DSM-1V

SSADDA: Semi-Structured Assessment for Drug Dependence and Alcoholism

SNP: single neucleotide polymorphism



Background

As one of the most potent naturally occurring central nervous system stimulants,
cocaine has a long history of use and abuse (Ellenhorn et al., 1988). It is the second
most commonly abused psychotropic drug in Hong Kong (Narcotics Division, 2017).
Illicit cocaine is available in both salt (hydrochloride) and base (crack) forms
(Barceloux et al., 2012). Crack is the freebase form of cocaine, which makes a
characteristic crackling sound when smoked. Cocaine is most commonly snorted (taken
via nasal inhalation) or smoked. Its effects include alertness; a sense of pleasure;
reduced social inhibition and anxiety; and a heightened sense of energy, self-esteem
and sexuality. The euphoric effects begin within minutes and last approximately 20-45
minutes (Barceloux et al., 2012). Chronic use of cocaine produces tolerance to its
euphoric effects and physical symptoms of withdrawal including insomnia, irritability,
depression and headaches (Barceloux et al., 2012). The consumption rate of cocaine
varies widely amongst users. Typical doses range up to 200 mg per measure depending
on the purity, with an average dose of about 25 mg per insufflation (Barceloux et al.,
2012).

Chronic use of cocaine can result in a wide range of psychiatric symptoms,
including psychosis, anxiety, depression, sexual disorders and eating disorders (Herrero
et al.,, 2008). Cocaine consumption can induce transient psychotic symptoms or
complete psychosis (Roncero et al., 2014(a)). Studies conducted in psychiatric settings
have reported prevalences of cocaine-induced psychosis (CIP) ranging between 29%

(Roncero et al., 2012) and 86.5% (Vorspan et al., 2012). Common psychotic symptoms
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of cocaine use include paranoid delusions and hallucinations. Other clinical features are
agitation, aggression, stereotypy, checking behaviour, self-harm and unusual sexual
behaviour (Roncero et al., 2014(a)). Transient paranoia is the most characteristic
symptom, and patients most frequently report the delusion that they are surrounded by
agents of the law or by people who want to steal their drugs (Roncero et al., 2012).
Hallucinations, especially auditory ones, are not uncommon. They are generally vivid,
isolated and consistent with thought content (Roncero et al., 2012). Up to 38% of
patients with CIP report tactile hallucinations such as the skin being infested with
parasites, and up to 21% report formication, in which the patient believes there are
parasites under the skin (Roncero et al., 2012).

CIP refers to the presence of delusions or hallucinations during or shortly after
cocaine use, with signs or symptoms that are not attributable to another medical
condition and are not better explained by another mental disorder, including
intoxication with another substance (American Psychiatric Association, 2013). The
prevalence of CIP ranges from 6.9% (Herrero et al., 2008) in young cocaine users not
seeking treatment to 40.6% (Roncero et al., 2014(b)) in outpatient clinics (Roncero et
al., 2014(a)). According to our own database, of 71 current cocaine users attending a
local substance abuse clinic, 49% had psychosis, 23% had a mood disorder and 3% had
an anxiety disorder (Tang, unpublished).

Risk factors for CIP include higher consumption of cocaine (Floyd et al., 2006),
early age of onset of use (Floyd et al., 2006), longer duration of use (Gilder et al., 2014),

intravenous use (Gilder et al., 2014), use of other substances such as cannabis (Trape



etal., 2014) and low body weight (Rosse et al., 2005). Concurrent psychiatric disorders
include attention deficit hyperactivity disorder (Roncero et al., 2012) and antisocial
personality disorder (Roncero et al., 2014(b)). A few genetic studies have suggested
that genes that encode dopamine transporter and dopamine beta-hydroxylase may be
related to CIP (Cubells et al., 2000; Gelernter et al., 1994). Other possible biomarkers
of CIP are deficits in evoked potentials (Boutros et al., 2006) and brain-derived
neurotrophic factor (Corominas-Roso et al., 2013(a)). The pathogenesis of CIP may
include a blockage of dopamine reuptake, increased levels of norepinephrine and
serotonin and a sensitising response (Tang et al., 2014).

The clinical picture of CIP is generally self-limiting and abates without the need
to initiate treatment in the hours after the most recent consumption of cocaine.
Remission of symptoms typically occurs from 24 hours to several days of abstinence.
In a small subset of chronic users, the symptoms may persist for over one month (Tang
et al., 2009; Barceloux et al., 2012).

A systematic review of data on the prevalence, clinical features and risk factors
for CIP is lacking. We therefore conducted a comprehensive literature review on the
risk factors, frequency, symptoms, pathomechanism and treatment of CIP. The findings
of this study will be beneficial for policymaking in the areas of education, prevention

campaigns and service provision for local cocaine users.



Objectives

To identify the risk factors, frequency, symptoms, pathomechanism and

treatment of CIP through a comprehensive literature review.



Methods

Data sources

The principal investigator (WK Tang) conducted a PubMed search using the
keywords ‘cocaine’ and ‘psychosis’ to identify relevant articles (limits: English
language, published between 1966 and 2018, human studies, abstracts available) in
April 2018. In total, 415 abstracts were screened by hand to exclude preclinical studies,
review articles that had been superseded by more recent reviews and other papers
judged to be of lesser relevance to the study objectives. Reference lists were used to

identify further relevant articles.

Data extraction

The principal investigator screened the titles and abstracts of all 415 records, 296
of which did not meet the eligibility criteria. Full-text versions of the remaining 119
articles were then screened by the principal investigator. This screening excluded a

further 59 papers. Finally, eight articles were added by cross-referencing (Figure 1).

Data synthesis

A standardised form was created to record data extracted from each eligible record.
Information regarding the design, size, scope, sample, methods, results and limitations
of each study was then entered by a research assistant and checked independently for

accuracy and completeness by the principal investigator (Marshall & Werb, 2010).



Figure 1. Systematic search of English-language articles

415 records identified through database

searching
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synthesis
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Results

Prevalence of CIP

Studies examining the prevalence of CIP are listed in Table 1. These studies
differed in their methodologies. For instance, subjects were variously recruited from
psychiatric hospitals (Manschreck et al., 1988), drug treatment or rehabilitation centres
(Vergara-Moragues et al., 2012(a)), the community (Herrero et al., 2007) and
unspecified sites (Gelernter et al., 1994). The extent of cocaine use amongst the subjects
included regular use (Herrero et al., 2007), pathological use (Araos et al., 2015) and
dependence (Vergara-Moragues et al., 2012(a)). Common exclusion criteria were a
history of primary psychotic disorder (PPD) (Roncero et al., 2017) and other drug
dependence (Brady et al., 1991).

Assessments of psychosis were commonly carried out using standardised
instruments, such as the Structured Clinical Interview for DSM-IV (SCID, Roncero et
al., 2017), Psychiatric Research Interview for Substance and Mental Disorders (PRISM;
Herrero et al., 2007), Cocaine Experience Questionnaire (CEQ, Gelernter et al., 1994)
and Semi-Structured Assessment for Drug Dependence and Alcoholism (SSADDA,
Zayats et al., 2013). A few studies relied on clinical interviews (Roncero et al., 2014(c)),
self-reports (Herback et al., 2006) or reviews of medical records (Manschreck et al.,
1988).

In five studies, the diagnosis of CIP was made according to the Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) criteria (Herrero et al.,

2007) (Table 2). Other definitions of CIP included °‘cocaine-induced paranoia’
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(Gelernter et al., 1994), ‘psychotic symptoms caused by use’ (Roncero et al., 2014 (¢))
and unspecified criteria (Manschreck et al., 1988).

The limitations of these studies include retrospective design (Manschreck et al.,
1988), self-report of psychotic symptoms (Herback et al., 2006), a selective sampling
frame such as psychiatric hospital (Manschreck et al., 1988), small sample size (Trape
et al., 2014) and concurrent use of other substances (Vergara-Moragues et al., 2012(a)).

The prevalence of CIP ranged from 5% amongst 139 subjects recruited outside
health-care services (Herrero et al., 2007) to 75% amongst 243 subjects recruited
through clinical referral (Tang et al., 2007). The median prevalence of CIP was 53%.
In a review paper, the prevalence of CIP ranged from 7% to 41% (Roncero et al., 2014
(b)). In two studies, only the prevalence of psychosis in general was reported, and it

ranged from 11% to 29% (Manschreck et al., 1998; Herback et al., 2006).
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Table 1. Studies examining the prevalence of CIP.

Study
citation/country

Study sample

Assessment and criteria of CIP

Findings

Roncero et al.,

Literature review

7% to 41% had CIP

2014(b)
Herrero et al., N = 139, 63% male, mean age = 24 PRISM 5% had substance induced
2007 Subjects with regular cocaine use DSM-1V criteria psychosis
Spain Recruited outside health-care services by
targeted sampling and chain referral methods
Vergara- N =227, 91% male, mean age = 35 PRISM 11.5% / 9.3% had lifetime /
Moragues et al.,  Patients with cocaine dependence DSM-IV criteria current CIP
2012(a) Recruited from a substance abuse clinic
Spain

Roncero et al.,
2017
Spain

N =767, 80% male, mean age = 37

Patients with cocaine dependence

Recruited from an addiction and dual diagnosis
unit

SCID
DSM-1V criteria

13% had CIP

Araos et al., 2015
Spain

N =82, 82% male, mean age = 37

Patients with pathological use of cocaine.
Recruited from outpatient treatment program
for cocaine addiction

PRISM
DSM-1V criteria

13% had CIP




Roncero et al.,

N = 143, 82% male, mean age = 34

PRISM 41% had CIP

2014(c) Patients with cocaine dependence Had psychotic symptoms and were
Spain Recruited from outpatient and inpatient drug not aware that these symptoms were
unit caused by cocaine.
Brady et al., N =55, sex distribution unknown, mean age =  Semi-structured interview 53% had CIP
1991 30
USA Patients with cocaine dependence

Recruited from inpatient unit for the treatment
of cocaine dependence

Roncero et al.,

N =173, 80% male, mean age = 34

Structured interview 54% had CIP

2013(c) Patients with cocaine dependence Had psychotic symptoms.

Spain Recruited from a substance use disorders unit

Gelernter etal.,, N =104, 96% male, mean age = 34 CEQ 54% had CIP
1994 Subjects with cocaine dependence Cocaine induced paranoia

USA Recruitment site and method unknown

Kalayasiri et al.,
2010; Kalayasiri

N = 1140, 50% male, mean age = 39
Subjects with cocaine dependence

SSADDA
Cocaine induced paranoia

65% had CIP

et al., 2006 Recruited by advertisement or referral

USA

Trape et al., N =53, 85% male, mean age = 40 CEQ 66% had CIP
2014 Patients with cocaine dependence Cocaine induced paranoia

France Recruited from six therapeutic communities

Zayats et al., N =2192, SSADDA 68% had CIP
2013 Subjects with cocaine dependence DSM-1V criteria

USA Recruited sites unknown
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Tang et al., 2007
USA

N = 243, 59% male, mean age = 40

Subjects with cocaine dependence

Recruited through clinical referral, advertising,
and word of mouth

CEQ
Cocaine induced paranoia

75% had CIP

Cubells et al., N =241, 59% male, mean age = 40 CEQ 75% had CIP
2005 Subjects with cocaine dependence Cocaine induced paranoia
USA Recruited through clinical referral, advertising,
and word of mouth
Morton et al., Literature review - 29% to 53% had psychosis
1999
Herback et al., N = 266, 100% male, mean age = 49 Self-report 11% had psychosis
2006 Patients with cocaine dependence and without  Psychotic disorders for which they
USA psychosis at baseline received treatment

Recruited from an inpatient substance use
disorders unit

Manschreck et
al., 1988
USA

N = 106, 81% male, mean age = 27
Patients with cocaine disorders
Recruited from a psychiatric hospital

Review of medical record

29% had psychosis

CEQ=Cocaine Experience Questionnaire; DSM-1V=Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, PRISM=Psychiatric

Research Interview for Substance and Mental Disorders, SCID=Structured Clinical Interview for DSM-IV (SCID), Semi-Structured
Assessment for Drug Dependence and Alcoholism (SSADDA).
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Table 2. DSM-1V diagnostic criteria for substance (Amphetamines)-induced psychotic disorder.

A. Prominent hallucinations or delusions.

B. There is evidence from the history, physical examination, or laboratory findings of either (1) or (2):

(1) the symptoms in criteria A developed during, or within a month of, Substance Intoxication or Withdrawal;

(2) substance use is etiologically related to the disturbance.

C. The disturbance is not better accounted for by a psychotic disorder that is not substance induced such as:

(1) the symptoms precede the onset of the substance use;

(2) the symptoms persist for a substantial period of time (e.g., about a month) after the cessation of what would be expected given

the type or amount of substance used or the duration of use;

(3) there is other evidence that suggests the existence of an independent non-substance-induced Psychotic Disorder (e.g., a history

of recurrent non-substance-related episodes).

D. The disturbance does not occur exclusively during the course of a delirium.
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Pattern of psychotic symptoms in CIP

Studies examining the pattern of psychotic symptoms in CIP are listed in Table
3. These studies differed in their methodologies. Subjects were recruited from drug
treatment or rehabilitation centres (Vergara-Moragues et al., 2016) or psychiatric
hospital (Manschreck et al., 1988). Common exclusion criterion was a history of PPD
(Brady et al., 1991; Roncero et al., 2014(c)). Assessments of psychotic symptoms were
carried out using standardised instruments, such as the PRISM (Roncero et al., 2014(c))
and Scale for Assessment of Positive Symptoms for Cocaine-Induced Psychosis
(SAPS-CIP, Trape et al., 2014), other structured interviews (Roncero et al., 2013(c)) or
by reviewing medical records (Manschreck et al., 1988). The limitations of these studies
include retrospective design (Manschreck et al., 1988), selective sampling frame such
as a hospital (Manschreck et al., 1988), small sample size (Brady et al., 1991),
concurrent use of other substances (Vergara-Moragues et al., 2016) and lack of
systematic assessment of psychotic symptoms (Manschreck et al., 1988).

Delusions are common in CIP. One study reported that 93% of subjects with
CIP experienced delusion (Manschreck et al., 1988). The frequency of persecutory
delusion ranged from 44% to 90%, with a median of 71%. Other types of delusion
included reference (43% to 69%), jealousy (19% to 26%), sin or guilt (10% to 39%),
grandiosity (5% to 19%) and somatic (3% to 28%). Hallucinations are also common in
CIP. One study reported that 96% of subjects with CIP experienced hallucinations
(Brady et al., 1991). The frequency of auditory hallucination ranged from 31% to 87%.
The frequency of visual hallucinations ranged from 26% to 71%. Other types of

17



hallucinations were tactile (21% to 48%), somatic (3% to 28%) and olfactory (12% to
29%). Other reported psychotic symptoms include disorganised behaviour or speech
and catatonic behaviours Other clinical features of CIP include negative symptoms
(Manschreck et al., 1988), confusion (Manschreck et al., 1988) and stereotypies (Brady

etal., 1991).
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Table 3. Studies examining the prevalence of psychotic symptoms amongst patients with CIP.

Study citation Study sample Assessment of Findings
/ country psychotic
symptoms
Vergara- N =87, 78% male, mean age = 36 PRISM (1) Delusions: persecution (71%), reference (69%), jealous
Moragues et  Patients with CIP (23%), bizarre (21%), somatic (13%), grandiosity (10%),
al., 2016 Recruited from centres for the depressant (10%).
Spain treatment of substance abuse (2) Hallucinations: auditory (52%), visual (36%), tactile (21%),
olfactory/gustatory (6%).
(3) Others: disorganized speech (6%), disorganized or catatonic
behaviour (13%), negative symptoms (9%).
Roncero et N = 58, 86% male, mean age = 33 PRISM (1) Delusions: persecution (86%), reference (43%), jealous
al., 2014(c) Patients with CIP (19%), grandiosity (5%), somatic (3%), bizarre (2%).
Spain Recruited from outpatient and (2) Hallucinations: auditory (57%); visual (55%), tactile (48%),
inpatient drug unit olfactory (12%).
Trape et al., N =53, 85% male, mean age = 40 SAPS-CIP (1) Delusions: persecution (66%), reference (43%), sin or guilt
2014 Patients with cocaine-induced (39%), thought (35%), somatic (28%), jealous (26%), grandiosity
France paranoia (19%), religious (14%), control (14%).
Recruited from a substance abuse (2) Hallucinations: auditory (87%); visual (71%), somatic/tactile
clinic (52%), olfactory (29%).
Roncero et N =173, 80% male, mean age =34  Structured (1) Paranoid beliefs and suspiciousness (44%).
al., 2013(c) Patients with cocaine dependence interview (2) Hallucinations: auditory (31%), visual (26%), somatic (10%).
Spain

19



Study citation Study sample Assessment of
/ country psychotic
symptoms

Findings

Recruited from a substance use
disorders unit

Manschreck N =106, 81% male, mean age =27  Review of

(1) Delusions (93%).

etal., 1988 Patients with cocaine disorders medical record (2) Hallucinations (83%).

USA Recruited from a psychiatric (3) Thought disorder (48%), confusion (42%), unusual behaviour
hospital (42%).

Brady etal., N =55, sex distribution unknown, Semi-structured (1) Paranoid delusions (90%).

1991 mean age = 30 interview (2) Hallucinations (96%): auditory (83%), visual (38%), tactile

USA Patients with cocaine dependence (219%).

Recruited from inpatient unit for the
treatment of cocaine dependence

(3) behavioural stereotypies (27%).

PRISM=Psychiatric Research Interview for Substance and Mental Disorders, SAPS-CIP=Scale for Assessment of Positive Symptoms-Cocaine

Induced Psychosis.
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Pattern of psychotic symptoms in cocaine users

Studies examining the pattern of psychotic symptoms of cocaine users are listed
in Table 4. These studies differed in their methodologies. For instance, subjects were
recruited from psychiatric hospitals (Roncero et al., 2017), drug abuse clinics (Roncero
et al., 2014(a)), the emergency department of general hospitals (Pavarin et al., 2011),
the community (Smith et al., 2009), or a combination of different settings (Jeri et al.,
1978). Assessments of psychotic symptoms were made using standardised instruments,
such as the Composite International Diagnostic Interview — Substance Abuse Module
(CIDI-SAM; Smith et al., 2009), SAPS-CIP (Vergara-Moragues et al., 2014) and
PRISM (Vorspan et al., 2012), or via clinical interview (Jeri et al., 1978), questionnaire
(Roncero et al., 2013 (b)) or review of medical records (Lowenstein et al., 1987). The
limitations of these studies include retrospective design (Pavarin et al., 2011), self-
report of psychotic symptoms (Roncero et al., 2013 (a)), small sample size (Roncero et
al., 2013 (b)), and a lack of systematic assessment of psychotic symptoms (Kaye &
Darke, 2004).

Psychotic symptoms are common amongst cocaine users. In three review papers,
the frequency of any psychotic symptom ranged from 12% to 100%. In individual
studies, the prevalence of psychotic symptoms ranged from 2% in a retrospective
review of medical records of a general hospital (Lowenstein et al., 1987) to 87% in a
study of 105 subjects recruited from a drug abuse clinic and a harm reduction clinic,

with a median of 63%.
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Delusions are prevalent amongst cocaine users. Roncero et al. (2013 (b))
reported that 48% of 21 patients with cocaine dependence had delusions. The frequency
of persecutory delusion ranged from 27% to 55%, with a median of 42%. Other delusion
types were reference (14% to 39%), jealousy (8% to 20%), sin/guilt (15% to 20%),
grandiosity (2% to 30%), religious (3% to 6%), somatic (1% to 22%), being controlled
(2% to 13%) and thought (3% to 25%). Hallucinations are also common in cocaine
users, with 3% to 38% (median = 28%) of users reporting hallucinations. The reported
modalities of hallucinations included auditory (24% to 38%), visual (13% to 42%),
somatic/tactile (8% to 31%) and olfactory (7% to 10%). Other symptoms reported
include paranoia (2% to 35%) (aggressive/agitated behaviour (25% to 41%),

stereotyped behaviour (46% to 68%) and unusual social/sexual behaviour (41% to 65%).
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Table 4. Studies examining the prevalence of psychotic symptoms amongst cocaine users.

Study Study sample Assessment of Findings

citation / psychotic

country symptoms

Tang et al., Literature review - 50% to 75% had psychotic symptoms.

2014

Roncero et Literature review - 29% to 87% had psychotic symptoms.

al., 2014(b)

Roncero et Literature review - 12% to 100% had psychotic symptoms.

al., 2012

Morton et al., Literature review - Paranoia (68-84%).

1999

Roncero et N =767, 80% male, mean age = 37 Clinical interview Any psychotic symptoms (55%), tactile/somatic hallucinations
al., 2017 Patients with cocaine dependence (7%).

Spain Recruited from a psychiatric hospital

Roncero et N =231, 78% male, mean age = 36 Structured Any psychotic symptoms (66%).

al., 2014(a) Patients with cocaine dependence interview

Spain Recruited from a drug abuse clinic

Vergara- N =114, 87% male, mean age = 36 SAPS-CIP (1) Any psychotic symptoms (84%).

Moragues et  Patients with problematic cocaine use (2) Delusions: persecution (43%), jealousy (20%), sin/guilt
al., 2014 Recruited from outpatient drug (20%), grandiosity (10%), religious (3%), somatic (12%),
Spain dependence treatment centres reference (25%), being controlled. (2%), and delusions of mind

reading, broadcasting, insertion, withdrawal (3%).




Study Study sample Assessment of Findings
citation / psychotic
country symptoms
(3) Hallucinations: auditory (36%), visual (38%), somatic/tactile
(29%) and olfactory (10%).
(4) Others: aggressive/agitated behaviour (25%), stereotyped
behaviour (46%), unusual social/sexual behaviour (41%).
Roncero et N =143, 82% male, mean age = 34 PRISM (1) Any psychotic symptoms (68%).
al., 2014(c) Patients with cocaine dependence (2) Delusions: persecution (35%), reference (14%), jealous (8%),
Spain Recruited from outpatient and grandiosity (2%), somatic (1%), bizarre (1%).
inpatient drug unit (3) Hallucinations: auditory (38%), visual (42%), tactile (31%),
olfactory (7%).
Vorspan et N = 105, 78% male, mean age = 38 PRISM (1) Any psychotic symptoms (87%).
al., 2012 Patients with cocaine dependence or (2) Delusions: persecution (55%), grandiosity (30%), reference
France abuse (28%), thought broadcasting, insertion or withdrawal (25%),
Recruited from drug abuse clinic and somatic (22%), sin (15%), jealous (13%), influence (13%),
harm reduction clinic. religion (6%).
(3) Hallucinations: any (28%), auditory (24%), visual (13%),
tactile (8%).
(4) Others: aggressive/agitated behaviour (41%), stereotyped
behaviour (58%), unusual social/sexual behaviour (65%).
Smith et al., N =475, 80% male, mean age =34  CIDI-SAM Psychotic symptoms (77%).
2009 Crack cocaine users, intravenous
USA drug users, and heroin snorters

Recruited from community via street
outreach
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Study Study sample Assessment of Findings
citation / psychotic
country symptoms
Kaye & N =212, 68% male, mean age = 29 Structural (1) Paranoia (33%).
Darke 2004 Patients with cocaine use Interview (2) Hallucinations (9%).
Australia Recruited via advertisement and
word of mouth
Jerietal., N = 188, 96% male, mean age Clinical (1) Paranoia (35%).
1978 unknown interview (2) Hallucinations (35%).
Peru Patients with cocaine use
Recruited from mental hospital,
general hospital and private
psychiatric hospitals
Roncero et N =287, 81% male, mean age = 36 Questionnaire (1) Any psychotic symptoms (60%).
al., 2013(a) Patients with cocaine dependence (2) Delusions: reference (39%), persecution (27%).
Spain Recruited from a drug abuse clinic (3) Hallucinations: any (28%), auditory (24%), visual (13%),
tactile (8%).
Roncero et N =21, 81% male, mean age = 36 Questionnaire (1) Delusions: 48%.
al., 2013(b) Patients with intravenous cocaine use (2) Hallucinations: 38%.
Spain Recruited from a drug abuse clinic (3) Stereotyped movements: 68%.
Brower etal.,, N =100, sex and age distribution Unknown Psychotic symptoms (66%).
1988 unknown
USA Cocaine users
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Study Study sample Assessment of
citation / psychotic
country symptoms

Findings

Recruited from a psychiatric
emergency room

Lowenstein et N = 1275, sex and age distribution Review of
al., 1987 unknown medical records
USA Patients with cocaine abuse

Recruited from emergency room and
wards of a general hospital

Psychosis, paranoia and/or hallucination (2%).

Brody et al., N =216, 76% male, mean age = 30 Review of

(1) Psychotic symptoms (9%).

1990 Cocaine using patients medical records (2) Hallucination (3%).

USA Emergency department (3) Paranoia (2%).

Pavarinetal.,, N =674, 84% male, mean age = 33 Review of (1) Paranoia (17%).

2011 Patients with cocaine use medical records (2) Psychotic symptoms (12%).

Italy Retrieved from databases of (3) Hallucination (4%).
emergency departments

CIDI-SAM=Composite International Diagnostic Interview — Substance Abuse Module, PRISM=Psychiatric Research Interview for Substance

and Mental Disorders, SAPS-CIP=Scale for Assessment of Positive Symptoms-Cocaine Induced Psychosis.
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Risk factors for CIP/psychotic symptoms in cocaine users

Studies examining the prevalence of CIP or psychotic symptoms are shown in
Table 5. These studies differed in their methodologies. For instance, subjects were
recruited from hostels (Alexander et al., 2017), outpatient and inpatient drug units
(Roncero et al., 2014(c)), psychiatric hospitals (Manschreck et al., 1988), general
hospitals (Pavarin et al., 2011), and the community (Smith et al., 2009). The extent of
cocaine use amongst the subjects included non-dependent use (Pavarin et al., 2011),
regular use (Kaye & Darke 2004), problematic use (Vergara-Moragues et al., 2014),
and dependence (Alexander et al., 2017). A history of PPD was a common exclusion
criterion in these studies (Roncero et al., 2014(c)). The limitations of these studies
include retrospective design (Pavarin et al., 2011), a selective sampling frame such as
a psychiatric hospital (Manschreck et al., 1988), small sample size (Mahoney et al.,
2010), and a lack of systematic assessment of psychotic symptoms (Pavarin etal., 2011).

Risk factors for CIP/psychotic symptoms can be broadly classified into four
groups based on demographics, characteristics of cocaine use, personal history of
psychological or psychiatric problems, and other risk factors (Tang et al., 2014).
Reported demographic risk factors include male gender (Roncero et al., 2012) and both
younger (Tang et al., 2014) and older age (Kalayasiri et al., 2010). The following risk
factors for CIP/psychotic symptoms associated with the use of cocaine have been
reported: younger age of first use (Roncero et al., 2012), longer duration of use (Flord
et al., 2006), current use (Herback et al., 2006), more frequent use (Vergara-Moragues
et al., 2014), heavy use (Roncero et al., 2012), dependence (Kalayasiri et al., 2010),
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injection, (Roncero et al., 2012), nasal use (Kalayasiri et al., 2010), inhalation by
smoking (Trape et al., 2014), and use of crack cocaine (Morton et al., 1999). Use or
dependence on cannabis (Roncero et al., 2012), methamphetamine (Alexander et al.,
2017), tobacco (Roncero et al., 2013(c)) and sedatives and alcohol (Kalayasiri et al.,
2010) also increase the risk of CIP/psychotic symptoms.

Psychological or psychiatric problems associated with CIP/psychotic symptoms
include attention deficit hyperactivity disorder, antisocial personality disorder (Tang et
al., 2007), borderline personality disorder (Roncero et al., 2013 (c)), major mental
disorder (Manschreck et al., 1988), psychosis (Roncero et al., 2012), psychosis
proneness (Satel & Edell, 1991), neuroticism personality trait (Roncero et al., 2014 (a)),
and trait anxiety (Rosse et al., 1995). Other risk factors for CIP/psychotic symptoms
are low body mass index (Rosse et al., 1995), neurobiological vulnerability (Roncero
et al., 2012), genetic factors, and concurrent treatment with drugs with dopaminergic

system activity (Roncero et al., 2014 (b)).
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Table 5. Studies examining the risk factors of CIP/psychotic symptoms in cocaine users.

Study citation Study sample Dependent Findings

/ country variable

Tang et al., Literature review CIP (1) Demographics: male, younger age.

2014 (2) Drug use: early onset, longer duration, higher
number of episodes of lifetime use, inhalation or
intravenous use, other substance use, e.g. cannabis.

(3) Comorbid ADHD and antisocial personality
disorder.
(4) Others: genetic factors.

Roncero et Literature review CIP (1) Drug use: early onset and higher quantity of cocaine

al., 2014(b) use; intravenous use; other substance use, e.g. cannabis.
(2) Comorbid ADHD, psychosis, antisocial personality
disorder and borderline personality disorder.

(3) Others: low body mass index, genetic factors,
concurrent treatment with drugs with dopaminergic
system activity.

Eganetal., Literature review CIP Drug use: dose and chronicity of use.

1979

Morton et al., Literature review Psychosis Drug use: use of crack cocaine.

1999

Roncero et Literature review Psychotic (1) Demographics: male, older age.

al., 2012 symptoms
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Study citation Study sample Dependent Findings

/ country variable
(2) Drug use: early onset and higher quantity of cocaine
use, injecting, cannabis use.
(3) Comorbid ADHD, psychosis and antisocial
personality disorder.
(4) Others: low body mass index, genetic factors and
neurobiological vulnerability.

Alexander et N =103 (29 with CIP, 74 without CIP), 75%  CIP Drug use: current Ice and cannabis dependence.

al., 2017 male, median age = 46

Canada Patients with cocaine dependence

Recruited from hostels

Roncero et N = 143, 82% male, mean age = 34 CIP Drug use: younger age of onset of cocaine addiction,

al., 2014(c) Patients with cocaine dependence cannabis abuse or dependence.

Spain Recruited from outpatient and inpatient drug

unit

Trapeetal., N =53, 85% male, mean age = 40 CIP Drug use: amount spent for cocaine, age of first

2014 Patients with cocaine dependence cannabis use, smoking habits.

France Recruited from a substance abuse clinic

Roncero et N =173, 80% male, mean age = 34 CIP (1) Demographics: male.

al., 2013(c) Patients with cocaine dependence (2) Drug use: higher weekly consumption of cocaine,

Spain Recruited from a substance use disorders unit cannabis and tobacco dependence.

(3) Comorbid antisocial personality disorder and
borderline personality disorder.
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Study citation Study sample Dependent Findings
/ country variable
Kalayasiriet N = 1140, 50% male, mean age = 39 CIP (1) Demographics: older age.
al., 2010; Subjects with cocaine dependence (2) Drug use: early age of onset and higher quantity of
Kalayasiriet  Recruited by advertisement or referral cocaine use, severity of dependence, cocaine smoking,
al., 2006 nasal use or injection; alcohol, cannabis or sedative
USA dependence.
Tang et al., N =243, 59% male, mean age = 40 CIP (1) Drug use: cannabis dependence.
2007 Subjects with cocaine dependence (2) Comorbid ADHD and antisocial personality
USA Recruited through clinical referral, disorder.
advertising, and word of mouth
Flord et al., N =51, 59% male, mean age = 36 CIP Drug use: duration of use.
2006 Subjects with cocaine dependence
USA Recruited from inpatient detoxification
centres and local newspaper
Roose et al., N =69, 87% male, mean age = 32 CIP Lower body mass index.
2005 Patients with cocaine dependence
USA Recruited from an inpatient substance abuse
unit
Rosse et al., 44 subjects with cocaine dependence, 75% CIP Trait anxiety.
1995 male, mean age = 32
USA Recruited from an inpatient substance abuse
research unit
Satel & Edell  N=20, 100% male, mean age unknown CIP Psychosis proneness.
1991

31



Study citation Study sample Dependent Findings
/ country variable
USA Recruited from inpatient and outpatient
substance abuse program
Brady et al., N =55, sex distribution unknown, meanage  CIP (1) Demographics: male.
1991 =30 (2) Drug use: higher quantity and longer duration of
USA Patients with cocaine dependence cocaine; intravenous use.
Recruited from inpatient unit for the treatment
of cocaine dependence
Herback et N =266, 100% male, mean age = 49 Psychosis Drug use: non-abstinent cocaine use.
al., 2006 Patients with cocaine dependence and without
USA psychosis at baseline
Recruited from an inpatient substance abuse
disorders unit
Manschreck N =106, 81% male, mean age = 27 Psychosis (1) Drug use: higher lifetime consumption.
etal., 1988 Patients with cocaine disorders (2) Prior major mental disorder.
USA Recruited from a psychiatric hospital
Roncero et N =767, 80% male, mean age = 37 Psychotic (1) Drug use: younger age of first use of cocaine.
al., 2017 Patients with cocaine dependence symptoms (2) Comorbid adult ADHD.
Spain Recruited from a psychiatric hospital
Roncero et N =231, 78% male, mean age = 36 Psychotic Comorbid neuroticism personality trait.
al., 2014(a) Patients with cocaine dependence symptoms
Spain Recruited from a drug abuse clinic
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Study citation Study sample Dependent Findings

/ country variable
Vergara- N =114, 87% male, mean age = 36 Psychotic Drug use: more frequent use, fewer abstinence periods,
Moragues et  Patients with problematic cocaine use symptoms higher severity of dependence.
al., 2014 Recruited from outpatient drug dependence
Spain treatment centres
Vorspan et N =105, 78% male, mean age = 38 Psychotic Drug use: cocaine dependence, weekly use, intravenous
al., 2012 Patients with cocaine dependence or abuse symptoms use.
France Recruited from drug abuse clinic and harm

reduction clinic
Pavarinetal.,, N =674, 84% male, mean age = 33 Psychotic Drug use: non acute (after 12 hours) use of cocaine, non-
2011 Patients with cocaine use symptoms dependent use of cocaine.
Italy Retrieved from databases of emergency

departments
Mahoney et N =42, 64% male, mean age = 40 Psychotic Demographics: women / men were more likely to report
al., 2010 Subjects with cocaine dependence symptoms auditory and tactile hallucinations / delusion of grandeur
USA Non treatment seeking users from community during periods of no drug use, respectively. Women

were more likely to report olfactory and tactile
hallucinations and delusion of grandeur during drug use.

Smith et al., N = 475, 80% male, mean age = 34 Psychotic Drug use: abuse or dependence.
2009 Crack cocaine users, intravenous drug users,  symptoms
USA and heroin snorters

Recruited from community via street outreach
Mooney et al., N =44, 52% male, mean age = 34 Paranoia / Demographics: older and male.
2006 Subjects with cocaine dependence Suspiciousness
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Study citation Study sample Dependent Findings
/ country variable
USA Recruited from community through word of ~ during cocaine
mouth, fliers, and newspaper advertisement use in
laboratory
setting
Kaye & N =212, 68% male, mean age = 29 Psychotic Drug use: injection.
Darke 2004 Patients with regular cocaine use symptoms
Australia Recruited via advertisement and word of
mouth
Brower et al.,, N =100, sex and age distribution unknown Psychotic Drug use: higher number of days and amount of cocaine
1988 Cocaine users symptoms use in past one month.
USA Recruited from a psychiatric emergency room
Reid et al., N =23, 100% male, mean age = 45 Sensitization  Sensitization to CIP was negatively correlated with drug
2004 Subjects with cocaine dependence to CIP dependence severity and cocaine craving.
USA Recruited from outpatient substance abuse

treatment programs and by word of mouth

Barlettetal.,, N =18, sex and age distribution unknown
1997 Recruited from inpatient treatment unit for
USA cocaine dependence

Sensitization
to CIP

Subjects with sensitization had longer duration of
regular cocaine use and lower dose escalation of over
time.

ADHD = Attention Deficit Hyperactivity Disorder, CIP= Cocaine Induced Psychosis.
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Clinical course of CIP

Studies examining the clinical course of CIP or psychotic symptoms are listed in Table 6. Data on the clinical course of CIP are very
limited. Based on clinical experience, Satel et al. (1991) suggested that psychotic symptoms following cocaine use almost always disappear within
eight to 36 hours of taking the drug. Mendoza and Miller (1992) also commented that based on clinical experience, psychotic symptoms in
occasional users may abate in a matter of hours or days. In chronic users, psychotic symptoms may persist for days to a few weeks. In a study of
55 patients with cocaine dependence admitted into an inpatient unit, psychotic symptoms lasted for less than 24 hours after the last cocaine use
(Brady et al., 1991). In an intervention study of 16 patients with cocaine dependence, the reduction of cocaine after three weeks of treatment was
associated with a reduction in psychotic symptoms (Vorspan et al., 2011). In summary, the duration of CIP is usually brief, lasting hours to several

days.

Table 6. Studies examining the clinical course of CIP/psychotic symptoms.

Study citation / Study sample Duration of Findings

country follow up

Vorspan et al., 2011 N =16, 53% male, mean age =41 3 weeks Psychotic symptoms reduced after three weeks of
France Patients with cocaine dependence treatment. There was a significant correlation

between psychotic symptoms and dose reduction.
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Study citation /
country

Study sample

Duration of
follow up

Findings

Recruited from an outpatient
program for drug dependence

Brady et al., 1991
USA

N = 55, sex distribution unknown,
mean age = 30

Patients with cocaine dependence
Recruited from inpatient unit for
the treatment of cocaine
dependence

Psychotic symptoms lasted less than 24 hours.

Mendoza & Miller
1992; Mendoza et
al., 1992

USA

Clinical experience

In occasional users, psychotic symptoms may
abate in a matter of hours or days. In chronic
users, psychotic symptoms may persist for days to
a few weeks.

Satel et al., 1991

Clinical experience

Psychotic symptoms almost always disappear by
eight to 36 hours post binge.
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Treatment of CIP

Data on the treatment of CIP are very limited. There has been no published
clinical trial on the treatment of CIP. A review paper (Tang et al., 2014) suggested that
treatment of CIP included supportive measures, initial medical workup and
psychopharmacology. Supportive measures include the following: 1) establish a
therapeutic relationship; 2) provide reassurance that the patient is safe and symptoms
are self-limiting; 3) correct dehydration by oral administration of fluid; 4) provide a
calm and non-stimulating environment; and 5) use physical restraint only as a last resort.
The initial medical workup requires close behavioural observation, frequent vital sign
monitoring and basic investigations (including a urine drug screen, blood alcohol level,
complete metabolic panel and electrocardiogram). In terms of psychopharmacology,
benzodiazepines +/- antipsychotic are useful for agitation in CIP. Possible choices of
antipsychotics are olanzapine, risperidone and quetiapine. Chlorpromazine or clozapine
should be avoided, as they lower the seizure threshold. Antipsychotic medication
should be continued until the sedative effect is evident and the patient is either asleep
or calm. CIP usually requires short-term treatment only and continuation of

antipsychotics beyond 72 hours is usually unnecessary.
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Neuroimaging of CIP

Only one neuroimaging study of CIP has been published. This study involved
103 subjects (29 with CIP and 74 without CIP) (Willi et al., 2016). There was no
cocaine-naive control group, 75% of the subjects were male and the median age of the
sample was 46. All of the subjects had current cocaine dependence, and the sample was
recruited from hostels. Individuals with PPD and gross brain abnormalities such as
chronic head trauma were excluded. Each subject received a structural magnetic
resonance imaging examination. Subjects with CIP had smaller thalamus and left
hippocampus volumes than those without CIP. These grey matter volume reductions
could have represented neurodevelopmental substrates for psychosis that existed prior
to drug use, akin to the neurodevelopmental hypothesis of schizophrenia (Weinberger
et al., 1986). Alternatively, volumetric reductions could have reflected a heightened
susceptibility to the neurotoxic effects of chronic psychostimulant exposure, in line

with the neurotoxicity model (Hsieh et al., 2014).
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Genetics of CIP

Genetic studies of CIP and psychotic symptoms are listed in Table 7. The list
includes three review papers and four original studies. The findings of the reviews
suggest that CIP is associated with dopamine and monoamine pathway gene variants
(dopamine B-hydroxylase (DBH) gene, dopamine transporter gene, dopamine receptor
gene and cathecol-O-methyl transferase gene). Three of the original studies examined
dopamine pathway genes. Cubells et al. (2000) studied four DBH gene variants in forty-
five subjects with cocaine dependence. DBH converts dopamine to norepinephrine in
the brain and is related to vulnerability to psychosis. CIP was assessed using the CEQ
and defined as the presence of cocaine-induced paranoia. The Del-a haplotype was
found to be less frequent in subjects without CIP. The limitations of this study included
its small sample size and retrospective assessment of CIP. Kalayasiri et al. (2007)
performed a self-administration of cocaine experiment in 31 non-treatment-seeking
subjects with cocaine dependence. Paranoia was assessed using a visual analogue scale.
The DBH (-1021C - T) gene variant was analysed. TT homozygotes exhibited greater
paranoia over time than either CT or CC individuals during the experiment. Gelernter
et al. (1994) examined the dopamine receptor gene variable number of tandem repeats
in 104 subjects with cocaine dependence. Cocaine-induced paranoia was assessed using
the CEQ. In a subgroup of white subjects (n = 58), cocaine-induced paranoia was
associated with allele 9. All three studies suggested that dopamine pathway genes could

be related to the risk of CIP.
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Finally, Fernandez-Castillo et al. (2013) studied N-ethylmaleimide sensitive
factor (NSF) gene variants in 149 subjects with psychotic symptoms, 124 subjects
without psychotic symptoms and 360 healthy controls. NSF modulated
neurotransmitter release. The NSF (rs183211-rs1769817) variants in both the CIP and

non-CIP groups were different from those of the healthy controls.
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Table 7. Studies on genetics of CIP.

Study citation Study sample Gene variant / function Findings

/ country

Tang et al., Literature review Dopamine pathway genes CIP was associated with

2014 Dopamine [ -hydroxylase gene,
dopamine transporter gene and
dopamine receptor gene.

Roncero et Literature review Dopamine and monoamine pathway CIP was associated with

al., 2014; genes Dopamine [ -hydroxylase gene,

Roncero et al
2012

dopamine transporter gene and
cathecol-O-methyl transferase
gene.

Brouse et al.,  Literature review Dopamine pathway genes CIP was associated with
2010 Dopamine [ -hydroxylase gene
and dopamine transporter gene.

Cubells et al., 45 subjects with Cocaine D 5 H Del-a haplotype The Del-a haplotype was less
2000 dependence Dopamine 3 -hydroxylase frequent in subjects without CIP
USA 145 healthy controls Converts dopamine to norepinephrine

Mean age and sex distribution and

site of recruitment unknown
Kalayasiriet N =31, 68% male, meanage=38 D SH (-1021C->T) TT homozygotes endorsing
al., 2007 Subjects with cocaine dependence  Dopamine 4 -hydroxylase greater paranoia over time than
USA Not treatment seeking volunteers either CT or CC individuals
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Converts dopamine to norepinephrine

during a self-administration of
cocaine experiment.

Gelernter et

N = 104, 96% male, mean age =

Dopamine receptor gene variable

In a subgroup of white subjects (n

al., 1994 34 number of tandem repeats = 58), CIP was associated with
USA Subjects with cocaine dependence  Psychosis may be related excessive allele 9.

Recruitment site and method synaptic dopamine activity

unknown
Fernandez- 149 subjects with psychotic NSF (rs183211-rs1769817) Both psychotic and non psychotic
Castilloetal., symptoms N-ethylmaleimide sensitive factor groups has more G-T carriers than
2013 124 subjects without psychotic modulates neurotransmitters release healthy controls.
Spain symptoms

360 healthy controls
Mean age and sex distribution and
site of recruitment unknown

D S H=Dopamine /3 -hydroxylase ; NSF=N-ethylmaleimide sensitive factor
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Other biomarkers of CIP

Studies of biomarkers of CIP are listed in Table 8. These studies explored event-
related potentials (ERPS), cortical excitability, autonomic activity and plasma level of
brain-derived neurotrophic factor (BDNF) in CIP. Difficulty inhibiting incoming
irrelevant sensory stimuli (sensory gating) is a neurobiological mechanism that may
contribute to the development of psychotic disorders. ERPs are physiological indices
that reflect sensory gating and attentional functioning. The P50 and P200 components
of ERPs are associated with early and later stages of information processing. In two
separate studies, Boutros et al. (2002, 2006) examined ERPs in cocaine users with and
without cocaine-induced paranoia. The first study revealed that P200 latency was
prolonged in subjects with cocaine-induced paranoia, compared with those without.
The second study found that mean P50 ratios were higher in subjects with more
psychotic symptoms. These results raise the possibility that sensory gating and attention
deficits are correlates of increased proneness to experiencing paranoia during cocaine
intoxication.

The cortical silent period (CSP), a measure of cortical inhibitory processes, is
affected by a number of neurotransmitter systems including y aminobutyric acid and
dopamine. In a study of cocaine users (six with cocaine-induced paranoia and thirteen
without), CSP in the right hemisphere was found to be longer in the group with paranoia,
suggesting that the development of psychotic symptoms may be dependent on

neurotransmitter changes (Boutros et al., 2005).
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Rosse et al. (1995) examined autonomic reactivity in 41 cocaine users (28 with
cocaine-induced paranoia and 16 without). Subjects with cocaine-induced paranoia had
greater pupillary dilation in response to a visual image of crack cocaine. This finding
suggests that users with a higher level of reactivity are more prone to cocaine-induced
paranoia.

Corominas-Roso et al. (2013(b)) studied plasma levels of BDNF in 40 cocaine
users (22 with CIP and 18 without) and found that after 12 days of withdrawal from
cocaine, BDNF levels were higher in the non-CIP group. In addition, patients with no
history of psychotic symptoms experienced a significant increase in serum BDNF levels,
whereas those patients with a history of psychotic symptoms experienced a decrease,
although not statistically significant, in BDNF levels. This finding suggests that patients
with psychotic symptoms associated with cocaine consumption share some of the

BDNF deficiencies that characterize schizophrenia and psychosis.
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Table 8. Studies on other biomarkers of CIP.

Study citation / Study sample Type of study  Findings
country
Corominas-Roso 22 CIP, 68% male, mean age =37  Plasma BDNF (1) Lowered BDNF levels in both CIP and non CIP groups,

et al., 2013(b)
Spain

18 non CIP

46 healthy controls
Recruited from an inpatient
detoxification centre

compared to healthy controls.

(2) No difference between CIP and non CIP groups in baseline
BDNF levels.

(3) During withdrawal, BDNF level increased in the non CIP

group.

Boutros et al.,
2006
USA

34 subjects with cocaine
dependence, 41% male, mean age
=36

Site of recruitment unknown

Event-related
potentials

The P200 latency was prolonged in subjects with cocaine
induced paranoia, compared with those without.

Boutros et al.,

30 subjects with cocaine

Event-related

The P50 ratios were higher in subjects with higher severity of

2002 dependence, 67% male, mean age  potentials cocaine induced paranoid symptoms.
USA =39
Site of recruitment unknown
Boutros et al., 19 subjects with cocaine Cortical Cortical silent periods were longer in subjects with CIP.
2005 USA dependence, 58% male, mean age  excitability
=33
Site of recruitment unknown
Rosse et al., 1995 44 subjects with cocaine Autonomic Subjects with CIP had greater pupillary dilation in response to
USA dependence 75% male, mean age =  reactivity visual image of crack cocaine.

32
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Recruited from an inpatient
substance abuse research unit

BDNF = brain derived neurotrophic factor
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Discussion

Prevalence of CIP and psychotic symptoms in cocaine users

While psychosis that occurs during a binge episode or withdrawal is usually
transient, susceptibility to psychotic disorders increases with chronic cocaine use. CIP
is diagnosed when the observed psychotic symptoms exceed the known and expected
effects of intoxication or withdrawal from cocaine. Clinically, the most straightforward
means of distinguishing CIP from another (i.e., substance-independent) psychotic
disorder is through careful assessment of the temporal relationship between cocaine use
and the onset of psychosis (Glasner-Edwards & Mooney, 2014). Studies examining the
frequency of CIP have used varying definitions of the disorder. Additionally, not all
studies have used standardised instruments to measure psychotic symptoms and or
recorded the period (e.g., lifetime, current) within which psychosis is examined
(Vergara-Moragues et al., 2012(a)). The prevalence of CIP ranges from 5% to 75%,
with a median of 53%. A recent review reported that up to 86.5% of patients who use
cocaine develop CIP (Roncero et al., 2014(b)). These figures are comparable with those
for methamphetamine. The prevalence of methamphetamine-induced psychosis (MIP)
ranges from 24% to 76%, with a median of 42% (Tang et al., 2017).

Psychotic symptoms are common amongst cocaine users. The prevalence of
psychotic symptoms ranges from 2% to 87%, with a median of 63%. Similarly, the
frequency of any psychotic symptoms in methamphetamine users ranges from 16% to

81%, with a median of 78% (Tang et al., 2017). The reported prevalence of psychotic
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symptoms varies widely, reflecting differences in data collection. For example, some
studies have been based on patient interviews evaluating the presence of single
psychotic symptoms, whereas others have only reviewed medical records. The severity

of cocaine use also ranged from use to dependence (Roncero et al., 2013(a)).
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Pattern of psychotic symptoms in CIP

The most frequently reported symptoms of CIP are delusions of persecution and
auditory hallucinations. Other symptoms, such as disorganised behaviour or speech,
catatonic behaviours, negative symptoms, confusions and stereotypies, have also been
reported. The symptoms of CIP are similar to those seen in schizophrenia. However,
recovery from CIP seems to be faster, and it appears to resolve more completely than
schizophrenic psychosis. There are several potential discriminators in CIP: prominent
visual illusions and hallucinations, symptoms related to paranoid themes, lack of formal
thought disorders and grandiose delusions (Unnithan & Cutting, 1992; Rosse et al.,
1994; Vergara-Moragues et al., 2016).

The symptoms profile of CIP is also similar to that of MIP. The most frequently
reported symptoms of MIP are delusions of persecution and auditory hallucinations.
Other negative symptoms, such as thought broadcasting, mood instability,
disorientation, self-mutilation and impaired cognitive function, have also been reported
(Alam-mehrjerdi et al., 2015). There are several potential discriminators between MIP
and schizophrenia: speed of onset, the dream-like quality of experiences, a tendency
towards visual hallucinations, brisk emotional reactions (usually in the direction of

anxiety), absence of thought disorder, and frequent aggravations (Tang et al., 2017).
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Risk factors for CIP/psychotic symptoms in cocaine users

Risk factors for CIP/psychotic symptoms can be broadly classified into four
groups based on demographics, characteristics of cocaine and other drug use, personal
history of psychological or psychiatric problems, and family history of psychiatric
iliness. The risk of developing CIP is dependent on cocaine dose and, inversely, on the
age of onset of drug use. In addition to chronicity, pattern, severity and route of drug
administration, psychological vulnerability predisposes some individuals to develop
acute psychotic symptoms and syndromes in response to cocaine use. CIP has been
reported to be more common in subjects with male gender, older or younger age,
attention deficit hyperactivity disorder, antisocial personality disorder or poly drug use
and in subjects with a family history of psychotic disorders. Preliminary evidence
suggests that a higher body mass index and a higher plasma level of BDNF may be
protective against CIP (Roncero et al., 2014(b)).

The risk factors for CIP are similar to those for MIP. The risk of MIP is
dependent on dose and inversely related to the age of onset of methamphetamine use.
It is also influenced by the chronicity, pattern, severity and route of administration of
methamphetamine. MIP is more common in subjects with older age, schizotypal or
schizoid traits, affective disorders, antisocial personality disorder or poly drug use and
in subjects with a family history of psychotic disorders (Tang et al., 2017).

Based on data from 173 adults with cocaine dependence in Europe (mostly men,
mean age 33.6 years), a model consisting of amount of cocaine consumption, diagnosis

of an antisocial personality disorder, and a history of cannabis dependence predicted
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the presence of CIP with 66.2% sensitivity and 75.8% specificity (Tang et al., 2014).
Future integrative models should incorporate new knowledge regarding other factors,
such as neurobiological markers, routes of cocaine use, lifetime attention deficit
hyperactivity disorder and personality dimensions (Roncero et al., 2014(b)). Research
should be continued with larger samples, incorporating a local population. More
naturalistic and follow-up studies should be conducted that make it possible to clearly
identify and specify which variables are most closely associated with the appearance of
CIP and psychotic symptoms in cocaine consumers. This would make it possible to

identify the at-risk population to make an early intervention (Roncero et al., 2012).
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Clinical course of CIP

Data on the clinical course of CIP are very limited. Most patients with CIP
recover within a few days, whereas psychotic symptoms may last for a few weeks. In
contrast, some patients with MIP do not remit for weeks or months, exhibiting the so-
called ‘prolonged type’ of psychosis (Harro, 2015). Several theories may explain the
finding that psychosis can become chronic and persistent amongst stimulant users. Pre-
existing schizophrenia may be unmasked or triggered by stimulant use, and stimulant-
induced psychosis may share a very similar clinical course to that of schizophrenia;
alternatively, stimulant-induced psychosis and primary psychosis are not distinct
diagnostic entities, but rather fall along a continuum of psychosis (Glasner-Edwards &
Mooney, 2014).

It is uncertain whether CIP can re-emerge with repeat usage or under stressful
conditions. In 25% to 38% of methamphetamine users, psychosis can re-emerge with
repeat usage or in stressful situations (Grant et al., 2012). The triggers of recurrence of
CIP are largely unknown. Triggers of MIP recurrence include the resumption of
methamphetamine use, other substance use, sleep deprivation and psychosocial
stressors (Glasner-Edwards & Mooney, 2014). CIP seems to have a favourable course.
In contrast, MIP is predictive of poor outcomes; more than half of those who could be
reached at follow-up about six years after the index episode had experienced a relapse
of psychosis or had a current alcohol use disorder (Harro, 2015).

Bramness et al. (2012) hypothesised a vulnerability-to-stress paradigm to
explain the relationship between stimulant-induced and primary psychosis. Exposure
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to stimulants, including cocaine, should be viewed as a stressor in the acute phase for
vulnerable individuals. For individuals with lower vulnerability, higher doses of
stimulants are needed, whereas individuals with higher vulnerability require lower
doses to precipitate acute psychosis. In addition, due to their sensitising effects,
stimulants may play a role in the development of vulnerability. Repeated use of
stimulants could increase vulnerability, thereby increasing the chances of developing

psychotic symptoms even in the absence of acute exposure to stimulants.
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Treatment of CIP

The remission of psychotic symptoms within a few days of abstinence from
cocaine suggests that for a large majority of those who present with these symptoms,
pharmacological intervention is not required. Large randomised clinical trials of
treatment regimens for the treatment of acute CIP have not been conducted. Clinical
experience supports the selective use of antipsychotics, such as olanzapine, risperidone
and quetiapine for the management of acute cocaine-induced psychotic symptoms and
agitation. Little is known about the safety and efficacy of antipsychotics for children
and adolescents with CIP, and a sizable number of those who present with first-episode
CIP fall into this age range. CIP is commonly accompanied by other psychiatric
symptoms including anxiety, agitation and insomnia. Short-term anxiolytics (e.g.,
benzodiazepines) or sleep medications may be prescribed to target anxiety/agitation or
insomnia, respectively. The length of appropriate pharmacological intervention is
largely unstudied, although it has been suggested that continuation of antipsychotics
beyond 72 hours is usually unnecessary (Tang et al., 2014).

Long-term treatment of CIP should focus on abstinence from cocaine to prevent
future episodes of psychosis. Psychosocial treatment in the form of cognitive
behavioural therapy, contingency management and attendance at 12-step meetings to
reduce cocaine use may be considered (Glasner-Edwards & Mooney, 2014). Psychiatric
medications may be prescribed to manage comorbid conditions such as major

depression or anxiety disorders, given that negative affect states, such as depression or
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anxiety, may increase relapse risk and worsen treatment outcomes amongst stimulant

users (Glasner-Edwards & Mooney, 2014).
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Neuroimaging of CIP

In the only published neuroimaging study of CIP, smaller thalamus and left
hippocampus volumes were found in subjects with CIP (Willi et al., 2016). The findings
of reduced thalamic and hippocampal volumes are consistent with reports in the
schizophrenia literature (Haijma et al., 2013). The authors suggested that volume
reductions in specific subcortical nuclei may be common to multiple forms of psychosis.
In addition, the volume reduction may represent a biological vulnerability to the
neurotoxic effects of cocaine.

Grey matter structural abnormalities in substance-induced psychosis have been
previously investigated. Grey and white matter deficits have been found in MIP (Breen
etal., 2016), including reduced amygdala and hippocampal volumes. Reduced regional
activation, dopamine transporter density and changes in metabolite concentrations have
also been found (Sekine et al., 2001; Howells et al., 2014; Fassbender et al., 2015). The
severity of positive symptoms was found to correlate with dopamine transporter density
and metabolic disturbances (Sekine et al., 2001). Together, these findings suggest that
subcortical pathology following methamphetamine use may contribute to the
development of MIP (Gururajan et al., 2012). These findings are in line with the
hypothesis that longer exposure to methamphetamine reduces dopamine transporter
level, and a reduction in dopamine receptors, both of which can contribute to the
development of psychotic symptoms (Fiorentini et al., 2011). Further structural and
functional neuroimaging studies are needed to provide further insight into the

neurobiology of CIP.

56



Genetics of CIP

CIP, similar to MIP, is likely to be a complex genetic disease in which
environmental factors interact with multiple polymorphic genes to influence
susceptibility (Grant et al., 2012). To date, based on a small number of studies, several
candidate genes have been identified that may be associated with CIP but there is a need
for replication of these findings. It should be noted that the candidate genes were
examined in underpowered studies, and thus the results may reflect type Il errors;
further replication is required prior to dismissing them as potential markers.

There is evidence that genetic variation in dopamine systems is associated with
risk for CIP (Tang et al., 2014). Possible candidate genes include genes that encode
dopamine receptors and transporters and enzymes and other proteins. Notably, evidence
suggests substantive overlap between markers of genetic vulnerability to CIP and
schizophrenia (Cubells et al., 2000). Together, these findings suggest that genetic risk
factors affecting dopamine signalling systems may contribute to the development of
psychosis following cocaine use.

There is reasonably strong evidence that genetic variation in neurotransmitter
systems and in neural development or growth is associated with a risk of developing
stimulant-induced psychosis (Grant et al., 2012). Possible candidate genes include
genes that encode BDNF, dopamine receptors and transporters and enzymes, serotonin
receptors and transporters, p-opioid receptors, glutathione S-transferases and other
proteins (Tang et al., 2017). Evidence suggests there is substantive overlap between

markers of genetic vulnerability to stimulant-induced psychosis and schizophrenia
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(Glasner-Edwards & Mooney, 2014). Together, these findings suggest that genetic risk
factors affecting different signalling systems may contribute to the development of
psychosis following stimulant use (Tang et al., 2017).

Priorities for future genetic research on CIP are (a) to replicate genetic
associations within and across ethnically diverse populations; (b) to increase statistical
power by using larger population cohorts to minimize false-negative associations; (c)
to adapt high-throughput approaches such as genome-wide association scans; and (d)
to identify allele-specific in vivo activity in humans and non-human animals (Grant et

al., 2012).
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Other biomarkers of CIP

There is preliminary evidence to suggest that sensory gating deficit (as
measured by ERPs) and plasma BDNF levels may be important in determining
susceptibility to CIP. Sensory gating refers to the brain’s ability to filter out irrelevant
incoming sensory stimuli, thus protecting the higher cortical centres from being flooded
with irrelevant input and preserving the ability to handle relevant stimuli (Freedman et
al., 1983). Sensory gating is a neurobiological mechanism that may contribute to the
development of psychotic disorders (Boutros et al., 1991). Research has suggested that
chronic cocaine use can impair sensory gating and that cocaine’s effects on sensory
gating persist for at least two weeks of abstinence (Boutros et al., 2000). In addition, an
association between sensory gating deficit and the emergence of paranoid symptoms
during cocaine use has been reported (Boutros et al., 2002). Sensory gating deficits
have been reported in patients with schizophrenia and first-degree relatives of
schizophrenic patients (Boutros et al., 2004). Dopamine, noradrenaline and GABA
mediated mechanisms have been implicated in the function of sensory gating. Hence,
it is reasonable to postulate that the decreased gating observed in CIP may reflect
dysregulation of dopamine, noradrenaline and GABA tones in these subjects (Boutros
et al., 2006).

BDNF is a neurotrophin (Thoenen, 1995) widely expressed in the adult
mammalian brain and is a key factor in neuronal survival and neural plasticity in
response to environmental stimuli and cognitive stimulation (Fritsch et al., 2011).

BDNF also plays a role in cocaine-induced neuroplasticity in different brain regions
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such as the prefrontal cortex, amygdala, striatum and ventral tegmental area
(Corominas-Roso et al., 2007). BDNF interacts with the dopaminergic system and with
other neurotransmitters involved in schizophrenia such as glutamate (Corominas-Roso
et al., 2013(a)). One study reported an increase in serum levels of BDNF during the
first 2 weeks of cocaine withdrawal (Corominas-Roso et al., 2012). This increase may
mediate neuroplastic changes in brain regions that underlie enhanced responsiveness to
cocaine-related cues and drug seeking in these patients (Corominas-Roso et al.,
2013(a)). In contrast, in the CIP group, BDNF levels showed a decreasing trend during
early abstinence. Low plasma BDNF levels have been reported in schizophrenic
patients (Xiu et al., 2009) and first-episode psychosis (Rizos et al., 2008). In these
patients, postnatal stress appears to mediate the BDNF decrease and its consequences
for brain structure (Mondelli et al., 2011). The most frequently studied single nucleotide
polymorphism (SNP) of the BDNF gene, the Val66Met SNP (Petryshen et al., 2010),
is associated with changes in intracellular trafficking and secretion of the protein (Chen
et al., 2004) and affects serum BDNF levels (Lang et al., 2009). This polymorphism
has also been associated with social stress-induced paranoia (Simons et al., 2009).
Together, these data suggest that patients with CIP share some of the BDNF

deficiencies that characterize psychosis.
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Conclusions

Cocaine abuse commonly results in the development of acute psychosis. The
prevalence of CIP ranges from 5% to 75%, with a median of 53%. The prevalence of
psychotic symptoms ranges from 2% to 87%, with a median of 63%. These figures are
comparable with those for methamphetamine. The most frequently reported symptoms
of CIP are delusions of persecution and auditory hallucinations. Other symptoms, such
as disorganised behaviour or speech, catatonic behaviours, negative symptoms,
confusions and stereotypies, have also been reported. The symptoms of CIP are similar
to those seen in MIP and schizophrenia.

Risk factors for CIP/psychotic symptoms can be broadly classified into four
groups based on demographics, characteristics of cocaine and other drug use, personal
history of psychological or psychiatric problems, and family history of psychiatric
iliness. The risk of developing CIP is dependent on the onset, chronicity, dose, pattern
and severity of cocaine use and route of cocaine administration. Psychological
vulnerability, such as male gender, comorbid attention deficit hyperactivity disorder,
antisocial personality disorder or poly drug use also increase the chance of psychosis.
The variation in findings between studies is likely to be due to many factors, not limited
to methodological differences in study design or cultural and demographic factors.
Long-term studies that track cocaine users are necessary to collect sufficient evidence

to understand the relationship between cocaine use and the development of CIP.
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A number of putative neuroimaging, genetic and plasma biomarkers of CIP has
been identified. Smaller thalamus and left hippocampus volumes may be related to CIP.
Possible candidate genes for CIP include genes that encode dopamine receptors and
transporters and enzymes and other proteins whereas a higher plasma level of BDNF
may be protective against CIP.

In the majority of patients, CIP is transient and pharmacological intervention is
normally not necessary.

Most patients with CIP recover within a few days, whereas psychotic symptoms may
last for a few weeks. Neuroleptics, such as olanzapine, risperidone and quetiapine, can
be used for the short-term management of persistent psychotic symptoms in CIP. Short-
term anxiolytics (e.g., benzodiazepines) or sleep medications may be prescribed to
target anxiety/agitation or insomnia, respectively. Psychiatric medications may be
prescribed to manage comorbid conditions such as major depression or anxiety
disorders. Long-term treatment of CIP should focus on abstinence from cocaine to
prevent future episodes of psychosis. Psychosocial treatment in the form of cognitive
behavioural therapy, contingency management and attendance at 12-step meetings to

reduce cocaine use may be considered.
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