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A B S T R A C T

Novel psychoactive substances (NPS) are increasingly used by young individuals for their psychoactive effects 
and have been frequently associated with the emergence of psychotic symptoms and schizophrenia spectrum 
disorders. However, it remains unclear whether NPS use directly increases the risk of psychosis onset or whether 
individuals with a predisposition to psychosis are more likely to engage in NPS use. This systematic review aims 
to explore the relationship between NPS consumption and the risk of developing psychotic symptoms. Out of 
4477 identified studies, 95 met the inclusion criteria.
Findings: indicate that synthetic cannabinoids are the most frequently implicated substances, showing a strong 
association with acute psychosis and, in some cases, with persistent or relapsing psychotic disorders. The 
presence of Schneiderian First Rank Symptoms in some cases highlights a phenomenological overlap with 
schizophrenia, suggesting a possible risk of transition. Synthetic cathinones, phenethylamines, and other NPS 
classes were also linked to a broad range of psychotic manifestations, including disturbances in thought content 
and perceptual abnormalities. Although many episodes appeared transient, a notable proportion evolved into 
persistent psychotic states, supporting the hypothesis that NPS may either unmask latent vulnerabilities or 
directly contribute to the development of chronic psychotic disorders.
These results underline the critical importance of systematically assessing NPS use in individuals presenting with 
first-episode psychosis and call for increased clinical and public health awareness regarding the psychiatric risks 
associated with these substances.

1. Introduction

Over the past twenty years, alongside traditional psychoactive sub
stances, the spread of New Psychoactive Substances (NPS) has been 
increasingly documented, becoming a major public health problem 
(Schifano et al., 2015). The United Nations Office on Drugs and Crime 
(UNODC) and the European Monitoring Centre for Drugs and Drug 

Addiction (EMCDDA) define NPS as "substances of abuse, either in pure 
form or in preparations, that are not controlled by the 1961 Single 
Convention on Narcotic Drugs or the 1971 Convention on Psychotropic 
Substances but may pose a public health threat" (EMCDDA, 2019; UNODC 
United Nations Office on Drugs and Crime,2020). These substances are 
often synthesized to mimic the psychoactive effects of controlled sub
stances such as cannabis, cocaine, ecstasy, and lysergic acid 

* Correspondence to: Department of Neuroscience, Imaging and Clinical Sciences, “G. D’Annunzio” University, via dei Vestini 31, Chieti 66100, Italy.
E-mail addresses: alessio.mosca@unich.it (A. Mosca), g.mancusi@hotmail.com (G. Mancusi), stefania.chiappini@unicamillus.org (S. Chiappini), andreamiuli@ 

live.it (A. Miuli), clara.cavallotto@laconchiglia.srl (C. Cavallotto), j.corkery@herts.ac.uk (J.M. Corkery), gilbertodipetta@alice.it (G. Di Petta), pasino.arianna@ 
gmail.com (A. Pasino), santovitomchiara@gmail.com (M.C. Santovito), carlotta.marrangone@gmail.com (C. Marrangone), mchiaravicinelli@gmail.com
(M.C. Vicinelli), mauro.pettorruso@hotmail.it (M. Pettorruso), giovanni.martinotti@gmail.com (G. Martinotti), f.schifano@herts.ac.uk (F. Schifano). 

Contents lists available at ScienceDirect

Neuroscience and Biobehavioral Reviews

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

https://doi.org/10.1016/j.neubiorev.2025.106431
Received 28 April 2025; Received in revised form 6 October 2025; Accepted 18 October 2025  

Neuroscience and Biobehavioral Reviews 179 (2025) 106431 

Available online 19 October 2025 
0149-7634/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

mailto:alessio.mosca@unich.it
mailto:g.mancusi@hotmail.com
mailto:stefania.chiappini@unicamillus.org
mailto:andreamiuli@live.it
mailto:andreamiuli@live.it
mailto:clara.cavallotto@laconchiglia.srl
mailto:j.corkery@herts.ac.uk
mailto:gilbertodipetta@alice.it
mailto:pasino.arianna@gmail.com
mailto:pasino.arianna@gmail.com
mailto:santovitomchiara@gmail.com
mailto:carlotta.marrangone@gmail.com
mailto:mchiaravicinelli@gmail.com
mailto:mauro.pettorruso@hotmail.it
mailto:giovanni.martinotti@gmail.com
mailto:f.schifano@herts.ac.uk
www.sciencedirect.com/science/journal/01497634
https://www.elsevier.com/locate/neubiorev
https://doi.org/10.1016/j.neubiorev.2025.106431
https://doi.org/10.1016/j.neubiorev.2025.106431
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neubiorev.2025.106431&domain=pdf
http://creativecommons.org/licenses/by/4.0/


diethylamide (LSD), bypassing existing drug regulations (they are 
marketed as “legal highs”), making their detection at routine screening 
tests and control more challenging (Chiappini et al., 2024a, 2024b). 
They include a heterogeneous group of recreational drugs such as syn
thetic cannabinoids (SCRAs), synthetic cathinones, phencyclidine-type 
substances, phenethylamines, piperazines, tryptamines, aminoindanes, 
opioids, benzodiazepines, and plant-based substances. Many are mar
keted as “legal” alternatives or substitutes for Traditional Drugs of Abuse 
(TDA), despite their association with acute toxicity, unpredictable ef
fects, limited safety data, and significant psychiatric risks (Chiappini 
et al., 2021a, 2021b; EMCDDA, 2022). NPS have become a global 
concern, with reports from 141 countries; according to the United Na
tions Office on Drugs and Crime (UNODC), by November 2023, a total of 
1330 NPS had been documented based on data provided by govern
ments, laboratories, and partner organizations (UNODC United Nations 
Office on Drugs and Crime,2024).

The spread of NPS occurs within the context of dramatic social 
transformations over the past three decades, shaping the postmodern 
era, in particular increasing individualization, shifts in social roles, 
evolving concepts of self-identity and intimacy, and altered perceptions 
of the future (Whitley, 2008). These features have an impact on risk 
factors for mental disorders, the dynamics of clinical interactions, pat
terns of help-seeking behavior, and treatment outcomes (Martinotti 
et al., 2021a). In this context, the phenomenon of “psychonauts” has 
emerged in recent decades (Schifano et al., 2021), representing a group 
of individuals who deliberately explore altered states of consciousness 
through the use of NPS. They often have extensive knowledge of phar
macology and pharmaceuticals and actively participate in sharing their 
drug-related experiences online, by online fora, social media platforms 
and specialized websites: this digital interaction creates a global com
munity where psychonauts can have access to a vast knowledge about 
NPS and also offers an easy and anonymous access to online pharmacies 
and marketplaces (Davey et al., 2012). The proliferation of NPS is 
closely linked to acceleration in interconnectivity which characterizes 
the “digital revolution” (Bucci et al., 2019; Davey et al., 2012). How
ever, psychonauts represent only one subgroup of users. Recent evidence 
indicates that NPS consumption is also highly prevalent in vulnerable 
populations such as prisoners and homeless individuals, where use is 
often associated with severe health risks and limited access to care 
(Chiappini et al., 2024a, 2024b). Recently, synthetic cannabinoids have 
also been detected in e-cigarettes seized from English schools, high
lighting their diffusion among adolescents and the increasing diversity 
of routes of administration (Cozier et al., 2025).

Concerning NPS use, an especially alarming aspect is the severe 
psychopathological impact they can have, including risks of developing 
psychotic disorders, self-harm, suicide, dependence, withdrawal symp
toms, and fatal intoxication or poisoning (Chiappini et al., 2021a, 
2021b; Schifano et al., 2021). In particular, NPS intake may be associ
ated with the onset of de novo psychosis in vulnerable individuals - 
substance/medication induced psychotic disorders (SIPD) - (Fiorentini 
et al., 2021; Schifano et al., 2021) or with the potential to trigger 
schizophrenia and other conditions within the psychotic spectrum 
-primary psychotic disorders (PPD) - (Papanti et al., 2013a). Addition
ally, there are ongoing concerns about persistent substance-induced 
psychoses, known as SREP (Substance-Related Exogenous Psychosis) 
(Martinotti et al., 2021b; Papanti et al., 2013b).

Aim of the study: The risks associated with NPS use for mental health 
are not yet fully understood and may indeed pose severe psychopatho
logical consequences. The main outcome of this systematic review was 
to investigate any correlation between the use of NPS and the onset of 
psychotic symptoms, performing a literature review of the current 
related knowledge. A qualitative assessment of psychotic symptoms 
associated with the use of novel psychoactive substances (NPS) has also 
been conducted, with the aim of characterizing potential differences in 
psychopathological features based on the pharmacodynamic properties 
of the substances.

2. Materials and methods

2.1. Systematic review procedures

A systematic electronic search was performed on 13 August 2025 on 
the following search engines: PubMed, Scopus, and Web of Science 
(WoS). For PubMed and WoS the following search strategy was used: 
("NPS" OR "new psychoactive substances" OR "novel psychoactive sub
stances" OR "synthetic cannabinoids" OR "phenethylamines" OR "syn
thetic cathinones" OR "tryptamines" OR "piperazines" OR "new synthetic 
opioids" OR "designer benzodiazepines" OR "Spice" OR "JWH-018" OR 
"K2") AND ("psychosis" OR "hallucination" OR "delusion" OR "schizo
phrenia" OR "delusional" OR "schizoaffective") NOT review NOT animal. 
While for Scopus a slightly different search strategy was used: (TITLE- 
ABS-KEY ( "NPS") OR TITLE-ABS-KEY ( "new psychoactive substances") 
OR TITLE-ABS-KEY ( "novel psychoactive substances") OR TITLE-ABS- 
KEY ( "synthetic cannabinoids") OR TITLE-ABS-KEY ( "phenethyl
amines") OR TITLE-ABS-KEY ( "synthetic cathinones") OR TITLE-ABS- 
KEY ( "tryptamines") OR TITLE-ABS-KEY ( "piperazines") OR TITLE- 
ABS-KEY ( "new synthetic opioids") OR TITLE-ABS-KEY ( "designer 
benzodiazepines") OR TITLE-ABS-KEY ( "Spice") OR TITLE-ABS-KEY ( 
"JWH-018") OR TITLE-ABS-KEY ( "K2") AND TITLE-ABS-KEY ( "psy
chosis") OR TITLE-ABS-KEY ( "hallucination") OR TITLE-ABS-KEY ( 
"delusion") OR TITLE-ABS-KEY ( "schizophrenia") OR TITLE-ABS-KEY ( 
"delusional") OR TITLE-ABS-KEY ( "schizoaffective") AND NOT TITLE- 
ABS-KEY ( review) AND NOT TITLE-ABS-KEY ( animal))).

The systematic review was structured in accordance with the 
PRISMA guidelines (Page et al., 2021). Identified studies were assessed 
at title/abstract and full text screening against eligibility criteria.

Only original articles written in English that report data on the 
correlation between NPS and psychosis (delusion, hallucination or 
schizophrenia). All studies not original and not written in English that 
report other substances misuse, or do not relate to psychosis were 
excluded.

2.2. Protocol and registration

Current research methods were approved by PROSPERO (identifi
cation code CRD42022383323).

2.3. Data synthesis strategy

The selection and eligibility phase of the articles were carried out 
independently by Man. G., P.A., S.M.C., V.M.C., and C.C., and then 
subjected to a final cross-check by Mi. A. and C.S. All discordant cases 
were evaluated by M.A., P.M., and M.G. Any unsolved doubts by the 
team of the topic covered in the article were clarified directly with the 
author(s), if contactable. The data were collected in a Word table con
taining the first author’s name and year of publication of the study, 
study design, demographic variables (gender, age, psychiatric history), 
details on the drugs taken (dosage and route of administration), details 
on symptomatology (non-psychotic psychiatric symptoms, disturbances 
of thought, hallucinations), and details on the outcome (psychedelic 
experience, acute psychosis with remission, onset with persistence, 
psychotic relapse). The exclusion criteria for both selection phases were: 
1) non-original research (e.g., re-view, metanalysis, commentary, 
editorial, letter to the editor without data available, and book chapter); 
2) non-full-text articles (e.g., meeting abstract); 3) language other than 
English; 4) animal/in vitro studies; 5) articles not dealing with the 
misuse of the NPS selected (cannabinoids, phenethylamines, cathinones, 
tryptamines, piperazines, new synthetic opioids, designer benzodiaze
pines) and 6) articles not dealing with psychotic symptoms or schizo
phrenic spectrum disorder. From a total of 4324 articles (PubMed =
1853; Scopus = 2228; WoS = 242; other sources = 1), after dedupli
cation (n = 1100), 3224 records were screened. Among the articles 
screened 2374 were considered not relevant to the subject reading title 
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and abstract, 222 were not written in English, and 277 were non-original 
articles. Of the 351 full-text articles assessed for eligibility, 184 did not 
match the inclusion criteria for the review and 56 were unavailable. 
Finally, 111 articles were included in the systematic review (Fig. 1).

2.4. Risk of bias assessment

Risk of bias was evaluated for all included studies. For non–case 
report articles, the ROBINS-I tool was applied across its seven domains 
(Sterne et al., 2016): confounding, selection of participants, classifica
tion of interventions, deviations from intended interventions, missing 
data, measurement of outcomes, and selection of the reported result. For 
case reports, the CARE checklist was used to assess completeness and 
transparency of reporting (Gagnier et al., 2013). Two reviewers inde
pendently performed the assessments, with discrepancies resolved by 
discussion and consensus.

3. Results

3.1. General features

A total of 111 studies were included in the present systematic review, 
comprising case reports, case series, observational studies, retrospective 
analyses, and controlled trials. These studies addressed the use of NPS 
and reported on the sociodemographic, clinical, and comorbid profiles 
of the individuals involved. Findings related to the 95 articles are 
described in detail and organised by specific molecule and alphabetical 
order of authors (Table 1).

The main NPS categories identified were synthetic cannabinoids 
(SCRAs) (Abouchedid et al., 2016; Altintas et al., 2016; Altintop, 2020; 
Barceló et al., 2017; Bassir Nia et al., 2016; Bebarta et al., 2012; Benford 
and Caplan, 2011; Berry-Cabán et al., 2013; Besli et al., 2015; Bonac
corso et al., 2018; Celofiga et al., 2014; Di Petta, 2016; Durand et al., 
2015; El Zahran et al., 2019; Every-Palmer, 2011; Glue et al., 2013; Haro 
et al., 2014; Hermanns-Clausen et al., 2018; Hoyte et al., 2012; Hurst 
et al., 2011; Johnson et al., 2011; Kekelidze et al., 2019; Kotan et al., 
2017; Kuzucuoğlu et al., 2018; Malik et al., 2021; Mathews et al., 2019; 
Monte et al., 2017; Müller et al., 2010; Oluwabusi et al., 2012; Ozer 
et al., 2016; Öznur et al., 2018; Peglow et al., 2012; Rahmani et al., 
2014; Roberto et al., 2016; Robson et al., 2021; Satodiya and Palekar, 
2020; Simmons et al., 2011; Skryabin and Vinnikova, 2018, 2019; 
Sönmez and Köşger, 2016; Sweet et al., 2017; Theunissen et al., 2019, 
2022; Tofighi and Lee, 2012; Tung et al., 2012; Udow et al., 2018; 
Waugh et al., 2016; Welter et al., 2017), synthetic cathinones (Albert 
et al., 2022; Batisse et al., 2014; Blanco et al., 2021; Chan et al., 2013; 
Chou et al., 2021; Dolengevich-Segal et al., 2016; Fujita et al., 2018; 
Murray et al., 2012; Nina, 2018; Paul et al., 2021; Roberts et al., 2017; 
Romanek et al., 2017; P. Simonato et al., 2018; Truscott et al., 2013; 
Umebachi et al., 2016), PCP-like substances (Dunlop et al., 2020; Zid
kova et al., 2017), phenethylamines (Bretaudeau Deguigne et al., 2015; 
Forrester, 2014; Gee et al., 2016; Hill et al., 2013; Liakoni et al., 2017; 
Madsen et al., 2017; Miyajima et al., 2008; Papaseit et al., 2018, 2020; 
Rose et al., 2013; Schetz et al., 2022; Stoller et al., 2017), piperazines 
(Austin and Monasterio, 2004; Bossong et al., 2010; Thompson et al., 
2010; Wilkins et al., 2007), amphetamine-type stimulants (Daveluy 
et al., 2016; Lafferty et al., 2016; Ricci et al., 2022; White et al., 2019), 
tryptamines (Alatrash et al., 2006; Rosenberg,1964; Szara et al., 1966), 
13 cases of poly-substance use (Beck et al., 2015; Caloro et al., 2016, 
2018; Ciucă Anghel et al., 2022; Hondebrink et al., 2015; Kamijo et al., 
2016; Khullar et al., 2014; Kihara and Day, 2014; Liakoni et al., 2015; 
Martinotti et al., 2021c; Matsumoto et al., 2016; Stevenson and Tud
denham, 2014; Tancer and Johanson, 2001) and 7 cases of NPS not 
belonging to the above-mentioned categories (Anderson et al., 2015; 
El-Higaya et al., 2011; Janiri et al., 1991; Lagoutte-Renosi et al., 2021; 
Moccia et al., 2019; Täljemark and Johansson, 2012; Wilcox, 2012).

Regarding synthetic cannabinoids (SCRAs), the majority of studies 

focused on unspecified SCRAs, followed by Spice, JWH-018, and K2, 
with a marked predominance of male subjects and a mean age ranging 
between 15 and 40 years. Although "Spice" was initially the brand name 
for a specific product containing synthetic cannabinoids, it later became 
a generic term used to describe a wide range of similar substances 
(National Institute on Drug Abuse (NIDA National Institute on Drug 
Abuse,2024). Most studies were case reports or observational in nature. 
Several authors reported psychiatric comorbidities such as schizo
phrenia, schizoaffective disorder, mood disorders, and substance use 
disorders. However, many cases did not document any medical or psy
chiatric comorbidities.

The group of synthetic cathinones mostly included observational 
studies and case series, also showing a predominance of male subjects 
with a mean age typically between 20 and 40 years. Some patients 
exhibited substance-induced psychotic episodes, mood disorders (e.g., 
depression, bipolar disorder), or personality disorders. In some cases, 
medical comorbidities were also documented.

The limited number of studies involving phencyclidine (PCP) ana
logues primarily consisted of adult male patients, often without psy
chiatric comorbidities but with frequent medical conditions.

Regarding phenethylamines, the included studies mostly involved 
young male users. Psychiatric comorbidities such as depression, sub
stance use disorders, and in some instances, psychotic disorders were 
observed.

Evidence regarding Piperazines was derived from a small number of 
observational studies and case reports with minimal information on 
psychiatric or medical comorbidities.

For amphetamine-type stimulants, available data suggested a pre
dominance of young adult males, while medical comorbidities were 
occasionally noted, psychiatric comorbidities were infrequently 
reported.

Studies involving tryptamines were scarce and, in most cases, did not 
report significant psychiatric or medical comorbidities.

Numerous studies documented concurrent use of multiple NPS 
(polyabuse), with a substantial presence of psychiatric disorders 
including schizophrenia, mood disorders, personality disorders, and 
substance use disorders. Again, this group was predominantly composed 
of young adult males.

Regarding other substances, a few studies explored substances that 
did not fall into the aforementioned categories. These cases typically 
involved young adult males, with occasional reports of psychiatric 
conditions such as paranoid schizophrenia, while medical comorbidities 
were rarely described.

For detailed information on study design, substance type, and the 
sociodemographic and clinical characteristics of the subjects included, 
please refer to Table 1.

3.2. Symptomatology

Regarding the psychopathological manifestations associated with 
the use of NPS, the results are presented in Table 2, table specifying the 
substance used, route of administration, psychiatric comorbidities, and 
specific symptomatology - including non-psychotic psychiatric symp
toms, negative symptoms, thought disturbances, and hallucinations.

A wide range of acute psychiatric symptoms was reported following 
the use of SCRAs, with smoking being the most common route of 
administration. Users often presented with agitation, anxiety, suicidal 
ideation, and disorganized behavior. Disturbances in thought processes - 
such as paranoia, thought blocking, and delusional thinking - were 
frequently documented, along with both auditory and visual halluci
nations. Some reports also described complex delusional states (e.g., 
Capgras syndrome, mystical or supernatural delusions), negative 
symptoms (e.g., flat affect, alogia, avolition), and dissociative 
phenomena.

Synthetic cathinones were associated with high levels of agitation, 
confusion, anxiety, and in some cases, severe behavioral dysregulation 
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Fig. 1. Prisma flow diagram of the methodology of the systematic literature review.
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Table 1 
Sociodemographic and clinical characteristics of individuals with psychosis associated with NPS.

Name, 
Year

Substance Study design Population (N, M, F) Mean age±
Standard 
deviation

Psychiatric comorbidity Medical 
comorbidity 
(Yes;No)

SYNTHETIC CANNABINOIDS
Abouchedid et al., 

(2016)
JWH− 18 Case report F= 1 19 Depression No

Alhassan et al. (2024) Spice Case report N = 1, F= 1 51 No No
Altintas et al., (2016) Unspecified SCRAs Single-center 

cross-sectional 
analysis

M= 50 MA= 25,9 ± 5,5 NA NA

Altintop et al., 2020 Unspecified SCRAs Retrospective 
study

N = 352 
M= 330 
F= 22

MA= 26,9 ± 8,3 NA NA

Barceló et al., (2017) 5F-ADB, MMB− 2201 Case series N = 5 
M= 4 
F= 1

Case 1= 17 
Case 2= 17 
Case 3= 17 
Case 4= 14 
Case 5= 21

No No

Bassir Nia et al. 
(2016)

Unspecified SCRAs Retrospective 
review

N = 594 
M= 444 
F= 150

MA= 40,6 
± 12,9

Schizophrenia, 
Schizoaffective disorder, 
Bipolar disorder, MDD, 
others

NA

Bebarta et al., (2012) Spice Case series Case 1=M 
Case 2= 2 
Case 3=M

Case 1= 19 
Case 2= 19 
Case 3= 23

No No

Berry-Cabàn et al., 
2013

Spice Case report M= 1 20 Schizoaffective disorder No

Besli et al., (2015) Unspecified SCRAs Case series N = 16 
M= 15 
F= 1

MA= 15,4 ± 1,7 NA NA

Bonaccorso et al., 
(2018)

Unspecified SCRAs Case series Case 1=M 
Case 2=F 
Case 3=M 
Case 4=M

Case 1= 28 
Case 2= 32 
Case 3= 20 
Case 4= 39

Paranoid schizophrenia, 
Schizoaffective disorder, 
Bipolar disorder

NA

Celofiga et al., (2014) Unspecified SCRAs Case series M= 4 Case 1= 35 
Case 2 = 21 
Case 3= 27 
Case 4= 29

Paranoid schizophrenia, 
Undifferentiated 
schizophrenia

NA

Dawn Benford et al., 
2011

Spice Case report M= 1 20 No No

Di Petta (2016) Unspecified SCRAs Case report M= 1 28 Previous psychosis in 
substance abuse

No

Durand et al., (2015) Unspecified SCRAs Case report M= 1 23 No No
Every-Palmer et al., 

2011
JWH− 018 Cohort study M= 15 MA= 34 ± 7,9 Schizophrenia, 

Schizoaffective disorder, 
Borderline personality

NA

El Zahran et al., 
(2019)

Cumyl− 4- cyano-BINACA Case report M= 1 29 No NA

Glue et al., (2013) K2 Retrospective 
observational 
study

N = 17 
M= 10 
F= 7

MA= 26,1 ± 10 Affective disorder, 
Psychotic episodes

NA

Haro et al., (2014) JWH− 081, JWH− 250, JWH− 203, 
JWH− 019

Letter to editor- 
case report

F= 1 19 NA NA

Hermanns-Clausen 
et al. (2013)

AB-CHMINACA,MDMB- CHMICA Prospective 
observational 
study

N = 44 
M= 39 
F= 5

MA= 20,5 NA NA

Helge Müller et al., 
2009

Spice Case report M= 1 25 History of 
cannabis induced 
recurrent psychotic 
episodes

NA

Hoyte et al., (2012) Unspecified SCRAs Observational 
study

N = 1898 M= 1005 
F= 893

MA= 22,5 
± 8,86

NA NA

Hurst et al., (2011) Spice Case Series M= 10 MA= 23 No No
Johnson et al., (2011) Spice Case report M= 1 23 NA NA
Simmons et al., 

(2011)
JWH− 018, JWH− 073 Case series M= 3 Case 1= 25 

Case 2= 21 
Case 3= 19

No NA

Kekelidze et al., 
(2019)

JWH, 
AB-PINACA, TMCP

Interventional 
study

N = 43 M= 38 
F= 5

MA= 25 NA NA

Kotan et al., (2017) Unspecified SCRAs Cross-sectional 
study

M= 74 
N SC users= 33 
N SC and C users= 41

MA SC users=
24,7 ± 6,8 
MA SC and C 
users= 25,7 
± 7,6

No No

(continued on next page)
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Table 1 (continued )

Name, 
Year 

Substance Study design Population (N, M, F) Mean age±
Standard 
deviation 

Psychiatric comorbidity Medical 
comorbidity 
(Yes;No)

Kuzucuoglu et al., 
(2018)

Bonzai Case series M= 8 MA= 21,6 ± 4,7 NA NA

Malik et al., (2021) K2 Case series Case 1=M 
Case 2=F

Case 1= 31 
Case 2= 36

Schizophrenia, SUD Yes

Mathews et al., 
(2019)

Unspecified SCRAs Observational 
study

N = 90 
M= 23,3 % 
F= 66,7 %

MA= 19,9 ± 2,3 NA NA

Monte et al., (2017) Unspecified SCRAs Cohort study N = 353 
M= 297 
F= 56

MA= 25 NA NA

Oluwabusi et al., 
(2012)

K2 Case series M= 2 Case 1= 16 
Case 2= 17

No NA

Ozer et al., (2016) Unspecified SCRAs Case report M= 1 17 No No
Öznur et al., (2018) Unspecified SCRAs Prospective 

observational 
study

M= 166 MA= 21,04 
± 1,04

NA NA

Peglow et al., (2012) Spice Case report M= 1 59 Post traumatic stress 
disorder, SUD

No

Rahmani et al. (2014) Unspecified SCRAs Case series M= 2 Case 1= 17 
Case 2= 17

No NA

Roberto et al., (2016) Unspecified SCRAs Case report M= 1 18 No No
Robson et al., (2021) Unspecified SCRAs Observational 

study
N = 113 
M= 81 
F= 32

MA= 28,4 
± 10,1

Schizophrenia NA

Satodiya et al., 2020 K2 Case Report M= 1 32 Schizophrenia NA
Skryabin et al., 2019 Unspecified SCRAs Oservational 

study
M= 60 MA= 23,6 ± 3,5 SC dependence, cannabis 

use disorder, SC abuse
NA

Skryabin et al., 
(2018)

Spice Longitudinal, 
observational 
cohort study

M= 46 MA= 23,2 ± 3,5 NA NA

Sönmez et al. 2016 Unspecified SCRAs Case report M= 1 31 No No
Sweet et al., (2017) Unspecified SCRAs Case report M= 1 47 NA NA
Theunissen et al. 

(2019)
JWH− 018 Placebo- 

controlled 
double blind

N = 24 
M= 10 
F= 14

MA= 22,8 
± 3,05

Occasional users of 
cannabis

No

Theunissen et al., 
(2019)

JWH− 018 Placebo- 
controlled 
crossover study

M= 17 MA= 23,4 ± 3,1 Occasional users of 
cannabis

No

Tofighi et al., 2012 K2, 
JWH− 018

Case report M= 1 48 No No

Tung et al., (2012) Spice Case report M= 1 36 No No
Udow et al., (2018) Unspecified SCRAs Case report F= 1 70 Occasional visual 

hallucinations for many 
years with preserved 
insight

Yes

Waugh et al., (2016) Unspecified SCRAs Retrospective 
study

N = 510 
M= 80.8 % 
F= 19.2 %

MA= 21 NA NA

Welter et al., (2017) Unspecified SCRAs Prospective pilot 
survey

N = 21 
M= 15 
F= 6

MA= 25,6 ± 5,8 Paranoid schizophrenia, 
Depression without 
psychosis, Schizoaffective 
disorder, other

NA

WILLIAMS and 
HIMMELSBACH 
(1846)

Pyrahexyl compound Interventional 
study

N = 12 (prisoner 
patients, M)

24–33 One case with 
schizophrenia; others with 
psychopathic/antisocial 
or paranoid traits

No

Yazici et al. (2017) Synthetic cannabinoids (“Bonzai”) Case report N = 2, M= 2 Case 1= 26 
Case 2= 30

History of polysubstance 
use; hypomanic symptoms 
in one case

No

SYNTHETIC 
CATHINONES/ 
BATH SALTS

​ ​ ​ ​ ​ ​

Albert et al., (2022) α-PVP (“Flakka”), α-PHP, 
α-PHiP

Case Report F= 1 21 Substance induced 
paranoid psychotic 
episode

NA

Batisse et al., (2014) NRG3, mephedrone, 
MDPV

Case series N = 21 
M= 20 
F= 1

MA= 38,1 
± 8,32

SUD Yes

Blanco et al., (2021) N-ethylpentylone Observational 
study

N = 9 
M= 6 
F= 3

MA= 27 NA NA

Chan et al., (2013) 6–2-aminopropylbenzofuran (6- 
APB)

Case report M= 1 21 No No

(continued on next page)
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Table 1 (continued )

Name, 
Year 

Substance Study design Population (N, M, F) Mean age±
Standard 
deviation 

Psychiatric comorbidity Medical 
comorbidity 
(Yes;No)

Chou et al., (2021) Toxic coffee packets Retrospective 
analysis

N = 60 
M= 47 
F= 13

MA= 28,85 
± 9,24

History of psychiatric 
disorder

NA

Dolengevich-Segal 
et al., (2016)

Mephedrone Case report M= 1 25 ADHD, 
SUD

Yes

Douglas et al., 2012 Methylenedioxypyrovalerone 
(MDPV)

Retrospective 
study

N = 30 
M= 21 
F= 9

MA= 28,6 ± 7,8 NA NA

Fujita et al., (2018) α-PHP Case report M= 1 39 NA NA
Paul et al., (2021) α-PVT Retrospective 

study
N = 44 
M= 39 
F= 6

MA= 36 NA NA

Roberts et al., (2017) Mexedrone, 3-methoxy− 2- 
methylamino− 1–4-methylphenyl 
propanone

Observational 
case series

M= 11 MA= 30 No No

Romanek et al., 
(2017)

Unspecified cathinones Cohort study N = 81 
M= 52 
F= 29

MA= 34 NA NA

Schloemerkemper 
et al. (2018)

Unspecified cathinones Case report F= 1 20 NA NA

Simonato et al., 
(2018)

Alpha-PVP Case report M= 1 28 Substance induced 
psychosis, schizoid 
personality disorder

NA

Truscott et al., (2013) NA Case report M= 1 32 SUD Yes
Umebachi et al., 

(2016)
α- pyrrolidinovalerophenone Retrospective 

case series
N = 8 
M= 6 
F= 2

MA= 27 Depression, Bipolar 
disorder

NA

PCP-LIKE DRUGS ​ ​ ​ ​ ​ ​
Dunlop et al., (2020) 3-hydroxyphencyclidine (3-HO- 

PCP)
Case report M= 1 56 NA Yes

Zidkova et al., (2017) 3-Methoxy-Phencyclidine Case series M= 2 Case 1= 37 
Case 2= 40

No Yes

PHENETHYLAMINES ​ ​ ​ ​ ​ ​
Bretaudeau Deguigne 

et al., (2015)
2C-P Case series M= 2 MA= 20,4 

± 1,95
No No

Gee et al. (2016) 25 C, 25B, 25I-NBOMes Case series N = 10 
M= 8 
F= 2

MA= 27 ± 6,1 NA NA

Hill et al., (2013) 25I–NBOMe Case series M= 7 MA= 21,5 
± 3,41

Depression, SUD Yes

Liakoni et al., (2017) 2,5-Dimethoxy− 4- 
ethylphenethylamine (2C-E)

Retrospective 
study

M= 1 19 NA NA

Madsen et al., (2017) NBOMes Retrospective 
study

N = 43 
M= 32 
F= 11

MA= 21 NA NA

Forrester (2014) 25I-NBOMe, 
25C-NBOMe and ND NBOMe

Observational 
study

N = 25 
M= 22 
F= 3

MA= 17 ± 2,9 NA NA

Miyajima et al., 
(2008)

2C-T− 4 Case report M= 1 MA= 40 SUD NA

Papaseit et al., (2018) 2C-B Non controlled 
prospective 
observational 
study

N = 16 
M= 8 
F= 8

MA= 33,3 ± 3,7 NA NA

Papaseit et al., (2020) 2,5-Dimethoxy− 4- 
ethylphenethylamine (2C-E)

Non-controlled 
prospective 
observational 
study

N = 10 
M= 6 
F= 4

MA= 27 ± 4 No No

Rose et al. (2013) 25I- 
NBOMe

Case report M= 1 18 NA NA

Schetz et al., (2022) 25I- 
NBOMe

Retrospective 
analysis

Control group= 43 
Study group= 15

MA control 
group= 24 
MA study 
group= 23

NA NA

Stoller et al. (2017) 2C-P Case report M= 1 19 No NA
PIPERAZINE ​ ​ ​ ​ ​ ​
Austin and 

Monasterio et al., 
2004

Rapture Case report M= 1 20 No NA

Bossong et al. (2010) mCPP Observational 
study

N = 79 NA NA NA

Thompson et al. 
(2010)

BZP, 
TFMPP

Randomised, 
double-blind, 

N = 35 
M= 22 
F= 13

MA= 24 No No

(continued on next page)
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Table 1 (continued )

Name, 
Year 

Substance Study design Population (N, M, F) Mean age±
Standard 
deviation 

Psychiatric comorbidity Medical 
comorbidity 
(Yes;No)

Placebo 
controlled trial

Wilkins et al., (2007) Benzylpiperazine (BZP) and 
trifluorophenylmethylpiperazine 
(TFMPP)

Observational 
study

NA NA NA NA

STIMULANTS 
AMPHETAMINE- 
TYPE

​ ​ ​ ​ ​ ​

Daveluy et al., (2016) Methiopropamine (MPA) Case report M= 1 30 No Yes
Lafferty et al., (2016) Ethylphenidate Cross sectional 

study
N = 413 
M= 317 
F= 96

N = 1 % 
MA< 20; 
N = 20 % 
20 <MA< 29; 
N = 53 % 
30 <MA< 39; 
N = 23 % 
40 <MA< 49; 
N = 3 % 
50 <MA< 59; 
N = 1 % 
MA> 60

NA NA

Ricci et al. (2022) Methamphetamine Case report M= 1 25 NA NA
White et al., (2019) Methiopropamine (MPA) Short 

communication
N = 11 
M= 9 
F= 2

MA= 24 NA NA

TRYPTAMINE ​ ​ ​ ​ ​ ​
Alatrash et al. (2006) 5-methoxy-N,N-diisopropyl- 

tryptamine
Case report M= 1 23 NA NA

Rosenberg,(1964) N,N-Dimethyltryptamine Randomized 
control trial

M= 6 MA= 30 No No

Szara et al., (1966) N,N-diethyltryptamine Randomized 
control trial

M= 20 NA Schizophrenia NA

POLYABUSE ​ ​ ​ ​ ​ ​
Beck et al., (2015) MDPV, alpha- 

pyrrolidinovalerophenone (a-PVP), 
methylone

Retrospective 
study

N = 201 M= 143 
F= 58

MA= 36 NA NA

Caloro et al., (2016) Amphetamines, heroin, synthetic 
cannabinoids, benzylglycinamide

Case report F= 1 24 NA Yes

Caloro et al., (2018) Phencyclidine, methoxphenidine, 
methoxyphencyclidine, 
ethylnorketamine, 
norketamine, deschlorketamine

Case report M= 1 32 SUD NA

Ciuca et al., 2022 Synthetic cannabinoidds, 
synthetic cathinones

Retrospective 
study

N = 604 
M= 527 
F= 77

MA= 29,9 ± 6,7 Personality disorder, 
Depressive episode, 
Psychotic disorder, 
Schizophrenia

NA

Hondebrink et al., 
(2015)

2C-B, 
4-FA, 
MXE, 
6-APB

Observational 
study

N = 30 MA= 22 ± 3,8 NA NA

Kamijo et al. (2014) Synthetic cannabinoids, synthetic 
cathinones,methoxetamine

Multicenter 
retrospective 
survey

N = 518 M= 425 
F= 93

MA= 28,4 ± 8,4 NA NA

Kihara et al., 2014 NRG− 3 Cathinone- related, 
mephedrone, MDPV

Case report M= 1 35 No No

Khullar et al., (2014) Synthetic cannabinoides Case report M= 1 20 SUD No
Liakoni et al., (2015) Cocaine, cannabis, opioid, MDMA, 

heroin, ketamine, LSD
Observational 
study

N = 216 M= 148 
F= 68

N = 42 
16 <MA< 20, 
N = 79 
21 <MA< 30, 
N = 55 
31 <MA< 40, 
N = 40 MA> 40

NA No

Martinotti et al. 
(2021)

Depressors, stimulants, 
cannabinoids, empathogens, 
dissociatives, opioids

Observational 
study

N = 110 
M= 76 
F= 34

MA= 32,57 
± 9,15

Bipolar disorder, 
Psychotic episode, Cluster 
B personality disorder, 
SUD, Alchol abuse, 
Paranoid schizophrenia, 
Schizoaffective disorder, 
Manic episode, 
Depression, Anxiety 
disorder

NA

(continued on next page)
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including hypersexuality and aggression. Delusional thoughts were 
frequently observed, often accompanied by vivid auditory and visual 
hallucinations. In a few cases, tactile, olfactory, and cenesthetic hallu
cinations were also described. Comorbid psychiatric conditions included 
substance use disorders, attention deficit and hyperactivity disorder 
(ADHD), and affective disorders.

PCP-like compounds were typically associated with confusion, 
reduced consciousness, and visual hallucinations. In one case, delusional 
ideation and aggressive behavior were also reported.

Phenethylamines showed a high prevalence of agitation, confusion, 
derealization, and emotional instability. Several cases exhibited delu
sional thinking and paranoia, along with intense hallucinations, often 
multimodal (visual, auditory, and occasionally tactile or olfactory). 
Psychotic episodes were frequently reported, especially in association 
with NBOMe and 2C-series compounds.

Piperazines were associated with anxiety, agitation, insomnia, 
paranoia, and persecutory delusions. Hallucinations - both auditory and 
visual - were commonly reported, sometimes in combination with ol
factory phenomena.

Amphetamine-type stimulants intoxication clinically presented with 
agitation, paranoia, thought insertion, and persecutory delusions. Hal
lucinations were common and often complex, involving frightening vi
sual distortions and command auditory hallucinations. Cases of 
depression, suicidal ideation, and social withdrawal were also reported.

Tryptamine users experienced agitation, perceptual distortions, 
paranoia, and dissociative symptoms. One early trial reported 
schizophrenia-like symptoms such as thought disorder and paranoid 
ideation.

In cases involving the combined use of multiple NPS or other psy
choactive drugs, patients frequently displayed severe agitation, 
emotional lability, suicidal ideation, bizarre or religious delusions, and a 
range of hallucinations (including visual, auditory, tactile, and olfac
tory). Several reports noted complex delusional systems, often with 

preserved insight or alternating lucidity. Comorbid psychiatric condi
tions were common and included schizophrenia, mood disorders, per
sonality disorders, and substance use disorders.

Other compounds. Less frequently reported substances showed het
erogeneous psychiatric symptoms, ranging from anxiety, logorrhea, and 
persecution delusions to dissociative states and hallucinations of various 
sensory modalities.

For detailed information on the substance used, route of adminis
tration, psychiatric comorbidities, and specific symptomatology - 
including non-psychotic psychiatric symptoms, negative symptoms, 
thought disturbances, and hallucinations - please refer to Table 2.

3.3. Symptomatology and outcomes

A further analysis was conducted, reporting for each substance the 
total number of subjects included across studies, as well as the number of 
articles providing information on specific psychotic symptomatology, 
such as “Thought and ideation disturbances”, “Hallucinations”, “Nega
tive Symptoms”, and “Psychedelic experience”. Similarly, the number of 
articles reporting specific outcome data - namely “Acute psychosis with 
remission”, “Onset with persistence”, and “Psychotic relapse”- was also 
recorded. These findings are presented in Table 3.

SCRAs accounted for the largest portion of the sample (N = 4813). 
Among these, thought and ideation disturbances were reported in 37 
cases, hallucinations in 40, and negative symptoms in 10. Psychedelic 
experiences were documented in 16 subjects. Acute psychosis with full 
remission occurred in 38 cases, while persistent psychotic symptoms 
were reported in 9 cases, and psychotic relapses in 10.

Synthetic cathinones (N = 269) were also associated with significant 
psychopathological burden. Thought disturbances were present in 11 
subjects, and hallucinations in 9, while psychedelic-like experiences 
were observed in 3 individuals. Acute psychosis with remission occurred 
in 13 cases, whereas no persistent symptoms or relapses were reported.

Table 1 (continued )

Name, 
Year 

Substance Study design Population (N, M, F) Mean age±
Standard 
deviation 

Psychiatric comorbidity Medical 
comorbidity 
(Yes;No)

Matsumoto et al., 
(2016)

Unspecified NPS Observational 
cross-sectional 
study

Group 1: 
N = 123 M= 112 F= 11 
Group 2: 
N = 355 M= 317 
F= 38

Group 1: 
MA= 28,2 ± 7,9 
Group 2: 
MA= 23,3 ± 8,4

NA NA

Stevenson et al., 2014 Methoxyphencyclidine (3-MeO- 
PCP), methylenedioxypyrovalerone 
(MDPV)

Case report M= 1 20 NA Yes

Tancer & Johanson 
et al., 2001

MDMA, mCPP Randomized 
control trial

N = 22 
M= 8 
F= 14

MA= 23,6 No No

OTHER ​ ​ ​ ​ ​ ​
Anderson et al., 

(2015)
El blanco Case report M= 1 30 Paranoid schizophrenia NA

El-Higaya et al., 
(2011)

Compound 4-fluorotropacocaine 
(pFBT), Desoxypipradrol (2DPMP)

Case series Case 1=M 
Case 2=M

Case 1= 20 
Case 2= 40

Case 1: previous SUD 
Case 2: No

No

Janiri et al., (1991) Zipeprol Observative 
study

N = 30 M= 19 
F= 11

MA= 22,6 ± 1,8 Somatoform disorder, 
Conduct disorder, 
Affective disorders, 
Antisocial personality 
disorder, Dependent 
personality disorders

NA

Lagoutte-Renosi 
et al., 2021

5-MeODALT, Alpha- 
pyrrolidinovalerophenone, a 
synthetic cathinone (flakka)

Case report Case 1 ¼M 
Case 2=M

Case 1 = 34 
Case 2 = 32

Depression, anxiety NA

Taljemark et al., 2012 4-OH- MET (metocin) Case report M= 1 17 No No
Wilcox et al., 2012 α-Methyltryptamine Observational N = 15 

M= 8 
F= 7

MA= 39 No No

Moccia et al., (2019) Methoxetamine Case report M= 1 23 NA NA

N = Number of subjects; M=Male; F=Female; MA=Mean Age; NA= not applicable; SC=Synthetic Cannabinoids; SCRAs=Synthetic Cannabinoid Receptor Agonists; 
SUD= Substances Use Disorder; C=cannabis.
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Table 2  
Psychiatric symptomatology associated with Novel Psychoactive Substances (NPS).

SUBSTANCE

Name, 
Year

Substance Psychiatric 
comorbidity

Administration Poly-abuse (substance) Non-psychotic 
psychiatric 
symptoms

Negative 
Symptoms

Thought and ideation 
disturbances

Hallucinations

SYNTHETIC 
CANNABINOIDS

​ ​ ​ ​ ​ ​ ​ ​

Abouchedid et al., 
(2016)

JWH− 18 Depression Smoked LSD NA NA NA Unspecified visual 
hallucinations

Alhassan et al. 
(2024)

Spice No Smoked Cannabis (occasional) Severe agitation, 
aggression, 
disorganized 
behavior, bizarre 
conduct (hiding 
keys in vagina)

Poor hygiene, 
social 
withdrawal 
during acute 
phase

Persecutory delusions, 
conspiracy ideas, 
illogical and 
circumstantial thinking

Visual hallucinations, 
auditory 
hallucinations

Altintas et al., (2016) Unspecified SCRAs NA NA Cannabis, alcohol, stimulant, 
opioid

Suicidal ideation, 
suicide attempt

NA NA NA

Altintop et al., 2020 Unspecified SCRAs NA NA NA NA NA Unspecified psychosis NA
Barceló et al., (2017) 5F-ADB, MMB− 2201 No Smoked Cannabis Agitation, 

confusion; anxiety, 
suicide attempted

No Delusions of influence 
and grandeur, 
altered language, 
bradypsychia

No

Bassir Nia et al. 
(2016)

Unspecified SCRAs Schizophrenia, 
Schizoaffective 
disorder, Bipolar 
disorder, MDD, 
others

Smoked Cannabis Agitation; suicidal 
ideation, mood 
symptoms

No Thought 
disorganization, 
internally preoccupation

No

Bebarta et al., (2012) Spice No Smoked Acetaminophen, 
dextromethorphan, doxylamine

Aggression, 
agitation, 
sedation; panic

No Paranoia Visual and somatic 
hallucinations

Berry-Cabàn et al., 
2013

Spice Schizoaffective 
disorder

Smoked Mephedrone, cannabis, alcohol No Aspecific 
negative 
symptoms

Thought-blocking, 
disorganized behaviors, 
disorganized thinking, 
paranoid delusion, 
referential delusion, loss 
of ego boundarie

Verbal hallucinations

Besli et al., (2015) Unspecified SCRAs NA Smoked Alcohol, amphetamines Agitation, 
unconsciousness 
Anxiety, panic 
attack, numbness, 
euphoria, 
sympathomimetic 
symptoms

NA NA Perceptual changes 
(disturbance of vision, 
sense of smell and 
body perception)

Bonaccorso et al., 
(2018)

Unspecified SCRAs Paranoid 
schizophrenia, 
Schizoaffective 
disorder, Bipolar 
disorder

Smoked Crack, cocaine, heroin, alcol, 
MDMA, cannabis, legal highs 
polysubstance misuse

Agitation, verbal 
and physical 
aggression, 
sexual 
disinhibition, 
bizarre behavior

NA Disorganization. 
Delusional mood, 
persecutory and 
grandiose delusions

Second- and third- 
person auditory 
hallucinations

Celofiga et al., 
(2014)

Unspecified SCRAs Paranoid 
schizophrenia, 
Undifferentiated 
schizophrenia

Smoked NA Agitation Mood 
changes, anxiety, 
elevated affect

Unspecified 
negative 
symptoms 
(antecedents 
to the use of 
SCRAs)

Chronic paranoid and 
grandiose delusions, 
bizarre behaviour, 
formal thought 
symptoms

Haptic hallucinations

(continued on next page)

A
. M

osca et al.                                                                                                                                                                                                                                  
Neuroscience and Biobehavioral Reviews 179 (2025) 106431 

10 



Table 2 (continued )

SUBSTANCE        

Dawn Benford et al., 
2011

Spice No Smoked NA Severe 
anxiety

NA Paranoia Unspecified auditory 
and visual 
hallucinations

Di Petta, 2016 Unspecified SCRAs Previous 
psychosis in 
substance abuse

Smoked Salvia divinorum, cocaine, 
efedrine, ketamine, alcohol

Agitation, Suicide 
attempts, irrational 
behavior

NA Magical delusions, 
mystical ideas, delusions 
of greatness and 
persecution, full of 
bizarre details (UFO, 
superheroes, and 
power), Capgras 
syndrome, Ekbom 
syndrome, twilight state 
of consciousness 
promotes illusions

Visual or auditory 
hallucinations

Durand et al., (2015) Unspecified SCRAs No NA Cannabis Agitation NA Persecutory/mystical 
delusions

NA

Every-Palmer et al., 
2011

JWH− 018 Schizophrenia, 
Schizoaffective 
disorder, 
Borderline 
personality

Smoked No Agitation, 
disorganization

NA Paranoid, 
disorganization, fear and 
alert status, impulse to 
do evil things, sense of 
the end of the world

NA

El Zahran et al., 
(2019)

Cumyl− 4- cyano-BINACA No Smoked No Agitation NA Visual hallucinations NA

Glue et al., (2013) K2 Affective 
disorder, 
Psychotic 
episodes

NA NA Homicidal 
ideation. Affective 
changes (anxious, 
depressive), 
intense suicidal 
thinking/behavior

NA Paranoia, thought 
disorder, disorganized 
behavior

NA

Haro et al., (2014) JWH− 081, JWH− 250, 
JWH− 203, JWH− 019

NA NA NA Laughter forfeit, 
derealization, 
depersonalization, 
movement 
disorder similar to 
catatonia

Soliloquy 
with personal 
hygiene 
deteriorated

Self-references when 
eating or walking

Visual hallucinations

Hermanns-Clausen 
et al. (2018)

AB-CHMINACA,MDMB- CHMICA NA Oral, smoked, 
sniffed

Amphetamines Restlessness/ 
agitation, amnesia. 
Anxiety

NA Acute psychosis, self- 
mutilating behavior

NA

Helge Müller et al., 
2009

Spice History of 
cannabis induced 
recurrent 
psychotic 
episodes

Smoked No Increased anxiety NA Delusions of influence 
(controlled through a 
chip implanted in his 
abdomen)

Imperative voices

Hoyte et al., (2012) Unspecified SCRAs NA Smoked No Agitation, 
irritability, 
drowsiness, 
lethargy, 
confusion, 
dizziness

NA Paranoia, unspecified 
delusions

Unspecified 
hallucinations

Hurst et al., (2011) Spice No Smoked Cannabis, alcohol Insomnia, 
psychomotor 
agitation. Suicidal 
ideation, anxiety

Flat affect, 
alogia

Paranoid delusions, 
thought blocking, 
disorganized speeches, 
disorganized behavior, 
psychomotor retardation

Auditory 
hallucinations, 
Visual hallucinations

(continued on next page)
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Table 2 (continued )

SUBSTANCE        

Johnson et al., 
(2011)

Spice NA Smoked No Mild to moderate. 
cognitive 
impairment. 
Changes in mood.

NA Altered speech, paranoid 
delusions of persecution, 
sense of the end of the 
world, loss of ego 
boundaries, sense of 
revelation, disorganized 
and tangential thought

Changes in perception

Simmons et al., 
(2011)

JWH− 018, JWH− 073 No Smoked No Agitation, amnesia, 
bizzarre behaviour

NA Paranoia, unspecified 
delusions

No

Kekelidze et al., 
(2019)

JWH, 
AB-PINACA, TMCP

NA NA NA Anxiety, fear. 
Disorientation (in 
place, time and 
self), dreamlike 
clouding of 
consciousness, 
catatonic disorders 
(in form of sub 
stupor), catalepsy, 
profound 
impairments to 
consciousness

NA Perceptual delusions, 
delusional experiences, 
severe disintegration of 
all components of 
thought, degraded self- 
awareness

Multiple vivid and 
dynamic pareidolias, 
scene-like visual 
hallucinations, tactile 
and auditory 
hallucinations, 
daydream-like 
fantastic 
hallucination

Kotan et al., (2017) Unspecified SCRAs No NA N SC and C users= 41 Irritability, 
nervousness. Loss 
of motivation; 
anxiety

Loss of 
motivation

NA NA

Kuzucuoglu et al., 
2018

Bonzai NA NA NA Anxiety, panic. 
Confusion, 
sleepiness, 
agitation, 
amnesia

NA NA Auditory 
hallucination

Malik et al., (2021) K2 Schizophrenia, 
SUD

NA NA Aggressivity NA Bizarre behavior, 
delusional self-inflicted 
injury to the eye

NA

Mathews et al., 
(2019)

Unspecified SCRAs NA NA NA Relaxed/stoned, 
lightheadedness, 
confusion, time 
distortion. Anxiety, 
depression, 
euphoria, panic 
attack

NA Paranoia, confused/ 
cloudy thinking, racing 
thoughts

Auditory 
hallucinations, visual 
hallucinations

Monte et al., (2017) Unspecified SCRAs NA NA NA Agitation NA Unspecified delusion Unspecified 
hallucinations

Oluwabusi et al., 
(2012)

K2 No Smoked NA Insomnia. Low 
mood 
hyperactivity, 
anxiety symptoms

Lack of 
interest in 
usual daily 
social 
activities

Paranoid delusions, 
grandiose delusions, 
somatic preoccupation, 
disorganized behavior

Musical auditory 
hallucinations, 
colorful visual 
hallucinations

Ozer et al., (2016) Unspecified SCRAs No Smoked No Anxiety, 
agitation, 
irritability, 
confusion, 
insomnia, 
anorexia. 
Dysphoric mood, 

No Capgras syndrome, 
persecutory delusions

Unspecific 
hallucinations
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Table 2 (continued )

SUBSTANCE        

suicidality with 
self-injury

Öznur et al., (2018) Unspecified SCRAs NA Smoked, 
oral

Cannabis, alcohol Suicidal ideas, 
euphoria

NA Scepticism NA

Peglow et al., (2012) Spice Post traumatic 
stress disorder, 
SUD

Smoked No Traumatic 
flashbacks

No Disorganized, bizarre 
behavior

Visual hallucinations

Rahmani et al. 
(2014)

Unspecified SCRAs No Smoked Cannabis, 
LSD, 
psilocybin, mushrooms, spice, bath 
salts, oxycodone

Insomnia sleep, 
irritability, mild 
agitation

No Delirium of influence 
and possession, mystical 
delusions, sense of the 
end of the world, 
Capgras syndrome, 
bizarre and disorganized 
behaviors

Auditory 
hallucinations, 
visual hallucinations

Roberto et al., 
(2016)

Unspecified SCRAs No Smoked No Confusion, 
amnesia, agitation, 
insomnia, 
catatonia. Elavated 
mood

Intermittent 
mutism, 
avolition

Thought 
disorganization, 
paranoic delusions, 
persecution ideation

Unspecific auditory 
hallucinations

Robson et al., (2021) Unspecified SCRAs Schizophrenia Smoked, oral Alcohol Agitation, 
irritability, sleep 
disorder, memory 
disturbance. 
Anxiety, mood 
disturbance, 
cognitive 
impairment, 
suicidality

No Psychosis, paranoid 
reaction

Unspecific auditory 
hallucinations

Satodiya et al., 2020 K2 Schizophrenia Smoked NA No Monotone 
speech, 
minimal 
gestures, 
social 
withdrawal, 
lack of 
spontaneity, 
blunted affect, 
avolition

No No

Skryabin et al., 2019 Unspecified SCRAs SC dependence, 
cannabis use 
disorder, SC 
abuse

NA NA Catatonia. Anxiety, 
motor retardation 
with elements of 
catatonia, motor 
agitation

NA Kandinsky- Clerambault 
syndrome, delusions of 
influence, automatisms, 
telepathy, thought 
broadcasting, thought 
insertion, 
delusional ideas of 
interpretation, 
persecutory delusions, 
delusional ideas of a 
philosophical and 
esoteric nature, 
cenestopathic 
automatisms

Tactile hallucinations, 
pseudo 
hallucinations, 
acute verbal 
hallucinations with 
threatening 
monologues or 
dialogues from 
somewhere behind a 
wall or behind their 
backs

Skryabin et al., 
(2018)

Spice NA NA NA Psychomotor 
agitation. Anxious- 
depressive 

Negative 
symptoms of 
schizophrenia

Kandinsky–Clerambault 
syndrome, persecutory 
delusions, paranoia

Threatening 
monologues or 

(continued on next page)
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Table 2 (continued )

SUBSTANCE        

symptoms, mild 
hypomania

dialogs, unspecific 
visual hallucinations

Sönmez et al. 2016 Unspecified SCRAs No Smoked No Distressed mood. 
Agitation, 
insomnia, self and 
etero harming 
ideation, irritation, 
bursts of anger 
insomnia

No Delusions of persecution 
and reference, shape and 
content of thought 
altered

No

Sweet et al., (2017) Unspecified SCRAs NA Smoked NA Psychomotor 
agitation

No Paranoia NA

Theunissen et al. 
(2022)

JWH− 018 Occasional users 
of cannabis

Smoked No Dissociative 
effects, amnesia, 
derealization, 
depersonalization, 
induced feelings of 
confusion

No No Altered internal and 
external perception

Theunissen et al., 
(2019)

JWH− 018 Occasional users 
of cannabis

Smoked No Confusion, 
drowsiness, low 
and transient 
dissociation, 
amnesia, confusion

No No Higher external and 
internal perception

Tofighi et al., 2012 K2, 
JWH− 018

No Oral No Sedation, 
depersonalization

no No No

Tung et al., (2012) Spice No Smoked Poly-substances abuse Agitation, 
insomnia. 
Dysphorc mood

NA Persecutory delusion, 
disorganized thoughts, 
disorganized behaviour, 
irrelevant speech, 
bizzarre behavious

Auditory 
hallucination

Udow et al., (2018) Unspecified SCRAs Occasional visual 
hallucinations 
for many years 
with preserved 
insight

Oral No Anxiety. NA Persecutory delusions Bizarre visual 
hallucinations

Waugh et al., (2016) Unspecified SCRAs NA NA Alcohol, opioids, 
benzodiazepines

Agitation NA NA NA

Welter et al., (2017) Unspecified SCRAs Paranoid 
schizophrenia, 
Depression 
without 
psychosis, 
Schizoaffective 
disorder, other

NA NA NA Motor 
retardation, 
blunted affect, 
poor rapport, 
emotional 
withdrawal

Persecution delusions, 
disorganization 
behaviour, grandiosity

Unspecific 
hallucinations

WILLIAMS and 
HIMMELSBACH, 
(1846)

Synthetic cannabinoids 
(“Bonzai”)

None reported Smoked No Agitation, 
irritability, 
insomnia, craving, 
severe anxiety

NA Persecutory and jealous 
delusions; disorganized 
behavior

Elementary auditory 
hallucinations; visual 
hallucinations 
(grasping in the air)

Yazici et al. (2017) Pyrahexyl compound Schizophrenia (1 
case); 
psychopathic/ 
antisocial traits

Oral No Euphoria, 
garrulousness, 
reduced 
concentration, 
irritability, 
indifference, poor 
hygiene

Apathy, loss 
of interest, 
neglect of 
personal 
hygiene

Circumstantial thought, 
paranoia in one case, 
manic reaction during 
withdrawal

Transient auditory 
and visual 
hallucinations in one 
case (paranoid 
psychotic episode)

(continued on next page)
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Table 2 (continued )

SUBSTANCE        

SYNTHETIC 
CATHINONES/ 
BATH SALTS

​ ​ ​ ​ ​ ​ ​ ​

Albert et al., (2022) α-PVP (“Flakka”), α-PHP, 
α-PHiP

Substance 
induced 
paranoid 
psychotic 
episode

Ketamine, cocaine, 
amphetamine, 
methamphetamine, 
gamma 
hydroxybutyrate 
(GHB), heroin

No Poorly oriented in 
time and place, 
attention deficits

NA Persecutory and somatic 
delusion, logorrhea

No

Batisse et al., (2014) NRG3, mephedrone, 
MDPV

SUD Intravenous 
injection, snorted, 
smoked, 
oral

NRG3, mephedrone, MDPV, 
cocaine, 
F-hydroxybutyric acid, 
alcol

Agitation, acute 
sexual behavior 
disorder with 
hypersexuality, 
violent behavior 
with 
endangerment, 
maiming. Anxiety, 
suicidal ideas, 
suicidal attempt

NA Unspecific psychotic 
symptoms

Auditory 
hallucinations, 
visual hallucinations

Blanco et al., (2021) N-ethylpentylone NA NA MDMA, benzodia- zepines, 
amphetamine and/or meth- 
amphetamine, cocaine, 5F-NPB 22, 
butylone, cannabis, heroin

Agitation, 
confusion

NA NA Unspecified visual 
hallucinations

Chan et al., (2013) 6–2-aminopropylbenzofuran (6- 
APB)

No NA 6-APB, 
JWH− 122, THC

Agitation, amnesia, 
self-harm, suicidal 
ideation

NA Paranoia, delusional 
thoughts, belief that one 
of his friends might be 
dead, delusions of guilt

NA

Chou et al., (2021) Toxic coffee packets History of 
psychiatric 
disorder

Oral NA Agitation, 
combative 
behavior, delirium. 
Low mood

NA NA Unspecific visual 
hallucinations

Dolengevich-Segal 
et al., (2016)

Mephedrone ADHD, 
SUD

NA No Psychomotor 
restlessness, 
tiredness. Anxiety

NA Delusions of influence, 
delusions of persecution

Visual hallucinations, 
cenesthopathy 
(insects crawling 
under the skin)

Douglas et al., 2012 Methylenedioxypyrovalerone 
(MDPV)

NA NA Amfetamine, cannabis, vanilla sky, 
cocaine, venlafaxine, herbal 
product,butane

Agitation, 
insomnia

NA Paranoid ideation Auditory 
hallucinations, 
tactile hallucinations

Fujita et al., (2018) α-PHP NA NA Flunitrazepam Fear, restlessness. 
Anxiety

NA NA Unspecific 
Hallucinations

Paul et al., (2021) α-PVT NA Intravenous NA Agitation, mild 
stimulation, 
aggressive and 
violent behavior, 
confusion

NA Paranoid ideation Unspecified 
hallucinations

Roberts et al., (2017) Mexedrone, 3-methoxy− 2- 
methylamino− 1–4-methylphenyl 
propanone

No Smoked, 
oral

Present, not specified Agitation NA Mystical/ supernatural/ 
demonic delusions, 
paranoia

Visual hallucination, 
auditory 
hallucinations 
(“ghosts and dead 
people”)

Romanek et al., 
(2017)

Unspecified cathinones NA NA Alcohol, opiates/opioids, cocaine, 
benzodiazepines, cannabis, 
pregabalin

Agitation NA Prolonged psychosis NA

Schloemerkemper 
(2018)

Unspecified cathinones NA NA Methamphetamine Aggressiveness, 
agitation

NA Paranoid delusions NA

(continued on next page)
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Table 2 (continued )

SUBSTANCE        

Simonato et al., 
(2018)

Alpha-PVP Substance 
induced 
psychosis, 
schizoid 
personality 
disorder

Smoked Cannabis, skunk, alcohol, NPS Stimulation with 
mental euphoria, 
insomnia, sexual 
arousal. High 
levels of physical 
energy, panic 
attacks, anxiety

NA Ekbom’s syndrome, 
severe persecutory 
delusion

Unspecific auditory 
hallucinations 
Unspecific visual 
hallucinations

Truscott et al., 
(2013)

NA SUD Snorting No Aggressive 
behavior

NA NA NA

Umebachi et al., 
(2016)

α- pyrrolidinovalerophenone Depression, 
Bipolar disorder

Rectal insertion, 
inhalation

NA Agitation NA Paranoid delusions NA

PCP-LIKE DRUGS ​ ​ ​ ​ ​ ​ ​ ​
Dunlop et al., (2020) 3-hydroxyphencyclidine (3-HO- 

PCP)
NA Sniffing, rectal 

insertion
Cough syrup Confusion, reduced 

consciousness
NA NA Visual hallucinations

Zidkova et al., 
(2017)

3-Methoxy-Phencyclidine No Oral Alcohol NA NA NA NA

PHENETHYLAMINES ​ ​ ​ ​ ​ ​ ​ ​
Bretaudeau 

Deguigne et al., 
(2015)

2C-P No Oral, sniffing Alcohol, cannabis Severe agitation, 
confusion, 
disorientation

NA Loghorrea, delirium NA

Gee et al. (2016) 25 C, 25B, 25I-NBOMes NA Sniffing, 
oral, 
intravenous

Alcohol nicotine, cannabis, 
amphetamine, methamphetamine, 
caffeine

Violent agitation, 
sympathomimetic 
syndrome

NA NA NA

Hill et al., (2013) 25I–NBOMe Depression, SUD Intravenous, oral, 
snorting

Alcohol Agitation, 
aggression, chaotic 
feeling, self- 
harming behavior, 
derealization. 
Euphoria

NA Unspecified psychosis Unspecified auditory 
hallucinations, 
unspecified visual 
hallucinations 
(“shapes moving 
around or animal 
running around 
together”)

Liakoni et al., (2017) 2,5-Dimethoxy− 4- 
ethylphenethylamine (2C-E)

NA NA Alcohol Agitation, 
confusion

NA Severe hallucinations NA

Madsen et al., (2017) NBOMes NA NA Alcohol, cannabis, amphetamine, 
cocaine, benzodiazepines, 
methylenedioxymethamphetamine

Agitation NA Unspecified psychosis Unspecified 
hallucinations

Forrester (2014) 25I-NBOMe, 
25C-NBOMe and ND NBOMe

NA Oral, 
smoked

Alcohol, cannabis, mushrooms, 
synthetic cathinone

Empathic feelings, 
change in 
consciousness, 
unusual body 
sensations, 
agitation, 
aggression, violent 
behavior, 
insomnia. 
Euphoria

NA Paranoia Unspecified 
hallucinations

Miyajima et al., 
(2008)

2C-T− 4 SUD Oral NA Anxiety, 
sexual 
disinhibition

NA Delusional state, 
incoherent speech, sense 
of the end of the world

NA

Papaseit et al., 
(2018)

2C-B NA Oral No Psychosomatic 
anxiety

NA NA Auditory 
hallucinations with 
voices, 
visual hallucinations 
(animals, things, 

(continued on next page)
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Table 2 (continued )

SUBSTANCE        

insects, people, lights, 
spots)

Papaseit et al., 
(2020)

2,5-Dimethoxy− 4- 
ethylphenethylamine (2C-E)

No NA No Confusion, 
dowsiness, 
pleasure feelings. 
Euphoria

NA NA Auditory 
hallucinations 
(sounds, voices), 
visual hallucinations 
(things, people, lights, 
spots)

Rose et al. (2013) 25I- 
NBOMe

NA NA Cannabis Severe agitation; 
aggressiveness, 
bizarre behavior

NA NA Unspecified 
hallucinations

Schetz et al., (2022) 25I- 
NBOMe

NA NA NA Derealization 
episodes, 
depersonalization 
episodes, 
suicidal thoughts, 
agitation. 
Depression, panic 
reactions

NA Bizarre delusions Auditory 
hallucinations, 
visual 
pseudohallucinations 
(visual snow, 
afterimages, flashes of 
colors, geometric 
shapes and halos 
around objects)

Stoller et al. (2017) 2C-P No Oral Alcohol, tetrahydrocannabinol, 
opiates

Agitation NA NA Unspecified 
hallucinations

PIPERAZINE ​ ​ ​ ​ ​ ​ ​ ​
Austin and 

Monasterio et al., 
2004

Rapture No Oral Cannabis, nitrous oxide Anxiety NA Persecution delusions, 
poisonous delirium

Auditory 
hallucinations, 
visual hallucinations, 
olfactory 
hallucinations

Bossong et al. (2010) mCPP NA Oral NA Dizziness, 
agitation; Anxiety

NA Unspecified delusion, 
paranoia

Unspecified 
hallucinations

Thompson et al. 
(2010)

BZP, 
TFMPP

No Oral Alcohol, benzodiazepines Agitation, 
insomnia; Anxiety

NA Unspecified delusion Unspecified 
hallucinations

Wilkins et al., (2007) Benzylpiperazine (BZP) and 
trifluorophenylmethylpiperazine 
(TFMPP)

NA NA NA Insomnia, poor 
appetite, hot/cold 
flushes, heavy 
sweating, 
confusion, 
irritability, feelings 
of aggression, 
suicidal thoughts. 
Mood swings

NA Paranoia Auditory 
hallucinations, 
visual hallucinations

STIMULANTS 
AMPHETAMINE- 
TYPE

​ ​ ​ ​ ​ ​ ​ ​

Daveluy et al., 
(2016)

Methiopropamine (MPA) No Oral Cannabis Confusion, 
incoherent speech

NA Paranoid delusion Unspecified 
hallucinations

Lafferty et al., 
(2016)

Ethylphenidate NA Injection NA Anxiety NA Thought insertion, 
paranoia

Unspecified visual 
hallucinations, 
unspecified tactile 
hallucinations, 
unspecified auditory 
hallucinations

Ricci et al. (2022) Methamphetamine NA Smoked Methamphetamine, cocaine, 
cannabis

Erratic sleep, poor 
appetite with 
weight loss. 

Social 
withdrawal, 

Paranoid ideation, ideas 
of reference, delusions of 
persecution

Visual hallucinations 
and illusions 
(frightening animals, 

(continued on next page)
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Table 2 (continued )

SUBSTANCE        

Suicidal thoughts, 
depression

difficulty 
concentrating

bodily distortions, 
demonic faces while 
staring at inanimate 
objects), auditory 
hallucinations 
(commanding voices)

White et al., (2019) Methiopropamine (MPA) NA NA NA Agitation, 
confusion, reduced 
level of 
consciousness

NA NA Unspecified 
hallucinations

TRYPTAMINE ​ ​ ​ ​ ​ ​ ​ ​
Alatrash et al. (2006) 5-methoxy-N,N-diisopropyl- 

tryptamine
NA Oral NA Agitation NA NA Unspecified 

hallucinations
Rosenberg,(1964) N,N-Dimethyltryptamine No Injection No Anxiety, euphoria NA Perceptual distortions NA
Szara et al., (1966) N,N-diethyltryptamine Schizophrenia NA NA Empathogen-like 

effect, body 
misperceptions, 
distortions of time

NA Paranoid ideation; 
loosening of associative 
thinking

Unspecified 
hallucinations

POLYABUSE ​ ​ ​ ​ ​ ​ ​ ​
Beck et al., (2015) MDPV, alpha- 

pyrrolidinovalerophenone (a- 
PVP), methylone

NA NA MDPV, alpha- 
pyrrolidinovalerophenone (a- 
PVP), methylone

Agitation, 
reduced level of 
consciousness

NA Delusions Unspecified 
hallucinations

Caloro et al., (2016) Amphetamines, heroin, synthetic 
cannabinoids, benzylglycinamide

NA NA Amphetamines, heroin, synthetic 
cannabinoids, benzylglycinamide

Agitation, 
aggression, 
insomnia, 
irritability, rage 
bouts, 
psychomotor 
retardation. 
Emotional 
instability

NA Persecutory, bizarre 
sexual delusion, 
speaking alone; 
accelerated speech

NA

Caloro et al., (2018) Phencyclidine, methoxphenidine, 
methoxyphencyclidine, 
ethylnorketamine, 
norketamine, deschlorketamine

SUD NA Phencyclidine, methoxphenidine, 
methoxyphencyclidine, 
ethylnorketamine, 
norketamine, deschlorketamine

Extreme 
anguish, verbal 
and physical 
aggression

NA Religious delusion, 
paranoia

NA

Ciuca et al. (2022) Synthetic cannabinoidds, 
synthetic cathinones

Personality 
disorder, 
Depressive 
episode, 
Psychotic 
disorder, 
Schizophrenia

NA Heroin/opiate, cannabis, alcohol, 
benzodiazepines, cocaine

Euphoria, 
drowsiness, loss of 
appetite, decreased 
sexual appetite, 
decreased activity, 
personality 
changes, 
confusion, motor 
incoordination, 
agitation, 
hyperactivity, 
aggression, 
irritability

NA Slowed thinking, 
disorganized thought, 
delusion of grandeur and 
persecution

Visual hallucinations, 
illusions, 
perceptual distortions

Hondebrink et al., 
(2015)

2C-B, 
4-FA, 
MXE, 
6-APB

NA NA MDMA, cocaine, alcohol Dizziness, 
confusion, 
agitation, 
insomnia, 
ataxia, 
sympathomimetic 
effect. Anxiety, 

NA Paranoia, perceptual 
anomalities, psychosis

Unspecified 
hallucinations

(continued on next page)
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Table 2 (continued )

SUBSTANCE        

euphoria, 
dysphoria

Kamijo et al. (2014) Synthetic cannabinoids, synthetic 
cathinones,methoxetamine

NA Inhaled, 
oral, 
sniffed, 
inserted anally

Cannabis, alcohol benzodiazepines Agitation, 
irritability, 
anxiety, fear, 
confusion, 
abnormal 
behavior, 
aggressive 
behavior, inability 
to speak, short- 
term memory 
deficits, 
drowsiness, panic 
attacks, seizures, 
stupor. Suicidal 
ideation

NA Dissociative symptoms 
(derealization, 
depersonalization, and 
catatonic-like state), 
agitation, combative or 
violent behavior, 
delusion, paranoia

Unspecified 
hallucinations

Kihara et al., 2014 NRG− 3 Cathinone- related, 
mephedrone, MDPV

No Inhalation, 
oral

NRG− 3 Cathinone- related, 
mephedrone, MDPV

Agitation, 
passivity of 
volition, energetic 
despite sleep, 
prosopagnosia, 
episodes of 
consciousness but 
not responsivity, 
agitation, 
reduced sleep, 
confusion. Anxiety

NA Depersonalization, 
derealization, 
prosopagnosia, 
persecutory delusions, 
abnormal writhing 
movements

Visual hallucinations 
(people shooting at 
him), 
auditory 
hallucinations (sexual 
moans), 
tactile hallucinations 
(metal objects thrown 
at him), 
olfactory 
hallucinations

Khullar et al., (2014) Synthetic cannabinoides SUD Oral, 
smoked

Cannabis Aggressive 
behavior, 
agitation, 
insomnia, 
listlessness, 
shivers, loss of 
inhibitions. 
Anxiety, 
dysphoria, 
euphoria, 
self-mutilation, 
suicidal thoughts

No Paranoia Unspecified 
hallucinations

Liakoni et al., (2015) Cocaine, cannabis, opioid, 
MDMA, heroin, ketamine, LSD

NA Oral, 
smoked

Pentylone, tramadol F53 NA NA Delusional parasitosis Unspecified 
hallucinations

Martinotti et al. 
(2021)

Depressors, stimulants, 
cannabinoids, empathogens, 
dissociatives, opioids

Bipolar disorder, 
Psychotic 
episode, Cluster 
B personality 
disorder, SUD, 
Alchol abuse, 
Paranoid 
schizophrenia, 
Schizoaffective 
disorder, Manic 
episode, 
Depression, 
Anxiety disorder

NA Stimulants, 
cannabinoids, depressors, 
empathogens, 
dissociatives, 
opioids, 
psychedelics

Psychomotor 
agitation, 
aggression, self- 
harm, 
suicidality stand 
out. Suicidality

NA Reference and paranoid 
delusions (paraphrenic 
delusions, with a feeling 
of unreality, while the 
ability to analyze the 
feeling is preserved)

NA

(continued on next page)
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Table 2 (continued )

SUBSTANCE        

Matsumoto et al., 
(2016)

Unspecified NPS NA NA NPS Amnesic syndrome NA NA NA

Stevenson et al., 
2014

Methoxyphencyclidine (3-MeO- 
PCP), 
methylenedioxypyrovalerone 
(MDPV)

NA Inhalation, snorting Butane gas NA NA Delusions (talking to 
spirits of dead people, 
travelling to different 
worlds and having a 
girlfriend with whom he 
had children, his 
house would be used as a 
base for superheroes so 
he would need to get rid 
of his father who lived in 
the house)

Panoramic visual 
hallucinations, 
auditory 
hallucinations 
(friends talking to him 
from pictures, voice 
saying “kill him”, 
persistent voice 
repeating his 
thoughts)

Tancer and 
Johanson (2001)

MDMA, mCPP No Oral MDMA, 
mCPP

NA NA NA Unspecified 
hallucinations

OTHER ​ ​ ​ ​ ​ ​ ​ ​
Anderson et al., 

(2015)
El blanco Paranoid 

schizophrenia
Powder drink NA NA NA NA NA

El-Higaya et al., 
(2011)

Compound 4-fluorotropacocaine 
(pFBT), Desoxypipradrol 
(2DPMP)

Case 1: previous 
SUD 
Case 2: No

Snorted NA NA NA NA NA

Janiri et al., (1991) Zipeprol Somatoform 
disorder, 
Conduct 
disorder, 
Affective 
disorders, 
Antisocial 
personality 
disorder, 
Dependent 
personality 
disorders

Oral NA NA NA NA NA

Lagoutte-Renosi 
et al. (2021)

5-MeODALT, Alpha- 
pyrrolidinovalerophenone, a 
synthetic cathinone (flakka)

Depression, 
anxiety

Inhaled No Agitation, 
disorientation, 
stereotyped 
movements and 
muscle spasticity. 
Logorrhea

NA Ideas of persecution Unspecified 
hallucinations

Taljemark et al., 
2012

4-OH- MET (metocin) No Inhaled Cannabis Severe agitation. 
Acute suicidality

Mute, 
apathetic

NA NA

Wilcox et al., 2012 α-Methyltryptamine No NA No Euphoria, 
anxiety, depressed 
mood

NA NA Unspecified visual 
hallucinations

Moccia et al., (2019) Methoxetamine NA Intravenous Alcohol, 
cannabis, ketamine, 
LSD

Affective 
withdrawal, 
motivational 
anhedonia

Emotional 
blunting, 
curbing of 
interests, 
diminished 
social drive, 
impoverished 
speech; 
motivational 
anhedonia

Detachment from 
reality, absorption in 
imaginative thoughts

Unspecified visual 
hallucinations, 
unspecified auditory 
hallucinations

N = Number of subjects; M=Male; F=Female; MA=Mean Age; NA= not applicable; SC=Synthetic Cannabinoids; SCRAs=Synthetic Cannabinoid Receptor Agonists; SUD= Substances Use Disorder; C=cannabis.
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PCP-like compounds were evaluated in a very small sample (N = 3), 
with one case each of hallucinations, psychedelic experience, and acute 
psychosis with remission, but no persistent outcomes.

Phenethylamines (N = 158) were linked to 11 cases of disordered 
thinking and 8 reports of hallucinations. No negative symptoms were 
observed, though 10 subjects reported psychedelic experiences. Acute 
psychosis with remission was also documented in 10 individuals, with 
only one case resulting in a psychotic relapse.

Piperazines (N = 115) were associated with lower frequencies of 
symptoms overall, including 4 cases each of thought disturbances and 
hallucinations, and 3 reports of psychedelic-like experiences. Only 2 
cases developed acute psychosis with remission; no persistent symptoms 
or relapses were observed.

Amphetamine-type stimulants (N = 426) presented with 3 cases of 
thought disturbances and 4 cases of hallucinations, along with one 
report of negative symptoms and 4 psychedelic experiences. Acute 
psychosis was reported in 4 cases, with no persistence or relapse.

Tryptamines (N = 27) showed a lower incidence of symptoms, with 
2 cases each of thought disturbances and hallucinations, and 3 reports of 
psychedelic experiences. No cases of acute or persistent psychosis were 
noted.

Poly-substance use (N = 2154) revealed 11 cases of thought disor
ders, 9 of hallucinations, and 9 individuals reporting psychedelic ex
periences. Acute psychosis with remission occurred in 10 subjects, with 
3 cases persisting over time and 5 individuals experiencing a relapse.

For further details, see Table 3.

3.4. First rank symptoms

Although they have been recently de-emphasized in the Diagnostic 
and Statistical Manual of Mental Disorders (DSM)-5(American Psychi
atric Association, 2013), Kurt Schneider’s First Rank Symptoms (FRS) 
have been widely used in psychiatric diagnostic classification systems to 
diagnose schizophrenia since the late 1970s, and they remain among the 
most suggestive symptoms of the disorder (Moskowitz and Heim, 2018). 
These include voices conversing or arguing, voices commenting on one’s 
behavior, somatic passivity experiences, thought insertion, thought 
withdrawal, thought interference/’made’ thoughts, ’made’ feelings, 
’made’ impulses or actions, audible thoughts, thought broadcasting, and 
delusional perception (Schneider, 1959).

To further explore which NPS are more likely to induce symptom 
profiles suggestive of schizophrenia, a focused analysis was conducted 
on the presence of FRS as defined by Kurt Schneider. Table 4 reports the 
number of studies in which FRS were documented, relative to the total 
number of subjects analyzed per substance class.

Among synthetic cannabinoids (N = 4813), auditory or verbal hal
lucinations were the most frequently reported FRS (n = 9), followed by 
experiences of thought withdrawal, insertion, interruption, or broad
casting (n = 2), passivity phenomena or delusions of control/influence 
(n = 3), and delusional perception (n = 1).

For synthetic cathinones (N = 269), 4 cases of auditory/verbal hal
lucinations and one case of passivity phenomenon were reported, with 
no documented instances of thought-related disturbances or delusional 
perception.

Among phenethylamines (N = 158), 4 cases of auditory/verbal hal
lucinations were identified, whereas no other FRS were reported.

In the piperazine group (N = 115), 2 cases of auditory hallucinations 
were observed, without other FRS features.

The amphetamine-type stimulant category (N = 426) included 2 
cases of auditory hallucinations and 1 case of thought broadcasting/ 
insertion-related symptoms.

No FRS were identified in the PCP-like compounds (N = 3) or 
tryptamines (N = 27) groups.

3.5. Risk of bias

The ROBINS assessment indicated an overall low-to-moderate risk of 
bias. The domains most affected were confounding and missing data, 
likely attributable to the wide range of publication years across the 
included studies. Evaluation of the selection-related domains (reported 
result and participants) as well as measurement of outcomes suggested a 
moderate overall risk of bias. By contrast, the domains deviations from 
intended interventions and classification of interventions consistently 
demonstrated a low risk of bias in the included studies (see Fig. 2).

Application of the CARE checklist, used to assess the transparency of 
the included case report, revealed a general presence of the investigated 
items, with no article showing a predominance of “absent” assessments 
(see Appendix 1).

4. Discussion

4.1. NPS and Substance/medication induced psychotic disorders (SIPD)

This systematic review provides a comprehensive synthesis of the 
existing literature on the association between NPS and psychosis. To the 
best of our knowledge, this work represents the first review to investi
gate the association between the overall misuse of NPS and psychosis. 
The evidence confirms that several classes of NPS can induce a wide 
array of psychopathological symptoms, ranging from mild perceptual 
alterations and affective disturbances to acute psychotic episodes 
indistinguishable from primary psychotic disorders, including 
schizophrenia.

According to the DSM-5, Substance/Medication-Induced Psychotic 
Disorder (SIPD) is characterized by the presence of delusions and/or 
hallucinations directly attributable to the physiological effects of a 
substance or medication, as determined by clinical history, physical 
examination, or laboratory findings (American Psychiatric Association, 
2013; Fraser et al., 2012).

The scientific literature consistently distinguishes Primary Psychotic 
Disorders (PPD) - such as schizophrenia, brief psychotic episodes, 
schizotypal disorder, and delusional disorder - from SIPD(Fraser et al., 
2012; Fusar-Poli et al., 2016). Conceptually, SIPD is defined as psychotic 
symptoms temporally related to psychoactive substance or medication 
exposure, while PPD refers to primary psychotic disorders with multi
factorial etiology, including genetic vulnerability, neurobiological pre
disposition, and psychosocial stressors (van Dam et al., 2014; Wilson 
et al., 2018).

Moreover, positive symptoms and cognitive impairments (e.g., in 
memory, visual attention, and language) tend to resolve more rapidly in 
SIPD compared to PPD (Dawe et al., 2011; Helle et al., 2014).

Patients with SIPD are also less likely to have a family history of 
psychosis, but show higher levels of insight, as well as more severe 
hostility and anxiety than those with PPD. They are also more frequently 
associated with forensic histories, antisocial personality disorder di
agnoses, and past traumatic experiences (Fraser et al., 2012). Addi
tionally, patients with SIPD exhibit a higher prevalence of visual 
hallucinations, greater rates of suicidal ideation within the previous 
year, more frequent episodes of violent behavior, and an increased 
likelihood of a family history of substance misuse (Caton et al., 2005). 
This variation in symptomatology may reflect differences in perceived 
control, emotional distress, and the coping strategies employed by 
affected individuals (Bach and Hayes, 2002; Bak et al., 2003). However, 
in clinical practice the boundaries are often blurred: a substantial 
overlap exists between SIPD and PPD, and many patients initially 
diagnosed with SIPD later transition to a schizophrenia spectrum dis
order (Murrie et al., 2020). Thus, SIPD and PPD may be better under
stood as conditions along a continuum, with shared vulnerability 
factors, rather than as entirely separate entities.

A significant gender disparity was observed across the studies, with 
the majority of subjects in the SIPD group being male - a finding 
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consistent with existing literature (Bach and Hayes, 2002). However, the 
age range of individuals affected by NPS use was broader, ranging from 
adolescents as young as 16 (Oluwabusi et al., 2012) to older adults up to 
70 years old (Udow et al., 2018). This wide age range emphasizes the 
importance of considering NPS use as a potential risk factor for psychosis 
across different life stages.

Among all substance classes, SCRAs stand out as the most strongly 
implicated in the onset of psychotic symptoms. Indeed, several studies 
have highlighted their ability to induce psychotic states (Papanti et al., 
2013b; Skryabin and Vinnikova, 2019). This is consistent with prior 
research indicating that SCRAs possess high potency at CB1 receptors 
and lack cannabidiol’s modulating properties, thereby creating a 

Table 3  
Distribution of psychotic symptoms and outcomes across NPS classes.

SYMPTOMATOLOGY** OUTCOME**

Substance Population 
tot*

Thought and 
ideation 
disturbances

Hallucinations Negative 
Symptoms

Psychedelic 
experience

Acute psychosis 
with remission

Onset with 
persistence

Psychotic 
relapse

SYNTHETIC 
CANNABINOIDS

N = 4829 41 42 13 16 44 9 10

SYNTHETIC 
CATHINONES/BATH 
SALTS

N = 269 11 9 0 3 13 0 0

PCP-LIKE DRUGS N = 3 0 1 0 1 1 0 0
PHENETHYLAMINES N = 158 11 8 0 10 10 1 0
PIPERAZINE N = 115 4 4 0 3 2 0 0
STIMULANTS 

AMPHETAMINE-TYPE
N = 426 3 4 1 4 4 0 0

TRYPTAMINE N = 27 2 2 0 3 0 0 0
POLYABUSE N = 2154 11 9 0 9 10 3 5

N = Number of subjects
* Number of subjects
**Number of articles

Table 4  
First Rank Symptoms (FRS) in psychosis associated with Novel Psychoactive Substances (NPS).

First Rank Symptoms

​ Population 
tot

Auditory/ verbal 
hallucination

thought withdrawal/ insertion/ 
interruption/ broadcasting

Passivity phenomenon/delusion 
of control/influence

Delusional 
Perception

SYNTHETIC CANNABINOIDS N = 4829 12 2 3 1
SYNTHETIC CATHINONES/ 

BATH SALTS
N = 269 4 0 1 0

PCP-LIKE DRUGS N = 3 0 0 0 0
PHENETHYLAMINE N = 158 4 0 0 0
PIPERAZINE N = 115 2 0 0 0
STIMULANTS 

AMPHETAMINE-TYPE
N = 426 2 1 0 0

TRYPTAMINE N = 27 0 0 0 0

N = Number of subjects
* Number of subjects
**Number of articles

Fig. 2. Summary of risk of bias assessment using the ROBINS-I tool across the included non–case report studies.
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neurochemical imbalance conducive to psychosis (Malaca et al., 2021; 
Theunissen et al., 2022). The breadth and severity of symptoms - 
ranging from agitation and persecutory delusions to auditory halluci
nations - underscore the psychotogenic potential of this class.

Synthetic cathinones, often labeled “bath salts,” showed similar but 
somewhat less extensive associations. These compounds have stimulant- 
like properties and have been associated with hyperactivity, mood 
dysregulation, and psychotic symptoms, particularly paranoia and hal
lucinations, in line with existing literature (Daswani et al., 2024). While 
acute presentations can be severe and clinically indistinguishable from 
stimulant-induced psychosis (e.g., amphetamines or cocaine) (Lin et al., 
2023), data on long-term outcomes are limited. The available evidence 
suggests that synthetic cathinones may induce acute psychosis, but they 
are less frequently associated with persistence or recurrence compared 
to SCRAs.

Other NPS classes, such as phenethylamines, piperazines, 
amphetamine-type stimulants, and tryptamines, were also implicated in 
inducing psychotic or schizophrenia-like symptoms. Phenethylamines, 
in particular, demonstrate a notable capacity to induce multimodal 
hallucinations and complex delusional states, often accompanied by 
intense derealization or mystical experiences. Notably, phenethyl
amines are most frequently associated with psychedelic effects and with 
clinical outcomes characterized as “acute psychosis with remission”. 
While these experiences can resemble brief psychotic episodes, they may 
also represent drug-induced altered states of consciousness that require 
careful differential diagnosis. The psychotic potential of these sub
stances may be underestimated, especially in recreational or experi
mental contexts.

Another critical observation relates to poly-substance use, which was 
frequently reported in the included studies. The co-use of multiple 
psychoactive substances - often including alcohol, cannabis, stimulants, 
and hallucinogens - makes it difficult to isolate the specific effects of 
individual NPS. However, polyabuse patterns themselves may represent 
a distinct risk profile for the development of psychosis, possibly due to 
synergistic or cumulative neurotoxic effects (Martinotti et al., 2021d; 
Schifano et al., 2021).

Our findings are consistent with existing literature, confirming the 
capacity of NPS to induce SIPD, characterized by a higher occurrence of 
visual hallucinations, a greater prevalence of suicidal ideation within 
the past year, more frequent episodes of violent behavior, and an 
increased likelihood of a family history of substance misuse (Caton et al., 
2005; Dawe et al., 2011).

4.2. NPS and transition to schizophrenia

Evidence in the literature has shown that a significant proportion of 
individuals with SIPD later develop a diagnosis of schizophrenia. Re
ported transition probabilities vary across studies, ranging from 25 % 
(Murrie et al., 2020) to 44 % (Arendt et al., 2005) and up to 66 % 
(Addington et al., 2006). Studies consistently indicate that cannabis is 
the substance most strongly associated with transition to schizophrenia 
(Myran et al., 2023; Rognli et al., 2023), followed by amphetamines 
(Chiang et al., 2019; Kittirattanapaiboon et al., 2010). Although the 
ability of NPS to unmask latent schizophrenia has been documented 
(Papanti et al., 2013a; van Amsterdam et al., 2015), no study to date has 
evaluated which specific NPS carries the highest risk of triggering 
schizophrenia in predisposed individuals. Our results indicate that 
SCRAs and polydrug use are most frequently associated with the onset of 
persistent psychosis. However, the clinical outcomes of psychotic epi
sodes were not consistently reported across the studies included in this 
review; in fact, outcome data were missing for approximately half of the 
cases. Moreover, most studies did not clarify whether the persistence of 
symptoms reflected a chronic drug-induced, psychotic condition or a 
true transition to schizophrenia.

To conduct a preliminary evaluation, we assessed the presence of 
negative symptoms (e.g., blunted affect, avolition, alogia), which are 

typically linked to chronic or primary psychotic disorders(Correll and 
Schooler, 2020). SCRAs were associated with negative symptoms in 10 
reported cases (Berry-Cabán et al., 2013; Celofiga et al., 2014; Haro 
et al., 2014; Hurst et al., 2011; Kotan et al., 2017; Oluwabusi et al., 2012; 
Roberto et al., 2016; Skryabin and Vinnikova, 2018, 2019; Welter et al., 
2017), followed by amphetamine-type stimulants in one case (Ricci 
et al., 2022).

Given their historical status as pathognomonic features of schizo
phrenia in classical psychiatric literature, we also examined the pres
ence of Kurt Schneider’s FRS, including thought insertion, auditory 
hallucinations, and delusions of control (Schneider, 1959). FRS have 
been widely used in diagnostic classification systems for schizophrenia 
since the late 1970s (Moskowitz and Heim, 2018). Although their 
diagnostic reliability is currently under debate (Peralta and Cuesta, 
2023), recent evidence suggests that FRS correctly identify individuals 
with schizophrenia in 75–95 % of cases (Soares-Weiser et al., 2015). 
Consequently, their potential reintroduction as core diagnostic criteria 
in DSM-6 remains a subject of active expert discussion (Moritz et al., 
2024).

In our review, FRS were most commonly observed in cases involving 
SCRAs. Specifically, auditory/verbal hallucinations were reported in 9 
articles; thought withdrawal, insertion, interruption, or broadcasting in 
2; passivity phenomena or delusions of control/influence in 3; and 
delusional perception in 1 article. The co-occurrence of negative 
symptoms and FRS supports the hypothesis that SCRAs may be more 
strongly associated with a transition to schizophrenia/PPD than other 
NPS. Nonetheless, further research is warranted to validate this 
association.

4.3. NPS and persistent psychosis

Although only a minority of cases progressed to persistent psychosis, 
SCRAs appeared most frequently associated with such outcomes, sug
gesting a possible risk of triggering enduring psychiatric conditions or 
unmasking latent vulnerability. This may reflect the typically sporadic 
nature of NPS use -since many individuals experiment only once and do 
not develop dependence- as well as potential reporting bias in the 
available studies. Consequently, conclusions regarding long-term risk 
should be drawn with caution, and further longitudinal research is 
needed to clarify the true extent of chronic outcomes.Phenethylamines 
were also implicated in one such case (Schetz et al., 2022), as was pol
ysubstance use. Other substance classes primarily led to 
substance-induced psychosis without a clear trend toward chronicity. 
However, we lack sufficient data to determine whether the chronic 
psychoses associated with SCRAs and phenethylamines represent true 
psychopathological onsets or are better characterized as exogenous 
substance-related exogenous psychoses (SREP). SREP is described as a 
form of persistent psychosis induced by substances that can be clinically 
and phenomenologically distinguished from schizophrenia Schizo
phrenia/PPD in terms of clinical presentation, epidemiology, etiological 
models, and response to treatment (Martinotti et al., 2021d; Mosca et al., 
2023). In this context, the term “Spiceophrenia” has been coined to 
describe chronic psychoses, distinguishable from schizophrenia, 
induced by the use of “Spice”, or SCRAs (Papanti et al., 2013a). Meth
amphetamine has also been associated with this particular type of 
chronic psychosis (Chiang et al., 2019; Voce et al., 2019), although our 
data did not show an association with amphetamine-type stimulants.

4.4. Final considerations

From a nosological standpoint, this review raises significant ques
tions about the boundaries between primary psychotic disorders and 
substance-induced psychoses.

The analysis of outcomes revealed a concerning trend: while many 
patients achieved full remission from acute NPS-induced psychotic ep
isodes, a considerable minority developed persistent symptoms or 
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experienced recurrent psychotic episodes. This is likely attributable to 
the potent neurochemical effects of NPS (Bennett et al., 2017; Giorgetti 
et al., 2021; Martin S.,2019), as well as the rapid sociocultural changes 
characteristic of postmodernity (Martinotti et al., 2021b). These findings 
underscore the potential long-term psychiatric consequences of NPS use, 
especially among individuals with a personal or familial vulnerability to 
psychosis.

The conventional definition of SIPD does not adequately capture the 
phenomenon of persistent psychosis, which displays clinical differences 
from PPD. SREPs pose additional diagnostic challenges, particularly in 
differentiating substance-induced psychopathology from primary psy
chiatric disorders (Martinotti et al., 2021d). The progression from 
substance-induced-psychosis to chronic psychotic disorder remains 
poorly understood, and further research is necessary to elucidate these 
phenomena.

5. Limitations

This review has several limitations. Many of the included studies 
were case reports or small case series, limiting the generalizability of the 
findings. Nonetheless, these case reports were included because they 
often represent the first clinical signals of newly emerging NPS and 
provide detailed phenomenological descriptions of psychotic pre
sentations that are rarely captured in larger studies. Their contribution 
should therefore be considered as hypothesis-generating, while higher- 
quality observational and controlled studies provide the more robust 
evidence base. In addition, the heterogeneity of methodologies, pop
ulations, and outcome measures complicates direct comparisons across 
studies. The heterogeneity of methodologies, populations, and outcome 
measures also complicates direct comparisons across studies. Another 
limitation concerns the apparent low frequency of hallucinations and 
delusions reported in our tables when compared with large-scale 
emergency department studies (e.g., Hoyte et al., 2012, who reported 
psychotic symptoms in 9.4 % of cases). This discrepancy most likely 
reflects reporting bias: many case reports and observational studies 
included in our review did not provide systematic information on psy
chotic symptoms, and several emergency cohorts aggregated these 
presentations under broader diagnostic labels without specifying phe
nomenology. Moreover, since information on subjects’ substance use 
patterns was reported only under the ‘Psychiatric comorbidity’ column 
in Table 1, it was therefore not possible to determine whether the cases 
involved single episodes of use, harmful use, or dependence on NPS. This 
substantially limits the extent to which reliable conclusions can be 
drawn about the actual risk these substances may carry for the devel
opment of psychosis. Therefore, the numbers presented in Table 3
should be interpreted as the frequency with which symptoms were re
ported in published studies, rather than as accurate estimates of prev
alence. Our tables are intended primarily to map the phenomenological 
diversity of presentations rather than to quantify their epidemiological 
distribution. Furthermore, the presence of psychiatric or medical 
comorbidities and poly-substance use often limits the ability to attribute 
symptoms to a single compound.

6. Conclusions

The findings of this systematic review underscore the significant 
psychotogenic potential of novel psychoactive substances (NPS), 
particularly SCRAs, which emerged as the most consistent and potent 
inducers of acute psychosis and schizophrenia-like symptomatology. 
These compounds were associated with a broad range of psychotic 
features, including hallucinations, delusions, thought disorganization, 
and negative symptoms, with First Rank Symptoms (FRS), traditionally 
regarded as hallmark indicators of schizophrenia, reported in a limited 
number of cases…

The data also suggest that other NPS classes - such as synthetic 
cathinones, phenethylamines, piperazines, and amphetamine-type 

stimulants - can contribute to the development of psychotic symp
toms, though often with differing phenomenological profiles and 
generally less frequent associations with FRS or long-term outcomes. 
Nevertheless, in vulnerable individuals, including those with preexisting 
psychiatric conditions or a genetic predisposition to psychosis, the use of 
these substances may act as a precipitating factor for the onset or 
exacerbation of psychotic illness (Schifano et al., 2021).

Clinically, these findings suggest the potential importance of sys
tematically inquiring about NPS use in individuals presenting with new- 
onset psychosis, especially in atypical or acute cases; however, the 
current evidence does not allow firm recommendations regarding 
screening, incidence, or impact on management and outcomes.

These findings carry relevant public health implications. The wide
spread availability of NPS – especially among adolescents and young 
adults – combined with the lack of awareness of their psychiatric risks 
among both consumers and mental health professionals, represents a 
growing concern for mental health services worldwide. An integrated 
approach, combining toxicological screening and thorough clinical in
quiry into NPS use, should be considered essential in all cases of first- 
episode psychosis, especially when presentation is atypical, rapidly 
progressive, or resistant to treatment. Moreover, preventive treatment 
strategies should be implemented to reduce the risk of progression to 
chronic psychotic states and the development of schizophrenia 
(Chiappini et al., 2024a, 2024b; Martinotti et al., 2022).

Future research should aim to clarify the neurobiological mecha
nisms underpinning the psychosis-inducing effects of different NPS, 
identify individual vulnerability factors (e.g., genetic, neuro
developmental, or trauma-related), and explore the longitudinal tra
jectories of NPS-induced psychosis. Finally, the review has important 
public health implications. The increasing availability of NPS, often 
perceived as legal or “safe” alternatives to classical illicit drugs, poses a 
serious threat, particularly among adolescents and young adults. 
Educational campaigns, preventive strategies, and regulatory in
terventions are urgently needed to curb the spread of these substances 
and to inform users about their potential psychiatric risks. Improved 
regulatory control, harm reduction strategies, and targeted educational 
campaigns are urgently needed to reduce the burden of NPS-related 
psychiatric morbidity.
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Appendix 1. CARE Checklist - Case Reports

Author (year) Title Keywords Abstract Introduction Patient 
information

Clinical 
findings

Timeline Diagnostic 
assessment

Therapeutic 
intervention

Follow- 
up and 
outcomes

Discussion Patient 
perspective

Informed 
consent

Abouchedid et al. 
(2016)

Present Present Present Present Present Present Absent Present Present Present Present Absent Present

Albert et al. (2022) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Alhassan et al. (2024) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Anderson (2015) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Austin and Monasterio 

(2004)
Present Present Present Present Present Present Present Present Present Present Present Absent Absent

Barceló et al. (2017) Present Present Absent Present Present Present Absent Present Present Present Present Absent Absent
Batisse et al. (2014) Present Present Present Present Present Present Present Present Present Present Present Absent Absent
Bebarta et al. (2012) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Benford and Caplan 

(2011)
Present Present Absent Present Present Present Absent Present Present Present Present Absent Absent

Berry-Cabán et al. 
(2013)

Present Present Present Present Present Present Absent Present Present Present Present Absent Absent

Besli et al. (2015) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Bonaccorso et al. 

(2018)
Present Present Present Present Present Present Absent Present Present Present Present Absent Absent

Bretaudeau-Deguigne 
et al. (2015)

Present Present Present Present Present Present Present Present Present Present Present Absent Absent

Caloro (2016) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Caloro (2018) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Celofiga et al. (2014) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Chan et al. (2013) Present Present Present Present Present Present Present Present Present Present Present Absent Present
Daveluy (2016) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Di Petta (2016) Present Absent Absent Present Present Present Absent Present Present Present Present Absent Absent
Dolengevich-Segal 

(2016)
Present Present Present Present Present Present Absent Present Present Present Present Absent Absent

Dunlop et al., (2020) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Durand et al. (2015) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
El-Higaya et al. (2011) Present Present Present Present Present Present Present Present Present Present Present Absent Present
El Zahran et al. (2019) Present Present Absent Present Present Present Absent Present Present Present Present Absent Absent
Fujita et al. (2018) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Gee et al. (2016) Present Present Present Present Present Present Present Present Present Present Present Absent Absent
Alatrash et al. (2006) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Haro et al. (2014) Present Absent Absent Present Present Present Absent Present Present Present Present Absent Absent
Hill et al. (2013) Present Present Present Present Present Present Present Present Present Present Present Absent Present
Hurst et al. (2011) Present Present Absent Present Present Present Absent Present Present Present Present Absent Absent
Johnson et al. (2011) Present Present Present Present Present Present Present Present Present Present Present Absent Absent
Khullar et al. (2014) Present Present Present Present Present Present Present Present Present Present Present Absent Absent
Kihara and Day (2014) Present Present Present Present Present Present Present Present Present Present Present Absent Absent
Kuzucuoglu et al. 

(2018)
Present Present Present Present Present Present Absent Present Present Present Present Absent Absent

Lagoutte-Renosi et al. 
(2021)

Present Present Present Present Present Present Absent Present Present Present Present Absent Absent

Malik et al. (2021) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Miyajima et al. (2008) Present Present Present Present Present Present Present Present Present Present Present Absent Absent
Moccia (2019) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Müller et al. (2009) Present Present Present Present Present Present Present Present Present Present Present Absent Absent
Oluwabusi et al. 

(2012)
Present Absent Absent Present Present Present Absent Present Present Present Present Absent Absent

Ozer et al. (2016) Present Present Present Present Present Present Absent Present Present Present Present Absent Present
Peglow et al. (2012) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Rahmani et al. (2014) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Ricci (2022) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Roberto et al. (2016) Present Present Present Present Present Present Absent Present Present Present Present Absent Present
Rose et al. (2013) Present Present Present Present Present Present Present Present Present Present Present Absent Absent
Satodiya and Palekar 

(2020)
Present Present Present Present Present Present Absent Present Present Absent Present Absent Present

Schloemerkemper 
(2018)

Present Present Present Present Present Present Absent Present Present Present Present Absent Absent

Simmons et al. (2011) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Simonato (2018) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Sönmez and Köşger 

(2016)
Present Present Present Present Present Present Absent Present Present Present Present Absent Absent

Stevenson (2014) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Stoller et al. (2017) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent

(continued on next page)
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(continued )

Author (year) Title Keywords Abstract Introduction Patient 
information 

Clinical 
findings 

Timeline Diagnostic 
assessment 

Therapeutic 
intervention 

Follow- 
up and 
outcomes 

Discussion Patient 
perspective 

Informed 
consent
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Udow et al. (2018) Present Present Present Present Present Present Absent Present Present Present Present Absent Absent
Yazici et al. (2017) Present Present Present Present Present Present Present Present Present Absent Present Absent Absent
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