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Abstract 

Substance-induced psychotic disorder (SIPD) is a clinically significant condition characterized by the emergence 

of psychotic symptoms following the use, intoxication, or withdrawal of psychoactive substances. The increasing 

prevalence of substance use worldwide, coupled with the growing recognition of psychosis as a severe 
neuropsychiatric consequence of substance exposure, has intensified interest in understanding the underlying 

neurobiological mechanisms of the disorder. Neuroimaging has become a valuable tool for investigating 

structural, functional, and neurochemical abnormalities that may contribute to symptom development. Evidence 

from magnetic resonance imaging (MRI), functional MRI, diffusion tensor imaging, positron emission 
tomography, and single-photon emission computed tomography has identified abnormalities in several brain 

regions involved in cognition, emotional regulation, salience attribution, and reward processing. Frequently 

implicated areas include the prefrontal cortex, hippocampus, amygdala, thalamus, and striatum. Structural 
imaging studies have demonstrated alterations in gray matter volume and white matter integrity, while functional 

imaging has revealed disruptions in neural connectivity and network organization. Molecular imaging findings 

have highlighted disturbances in dopaminergic and other neurotransmitter systems that parallel mechanisms 
observed in primary psychotic disorders. Neuroimaging data also suggest the presence of substance-specific 

patterns of brain dysfunction. Psychosis associated with methamphetamine use is commonly linked to 

frontostriatal abnormalities and dopaminergic dysregulation, whereas cannabis-related psychosis has been 

associated with hippocampal and cortical alterations. Despite considerable overlap with schizophrenia-spectrum 
disorders, distinct imaging profiles may exist that reflect the neurobiological effects of different substances. The 

identification of reliable neuroimaging biomarkers remains challenging due to methodological heterogeneity, 

variations in substance exposure, and the complex interaction between substance-related effects and underlying 
vulnerability to psychosis. Nevertheless, advances in multimodal imaging and computational analysis continue 

to improve our understanding of SIPD and may facilitate more accurate diagnosis, risk stratification, and 

treatment planning. 
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Introduction 

Substance-induced psychotic disorder (SIPD) is a 

significant neuropsychiatric condition characterized 

by the emergence of hallucinations, delusions, and 

other psychotic symptoms temporally associated 

with the use, intoxication, or withdrawal of 

psychoactive substances. The disorder has gained 

increasing clinical and public health attention due to 

the rising prevalence of substance use worldwide 

and the growing recognition of psychosis as a severe 

consequence of exposure to certain substances, 

including cannabis, methamphetamine, cocaine, 

hallucinogens, and synthetic psychoactive 

compounds. Although psychotic symptoms 

associated with substance use were once considered 

transient and self-limiting, accumulating evidence 

suggests that a substantial proportion of affected 

individuals experience persistent symptoms or 

subsequently develop primary psychotic disorders, 

particularly schizophrenia-spectrum conditions (1) 

 

The pathophysiology of SIPD is complex and 

multifactorial, involving interactions between 

genetic vulnerability, environmental factors, 

neurodevelopmental processes, and substance-

related neurotoxicity. Psychoactive substances exert 

their effects through diverse neurotransmitter 

systems, most notably dopaminergic, glutamatergic, 

serotonergic, and endocannabinoid pathways. 

Dysregulation of these systems can disrupt normal 

brain function and contribute to the emergence of 

psychotic symptoms. Among these mechanisms, 

alterations in dopaminergic transmission have been 

extensively implicated, given their established role 

in both substance use disorders and psychotic 

illnesses (2). The neurobiological substrates 

underlying SIPD remain incompletely understood, 

creating challenges for accurate diagnosis, 

prognosis, and treatment. 

 

Advances in neuroimaging techniques have 

provided valuable opportunities to investigate the 

neural correlates of psychosis associated with 

substance use. Structural magnetic resonance 

imaging (MRI), functional MRI, diffusion tensor 

imaging, positron emission tomography (PET), and 

single-photon emission computed tomography 

(SPECT) have facilitated the characterization of 

brain abnormalities in affected individuals. These 

modalities have revealed alterations in cortical and 

subcortical regions involved in cognition, reward 

processing, emotional regulation, and executive 

functioning. Brain regions commonly implicated 

include the prefrontal cortex, hippocampus, 

amygdala, striatum, and thalamus, many of which 

overlap with those reported in primary psychotic 

disorders (3). 

 

Neuroimaging studies have also highlighted the 

heterogeneity of SIPD across different substances. 

Methamphetamine-associated psychosis has been 

linked to structural and functional abnormalities 

involving frontostriatal circuits, whereas cannabis-

related psychosis has been associated with 

alterations in hippocampal and cortical networks. 

Similarly, cocaine-induced psychosis has 

demonstrated changes in reward-related and limbic 

pathways. These findings suggest that while 

common neurobiological mechanisms may 

contribute to psychosis across substances, 

substance-specific patterns of brain dysfunction 

may also exist (4). 

 

Review 

Neuroimaging findings in substance-induced 

psychotic disorders suggest substantial overlap with 

the neural abnormalities observed in primary 

psychotic disorders, particularly within 

frontostriatal, limbic, and thalamocortical networks. 

Structural imaging studies have consistently 

demonstrated alterations in gray matter volume and 

cortical integrity in regions associated with 

executive functioning, emotional regulation, and 

reward processing. These abnormalities may reflect 

the neurotoxic effects of prolonged substance 

exposure, although pre-existing vulnerabilities 

cannot be excluded. Functional imaging studies 

further indicate disruptions in connectivity and 

metabolic activity, supporting the hypothesis that 

substance use may precipitate psychosis through 

dysregulation of neural circuits already implicated 

in schizophrenia-spectrum disorders (5). 

Despite these similarities, emerging evidence points 

toward the existence of substance-specific 

neuroimaging signatures. Methamphetamine-

associated psychosis has frequently been linked to 

abnormalities within dopaminergic pathways and 
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frontostriatal circuitry, whereas cannabis-related 

psychosis appears more strongly associated with 

hippocampal and cortical alterations. Such 

differences may explain variations in symptom 

presentation, disease course, and risk of transition to 

chronic psychotic disorders. Nevertheless, 

heterogeneity in imaging methodologies, sample 

characteristics, and patterns of substance use 

remains a significant limitation across studies. 

Future investigations employing multimodal 

imaging approaches and longitudinal designs may 

help clarify whether observed abnormalities 

represent transient substance-related effects or 

enduring biomarkers of psychosis vulnerability. 

Improved characterization of these patterns could 

enhance diagnostic accuracy and support the 

development of more targeted therapeutic strategies 

(6). 

 

Structural and Functional Neuroimaging 

Abnormalities 

Neuroimaging studies have provided important 

insights into the brain alterations associated with 

substance-induced psychotic disorder, revealing 

abnormalities that span both structural and 

functional domains. MRI investigations frequently 

identify changes in cortical and subcortical regions 

implicated in cognition, emotional regulation, 

salience attribution, and reward processing. Among 

individuals experiencing psychosis related to 

stimulant use, reductions in gray matter volume 

have been observed within the prefrontal cortex, 

anterior cingulate cortex, hippocampus, and 

temporal regions. These areas are closely linked to 

executive control, memory, and reality monitoring, 

functions that are often disrupted during psychotic 

episodes. Structural abnormalities have also been 

reported in the striatum and thalamus, supporting 

the involvement of circuits that modulate 

dopaminergic signaling and sensory information 

processing (7). 

 

Diffusion-based imaging techniques have expanded 

understanding of white matter integrity in 

substance-induced psychosis. Alterations in major 

white matter tracts connecting frontal and limbic 

structures suggest impaired communication 

between regions responsible for cognitive control 

and emotional processing. Such findings are 

particularly evident in methamphetamine-

associated psychosis, where prolonged exposure has 

been associated with microstructural abnormalities 

involving frontostriatal pathways. Disturbances 

within these networks may contribute to impaired 

decision-making, heightened salience attribution, 

and the persistence of psychotic symptoms even 

after cessation of substance use. Neuroanatomical 

changes observed in stimulant-related psychosis 

often resemble those described in schizophrenia, 

raising questions regarding shared neurobiological 

mechanisms and the possibility that substance 

exposure may accelerate pathological processes in 

vulnerable individuals (8). 

 

Functional neuroimaging studies provide 

complementary evidence by demonstrating 

abnormalities in brain activity and connectivity. 

Functional MRI investigations have identified 

disrupted communication between cortical and 

subcortical networks, particularly involving the 

thalamus, prefrontal cortex, and default mode 

network. Altered thalamocortical connectivity has 

attracted considerable interest because similar 

patterns have been associated with psychotic 

symptom severity and disturbances in sensory 

integration. Experimental studies involving 

psychoactive substances capable of inducing 

psychosis-like experiences have reported 

connectivity changes that parallel those seen in 

clinical psychotic disorders, suggesting common 

neural pathways underlying aberrant perception and 

thought processes (9). 

 

Studies that included PET and SPECT have further 

highlighted neurochemical and metabolic 

abnormalities associated with substance-induced 

psychosis. Functional neuroimaging findings 

frequently reveal regional metabolic disturbances 

that may not be evident on conventional structural 

imaging. Reduced cerebral glucose metabolism has 

been reported in cortical regions involved in 

executive functioning, attention, and reality 

monitoring. An example of these abnormalities is 

illustrated in Figure 1, which demonstrates 

significant hypometabolism in brain regions 

associated with psychotic symptomatology. 
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Figure 1: Axial magnetic resonance slices (A) and 

brain surface rendering (B) show the results of SPM 

analysis. The color-coded regions indicate the 

locations where the patients’ voxel values are 

significantly hypometabolic compared with the 

healthy control group (10). 

 

Variations in glucose metabolism, dopamine 

receptor availability, and regional cerebral blood 

flow have been documented across different 

substance categories. Cannabis-related psychosis 

has been linked to alterations in dopaminergic 

function and limbic activity, while stimulant-

induced psychosis frequently demonstrates 

metabolic disturbances involving frontal and 

temporal regions. The integration of structural MRI 

with PET imaging has revealed concurrent 

morphological and metabolic alterations, indicating 

that anatomical changes are often accompanied by 

functional dysregulation across interconnected 

neural systems involved in psychosis expression 

(11). 

 

Clinical and Pharmacological Significance of 

Neuroimaging Findings 

Psychotic symptoms arising in the context of 

substance use often resemble those observed in 

primary psychotic disorders, creating uncertainty 

regarding diagnosis, prognosis, and treatment 

selection. Structural and functional imaging 

findings offer valuable information regarding the 

neural substrates involved in symptom generation 

and may assist in identifying biological features that 

distinguish transient substance-related psychosis 

from conditions associated with a higher likelihood 

of chronic psychotic illness. Neuroimaging 

abnormalities involving prefrontal, temporal, and 

limbic regions have been linked to cognitive 

impairment, affective dysregulation, and persistent 

psychotic symptoms, suggesting that imaging 

markers may contribute to risk stratification in 

clinical settings (12). 

Functional imaging studies have also enhanced 

understanding of the neurochemical mechanisms 

underlying psychosis associated with psychoactive 

substances. Alterations in dopaminergic activity 

remain among the most consistently reported 

findings, particularly in relation to cannabis and 

stimulant exposure. Molecular imaging 

investigations have demonstrated changes in 

dopamine receptor availability and neurotransmitter 

signaling that parallel mechanisms implicated in 

schizophrenia. These observations support the 

rationale for using antipsychotic medications that 

target dopaminergic pathways, while also 

highlighting the possibility that pharmacological 

responses may vary according to the specific neural 

alterations induced by different substances. 

Imaging-derived evidence therefore provides a 

biological framework for understanding why certain 

individuals experience symptom resolution 

following abstinence, whereas others require 

prolonged pharmacological intervention (13). 

Neuroimaging has also contributed to the evaluation 

of treatment-related brain changes. Longitudinal 

studies examining pharmacological interventions in 

psychotic disorders have identified modifications in 

brain structure, connectivity, and neural activity 

following antipsychotic treatment. Such findings 

indicate that therapeutic effects extend beyond 

symptom reduction and may involve measurable 

alterations within neural circuits associated with 

psychosis. In the context of substance-induced 

psychotic disorder, these observations are 

particularly relevant because they suggest potential 

imaging markers for monitoring treatment response 

and disease progression. The ability to detect 

neurobiological changes during recovery may 

facilitate more individualized treatment approaches 

and support clinical decision-making regarding the 

duration and intensity of pharmacotherapy (14). 

Interest has also emerged in advanced imaging 

modalities capable of assessing medication-related 

effects directly within the brain. Pharmacological 

MRI and related techniques allow investigators to 
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examine how specific drugs influence neural 

activity and connectivity patterns. These approaches 

have demonstrated potential utility in identifying 

biomarkers associated with treatment efficacy, 

adverse effects, and target engagement. As imaging 

technology continues to evolve, integration of 

radiological findings with clinical and 

pharmacological data may provide increasingly 

refined tools for managing psychosis occurring in 

the setting of substance use and for characterizing 

biologically distinct patient subgroups (15). 

Neuroimaging Biomarkers and Diagnostic 

Challenges 

The identification of reliable neuroimaging 

biomarkers for substance-induced psychotic 

disorder remains a major objective in psychiatric 

research. Diagnostic uncertainty is common 

because psychotic symptoms related to substance 

exposure frequently overlap with those observed in 

schizophrenia-spectrum and affective psychotic 

disorders. Hallucinations, delusions, disorganized 

thought processes, and cognitive dysfunction may 

present with comparable clinical features regardless 

of etiology, making it difficult to determine whether 

psychosis is primarily substance-induced or reflects 

the early manifestation of an underlying psychiatric 

condition. Neuroimaging has therefore attracted 

considerable interest as a potential source of 

objective biological markers capable of supporting 

diagnostic decision-making and improving 

prognostic accuracy (16). 

Structural neuroimaging studies have demonstrated 

abnormalities involving cortical thickness, gray 

matter volume, and subcortical morphology in 

individuals with psychosis associated with 

substance use. Findings from first-episode 

psychosis research indicate that imaging 

abnormalities are often detectable during the early 

stages of illness, although the specificity of these 

changes remains limited. Similar alterations have 

been described across multiple psychotic disorders, 

including substance-related psychosis, reducing 

their utility as standalone diagnostic markers. 

Variability in the type of substance used, duration of 

exposure, age of onset, and periods of abstinence 

further complicates interpretation of imaging 

findings. Distinguishing neurotoxic effects of 

substances from pre-existing neurodevelopmental 

vulnerabilities remains a persistent challenge in 

clinical neuroimaging research (17). 

Functional and molecular imaging approaches offer 

additional opportunities for biomarker discovery by 

characterizing abnormalities in neurotransmitter 

systems and neural network activity. Positron 

emission tomography studies have highlighted 

alterations in dopaminergic signaling, glutamatergic 

pathways, and neuroinflammatory processes 

associated with psychosis. Such findings are 

particularly relevant because they correspond 

closely with established neurobiological models of 

psychotic disorders. Molecular imaging has also 

provided insight into early psychosis-related 

neurochemical changes, suggesting that biomarker 

development may benefit from integrating 

structural, functional, and neurochemical data rather 

than relying on a single imaging modality. 

Multimodal approaches may improve sensitivity to 

clinically meaningful differences between 

substance-induced psychosis and primary psychotic 

illnesses (18). 

Interest has increasingly shifted toward advanced 

biomarker frameworks that combine neuroimaging 

findings with clinical, cognitive, genetic, and 

pharmacological data. Contemporary psychiatric 

biomarker research emphasizes network-level 

dysfunction rather than isolated regional 

abnormalities, reflecting the complex and 

distributed nature of psychosis-related brain 

changes. Emerging evidence suggests that machine 

learning and computational neuroimaging 

techniques may help identify distinct biological 

profiles among individuals presenting with 

psychotic symptoms. These developments hold 

promise for enhancing diagnostic precision, 

particularly in cases where substance use obscures 

the clinical picture and conventional diagnostic 

criteria provide limited certainty regarding the 

underlying nature of the disorder (2). 
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Conclusion 

Neuroimaging studies have revealed consistent 

structural, functional, and neurochemical 

abnormalities associated with substance-induced 

psychotic disorder, highlighting the involvement of 

brain networks implicated in cognition, reward 

processing, and psychosis. Current evidence 

suggests both shared and substance-specific 

neurobiological patterns that may influence clinical 

presentation and outcomes. The integration of 

multimodal imaging approaches has expanded 

understanding of disease mechanisms and potential 

biomarkers relevant to diagnosis and treatment. 

Continued advances in neuroimaging research may 

support more precise differentiation of substance-

induced psychosis from primary psychotic disorders 

and contribute to personalized clinical management. 

Disclosure 

Conflict of interest 

There is no conflict of interest. 

Funding 

No funding. 

Ethical consideration 

No considerations. 

Data availability 

All data is available within the manuscript. 

Author contribution 

All authors contributed to conceptualizing, data 

drafting, collection and final writing of the 

manuscript. 

References 

1. Fiorentini A, Cantù F, Crisanti C, Cereda G, 

Oldani L, Brambilla P. Substance-induced 

psychoses: an updated literature review. Frontiers in 

psychiatry. 2021;12:694863. 

2. Abi‐Dargham A, Moeller SJ, Ali F, 

DeLorenzo C, Domschke K, Horga G, et al. 

Candidate biomarkers in psychiatric disorders: state 

of the field. World psychiatry. 2023;22(2):236-62. 

3. Chen C, Hsu F-C, Li C-W, Huang M-C. 

Structural, functional, and neurochemical 

neuroimaging of methamphetamine-associated 

psychosis: A systematic review. Psychiatry 

Research: Neuroimaging. 2019;292:23-31. 

4. Atmaca M, Tabara MF. Structural 

Neuroimaging in Substance-Induced Psychosis. 

Current Psychiatry Reports. 2026;28(1):28. 

5. Willi TS, Lang DJ, Honer WG, Smith GN, 

Thornton AE, Panenka WJ, et al. Subcortical grey 

matter alterations in cocaine dependent individuals 

with substance-induced psychosis compared to non-

psychotic cocaine users. Schizophrenia Research. 

2016;176(2-3):158-63. 

6. Husain MO, Jones B, Arshad U, Ameis SH, 

Mirfallah G, Schifani C, et al. A systematic review 

and meta-analysis of neuroimaging studies 

examining synaptic density in individuals with 

psychotic spectrum disorders. BMC psychiatry. 

2024;24(1):460. 

7. Taylor WS. Neuroanatomical correlates of 

psychostimulant-associated psychosis: University 

of British Columbia; 2016. 

8. Blake L. Modelling the pathophysiology of 

schizophrenia and methamphetamine-induced 

psychosis: A structural magnetic resonance imaging 

and cytokine study. 2022. 

9. Avram M, Müller F, Rogg H, Korda A, 

Andreou C, Holze F, et al. Characterizing 

thalamocortical (dys) connectivity following d-

amphetamine, LSD, and MDMA administration. 

Biological Psychiatry: Cognitive Neuroscience and 

Neuroimaging. 2022;7(9):885-94. 

10. Pepe M, Di Nicola M, Cocciolillo F, 

Chiappini S, Martinotti G, Calcagni ML, et al. 3-

Methoxy-Phencyclidine Induced Psychotic 

Disorder: A Literature Review and an 18F-FDG 

PET/CT Case Report. Pharmaceuticals. 

2024;17(4):452. 

11. Altamura A, Delvecchio G, Marotta G, 

Oldani L, Pigoni A, Ciappolino V, et al. Structural 

and metabolic differentiation between bipolar 

disorder with psychosis and substance-induced 

psychosis: An integrated MRI/PET study. European 

Psychiatry. 2017;41(1):85-94. 

12. Ricci V, Martinotti G, Maina G. Substance-

induced psychosis: Diagnostic challenges and 

http://dx.doi.org/10.52533/JOHS.2026.60607


Journal of Healthcare Sciences 
 

373  http://dx.doi.org/10.52533/JOHS.2026.60607              

 

phenomenological insights. Psychiatry 

International. 2024;5(4):759-72. 

13. Weinstein AM. A brain imaging study of 

dopamine receptor D2 availability in cannabis 

dependent users after recovery from cannabis-

induced psychosis. Frontiers in psychiatry. 

2023;14:1230760. 

14. Cattarinussi G, Delvecchio G, Prunas C, 

Brambilla P. Effects of pharmacological treatments 

on neuroimaging findings in first episode affective 

psychosis: A review of longitudinal studies. Journal 

of Affective Disorders. 2020;276:1046-51. 

15. Aryutova K, Stoyanov D. Pharmaco-

magnetic resonance as a tool for monitoring the 

medication-related effects in the brain may provide 

potential biomarkers for psychotic disorders. 

International Journal of Molecular Sciences. 

2021;22(17):9309. 

16. Forbes M, Stefler D, Velakoulis D, Stuckey 

S, Trudel J-F, Eyre H, et al. The clinical utility of 

structural neuroimaging in first-episode psychosis: 

a systematic review. Australian & New Zealand 

Journal of Psychiatry. 2019;53(11):1093-104. 

17. Stoychev KR. Neuroimaging studies in 

patients with mental disorder and co-occurring 

substance use disorder: summary of findings. 

Frontiers in psychiatry. 2019;10:702. 

18. Schifani C, Hafizi S, Da Silva T, Watts JJ, 

Khan MS, Mizrahi R. Using molecular imaging to 

understand early schizophrenia-related psychosis 

neurochemistry: a review of human studies. 

International Review of Psychiatry. 

2017;29(6):555-66. 

 

http://dx.doi.org/10.52533/JOHS.2026.60607

	Introduction
	Substance-induced psychotic disorder (SIPD) is a significant neuropsychiatric condition characterized by the emergence of hallucinations, delusions, and other psychotic symptoms temporally associated with the use, intoxication, or withdrawal of psycho...
	Neuroimaging findings in substance-induced psychotic disorders suggest substantial overlap with the neural abnormalities observed in primary psychotic disorders, particularly within frontostriatal, limbic, and thalamocortical networks. Structural imag...

	Conclusion
	Neuroimaging studies have revealed consistent structural, functional, and neurochemical abnormalities associated with substance-induced psychotic disorder, highlighting the involvement of brain networks implicated in cognition, reward processing, and ...
	Disclosure
	Conflict of interest
	Funding
	Ethical consideration
	Data availability
	Author contribution

	References

