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ABSTRACT
Objective: The increasing prevalence of amphetamine/methamphetamine (MA) 
use is a global problem. Methamphetamine Induced Psychosis (MIP) causes more 
serious problems, increased burden on health services and has a worse prognosis than 
methamphetamine use disorder (MUD). In our study, we aimed to measure and compare 
claudin-5 levels in patients diagnosed with MUD and MIP according to DSM-5 and a 
healthy control group. 
Methods: A total of 68 people, including 24 patients diagnosed with MUD, 20 patients 
diagnosed with MIP and 24 healthy controls, who met the inclusion/exclusion criteria 
were included in our study. Addiction Profile Index Short Form (API), Positive and 
Negative Syndrome Scale (PANSS) and sociodemographic data form were applied to 
the whole sample. Serum claudin-5 levels of the participants were measured by the 
ELISA method. 
Results: Claudin-5 level did not show a statistically significant difference between the 
MUD and the control group (p>0.050). Claudin-5 levels were statistically significantly 
different between the MUD and MIP group (p<0.050) and between the MIP and control 
group (p<0.001). In the correlation analysis, a moderate negative correlation was found 
between claudin-5 and recent daily use in the MUD group (r=-0.535, p<0.010).
Conclusion: To the best of our knowledge, our study is the first study in which the 
claudin-5 level was evaluated in patients diagnosed with MUD and MIP. Our results may 
contribute to the development of specific diagnostic markers for MIP, the investigation of 
treatment options, and the identification of biological markers predisposing to psychosis.
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Main Points

•	 Serum claudin-5 levels were significantly lower in 
patients with methamphetamine-induced psychosis 
(MIP) compared with both methamphetamine use 
disorder (MUD) patients and healthy controls.

•	 Claudin-5 levels did not differ significantly between 
the MUD group and healthy controls.

•	 In the MUD group, claudin-5 levels showed a 
moderate negative correlation with recent daily 
methamphetamine use.

•	 These findings support a potential role of blood–brain 
barrier tight junction alterations in the pathophysiology 
of MIP and may inform future biomarker and 
therapeutic target research.

INTRODUCTION 
Amphetamine-type stimulants constitute the second most 
commonly consumed category of illicit substances globally, 
ranking just behind cannabis in overall use [1]. Methamphetamine 
(MA) is considered a more potent derivative of amphetamine 
with a longer duration of action and increased ability to cross 
the blood-brain barrier [2]. MA use is a major public health 
problem associated with an increased risk of psychosis [3]. 
Methamphetamine-induced psychosis (MIP) occurs at annual 
rates of 13% to 45% among methamphetamine users [4]. MA 
users have a 13-fold higher risk of psychosis than the healthy 
population [5].

MIP is similar to acute paranoid schizophrenia with clinical 
features such as hallucinations and persecutory delusions 
[6]. Schizophrenia is characterised by thought disorder, 
negative symptoms and cognitive impairment. In acute 
methamphetamine-induced psychosis, visual and tactile 
hallucinations are more common. 

These findings indicate that psychosis occurring during acute 
methamphetamine use may represent a condition separate 
from schizophrenia and can be differentiated clinically through 
patterns of behavior and cognitive performance. Conversely, 
current findings indicate that persistent methamphetamine-
associated psychosis closely resembles primary psychotic 
disorders, especially in terms of positive and cognitive 
symptoms, whereas negative symptoms are typically more 
prominent in schizophrenia [7].

Methamphetamine elevates intracellular dopamine 
concentrations, thereby promoting the generation of reactive 
oxygen species (ROS) and increasing oxidative stress within 
neuronal cells [8]. The increase in oxidative stress can lead 
to gastrointestinal inflammation and ischaemia and increase 
intestinal permeability[9]. Disruption of intestinal barrier 
integrity allows the passage of intestinal contents such as 
microbiota, toxins and inflammatory cells into the bloodstream 
[9]. Gut-originating substances that reach the systemic 
circulation are capable of passing through the blood–brain 
barrier into the central nervous system, where they can trigger 
inflammatory processes within the brain[10]. 

The blood–brain barrier (BBB) acts as a safeguarding interface 
separating systemic blood flow from the brain, and it preserves 
this function through tight junctional complexes created by 
zonula occludens between capillary endothelial cells. Claudins 
and occludins are membrane-spanning adhesion proteins that 
link adjacent cell membranes to ensure barrier integrity. At least 
three claudins (3, 5 and 12) have been identified in BBB endothelial 
cells. Claudin-5 contributes to BBB function by regulating 
intracellular transport of blood-soluble substances smaller than 
800 daltons [11]. Numerous studies show an association between 
the claudin-5 gene and schizophrenia [12-14]. Alterations in the 
claudin-5 gene increase the brain’s vulnerability to adverse 
environmental influences [11]. Impaired claudin-5 function 
has been reported in several psychiatric conditions, including 
depression, obsessive–compulsive disorder, bipolar disorder, 
and schizophrenia, as well as in neurodegenerative disorders 
such as Alzheimer’s disease [12,15-18].

Findings on blood-brain barrier (BBB) dysfunction in psychotic 
disorders [9,19,20] and the fact that methamphetamine use 
increases blood-brain barrier permeability as well as intestinal 
permeability [9] led us to hypothesize that claudin-5 may play 
a role in the pathogenesis of MIP. In our study, we aimed to 
measure claudin-5 levels in patients diagnosed with MUD 
and MIP according to DSM-5, which may be effective in 
physiopathology and etiology and may have potential for 
determining new treatment targets. It was also aimed to evaluate 
the effect of claudin-5 on the development of MIP in MA users. 
In addition, the groups were compared with the healthy control 
group and the relationship between disease-specific variables 
and claudin-5 levels was analysed.
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This study could provide new insights into the neurobiological 
differences underlying methamphetamine-induced psychosis. It 
could also help identify individuals at higher risk of psychosis 
among methamphetamine users, guide early intervention 
strategies, and contribute to the development of targeted 
diagnostic markers and treatment approaches.

MATERIALS AND METHODS
Sample
The study sample consisted of 24 inpatients diagnosed with 
MUD, 20 patients diagnosed with MIP, and 24 healthy controls 
who met the inclusion/exclusion criteria and were admitted 
to Gaziantep University Faculty of Medicine, Department 
of Mental Health and Diseases between June 1, 2022, and 
September 30, 2022. Ethical approval for the study was granted 
by the Gaziantep University Ethics Committee (Decision 
number: 2022/180, Date: May 25, 2022). In our sample, the 
MUD and MIP groups consisted of patients receiving treatment 
(our patients were receiving different polypharmacies, including 
haloperidol, quetiapine, olanzapine, mirtazapine, and diazepam). 
All patients had started taking MA at least three months before 
the study. The participants’ last MA use was 24 hours before 
hospitalisation.

All individuals in the groups were assessed by two psychiatrists. 
The study was carried out in compliance with the ethical 
standards of the 2013 revision of the Declaration of Helsinki. 
After receiving a detailed explanation of the study procedures, 
written informed consent was secured from each participant. 

The inclusion criteria for the patient group were determined as 
patients between the ages of 18 and 65, continuing psychiatry 
outpatient clinic follow-up with the diagnosis of MUD, MIP 
according to DSM-5 diagnostic criteria, not pregnant, without 
a history of comorbid medical illness, voluntarily agreeing 
to participate in the study, and only methamphetamine was 
detected in the urine toxic screening test. 

Exclusion criteria for the patient group were as follows: being 
younger than 18 years of age, being older than 65 years of 
age, no methamphetamine positivity as a result of urine toxic 
screening test, being pregnant, having a history of comorbid 
medical illness, and not wanting to participate in the study.

The inclusion criteria for the control group were to be between 
18 and 65 years of age, to have no history of psychiatric or 

comorbid medical illness, to have no history of alcohol and/or 
substance abuse, and not to be pregnant.

Exclusion criteria for the control group were as follows: 
individuals younger than 18 or older than 65 years of age, being 
pregnant, having a history of alcohol and/or substance abuse, 
having a history of comorbid medical illness, and not wanting to 
participate in the study.

Assessment Tools
Sociodemographic data form: Clinical data such as gender, 
age, history of additional medical diseases, smoking, 
alcohol use, height, weight, body mass index (BMI), marital 
status, educational level, employment status, duration of 
methamphetamine use, recent daily methamphetamine use and 
family history of substance use disorder were noted. 

BAPI-Short Form: It is a scale developed by Başabak et al. (2015) 
[21]. This scale was used to assess the severity of addiction and 
to measure other dimensions. There are 22 items in total and it 
is scored between 0 and 2 using a three-point Likert scale. This 
scale was shortened from the Addiction Profile Index (API). It 
includes two main factors: The first factor includes diagnostic 
criteria for addiction and craving, while the second factor 
assesses life impact and motivation. The diagnostic criteria for 
addiction questions consist of 4 items (items 12, 13, 14, 15); 
severe craving 1 item (item 21); effects on life 5 items (items 
16, 17, 18, 19, 20) and motivation 1 item (item 22). Substance 
use characteristics questions consist of the first 11 questions and 
indicate which substance is used and the frequency of use. In the 
addiction diagnostic criteria subtest, the addiction diagnostic 
criteria in DSM and ICD are included. While severe craving 
expresses intense desire for substance use, the motivation 
subtest evaluates the individual’s motivation to quit substance 
use. In the effects on life subtest, the effects of substance use 
on the individual’s family, friendship relations, education, work 
and economic status are addressed.

PANSS: This semi-structured instrument, developed by Kay 
and colleagues in 1987, comprises 30 items and is designed 
to assess positive and negative symptoms as well as general 
psychopathology [22]. Each item is scored from 1 (mildest) 
to 7 (most severe), representing the severity of the symptom. 
Kostakoğlu and colleagues conducted the Turkish adaptation of 
the scale in 1999 [23].
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Laboratory Measurements
After fasting for 12 hours (without smoking), 5 mL of blood 
was collected from the forearm antecubital region of the 
patient and control group into an anticoagulant-free tube. 
Blood samples obtained for the study were kept at room 
temperature for 20 minutes and then centrifuged at 4000 rpm 
for 10 minutes to separate and collect the serum. The separated 
serum was collected in Eppendorf tubes and stored at -80 ˚C. 
Serum samples were brought to room temperature for the study. 
Claudin-5 (FineTest, Cat. No: EH2839, China) levels in the 
samples were measured by the Enzyme Linked Immunosorbent 
Assay (ELISA) method using a commercial kit. This kit is based 
on the sandwich ELISA principle.

Statistical Evaluation
Data were analysed with IBM SPSS V23 and IBM AMOS 
V24. The assumption of normality was evaluated using the 
Shapiro–Wilk and Kolmogorov–Smirnov tests. Categorical 
variables were compared across groups using the chi-square 
test, with Yates’ correction or Fisher’s exact test applied when 
appropriate. Comparisons between groups were performed using 
independent t tests for normally distributed variables, while 
the Mann–Whitney U test was applied to variables that did not 
follow a normal distribution. For comparisons including three or 
more groups, variables with a normal distribution were analyzed 
using one-way ANOVA with subsequent Bonferroni post hoc 
tests, while variables that did not meet normality assumptions 
were examined using the Kruskal–Wallis test followed by 
Dunn’s post hoc analyses. Associations between continuous 
variables with non-normal distributions were assessed using 
Spearman’s rank correlation coefficient.

RESULTS 
In the present study, comparisons across the MUD, MIP, and 
control groups revealed no statistically significant differences 
with respect to gender distribution, marital and educational 
status, occupational status, body mass index, or smoking 
behavior. In addition, no statistically significant difference was 
found between the MUD, MIP and control groups in terms of 
age (p>0.05 for each group). Sociodemographic data of MUD, 
MIP, and control groups are given in Table 1.

The mean ages of the groups were found as MIP > control group 
> MUD.

A significant difference was found in BAPI and PANSS scores 
between the MUD and MIP groups (p < 0.050). The results of 
the administered assessment scales are presented in Table 2.

Table 2. The comparison of API, and PANSS scales of 
methamphetamine use disorder, Methamphetamine-Induced 
Psychosis, and control group

Scale
MUDs 
(n=24)

MIP
(n=20)

Control
(n=24)

P
value

APIS 34 (30 - 42) 39 (35 - 43) 0 (0 - 0) < 0.001

PANSS 30 (30 - 30) 43 (33 - 56) 30 (30 - 30) < 0.001

The data are expressed as median (25-75th percentile), p<0.050 was 
considered significant.  Kruskall Wallis H Test;  There are no differences 
between the groups with the same letter. API: Addiction Profile Index, 

PANSS: Positive and Negative Syndrome Scale

In addition, serum claudin-5 concentrations differed significantly 
among the MUD, MIP, and control groups (p < 0.001).

The claudin-5 median values of the groups are given in Table 
3. The claudin-5 levels were statistically significantly different 
between the MUD and MIP group (p=0.029) and between the 
MIP and control group (p<0.001). There was no statistically 
significant difference between the MUD and the control group 
(p=0.5).

The differences in claudin-5 levels among the MUD, MIP, and 
control groups are presented in Table 3 and illustrated in Figure 
1.

Correlation analysis revealed no significant relationship between 
PANSS and claudin-5 in the MIP group (p=0.479 r=0.168).

Correlation analysis demonstrated a statistically significant, 
moderate inverse association between claudin-5 concentrations 
and daily substance use within the MUD group (r = −0.535, p = 
0.007) (Table 4).

ROC curve analysis was used to test the patient discrimination 
level of claudin-5 (AUC:0.720)  value (Figure 2).
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Table 1. The sociodemographic data of methamphetamine use disorder, Methamphetamine-Induced Psychosis, and control groups

Participant Characteristics MUDs (%) MIP n(%) Control n(%) Test Statistics P

Gender

   Female 2 (8.3) 2 (10) 2 (8.3)
0.049 0.976

   Male 22 (91.7) 18 (90) 22 (91.7)

Educational status

   Primary school 8 (33.3) 7 (35) 9 (37.5)
0.146 0.998

   Middle school 8 (33.3) 7 (35) 8 (33.3)

   High school 8 (33.3) 6 (30) 7 (29.2)

Marital status

   Married 11 (45.8) 5 (25) 9 (37.5)

2.902 0.574   Single 8 (33.3) 7 (35) 9 (37.5)

   Divorced 5 (20.8) 8 (40) 6 (25)

Working status

   Working 7 (29.2) 5 (25) 8 (33.3)
0.366 0.833

   Not working 17 (70.8) 15 (75) 16 (66.7)

Alcohol use

   Yes 1 (4.2) 6 (30) 0 (0)
12.140 0.002

   No 23(95.8) 14 (70) 24 (100)

Smoking status

   Yes 22 (91.7) 19 (95) 19 (79.2)
3.055 0.217

   No 2 (8.3) 1 (5) 5 (20.8)

Family history

   Yes 10 (41.7) 12 (60) 3 (12.5)
10.971 0.004

   No 14 (58.3) 8 (40) 21 (87.5)

Age 26 (19 - 36) 28 (20 - 49) 27 (23 - 32) 1.774 0.412

BMI 20 (15.9 - 24.9) 20.1 (17.6 - 24.7) 21.2 (17.5 - 24.9) 1.941 0.379

The data are expressed as median (25-75th percentile), p<0.050 was considered significant. BMI: Body Mass Index,  Pearson’s Chi-Square Test; 

n(%), Mann-Whitney U Test;  Independent T-Test

Table 3. The comparison of Claudin-5 in methamphetamine use disorder, Methamphetamine-Induced Psychosis, and control group

Biomarker
MUD MIP Control

 p
 valueMedian

(%25-%75)
Median

(%25-%75)
Median

(%25-%75)

Claudin-5
3.89 

(2.17 - 7.73) 
5.54

 (3.07 - 13.37) 
2.86 

(2.38 - 6.24) 
< 0.001

p<0.05 was considered statistically significant.(Note: p value is the result of comparison of median values.) sd: standard deviation
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Figure 1. The Box-Plot Graph comparing Claudin-5 values in 
Methamphetamine Use Disorder, Methamphetamine Induced 
Psychosis, and control group

Figure 2. The ROC curve analysis result to test the patient 
discrimination level of Claudin-5 values

Table 4. The relationship between Claudin-5 and the variables

 Methamphetamine Use Parameters
Claudin-5

r P

Total methamphetamine use duration/year -0.099 0.644

Latest daily usage amount/gram -0.535 0.007

API -0.342 0.102

r: Spearman’s Rho Coefficient

DISCUSSION
To our knowledge, this research is the first to examine the 
association between blood–brain barrier permeability and 
addiction characteristics in methamphetamine users, as 
well as the first to assess claudin-5 levels in individuals with 
methamphetamine-induced psychosis and compare them with 
those of methamphetamine use disorder and healthy control 
groups.

Evidence from both in vitro and in vivo research indicates 
that methamphetamine leads to a reduction in blood–brain 
barrier structural proteins while simultaneously enhancing 
barrier permeability to multiple substances [24]. Preclinical 
investigations have further shown elevated levels of neurotoxic 
compounds in the brains of methamphetamine users [10]. In 
animal models, a single high-dose exposure to methamphetamine 
was associated with decreased expression of key tight junction 
proteins—occludin, claudin-5, and zonula occludens—within 
24 hours of administration [25]. Previous experimental studies 
have reported that methamphetamine exposure reduces the 
expression of tight junction proteins such as claudin-5 and 
occludin, thereby increasing blood–brain barrier permeability. 
However, in contrast to these findings, we observed higher 
claudin-5 levels in the MIP group. Several mechanisms may 
explain this discrepancy. First, increased claudin-5 levels may 
reflect a compensatory response to BBB disruption induced 
by chronic methamphetamine exposure, as endothelial cells 
may upregulate tight junction proteins in an attempt to restore 
barrier integrity. Second, psychotropic medications may 
have influenced our results, since some studies suggest that 
antipsychotic treatment can modulate tight junction protein 
expression and potentially increase claudin-5 levels. Finally, 
differences between preclinical models and clinical populations 
should be considered. Most experimental studies investigate 
acute or high-dose methamphetamine exposure in animals, 
whereas our sample consisted of individuals with chronic 
MA use and clinically manifest psychosis. These differences 
in exposure patterns and disease stages may lead to distinct 
biological responses of BBB-related proteins.

Claudin-5 is highly expressed in cerebrovascular endothelial 
cells and facilitates intercellular connections that are vital for 
the closure of intercellular clefts [26]. Loss or specific removal 
of Claudin-5 from the cell membrane affects the integrity of the 
BBB [27]. Loss of Claudin-5 alone has been shown to be sufficient 
to cause functional changes in the BBB [28]. Disruptions in 
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blood–brain barrier permeability allow inflammatory mediators 
to activate microglia, which in turn can cause localized injury 
to oligodendrocytes and the myelin sheath. As a result, myelin 
formation is impaired and the structural integrity of neural 
networks is adversely affected [29]. When there is a problem 
with Claudin-5, the brain becomes more vulnerable to harmful 
environmental factors. Claudin-5 levels were evaluated in 
psychiatric disorders and different results were found [30,31].

In a study with 24 Obsessive Compulsive Disorder (OCD) 
patients and 24 healthy controls, serum claudin-5 levels were 
measured and it was observed that claudin-5 levels of the 
patients were significantly higher. The researchers proposed that 
abnormalities in blood–brain barrier regulation, particularly 
involving claudin-5, could contribute to the pathophysiology of 
obsessive–compulsive disorder [15]. In a separate investigation, 
claudin-5 levels were compared between patients experiencing 
a manic episode of Bipolar I disorder and those in remission, 
with no statistically meaningful difference observed [17]. Serum 
claudin-5 concentrations were markedly elevated in individuals 
with bipolar disorder compared with healthy control subjects. 
As a result of this study, it was thought that the BBB may be 
impaired in bipolar disorder [17]. Patel and Frey additionally 
put forward a model suggesting that compromised blood–brain 
barrier integrity in individuals with bipolar disorder leads to 
reduced protective function, thereby allowing greater passage 
of inflammatory substances from the peripheral circulation 
into the brain [29]. Research findings on claudin-5 expression 
in schizophrenia suggest that disturbances in the blood-brain 
barrier may potentially affect the development of schizophrenia. 
Serum claudin-5 concentrations were significantly reduced in 
individuals with schizophrenia compared with healthy controls, 
suggesting that alterations in the claudin-5 gene may contribute 
to the observed decrease in circulating claudin-5 levels [32]. 

A recent investigation reported reduced claudin-5 protein 
expression in the frontal cortex of post-mortem brain samples 
obtained from individuals diagnosed with schizophrenia [33]. 
Although a weak genetic relationship was found in studies 
investigating the genetic relationship between claudin-5 and 
schizophrenia development, consistent results could not be 
obtained by showing this relationship in anthropologically 
different races. Beyond research on schizophrenia, several 
studies have also explored the association between Autism 
Spectrum Disorder (ASD) and claudin-5. In one such study, 
Fiorentino and colleagues reported elevated claudin-5 protein 

levels in the cortical and cerebellar regions of individuals with 
ASD [34]. In studies examining the effects of MA use on the 
BBB, it was reported that the expression levels of claudin-5, 
occludin, and zonulin decreased, which in turn had effects on 
BBB function [26]. In the present study, elevated claudin-5 
levels were observed in the MIP group. Participants in the MIP 
and MUD groups were receiving antidepressant, antipsychotic 
and benzodiazepine group drug treatment. Multiple studies have 
demonstrated that treatment with antipsychotic medications is 
linked to elevated claudin-5 levels [33]. Further studies on drug-
free cases will allow the exclusion of inconsistent data obtained 
in this regard. In addition, although a weak genetic relationship 
was found in studies investigating the genetic relationship 
between claudin-5 and schizophrenia development, this 
relationship was not replicated in the Japanese population [13]. 
This study suggests that different results may be obtained at the 
Claudin-5 level in different races. The results of our study may 
also be related to this. Further studies with larger participation 
are needed to evaluate the potential role of Claudin-5 in the 
etiology of MUD and MIP.

In line with the results of our study, it can be considered 
that BBB permeability is increased in MIP compared to 
patients with MUD. Since there is uncertainty between MA 
psychosis and primary psychoses in terms of etiopathogenesis, 
phenomenology is a matter of debate. The observation that 
serum claudin-5 concentrations are significantly reduced in 
patients with schizophrenia compared with healthy controls 
[32], alongside our finding of significantly increased claudin-5 
levels in individuals with methamphetamine-induced psychosis, 
suggests distinct etiopathogenic mechanisms underlying MA-
related psychosis and primary psychotic disorders, indicating 
that these conditions represent different forms of psychosis. In 
this respect, it is valuable to have an idea about both similarities 
and differences between MA psychosis and schizophrenia. The 
development of specific diagnostic markers for MA psychosis 
will also help improve treatment options for individuals with 
long-term MA psychosis and identify common biological 
markers that contribute to a persistent vulnerability to psychosis.

Limitations
Several limitations should be taken into consideration when 
interpreting our findings. Our knowledge between serum and 
CSF claudin-5 levels is limited.  The small sample size may not 
represent the whole population. In addition, the cross-sectional 
nature of the study is also an important limitation. In addition, 
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our sample consists of patients undergoing treatment. Drug 
treatments may have affected claudin-5 results [30]. Therefore, 
the potential influence of ongoing pharmacotherapy on serum 
claudin-5 levels should be considered when interpreting our 
results. Future studies including drug-free participants will help 
clarify whether changes in claudin-5 levels are primarily related 
to methamphetamine-induced psychosis or modulated by 
pharmacological treatment. Furthermore, we could not control 
for economic status, eating habits and other psychosocial factors 
that may be associated with serum claudin-5. Limitations 
include the fact that individual differences affecting intestinal 
permeability were not evaluated. 

CONCLUSION
Regardless of the limitations of the study, it provides important 
information and suggestions with its results. Impairment of 
blood–brain barrier regulation, particularly involving claudin-5, 
may contribute to the development of methamphetamine use 
disorder and methamphetamine-induced psychosis. Moreover, 
the underlying pathogenic mechanisms of MIP may differ from 
those of organic psychotic disorders. Prospectively designed 
and more comprehensive studies are required to clarify 
whether elevated claudin-5 levels represent a causal factor or a 
downstream effect of the pathological processes in MA-related 
disorders.
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