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Comparison of Executive Functioning in 
 Current and Former Methamphetamine  

Users, and a Control Group

Introduction

Substance use disorders have become a widespread issue 
globally, leading to numerous serious problems across physical, 
psychological, and social domains. Despite increased effects 
of substance use, substance use disorders continue to rise 
worldwide [1]. Methamphetamineis one of the most widely used 
illicit stimulant around the word, with significant prevalence 
reported across various countries [2]. In Iran, methamphetamine, 
locally referred to as “Shisheh,” has recently emerged as a critical 
public health concern. This stimulant raises levels of monoamines, 
especially dopamine, norepinephrine, and serotonin, in the 
central nervous system. Chronic use of methamphetamine is 
linked to structural and functional brain changes, resulting in 
various psychiatric and behavioral issues such as mood disorders, 
hallucinations, delusions, and disruptions in executive function.  

 
Executive functions, which are high-level cognitive processes 
responsible for behavior regulation, are closely associated with 
key psychological processes involved in awareness, thinking, 
and action [3,4]. Long-term methamphetamine use is associated 
with cognitive impairments [5]. potentially due to disruption 
in several neurotransmitter systems in the cortex [6], including 
the dopaminergic [7,8], serotonergic, noradrenergic, and 
glutamatergic systems [9]. Studies indicate that high doses of 
methamphetamine lead to reduced dopamine [10] and serotonin 
in the striatum, cortex, olfactory bulb [11], and prefrontal cortex 
[8,12,13], resulting in deficits in executive functioning [14].

Executive function broadly refers to the cognitive processes 
that guide and regulate behaviork [15]. Although definitions vary 
among researchers, executive functions generally encompass 
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Abstract 

Objectives: Methamphetamine use is a global health issue associated with cognitive and neurological disorders, particularly in executive 
function. This study compared executive function among current users, former users, and a control group. It also examined the relations between 
executive function with duration of use, psychosis history, simultaneous substance use, and mood disorders.

Methods: This cross-sectional study included 162 individuals through convenience sampling, divided into three groups of 54: current users, 
former users, and control group. We assessed the executive function with Wisconsin Card Sorting Test (WCST), mood disorders with DASS-21 
questionnaire, and demographic data and substance use with a data collection form. Data were analyzed with SPSS 25.

Results: Current and former users performed worse than the control group on the WCST (p<0.001). Former users performed better than 
current users but lagged behind the control group. A negative correlation was found between the duration of methamphetamine use and 
WCST performance (r=-0.42, p<0.01). Simultaneous substance use, psychosis history and mood disorders were associated with poorer WCST 
performance (p<0.05). Longer abstinence in former users was correlated with improved executive function (r=0.38, p<0.01).

Conclusion: Methamphetamine use impairs executive function, persisting partially after abstinence. Cognitive intervention and long-term 
follow-ups are essential for recovery.
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higher-order organizational and integrative skills necessary 
for goal-setting, planning, self-regulation, task execution, and 
feedback processing. These processes are controlled by neural 
pathways in the prefrontal cortex [16]. Executive functions help 
individuals organize, plan, inhibit inappropriate responses, 
adapt to new tasks, and manage emotions, memory, attention, 
and task transitions, making them crucial for adaptive behavior 
[17]. Executive dysfunction, especially in response inhibition 
and impulse control, has been linked to increased relapse risk 
[18]. Research has shown that strong executive control prevents 
immediate pursuit of pleasurable stimuli and supports balanced 
behavioral patterns, both of which are essential for preventing 
problematic substance use disorders [19]. Impairment in these 
functions can lead to difficulties with inhibition, response 
accuracy, and control over environmental stimuli [20]. Emerging 
neurocognitive models highlight executive control deficits as 
central mechanisms in the development and maintenance of 
substance dependence [21]. Extensive research underscores 
methamphetamine’s detrimental impact on executive and cognitive 
functioning [22]. Given the high prevalence of methamphetamine 
use and the significant functional impairments it causes, assessing 
executive dysfunction and its contributing factors is critical for 
designing effective interventions. This study aims to compare 
executive functioning across current methamphetamine users, 
abstinent individuals, and a control group, and to examine factors 
such as anxiety, depression, duration of methamphetamine use, 
age of onset, methamphetamine-induced psychosis, and co-
substance use. Understanding these factors can aid in developing 
targeted rehabilitation programs for methamphetamine-
dependent individuals. It is important to clarify that throughout 
this manuscript, the term “drug” refers to illicit psychoactive 
substances unless otherwise stated. Substances such as alcohol, 
tobacco, and caffeine are not the focus of this study. 

Material and Methods

Research Setting, Population, and Sample Size

This cross-sectional, descriptive-analytical study 
was conducted on three groups of participants: active 
methamphetamine users, former users who had quit 
methamphetamine, and a control group without a history of 
methamphetamine use. Participants were recruited from two 
methadone maintenance treatment (MMT) clinic in Kerman, 
Iran from March to October 2024. Sampling was performed via 
convenience sampling, and 54 individuals meeting the study’s 
inclusion criteria were selected for the first group. The sample 
size was calculated using the formula for comparing means across 
three independent groups:

n = (Z₁₋α/2k + Z₁₋β)² × k × σ² / Δ²

In this formula, n is the sample size per group, k is the number 
of groups (3 in this study) Z₁₋α/2k is the Z-value for a 95% 

confidence level with Bonferroni correction for 3 groups (2.394), 
Z₁₋β is the Z-value for 80% power (0.84), σ² is the variance of 
the primary outcome variable, and Δ is the minimum meaningful 
difference between groups.

Based on similar studies evaluating executive function in 
methamphetamine users, we estimated the variance (σ²) to be 
100 and the minimum expected difference (Δ) to be 8. Substituting 
these values into the formula:

n = (2.394 + 0.84)² × 3 × 100 / 8² = 10.459² × 300 / 64 ≈ 49

Considering a 10% potential dropout rate, the sample size 
was increased to 54 participants per group. Accordingly, the 
total sample size was determined to be 162 participants across 
the three groups. The second group included 54 individuals with 
a history of methamphetamine use that based on self-report 
did not use methamphetamine for at least four months and had 
negative urine toxicology test for methamphetamine at the time of 
the study. All individuals in both current and former user groups, 
methamphetamine use was via inhalation, specifically through 
glass pipes. The control group consisted of 54 students and staff 
from Kerman University of Medical Sciences. Each group was 
matched for age (±5 years) and gender to ensure comparability. 

Inclusion and Exclusion Criteria and Ethical 
Considerations

Inclusion Criteria: For the methamphetamine user group, 
participants had to be actively using methamphetamine, verified 
by a positive urine test, and be between 18-50 years old with 
basic literacy. For former users, criteria included negative urine 
test results for methamphetamine at the time of the study, 
abstinence for at least four months, age 18-50, and minimum 
literacy. The control group participants, recruited from university 
staff and students, were aged 18-50 and without a history of 
methamphetamine use.

Ethical Considerations: Ethical considerations were 
carefully followed, and informed consent was obtained from 
all participants after explaining the study’s purpose. Data 
confidentiality was maintained, with anonymous responses, 
after approval by the university. Participation was voluntary, 
with the option to withdraw at any time. The ethics committee 
reviewed and approved this study and its ethics code is IR.KMU.
AH.REC.1403.141

Method and Tools of Data Collection

Data were collected using three primary instruments: a 
demographic questionnaire, the Depression Anxiety Stress 
Scale-21 (DASS-21), and the Wisconsin Card Sorting Test (WCST). 
The demographic questionnaire developed by the researcher, 
covering age, gender, marital status, education level, and 
methamphetamine use history, such as age at initiation, duration 
of use, and any concurrent substance use.
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Psychological assessment was conducted using the 
Depression Anxiety Stress Scale-21 (DASS-21). The DASS-21 is a 
21-item tool assessing levels of stress, anxiety, and depression, 
with each category containing seven items rated on a four-point 
Likert scale ranging from 0 “Never” to 3 “Always.” The DASS-21 is 
a short form of the original DASS-42, so each subscale score was 
doubled to obtain final scores. The Persian version of DASS-21 has 
high internal consistency, with reported Cronbach’s alphas of %95 
for depression, %90 for anxiety, and %93 for stress [23].

To evaluate executive function, the Wisconsin Card Sorting 
Test (WCST) was used. The WCST measures cognitive processes 
like abstract reasoning and cognitive flexibility. It consists of 64 
cards that participants must sort based on feedback provided 
by the examiner, challenging the participant’s ability to form, 
maintain, and shift mental sets. Two primary WCST scores 
were calculated: Categories Completed and Perseverative 
Errors. Categories Completed indicates a participant’s ability 
to understand and apply new sorting rules based on feedback, 
reflecting abstract reasoning. Perseverative Errors occur when 
the participant continues to respond according to an outdated 
rule despite new feedback, indicating cognitive rigidity. The WCST 
is widely regarded as the “gold standard” for assessing executive 
function related to prefrontal cortex activity, with high reliability 
for identifying cognitive deficits [24,25]. To ensure participant 
understanding, the researcher provided detailed instructions 
on how to complete the online WCST. Research assistants 
were available during questionnaire completion to respond to 
participant queries.

 Data Analysis Tools and Methods

Data were analyzed using SPSS software, version 25. 
Descriptive statistics (frequency distributions, means, and 
standard deviations) were reported to summarize participant 
characteristics. Inferential statistics included chi-square tests 
to compare categorical variables across groups and one-

way ANOVA for continuous variable comparisons among the 
methamphetamine user, former user, and control groups. For 
significant ANOVA results, post-hoc tests (Tukey or Bonferroni) 
were applied to identify specific group differences. Pearson 
or Spearman correlations, based on data normality, examined 
relationships between independent variables (e.g., age of onset, 
duration of use, anxiety, stress, depression) and executive function 
scores. To adjust for potential confounders, ANCOVA and multiple 
regression analyses were employed as necessary. The significance 
level was set at P < 0.05.

Results

This study was conducted on 162 participants, divided into 
three groups of 54: current methamphetamine users, former 
users, and a control group. The participants from current and 
former users were recruited from Shahid Beheshti Treatment 
Center and Dr. Ghasemi Addiction Treatment Center. In contrast, 
the control group was composed of students and staff from 
University of Medical Sciences in Kerman, Iran, recruited via 
voluntary participation announcements from March to October 
2024. There was no statically significant difference in gender and 
age between these three groups. Although, significant differences 
were observed in education level and marital status among the 
groups. The control group had a notably higher education level, 
with 37.1% holding university degrees compared to about 20% in 
the other two groups. Regarding marital status, the control group 
included a higher percentage of married individuals (63.0%) 
compared to 46.3% in the former user group and 33.3% in the 
current user group. Conversely, the current user group had the 
highest percentage of single individuals (53.7%), compared 
to 40.7% and 27.8% in the former user and control groups, 
respectively (Table 1). These differences, which were statically 
significant, may be attributed in part to the different recruitment 
strategies used for the control group and should be considered as 
potential confounding variables in interpreting the results.

Table 1:  The demographic characteristics of the participants.

Variables Current users (n=54) Former users (n=54) Control group (n=54) P-value 

Age (year)    32.7±6.8 34.2±7.1 33.5±6.5 0.463

Gender
Male 41 (75.9%) 40 (74.1%) 42 (77.8%)

0.891
Female 13 (24.1%) 14 (25.9%) 12 (22.2%)

Education level

Under graduate 18 (33.3%) 15 (27.8%) 8 (14.8%)

0.032Diploma 25 (46.3%) 28 (51.9%) 26 (48.1%)

University stu-
dents 11 (20.4%)    11 (20.3%)  20 (37.1%)

Marital status Unmarried  29 (53.7%)  22 (40.7%)  15 (27.8%)  

0.007  Married  18 (33.3%)  25 (46.3%)   34 (63.0%)  

  Widowed or 
divorced   7 (13.0%) 7 (13.0%)  5 (9.2%) 
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Turning to methamphetamine use characteristics in the 
current and former user groups, both groups had a similar age 
of onset, averaging around 24-25 years, and a similar duration 
of use. Additionally, current users were more likely to use other 
substances, including opioid, alcohol, heroin, and methadone, 

concurrently (70.4%) compared to former users (61.1%), though 
this difference was not statistically significant. A history of 
methamphetamine-induced psychosis was slightly more common 
among current users (35.2%) than former users (29.6%), although 
this difference was not statically significant (Table 2).

Table 2: current and former Methamphetamine Users’ Characteristics.

Variable Current users Former users P-value 

Age of onset 5.2 ± 24.3  5.7 ± 25.1  0.438

Duration of use    ±3.9 8.4 4.2 ± 7.8  0.412

Use other substances (opioid, alcohol, heroin, and methadone) concurrently (70.4%)38 (61.1%)33 0.305

 History of methamphetamine-induced psychosis (35.2%)19 (29.6%)16 0.538

A one-way ANOVA showed statical significant differences in 
all WCST variables between the three groups. Tukey’s post hoc 
test revealed that the control group completed significantly more 
categories than the former (P < 0.001) and current users (P < 
0.001), also the former users performed better than current users 
(P = 0.002). Besides that, the control group made significantly 
fewer total errors compared to both former (P < 0.001) and 
current users (P < 0.001), and former users made fewer errors 
than current users (P = 0.007). Additionally, the control group had 
significantly fewer perseverative errors compared to the former 

(P < 0.001) and current users (P < 0.001), with former users also 
showing fewer perseverative errors than current users (P = 0.003) 
(Table 3). A one-way ANOVA in the DASS-21 questionnaire across 
the three groups indicated significant differences in all subscales 
of the DASS-21. Tukey’s post hoc test showed that the control 
group had significantly lower scores in depression, anxiety, and 
stress compared to both former (P < 0.001) and current users (p < 
0.001). Also, it revealed that former users had lower scores across 
all subscales compared to current users (depression: P = 0.012; 
anxiety: P = 0.018; stress: P = 0.031) (Table 4). 

Table 3: Wisconsin Card Sorting Test (WCST) Results.

variables Current users Former users Control group P-value

The number of completed categories 
mean ± SD  3.2± 1.4  4.1± 1.6   5.3± 0.9 0.001>

Total errors 
mean± SD  28.7± 12.3 10.8 ± 22.5  15.4± 7.6 0.001>

Perseverative errors 
mean± SD  18.9± 8.7   14.3± 7.5   8.6± 4.2 0.001>

Table 4: DASS-21 Questionnaire Results.

variables Current users Former users Control group P-value

The number of completed categories 
mean ± SD 7.5 ± 18.2  6.8 14.6±    4.2 ± 7.3  < 0.001 

Total errors 
mean± SD   6.9 ± 16.8  6.2  ± 13.5 3.8  ±  6.7  < 0.001 

Perseverative errors 
mean± SD   8.1 ± 20.4 7.4  ±  17.2  5.1 ± 9.8  < 0.001 

The result of pearson correlation coefficients for variables 
in the current user group, showed that the age of onset had a 
significant positive correlation with the number of categories 
completed in the WCST (r = 0.28, P < 0.05). Also, the duration 
of use positively correlated with both total errors (r = 0.39, P < 
0.01) and perseverative errors (r = 0.37, P < 0.01). Additionally, 
performance on the WCST (number of completed categories, 
number of errors, and perseverative errors) shows a significant 

correlation with depression, anxiety, and stress scores (Table 5). 
To assess the impact of concurrent substance, use on executive 
function, an independent t-test was conducted. Results indicated 
that among current user group individuals who simultaneously 
use other substances (38 individuals) performed worse on 
the WCST. 16 individuals from current users’ group did not use 
another substance with methamphetamine.
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Table 5: Correlations between Variables.

Variable 1 2 3 4 5 6 7 8

1.Age of onset 1              

2.Duration of use -0.31* 1            

3.Number of Completed Cate-
gories 0.28* -0.42** 1          

4.Number of Errors -0.25 0.39** -0.76** 1        

5.Perseverative Errors -0.23 0.37** -0.72** 0.89** 1      

6.Depression -0.18 0.29* -0.35** 0.31* 0.33* 1    

7.Anxiety -0.22 0.33* -0.38** 0.35** 0.36** 0.68** 1  

8.Stress -0.2 0.31* -0.36** 0.33* 0.34* 0.72** 0.75** 1

A similar trend was observed in the former user group, where 
those with concurrent substance use (21 individuals) showed 
poorer WCST performance. 33 individuals from this group did 
not use other substances simultaneously (Table 6). For finding 
the effect of Methamphetamine-Induced Psychosis on Executive 
Performance, an independent t-test was conducted to assess 
the effect of methamphetamine-induced psychosis on executive 
performance. 19 individuals had a history of psychosis and 
35 of them did not have such experience. Besides that, results 

showed that in the current user group, individuals with a history 
of psychosis had poorer performance on the WCST. Similarly, 
significant differences in executive performance were observed 
in the former user group. 16 people from former users had a 
history of psychosis and 38 of them did not (Table 7). These 
results indicate that concurrent substance use and a history of 
methamphetamine-induced psychosis are associated with poorer 
performance on the Wisconsin Card Sorting Test (WCST).

Table 6: Comparison of Executive Performance Based on Simultaneous Substance Use in the Current and former User Group.

Variables Simultaneous Use No Simultaneous Use P-value

Number of Completed Categories
Current users  2.8 ± 1.3  4.1 ± 1.5 0.002

Former users 3.7 ± 1.5 4.8 ± 1.6 0.014

Number of Errors
Current users 31.5 ± 12.8 22.1 ± 9.7 0.008

Former users 24.8 ± 11.2 18.7 ± 8.9 0.037

Perseverative Errors
Current users 20.7 ± 9.1 14.9 ± 6.8 0.016

Former users 15.9 ± 7.8 11.6 ± 6.2 0.028

Table7: Comparison of Executive Performance Based on Psychosis History in the Current User Group.

Variable History of Psychosis (n=19) No History of Psychosis (n=35) P-value

Number of Completed Categories
Current users 2.6 ± 1.2 3.5 ± 1.4 0.018

Former users 3.5 ± 1.4 4.4 ± 1.6 0.041

Number of Errors
Current users 32.9 ± 13.5 26.4 ± 11.1 0.045

Former users 25.7 ± 11.4 21.1 ± 9.9 0.132

Perseverative Errors
Current users 22.1 ± 9.6 17.2 ± 7.8 0.037

Former users 16.8 ± 8.1 13.2 ± 6.9 0.089

Discussion	

The present study aimed to compare executive functioning 
in current methamphetamine users, former users, and a control 
group. Our findings revealed that current methamphetamine users 
exhibited poorer performance on the Wisconsin Card Sorting 
Test (WCST) compared to the control group, aligning with [26], 
which showed significant impairments in executive functioning 
among methamphetamine users compared to control group [26]. 

Also, Kim et al. in 2006 reported that methamphetamine use is 
associated with deficits in cognitive flexibility and inhibitory 
control [27]. The study of Salas-González et al. in 2024, support 
these findings as well. They found significant deficits in WCST 
performance among methamphetamine users, emphasizing 
impairments in cognitive flexibility and control [28]. Moreover, our 
study demonstrated that the former user group also performed 
worse than the control group on the WCST but showed better 
results than the current methamphetamine users. This finding 
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consistent with [29], which found that some cognitive deficits 
persist even after methamphetamine cessation [29]. However, the 
relative improvement in executive functioning among the former 
users group suggests the potential for recovery in executive 
function following abstinence. This aligns with Karabulut in 2023, 
which found that impairments in executive function could both 
predict and be impacted by ongoing methamphetamine use and 
abstinence [30].

One of the important findings of this study was the significant 
association between the duration of methamphetamine use and 
the severity of executive dysfunction. This result consistent with 
Nordahl et al. study in 2003, which indicated that both the duration 
and intensity of methamphetamine use are directly linked to 
cognitive impairment [31,32], similarly found that longer use 
durations were significantly associated with reduced attention 
and working memory performance among methamphetamine 
users [32]. Besides that, Kim and colleagues in 2020 conducted 
a longitudinal study tracking 50 methamphetamine users for two 
years. They found that improvements in executive functioning 
were directly related to the length of abstinence; however, even 
after two years, users’ performance did not reach the level of the 
control group [33]. Our results also indicated that simultaneous 
use of other substances was associated with poorer WCST 
performance, a finding consistent with Gonzalez et al. study 
in 2004. This study reported that poly-drug use exacerbates 
negative effects on cognitive function [34]. This may be due to the 
synergistic impacts of multiple substances on the nervous system 
[35]. confirm in his study that co-occurring substance use further 
impairs executive function and increases cognitive control deficits 
among methamphetamine users [35]. 

Another notable finding was the association between a history 
of methamphetamine-induced psychosis and poorer performance 
on the WCST. This result aligns with Glasner-Edwards et al., who 
showed that individuals with a history of methamphetamine-
induced psychosis exhibited more severe cognitive impairments 
than those without psychosis history [36]. This might indicate 
broader neuronal damage in individuals predisposed to psychosis 
[32]. also demonstrated that methamphetamine users with 
psychotic symptoms had worse executive performance compared 
to those without psychosis [32]. In the present study, a significant 
relationship was observed between levels of anxiety, stress, and 
depression and executive functioning among methamphetamine 
users. This finding is in line with London et al. in 2004, which 
reported that mood disorders in methamphetamine users 
are associated with more pronounced cognitive deficits [37]. 
This relationship could be bidirectional, suggesting that mood 
disorders may act as both a cause and a consequence of cognitive 
impairments.

Conclusion 

In conclusion, these findings emphasize the complex interplay 
between methamphetamine use, executive dysfunction, mental 
health, and poly-drug use. The data suggest that cognitive 
impairments are both a consequence and a potential perpetuating 
factor in substance use patterns. Interventions focused on early 
cessation, mental health support, and polysubstance abuse 
treatment are likely crucial to improving executive function and 
overall cognitive health in this population. Future studies should 
incorporate longitudinal designs and neurobiological assessments 
to further understand these associations.
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