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Abstract:

Objective: The aim of this study was to investigate the effectiveness of neurofeedback-based and
cognitive rehabilitation-based relapse prevention on depression in methamphetamine users.

Methods and Materials: This research is fundamental in terms of its aim, survey-based in terms of
data collection method, and quantitative in terms of analytical approach. Data were collected using
the Beck Depression Inventory, the Craving Assessment Questionnaire by Franken et al. (2002),
and the McGill Pain Questionnaire. The statistical population of the study included women aged 20
to 40 with a history of methamphetamine addiction in Tehran who had undergone withdrawal and
participated in 12-step group classes. Interventions were carried out in two groups: neurofeedback
and cognitive rehabilitation. Written informed consent was obtained from participants prior to
entering the study, and the study was registered with the ethics committee. Neurofeedback sessions
were conducted over five weeks, with two 40-minute sessions per week, while cognitive
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Received: 02 February 2025 rehabilitation was implemented in 14 sessions of 30 minutes each, conducted twice weekly. To test
the research hypotheses and compare groups, univariate analysis of covariance (ANCOVA) and
multivariate analysis of covariance (MANCOVA) were used. Data analysis was performed using
SPSS version 28.

Findings: The results showed that the effectiveness of the neurofeedback and cognitive
rehabilitation interventions on the variables of depression and momentary craving was confirmed
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(p <0.05). The results also indicated that the significance level obtained for the depression variable

a@ was less than the alpha error level of 0.05, indicating the effectiveness of the neurofeedback and
Gt T cognitive rehabilitation interventions in improving depression. The effect size was 0.110, showing

Copyright: © 2025 by the authors. that the intervention accounted for 11.00% of the variance in depression.

Published under the terms and Conclusion: Neurofeedback-based and cognitive rehabilitation interventions significantly reduced

conditions of  Creative Commons depression and craving in methamphetamine users, suggesting their potential utility as

complementary approaches within therapeutic programs for individuals recovering from

methamphetamine addiction.
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Extended Abstract

Introduction

Methamphetamine (MA) abuse is a growing global
public health crisis that significantly impacts individuals,
families, and society at large. Individuals with
methamphetamine use disorder (MUD) are at increased risk
for comorbid psychiatric disorders, suicide, and criminal
behavior (Liu et al., 2020). The psychostimulant properties
of MA produce temporary euphoria but are followed by
severe cognitive and emotional consequences, including
depression, anxiety, psychosis, and suicidality (Barati et al.,
2023; Darke et al., 2019; Darke et al., 2008). The chronic
use of MA disrupts neural circuits, leading to altered
emotional processing, increased reactivity to drug-related
cues, and reduced sensitivity to natural rewards (Li et al.,
2022; Rabin et al., 2022; Welty et al., 2019). These
neurological impairments contribute to the maintenance of
addiction and increase the risk of relapse.

From a neurocognitive standpoint, individuals with MUD
exhibit heightened impulsivity and significant deficits in
executive functioning (Alamdarloo et al., 2019; Moustafa et
al.,  2022). Neuroimaging studies have shown
hyperactivation of brain regions in response to drug cues
compared to neutral or even emotional stimuli (Costumero
et al., 2018; Wang et al.,, 2015). However, there is
inconsistency regarding whether this reactivity generalizes
to other emotional triggers (Littel & Franken, 2011).

Given the intertwined nature of emotional dysregulation
and substance craving, dual-focus interventions targeting
both cognitive and neural mechanisms have been proposed.
Neurofeedback therapy, which originated in addiction
treatment with the work of Peniston, trains individuals to
regulate brain wave activity through real-time EEG-based
feedback (Fitzpatrick et al., 2020; Nooripour et al., 2018). It
is particularly effective in modifying patterns associated
with stress and depression, often employing protocols such
as alpha-theta and sensorimotor rhythm (SMR) training

(Aghaziarati et al., 2023; Askovic et al., 2020; Gruzelier et

al., 2014; Lombardo, 2024; Luctkar-Flude et al., 2017; Wu
et al., 2024).

Cognitive rehabilitation, on the other hand, aims to
improve cognitive control processes such as attention,
working memory, and inhibitory control. This modality
addresses the dual-processing imbalance between impulsive
and reflective systems observed in addiction (He et al., 2022;
Menglu et al., 2021). It helps reduce drug-use related
cognitive biases and enhances decision-making capacity,
offering long-term protective effects against relapse (Huang
et al., 2020). Despite the promise of these approaches, no
integrated study had examined their effects on depressive
symptoms and craving in individuals with MUD. Thus, this
study aimed to investigate the effectiveness of
neurofeedback-based and cognitive rehabilitation-based
relapse prevention on depression and momentary craving
among female MA users.

Methods and Materials

This study employed a quasi-experimental design with
pretest-posttest-follow-up and a control group. The
statistical population included women aged 20 to 40 with a
history of MA addiction who had completed withdrawal
treatment and participated in 12-step programs in northeast
Tehran. A total of 83 participants were selected via
convenience sampling and randomly assigned to three
groups: neurofeedback, cognitive rehabilitation, and control.
Informed consent was obtained from all participants, and the
study was approved by the Ethics Committee.

Interventions included 10 sessions of neurofeedback over
five weeks and 14 sessions of computerized cognitive
rehabilitation conducted twice a week. The neurofeedback
protocol involved SMR training at Cz and alpha-theta
training at Pz using Procomp hardware and software.
Cognitive rehabilitation focused on strengthening working
memory and various attention domains through structured
digital exercises. Data were collected using the Beck
Depression Inventory-11 (BDI-11) and the Desire for Drug

Questionnaire (DDQ), including subscales on craving intent,
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negative reinforcement, and perceived control. Data were
analyzed using SPSS-28, employing ANCOVA and
MANCOVA tests after checking assumptions such as
normality, homogeneity of variances, and the absence of
outliers.

Findings

The demographic analysis indicated no significant
differences between the groups in age or duration of
substance use. The intervention groups and the control group
were statistically homogeneous at baseline.

In terms of depression, the neurofeedback group showed
a significant reduction in mean depression scores from 29.55
at pretest to 21.91 at posttest (a decrease of 7.64 points). The
cognitive rehabilitation group exhibited a decrease from
29.38 to 23.71 (a reduction of 5.67 points). The control
group showed only a slight change from 27.91 to 26.70.
ANCOVA results revealed that both neurofeedback (F =
57.67, p <0.001, 0?2 =0.579) and cognitive rehabilitation (F
= 28.92, p < 0.001, n?> = 0.414) had significant effects on
depression, with neurofeedback being more effective. When
both interventions were compared, the combined model
accounted for 11.0% of the variance in depression (F = 4.96,
p=0.032,12=0.110).

For momentary craving, neurofeedback significantly
decreased total craving from 52.77 to 41.23, while cognitive
rehabilitation reduced it from 51.29 to 41.57. The control
group showed a negligible change from 50.04 to 49.74. All
subscales of craving, including craving intent, negative
reinforcement, and perceived control, decreased
significantly in both intervention groups. ANCOVA
analyses demonstrated strong effect sizes for the
neurofeedback group on craving total (n? = 0.701), craving
intent (n? = 0.611), negative reinforcement (> = 0.421), and
perceived control (n?* = 0.175). For the cognitive
rehabilitation group, the effect sizes were 0.612, 0.593,
0.239, and 0.241, respectively. However, when comparing
both interventions together, no statistically significant
difference was found for overall craving (p > 0.05),

indicating similar efficacy in this domain.

Discussion and Conclusion

The present study found that both neurofeedback and
cognitive rehabilitation were effective in reducing
depression and ~momentary craving in  female
methamphetamine users. Neurofeedback showed a more
pronounced impact on depressive symptoms, likely due to
its direct modulation of dysfunctional neural activity
associated with mood regulation. By training participants to
alter their brainwave patterns, particularly in regions
implicated in emotion and reward processing,
neurofeedback provided a neurophysiological pathway to
emotional self-regulation and symptom reduction.

Participants in the neurofeedback group were able to gain
greater awareness and control over their emotional states,
reducing the intensity and frequency of depressive episodes.
Furthermore, by enhancing self-regulation, neurofeedback
may have mitigated the physiological arousal associated
with drug-related cues, thereby decreasing the emotional
reactivity that often leads to relapse.

Cognitive rehabilitation, while slightly less effective than
neurofeedback in reducing depression, significantly
improved cognitive control, attention, and working memory.
These improvements likely contributed to reductions in
depressive symptoms by allowing individuals to better
manage stressors, reframe negative thought patterns, and
engage in adaptive behaviors. The structured nature of the
tasks also helped participants gain a sense of mastery and
agency, essential components in the recovery process.

With respect to craving, both interventions demonstrated
strong efficacy. Craving is a complex, multidimensional
construct involving automatic and controlled processes.
Neurofeedback helped participants alter the physiological
correlates of craving, reducing the salience of drug cues and
strengthening inhibitory mechanisms. Cognitive
rehabilitation targeted cognitive schemas and attentional
biases, enabling participants to override impulsive
tendencies and make more deliberate choices. Both
approaches, therefore, complemented each other by

targeting different mechanisms underlying craving.
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However, when directly compared, neither intervention
showed superiority over the other in reducing craving. This
suggests that while their mechanisms differ—neurofeedback
acting on the neural substrates and cognitive rehabilitation
enhancing executive functions—they are equally capable of
alleviating drug-related urges when delivered in structured
formats.

In conclusion, neurofeedback and cognitive rehabilitation

represent promising non-pharmacological interventions for

methamphetamine addiction, particularly in addressing
depression and craving, two of the most predictive factors
for relapse. Integrating both methods into rehabilitation
programs could provide a synergistic approach, addressing
both the neural and cognitive-behavioral aspects of
substance use disorders. Continued research should explore
long-term outcomes, scalability of these interventions, and
their potential utility in broader populations and clinical

settings.
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