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Abstract

This study aimed to examine the effectiveness of neurofeedback therapy on
anxiety sensitivity, cognitive emotion regulation, and psychological well-
being in women with generalized anxiety disorder (GAD). The research was
applied and semi-experimental with a pretest—posttest control group design.
The statistical population consisted of women diagnosed with GAD attending
psychiatric and psychological centers in Karaj in 2025. A purposive sample
of 30 women was randomly assigned to experimental and control groups (15
each). Data were collected using the Anxiety Sensitivity Index (Floyd et al.,
2005), the Cognitive Emotion Regulation Questionnaire (Garnefski et al.,
2001), and Ryff’s Psychological Well-being Scale (1989). The experimental
group underwent four 40-minute sessions of neurofeedback training, while
the control group received no intervention. Data analysis was conducted using
SPSS v27 and ANCOVA. Multivariate covariance analysis showed that
neurofeedback therapy significantly improved anxiety sensitivity, cognitive
emotion regulation, and psychological well-being in women with GAD
(P<0.01). Posttest mean scores of anxiety sensitivity and negative emotion
regulation decreased significantly, while positive emotion regulation and
psychological well-being increased in the experimental group compared to
the control group. Effect size analysis indicated that neurofeedback explained
61.3% of the variance in anxiety sensitivity, 61.1% in positive emotion
regulation, 30.9% in negative emotion regulation, and 59.8% in psychological
well-being. Neurofeedback therapy appears to be an effective non-
pharmacological intervention for reducing anxiety sensitivity, enhancing
emotion regulation, and improving psychological well-being among women
with GAD. By retraining brainwave activity and enhancing cognitive control,
neurofeedback fosters emotional self-regulation and psychological resilience.
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EXTENDED ABSTRACT

Introduction

Generalized Anxiety Disorder (GAD) is one of the most prevalent psychological disorders characterized by
excessive, uncontrollable worry, persistent tension, and physiological hyperarousal. It significantly interferes
with emotional well-being and daily functioning, often resulting in chronic distress if untreated (Ibrahim et
al., 2024). Epidemiological studies indicate that GAD affects a considerable portion of the adult population,
particularly women, and can lead to a wide range of psychosomatic symptoms such as fatigue, insomnia,
irritability, and difficulty concentrating (Lutkiewicz et al., 2024). Research has shown that GAD is not merely
a reaction to stress but rather a maladaptive cognitive and neurophysiological pattern of processing perceived
threats (Freeston, 2023).

A core cognitive feature of GAD is anxiety sensitivity — a fear of anxiety-related sensations that individuals
interpret as harmful or catastrophic (Kwee & van den Hout, 2019). Those with high anxiety sensitivity tend
to misinterpret normal physiological reactions, such as increased heart rate or muscle tension, as dangerous,
which in turn exacerbates anxiety symptoms (Moghbeli Hanzaei et al., 2024). Studies have emphasized that
anxiety sensitivity contributes to both the onset and maintenance of anxiety disorders (Tulaci & Izci Kasal,
2023). As Ghanavati et al. reported, psychological interventions targeting maladaptive thought patterns and
anxiety sensitivity can significantly alleviate GAD symptoms (Ghanavati et al., 2024).

Another central construct related to GAD is cognitive emotion regulation, which refers to the conscious
cognitive strategies individuals use to manage their emotional responses to stressful situations (Buursma et
al., 2023). Deficits in emotion regulation are known to perpetuate emotional distress and maintain anxiety
symptoms. Chacon-Cuberos et al. found that poor emotion regulation strategies, such as rumination and
catastrophizing, increase emotional exhaustion and maladjustment (Chacon-Cuberos et al., 2019).
Conversely, adaptive strategies like reappraisal and positive refocusing are associated with better mental health
outcomes (Naderi Asl & Kadkhodaei, 2023). Dysfunctional cognitive emotion regulation often coexists with
heightened anxiety sensitivity, creating a self-reinforcing cycle that fuels worry and emotional dysregulation
(Riaz et al., 2021).

In recent years, neurofeedback therapy has emerged as an innovative non-pharmacological intervention for
anxiety disorders. It is based on the principle of brainwave self-regulation through real-time feedback of
electroencephalogram (EEG) signals (Jalali et al., 2022). Neurofeedback enables individuals to modify their
brainwave patterns consciously, improving self-regulation of arousal, attention, and emotion. The method is
grounded in the neurophysiological understanding that anxiety is associated with dysregulated patterns of
cortical and subcortical activity, particularly within the prefrontal cortex and amygdala (Gurevitch et al.,
2024). By training individuals to enhance optimal brainwave activity, neurofeedback aims to restore neural
balance and reduce hyperactivation of anxiety-related networks.

Neurofeedback has been shown to modulate emotional and cognitive processes by strengthening self-
regulatory capacities. Santamaria-Vazquez et al. demonstrated that combined interventions involving
biofeedback and neurofeedback significantly improved self-control and attention regulation in children with
neurocognitive difficulties (Santamaria-Vazquez et al., 2025). Similarly, Weerdmeester et al. proposed an
integrative model highlighting how biofeedback-based interventions can effectively modulate anxiety by
fostering awareness and voluntary control over physiological states (Weerdmeester et al., 2020). These
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mechanisms are particularly relevant for GAD, where patients experience chronic physiological and cognitive
hyperarousal.

Another related dimension of psychological health in anxiety disorders is psychological well-being, which
encompasses aspects such as personal growth, autonomy, positive relations, and purpose in life. Research
shows that GAD is often accompanied by diminished psychological well-being and impaired life satisfaction
(Mirnasiri et al., 2025). Individuals with persistent anxiety often experience a reduced sense of mastery,
emotional vitality, and control over their environment. Hemati et al. found that integrative therapeutic packages
combining positive and time perspective therapies significantly improved quality of life and psychological
well-being among depressed patients (Hemati et al., 2025). Given that both emotional regulation and anxiety
sensitivity directly influence subjective well-being, enhancing neural and cognitive regulation mechanisms
may lead to a substantial improvement in psychological functioning.

In Iran, GAD is a growing concern among women, and despite the effectiveness of pharmacological treatments,
there is an increasing demand for non-invasive interventions that minimize side effects and promote
sustainable emotional regulation. Jalali et al. found that neurofeedback alone, as well as in combination with
cognitive-behavioral therapy, improved anxiety control and well-being among women with GAD (Jalali et
al., 2022). This evidence aligns with neurocognitive findings that neurofeedback facilitates cortical
stabilization and adaptive emotional responses (Gurevitch et al., 2024). However, there is still limited research
examining the simultaneous effects of neurofeedback on anxiety sensitivity, cognitive emotion regulation, and
psychological well-being among women with GAD in Iran.

Therefore, the present study aimed to investigate the effectiveness of neurofeedback therapy on anxiety
sensitivity, cognitive emotion regulation, and psychological well-being in women with generalized anxiety
disorder.

Methods and Materials

The study followed an applied, semi-experimental design with pretest—posttest and control groups. The
statistical population consisted of all women diagnosed with GAD who attended psychiatric and psychological
centers in Karaj in 2025. A purposive sample of 30 participants was selected and randomly assigned to
experimental (n=15) and control (n=15) groups. The inclusion criteria were: confirmed diagnosis of GAD by
a psychiatrist, age between 20 and 50, and willingness to participate. Exclusion criteria included concurrent
psychiatric treatments, medication use, or missing more than two sessions.

The experimental group received neurofeedback therapy across four 40-minute individual sessions using a
two-channel device manufactured by Parto Danesh Company. During each session, EEG sensors were placed
on the scalp to record brainwave activity, and participants received real-time visual and auditory feedback
regarding their brainwave performance. The goal was to reinforce patterns associated with calm, focused states
and inhibit excessive beta or theta activity. The control group received no intervention during the study period.
Data collection instruments included: (1) the Anxiety Sensitivity Index (Floyd et al., 2005), (2) the Cognitive
Emotion Regulation Questionnaire (Garnefski et al.,, 2001), and (3) Ryff’s Psychological Well-being Scale
(1989). Data were analyzed using SPSS v27, employing descriptive statistics (mean, standard deviation) and
inferential analyses, specifically analysis of covariance (ANCOVA) to determine treatment effects.

Findings

The descriptive results indicated that participants’ mean age ranged between 25 and 40 years. Prior to
intervention, no significant differences were observed between the groups in pretest scores. After the
neurofeedback intervention, the experimental group demonstrated notable improvements compared to the
control group.

Multivariate  ANCOVA revealed that neurofeedback therapy had a significant effect on the combined
dependent variables of anxiety sensitivity, cognitive emotion regulation, and psychological well-being (Wilks’
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Lambda =0.201, F =24.873, p <0.001). Further univariate analyses showed significant improvements in each
variable. Specifically, the F-value for anxiety sensitivity was 44.44 (p <0.001, n?>=0.613), for positive emotion
regulation 44.02 (p <0.001, n>=0.611), for negative emotion regulation 12.54 (p <0.001, n? =0.309), and for
psychological well-being 41.69 (p <0.001, n?= 0.598).

Post-hoc Bonferroni tests indicated that the experimental group exhibited significantly lower posttest mean
scores for anxiety sensitivity and negative cognitive emotion regulation than the control group, while their
scores for positive cognitive emotion regulation and psychological well-being were significantly higher.
Moreover, effect size analysis showed that neurofeedback accounted for 61.3% of the variance in anxiety
sensitivity, 61.1% in positive cognitive emotion regulation, 30.9% in negative cognitive emotion regulation,
and 59.8% in psychological well-being.

At the subscale level, significant improvements were also observed. For anxiety sensitivity, neurofeedback
reduced physical concerns, fear of cognitive dyscontrol, and fear of observable anxiety symptoms. Regarding
emotion regulation, participants in the experimental group showed increased acceptance, positive refocusing,
and reappraisal, alongside reduced self-blame and catastrophizing. In terms of well-being, posttest results
showed higher scores in self-acceptance, personal growth, autonomy, and purpose in life.

Discussion and Conclusion

The results confirm that neurofeedback therapy is effective in reducing anxiety sensitivity, improving cognitive
emotion regulation, and enhancing psychological well-being among women with generalized anxiety disorder.
These findings are consistent with previous studies suggesting that neurofeedback promotes neural self-
regulation and restores balance between cortical and limbic systems. By providing individuals with real-time
information about their brainwave activity, neurofeedback enables them to consciously modulate dysfunctional
neural patterns associated with hyperarousal, thus reducing sensitivity to anxiety-related stimuli.

From a neurophysiological perspective, the observed reduction in anxiety sensitivity can be attributed to
improved regulation of amygdala-prefrontal connectivity, which plays a crucial role in the perception and
control of emotional responses. The reorganization of these networks facilitates inhibitory control over threat
appraisal and enhances resilience against internal sensations of anxiety. Moreover, through conditioning
mechanisms, neurofeedback reinforces calm and focused brain states, thereby decreasing hypervigilance and
physiological tension that characterize GAD.

The enhancement of cognitive emotion regulation can be interpreted through the lens of cognitive control
theory. By stabilizing neural oscillations in the prefrontal cortex, neurofeedback improves executive functions
such as attention shifting and cognitive reappraisal. Participants consequently adopt more adaptive strategies
— for instance, focusing on problem-solving rather than rumination or self-blame. This neurocognitive training
allows for better emotional flexibility, which is critical in managing anxiety.

The observed increase in psychological well-being reflects not only the alleviation of anxiety but also the
broader enhancement of self-awareness and personal mastery. As participants gained greater control over their
physiological and emotional states, they likely experienced increased self-efficacy, personal growth, and
purpose in life. These improvements align with positive psychology perspectives, suggesting that self-
regulation and emotional balance are foundational to well-being.

Overall, neurofeedback emerges as a promising, non-invasive intervention for women with GAD, offering an
alternative to pharmacological treatments that often carry side effects or dependency risks. The findings
indicate that training the brain through feedback-based learning can produce measurable psychological and
emotional benefits.

Nevertheless, some limitations must be acknowledged. The relatively small sample size and short intervention
period limit the generalizability of the findings. Long-term follow-ups are needed to determine the persistence
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of treatment effects. Additionally, combining neurofeedback with complementary psychotherapeutic
approaches may further enhance outcomes.

In conclusion, the present study provides empirical evidence that neurofeedback therapy significantly reduces
anxiety sensitivity, strengthens cognitive emotion regulation, and promotes psychological well-being in
women with generalized anxiety disorder. By integrating cognitive, emotional, and neurophysiological
dimensions, this approach offers a comprehensive framework for anxiety treatment and paves the way for
future research into brain-based self-regulation therapies.
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