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Background: Generalized Anxiety Disorder (GAD) is associated with aberrant patterns of neural activity,
which may lead to impairments in physiological indices and memory functioning. Brainwave entrainment
has been proposed as a noninvasive intervention aimed at enhancing neural regulation and cognitive
performance; however, empirical evidence regarding its effects on physiological parameters and memory in
patients with GAD remains limited.

Aims: The present study aimed to examine the effects of brainwave entrainment on physiological indices
and memory in patients diagnosed with Generalized Anxiety Disorder.

Methods: This study employed a quasi-experimental design with a pretest—posttest control group. The
statistical population consisted of all patients with Generalized Anxiety Disorder who attended counseling
centers and psychiatric clinics in the city of Tabriz in (2025-2026). A total of 60 patients with GAD were
randomly assigned to an experimental group (n = 30) and a control group (n = 30). The Generalized Anxiety
Disorder Questionnaire (GAD-7; Spitzer et al., 2006) was used for assessment. The experimental group
received brainwave entrainment intervention using alpha-frequency (10 Hz) binaural beats for four weeks,
five days per week, and 30 minutes per session, while the control group received no intervention.
Assessments were conducted at pretest and posttest using the Qtech bioresonance device to measure
physiological indices and the overall memory index, as well as the Corsi Block-Tapping Test to assess
working memory. The collected data were analyzed using SPSS version 26, employing multivariate analysis
of covariance (MANCOVA).

Results: The results of the multivariate analysis of covariance indicated that brainwave entrainment led to
a statistically significant increase in the adrenal gland index and the overall memory index in the
experimental group compared with the control group (p < 0.05). However, no statistically significant effect
was observed on cerebral vascular resistance (p > 0.05). In addition, the results of univariate analysis of
covariance revealed a significant difference between the two groups in working memory, such that
approximately 10% of the variance in working memory was attributable to the intervention (p < 0.05).
Conclusion: The findings of the present study suggest that brainwave entrainment may serve as a
noninvasive and complementary intervention for improving adrenal gland functioning and enhancing
memory performance, particularly working memory, in patients with Generalized Anxiety Disorder. These
results underscore the potential clinical applicability of brainwave entrainment in intervention programs

focused on neural regulation and cognitive rehabilitation for individuals with anxiety disorders.
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Introduction

Generalized Anxiety Disorder (GAD) is one of the
most prevalent mental disorders, characterized by
excessive, persistent, and uncontrollable worry
accompanied by somatic symptoms such as muscle
tension, restlessness, fatigue, and sleep disturbances
(American Psychiatric Association, 2022). Beyond
its psychological burden, GAD is associated with
substantial  physiological and neurobiological
consequences, including dysregulation of the
hypothalamic—pituitary—adrenal (HPA) axis,
alterations in cerebral vascular function, and
impairments in cognitive processes, particularly
memory (Arifio-Brafa et al., 2025; Harandi et al.,
2023). Chronic activation of the HPA axis in GAD
results in sustained cortisol secretion, which has been
linked to hippocampal damage, deficits in working
and episodic memory, and increased cerebral vascular
tone and resistance (George et al., 2025; Kline &
Mega, 2020; Sousa et al., 2020; Yew et al., 2017).
Accordingly, a maladaptive cycle involving chronic
stress, adrenal dysfunction, elevated cerebrovascular
resistance, and cognitive decline can be
conceptualized in individuals with GAD (Rong et al.,
2024).

Standard treatments for GAD include psychotherapy,
particularly  cognitive-behavioral therapy, and
pharmacotherapy such as selective serotonin reuptake
inhibitors (Newman et al., 2024). Despite their
effectiveness, there is a growing need for
complementary,  noninvasive, and  low-risk
interventions capable of simultaneously targeting the
neural, physiological, and cognitive dimensions of
this disorder. In this context, brainwave entrainment
has emerged as a novel noninvasive neuromodulatory
approach (Hodhodi et al., 2024). One of the most
common forms of brainwave entrainment involves
binaural beats, which are generated by presenting two
slightly different auditory frequencies to each ear,
leading to a frequency-following response that guides
brain activity toward a target frequency band, such as
alpha rhythms (Attokaren et al., 2023).
Accumulating evidence suggests that alpha-band
brainwave entrainment, which is associated with a
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state of relaxed alertness and inward-focused
attention, may contribute to reductions in anxiety,
improvements in sleep quality, decreases in cortisol
levels, and enhancements in cognitive functions,
particularly working memory (Bayrami & Dadashi,
2025; Jirakitayakorn & Wongsawat, 2017; Grassini et
al., 2022; Kraus & Porubanovd, 2015; Abeln et al.,
2014). Nevertheless, most prior studies have focused
either on psychological outcomes or on isolated
physiological measures, with relatively few
investigations examining both biological and
cognitive markers concurrently. Moreover, the

integration of complementary diagnostic
technologies such as bioresonance—an
electromagnetic ~ frequency—based,  noninvasive

method—may offer a more comprehensive
assessment of functional states across endocrine,
neural, and vascular systems (Karakos et al., 2019;
Zayed et al., 2022). Therefore, the present study
sought to investigate whether brainwave entrainment
exerts measurable effects on physiological indices
and memory performance in individuals with
Generalized Anxiety Disorder.

Method

This study employed a quasi-experimental pretest—
posttest design with a control group. The study
population consisted of individuals diagnosed with
Generalized Anxiety Disorder (GAD) who attended
counseling centers and psychiatric clinics in Tabriz
during (2025-2026). A total of 60 eligible
participants were selected through purposive
sampling and randomly assigned to an experimental
group (n =30) and a control group (n = 30). Inclusion
criteria included a clinical diagnosis of GAD by a
psychologist or psychiatrist and a score above 10 on
the Generalized Anxiety Disorder Questionnaire
(GAD-7; Spitzer et al., 2006), while exclusion criteria
comprised neurological disorders, use of anxiolytic or
sedative medications, presence of a cardiac
pacemaker or non-removable metallic implants, and
intolerance to the intervention. Research instruments
included the GAD-7, the Corsi Block-Tapping Test
for assessing visuospatial working memory, and the
Qtech Analyzer (10th generation) bioresonance
device for evaluating physiological indices. The
intervention consisted of brainwave entrainment
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through exposure to 10-Hz alpha binaural beats
generated using Gnaural software, administered to the
experimental group for four consecutive weeks (five
sessions per week, 30 minutes per session) in a
controlled and quiet environment, while the control
group received no intervention. Assessments were
conducted at pretest and posttest, and the collected
data were analyzed using SPSS version 26 through
multivariate analysis of covariance (MANCOVA).

Results

Descriptive findings indicated that among the 60
participants in the study (30 in the experimental group
and 30 in the control group), the mean age of the total
sample was 34.5 years (SD = 6.2), with an age range
of 25 to 50 years; moreover, 63.3% of the participants
were female and 36.7% were male. Descriptive
statistics showed an increase in the adrenal gland
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index, overall memory index, and working memory
scores, along with a decrease in vascular resistance
scores at the posttest stage. To examine group
differences in the set of physiological variables while
controlling for covariates, multivariate analysis of
covariance (MANCOVA) was conducted, and one-
way analysis of covariance (ANCOVA) was used to
assess group differences in working memory.
Assumption  testing confirmed normal data
distribution and homogeneity of variance—covariance
matrices. The results of the multivariate analysis were
significant based on Wilks’ lambda (p < 0.001), and
subsequent between-subjects effects revealed that,
after controlling for pretest scores, there were
statistically significant differences between the
experimental and control groups in the adrenal gland
index and overall memory index (p < 0.001).

Table 1. Univariate ANCOVA Results for the Effects of Alpha-Band Brainwave Entrainment on Physiological and Memory Indices

\S/(;l;::gg: Dependent Variable SSc;Jl:gr%fs df  Mean Square F p-value Effect Size (n?)
Group Adrenal Gland Index 1.82 1 1.82 23.28 <.001 0.83
Group Cerebral Vascular Resistance 0.01 1 0.01 2.75 .103 0.05
Group Overall Memory Index 0.50 1 0.50 140.04 <.001 0.71

As shown in Table 1, after controlling for the effect
of the pretest, a statistically significant difference was
observed between the experimental and control
groups in posttest scores for the adrenal gland index

and the overall memory index (p < 0.001). However,
no statistically significant difference was found
between the experimental and control groups in
posttest scores for vascular resistance (p = 0.103)

Table 2. Univariate ANCOVA Results for the Effect of Brainwave Entrainment on Working Memory

Source of Variation Sum of Squares df

Mean Square F

p-value  Partial Eta Squared (n?)

Group 2.49 1

2.49 6.85 .010 0.10

As shown in Table 2, the results indicate that after
controlling for covariates, there was a statistically
significant difference between the experimental and
control groups in working memory performance (F =
6.85, p = .010). This p-value is below the
conventional alpha level of .05, indicating a
significant group effect. Moreover, the partial eta
squared value (> = 0.10) represents a moderate effect
size, suggesting that approximately 10% of the
variance in working memory scores can be attributed
to the intervention, namely exposure to binaural
beats—based brainwave entrainment.

Conclusion

The present study aimed to investigate the effects of
brainwave entrainment on the adrenal gland index,
memory performance (including overall memory and
working memory), and cerebral vascular resistance in
individuals with Generalized Anxiety Disorder
(GAD), adopting an integrative approach that bridges
cognitive neuroscience and bioresonance-based
physiological assessment. The first major finding
indicated that alpha-band binaural beat entrainment
led to a significant improvement in the adrenal gland
index in the experimental group. This finding is
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consistent with previous studies highlighting the
stress-buffering and anxiety-reducing effects of
binaural beats (Bassiano et al., 2024; Colton et al.,
2021) as well as research emphasizing the role of
HPA-axis regulation in alleviating psychiatric
symptoms (George et al., 2025; Arifio-Brafa et al.,
2025). Nevertheless, inconsistent findings reported
by Hart-Pomerantz et al. (2025) suggest that
physiological responses to neuromodulation are not
always uniform. From a neurobiological and
biophysical perspective, alpha-wave induction may
reduce amygdala hyperactivity and restore
homeostatic balance in stress-sensitive organs such as
the adrenal gland, a change that can be detected as an
improved adrenal index through bioresonance
assessment (Karakos et al., 2019).

The second finding demonstrated that brainwave
entrainment  significantly enhanced  memory
performance, particularly ~ working  memory,
accounting for approximately 10% of the variance in
working memory scores. This result is in line with
studies by Hodhodi et al. (2024) and Kraus and
Porubanové (2015), which reported improvements in
working memory capacity following binaural beat
stimulation. In contrast, He et al. (2025) argued that
alpha-wave modulation does not necessarily produce
stable cognitive changes in all individuals. The
observed memory enhancement may be explained by
the inhibitory role of alpha oscillations in reducing
cognitive noise and suppressing worry-related
rumination, thereby freeing cognitive resources and
optimizing the efficiency of frontoparietal networks
involved in working memory processing (Rong et al.,
2024; Jirakitayakorn & Wongsawat, 2017; White-
Schwoch et al., 2022).

The third finding indicated that the intervention did
not produce a significant effect on cerebral vascular
resistance. This result is consistent with evidence
suggesting that vascular resistance reflects long-term
structural and hemodynamic properties that are
relatively insensitive to short-term neuromodulatory
interventions (Harandi et al., 2023; Yu et al., 2017).
The absence of significant change may be attributed
to the relative autonomy of cerebrovascular
autoregulatory mechanisms, which likely require
prolonged or physically based interventions to
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undergo measurable modification. Considering the
study limitations, including the lack of concurrent
cortisol assessment and follow-up evaluation, future
research is encouraged to employ longer intervention
protocols, multimodal assessment strategies, and
combined treatment approaches such as integrating
binaural beats with cognitive—behavioral therapy.
From a clinical perspective, given its safety,
noninvasiveness, cost-effectiveness, and
accessibility, brainwave entrainment may be
recommended as a complementary intervention
alongside standard treatments to improve working
memory and stress regulation in patients with
Generalized Anxiety Disorder.
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