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ABSTRACT

Dementia, particularly Alzheimer’s disease, is characterized by symptoms, such
as memory impairment, language difficulties, behavioral changes, and challenges in performing daily
activities. In the early stages, the disease leads to a decline in cognitive functions, especially working
memory and cognitive flexibility. Given the impact of these two components on patients’ quality of life,
non-invasive interventions, such as auditory stimulation, have gained attention as innovative approaches.
[VIETEEE This study employed a quasi-experimental, one-group, pretest-posttest design. Fifteen patients
with early-stage Alzheimer’s disease (mean age: 60.93 years) were selected using purposive sampling.
Auditory stimulation was delivered at 40 Hz using binaural beats generated via Gnaural software, version
1-0-20110606 over 30 one-hour sessions across three weeks. Cognitive performance was assessed using
the Wisconsin card sorting test (for cognitive flexibility), Corsi block-tapping test (for visuospatial working
memory), and digit span task (for verbal working memory).

[T The within-group analysis showed a significant improvement in the participants’ performance on
the Wisconsin Card Sorting Test (t(14)=2.64, P=0.019), and a substantial increase in the block design test
(t(14)=5.55, P<0.001). However, the change in the Digit Span test was not statistically significant (t,_, =0.82,
P=0.424).

[@REMERT The findings of this study suggest that auditory stimulation can serve as an effective non-
invasive intervention for slowing the progression of Alzheimer’s disease and improving patients’ quality
of life. These results support the broader use of sensory-based interventions for treating cognitive
impairments related to dementia.
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Introduction

ementia, particularly Alzheimer’s dis-
ease, is characterized by a gradual decline
in cognitive functions, such as working
memory and cognitive flexibility, which
significantly impacts patients’ quality of
life and daily functioning. In the early
stages of Alzheimer’s, specific brain regions are affected,
leading to these impairments. Recently, auditory brain
stimulation has gained attention as a non-invasive inter-
vention. Research shows that this method can enhance
neural activity, activate monoaminergic pathways, and
help restore disrupted neural networks, thereby improv-
ing cognitive functions. Auditory stimulation strengthens
working memory and cognitive flexibility. Based on these
findings and the importance of early intervention, the
present study aimed to investigate the effect of auditory
brain stimulation on working memory and cognitive flex-
ibility in patients with early-stage Alzheimer’s disease.

Methods

This quasi-experimental study employed a pre-test-post-
test design. Fifteen patients with early-stage Alzheimer’s
disease were purposefully selected and received interven-
tion. The inclusion criteria required a confirmed diagnosis
of Alzheimer’s disease by a neurologist based on the AA-
NIA standards. The cognitive assessments included the
digit span test (for phonological working memory), Corsi
block-tapping test (for visuospatial working memory),
and Wisconsin card sorting test (for cognitive flexibility).
Brain stimulation was conducted using Gnaural software,
delivering 40 Hz auditory stimuli via Sparkle stereo head-
phones. This auditory stimulation utilized binaural beats,
a non-invasive method that synchronizes neural firing
through the perception of a third beat generated by pre-
senting two slightly different tones to each ear. These beat
frequencies are believed to influence brain activity pat-
terns associated with focused attention and memory. This
technique is considered a promising cognitive interven-
tion for enhancing executive functions in individuals with
early-stage Alzheimer’s disease.

Results

The findings showed that 40 Hz auditory brain stimu-
lation significantly improved cognitive flexibility and vi-
suospatial working memory in patients with early-stage
Alzheimer’s disease, while no significant changes were
observed in verbal working memory. This study exam-
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ined the effects of auditory brain stimulation on cognitive
flexibility and working memory in adults with early-stage
Alzheimer’s disease. A quasi-experimental pre-test-post-
test single-group design was conducted on 15 patients
selected from neurology clinics in Tabriz. The findings
showed that 40 Hz auditory stimulation led to significant
improvements in cognitive flexibility (Wisconsin card
sorting test: t ,=2.64, P=0.019) and visuospatial working
memory (block design: t ,=5.55, P<0.001), while no sig-
nificant change was observed in verbal working memory
(digit span: t,,=0.82,P=0.424). These results suggest that
auditory stimulation can be an effective and non-invasive
method for enhancing executive functions in adults with
early-stage Alzheimer’s disease.

Conclusion

This study demonstrated that auditory stimulation, par-
ticularly at gamma frequency (40 Hz), has significant pos-
itive effects on certain cognitive functions in patients with
early-stage Alzheimer’s disease. The post-intervention
results showed meaningful improvements in cognitive
flexibility and visuospatial working memory, while ver-
bal working memory did not exhibit a significant change.
These improvements contributed to greater independence
in daily activities and reduced the need for continuous
caregiving. However, due to the limited sample size and
lack of long-term follow-up, further research with larger
samples and extended observation periods is necessary to
confirm and expand these findings.
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7. Sparkle stereo headphones
8. Inferior Colliculus

9. Kolmogorov-Smirnov

10. Paired Samples T Test
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6. Corsi Block-Tapping Test
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11. Alzheimer’s Disease Cooperative Study - Activities of Daily Living
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