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ABSTRACT

Growing interest in non-pharmacological approaches to mental health has renewed scientific attention toward
the therapeutic effects of sound. Within this expanding domain, specific frequencies such as 40 Hz, 528 Hz, and
432 Hz have attracted both popular and research-oriented curiosity, yet their biological and psychological effects
remain unevenly understood. Anxiety and depression are complex conditions driven by interactions between
neural oscillations, stress-endocrine pathways, autonomic regulation and affective circuitry, making biomarker-
based investigations essential for understanding how acoustic stimuli may influence emotional health. This
narrative review synthesises evidence on the biomarker-level effects of the three frequencies and highlights the
distinct neurophysiological pathways through which each appears to operate.

Current findings indicate that 40 Hz auditory stimulation, situated within the gamma oscillatory range,
demonstrates the strongest neuroscientific grounding, with consistent activation of cortical gamma synchrony
and associated modulation of autonomic and cognitive—emotional networks (Orekhova et al., 2024; Garcia-
Argibay, 2019). Research on 528 Hz, although more recent, reveals meaningful reductions in salivary cortisol
and shifts towards physiological relaxation, suggesting a stress-endocrine mechanism (Nomura et al., 2020;
Mishra et al.,, 2022). Meanwhile, studies examining music tuned to 432 Hz report subtle yet reliable
improvements in heart rate variability, blood pressure regulation and self-reported anxiety, pointing toward
enhanced parasympathetic engagement (Calamassi & Pomponi, 2019; D’Errico et al., 2022).

Taken together, these findings suggest that while all three frequencies exert some influence on biomarkers
relevant to anxiety and depression, they may do so via partially distinct pathways: 40 Hz through neural
entrainment, 528 Hz through endocrine stress modulation, and 432 Hz through autonomic relaxation. By
integrating these mechanisms into a conceptual neurobiological framework, this review provides direction for
future biomarker-driven research and clarifies the therapeutic potential and limitations of frequency-based
interventions.

Keywords: Sound frequency stimulation; Gamma entrainment; 40 Hz; 528 Hz; 432 Hz; Anxiety biomarkers;
Depression biomarkers; Heart rate variability (HRV); Cortisol; EEG oscillations; Neuroendocrine modulation;
Autonomic regulation; Psychophysiology; Acoustic neuromodulation

INTRODUCTION

Anxiety and depression remain among the most persistent global health challenges, accounting for substantial
disability across diverse populations. Although pharmacological and psychotherapeutic treatments continue to
advance, many individuals still experience partial relief, limited access or problematic side effects (Fava &
Kendler, 2020). These gaps have encouraged renewed scholarly interest in complementary interventions that are
accessible, low-risk and physiologically meaningful. Sound-based therapeutic approaches including music
therapy, acoustic stimulation and frequency-specific entrainment have emerged as promising candidates within
this landscape.
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Scientific and cultural traditions have long recognised sound as a medium capable of shaping emotional states
and physiological responses. Contemporary research now offers tools to investigate these effects with increasing
biological precision, demonstrating that auditory stimulation influences neural oscillations, autonomic activity,
stress hormones and affective processing (Koelsch, 2014). Within this expanding field, discrete sound
frequencies have drawn particular attention due to claims that specific Hertz values may align with distinct
biological or psychological effects. While such claims often circulate in popular discourse, empirical studies
provide an opportunity to examine them through measurable biomarkers associated with anxiety and depression,
including cortisol, heart rate variability (HRV), electroencephalographic (EEG) patterns, inflammatory markers
and neuropeptides.

Among the many frequencies discussed in both scientific and non-scientific settings, three stand out for their
recurrent appearance in empirical studies: 40 Hz, 528 Hz, and 432 Hz. Each occupies a unique position in the
auditory and therapeutic landscape. Forty hertz resides within the gamma band of neural oscillations and is
widely studied for its entrainment potential and its relevance to attention, emotional regulation and network
synchronisation. Several investigations have shown that 40 Hz auditory stimulation can induce measurable
changes in gamma coherence, autonomic balance and cognitive—affective circuits (Iaccarino et al., 2016). In
contrast, emerging work on 528 Hz suggests that this frequency may influence stress-related endocrine pathways,
producing reductions in salivary cortisol and promoting psychophysiological relaxation (Nomura et al., 2020).
Meanwhile, music tuned to 432 Hz, frequently compared with the conventional tuning of 440 Hz, appears to
evoke parasympathetic activity and reductions in anxiety-related physiological arousal (Calamassi & Pomponi,
2019).

Despite growing interest, the available literature is fragmented. Studies differ widely in design, sample
characteristics, acoustic parameters and biomarker choices, making systematic comparison challenging.
Moreover, very few investigations directly compare frequencies, leaving uncertainty about whether each
frequency produces distinct biological profiles or whether the reported benefits reflect general acoustic or
musical effects. Given the rising clinical and commercial presence of frequency-based interventions, a clear,
biomarker-grounded synthesis is needed to clarify both potential benefits and misconceptions.

The purpose of this narrative review is to integrate the current evidence on the biomarker-level effects of 40 Hz,
528 Hz and 432 Hz, and to examine their relevance for anxiety and depression. By focusing on endocrine,
autonomic and neural biomarkers, the review emphasises objective physiological mechanisms that complement
subjective emotional outcomes. The overarching goal is to evaluate whether these frequencies influence
emotional health through shared pathways or through mechanisms unique to each frequency, and to propose a
conceptual framework that can guide future experimental and clinical research.

The review proceeds by introducing the foundations of sound-frequency therapy, outlining the biological basis
of anxiety and depression biomarkers, and then examining each frequency in detail. This is followed by a
comparative synthesis and a conceptual neurobiological model that integrates these findings into a coherent
theoretical structure. The paper concludes with implications for clinical practice, methodological
recommendations and directions for future biomarker-oriented research.

Background on Sound Frequency Therapy

The therapeutic use of sound occupies a unique intersection between ancient cultural practices and contemporary
neuroscience. Across civilisations, sound has been used to regulate emotion, support healing rituals and facilitate
states of calm or transcendence. Modern scientific inquiry has begun to illuminate the physiological substrates
underlying these traditional observations, revealing that sound is not merely an aesthetic stimulus but a complex
neurobiological input capable of influencing brain rhythms, autonomic function and hormone regulation. The
notion that specific sound frequencies may exert distinctive psychological and physiological effects has gained
significant traction in recent years, supported by advances in auditory neuroscience, psychophysiology and
acoustic engineering.

Sound perception begins as a mechanical event: fluctuations in air pressure enter the ear and are transformed
into neural impulses through mechanoelectrical transduction in the cochlea. These impulses travel to the auditory
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cortex via well-defined neural pathways that interact with limbic, prefrontal and brainstem regions involved in
emotion, memory and autonomic regulation. This intricate network explains why sound can evoke emotional
responses within milliseconds and why auditory stimulation is closely tied to physiological states such as
alertness, relaxation and stress recovery. The auditory system’s capacity for neural entrainment where oscillating
auditory input synchronises with endogenous brain rhythms has emerged as a particularly important mechanism
in frequency-based therapies. Neural oscillations play a fundamental role in cognitive integration, emotional
regulation and network coherence. When an external sound frequency matches or approximates an intrinsic
oscillatory band, such as the gamma (around 40 Hz), theta or alpha ranges, the brain may align its rhythms to
the external stimulus. This alignment can produce downstream effects on attention, mood, and autonomic
balance, suggesting a mechanistic framework through which specific frequencies can modify affective states.

Beyond neural entrainment, sound therapy influences the autonomic nervous system, which governs
physiological responses such as heart rate, blood pressure and stress-hormone release. Pleasant or calming
auditory environments tend to activate parasympathetic pathways, facilitating relaxation and reducing markers
of physiological arousal. Several studies have demonstrated that music and acoustic stimulation can increase
heart rate variability a biomarker of adaptive vagal tone and reduce cortisol levels, indicating a shift away from
the stress-dominant sympathetic system. These findings align with long-standing clinical observations in music
therapy, where rhythmic and harmonic structures have been shown to ease anxiety, modulate affective distress
and support emotional processing. However, the emerging hypothesis that specific single frequencies may induce
reproducible biomarker changes introduces a new layer of complexity and promise to sound-based therapeutic
research.

Therapeutic interest in discrete frequencies has developed alongside technological advances that allow precise
control of auditory stimuli. Digital sound synthesis and binaural beat generation have enabled researchers to
isolate frequencies such as 40 Hz, 528 Hz and 432 Hz, and to examine their physiological effects under controlled
conditions. Each frequency occupies a different space in the auditory-neuroscientific landscape. For example,
40 Hz has been widely studied as a gamma-band stimulus capable of inducing cortical synchronisation relevant
to cognitive control and emotional regulation. In contrast, 528 Hz does not correspond to a specific neural
oscillatory band but has been empirically associated with reductions in stress hormones and subjective tension,
prompting speculation about its influence on endocrine pathways. Meanwhile, 432 Hz has gained attention
within music therapy research as an alternative tuning standard that appears to support parasympathetic
activation and emotional soothing.

Importantly, the biological effects of sound frequencies cannot be understood without considering the broader
psychophysiological context in which auditory processing occurs. Sound rarely acts in isolation. Its impact
depends on its acoustic qualities, including timbre, amplitude and harmonic structure, and on the emotional
associations, cultural meanings and personal memories that listeners bring to the experience. A frequency
embedded within calming musical textures may elicit different responses than the same frequency delivered as
a pure tone. Likewise, individual differences in auditory sensitivity, neural plasticity and psychological state
further shape how sound is received and processed. These complexities underscore the importance of designing
carefully controlled studies capable of disentangling frequency-specific effects from musical or emotional
influences.

Despite these challenges, the growing body of empirical work on sound frequencies highlights several
converging themes. Across multiple domains neuroscience, endocrinology, psychophysiology and mental health
research sound exposure consistently interacts with biomarkers that play central roles in anxiety and depression.
Cortisol, heart rate variability, EEG oscillations, inflammatory cytokines and neuropeptides such as oxytocin
have all been shown to respond measurably to sound-based interventions. Such biomarker responsiveness
provides a compelling rationale for studying sound frequencies not merely as cultural or aesthetic phenomena
but as potential neuro modulatory tools with clinical relevance.

The historical roots of sound-based healing practices also enrich contemporary scientific inquiry. Traditions such
as Vedic chanting, Tibetan singing bowls and Gregorian chants have emphasised specific tonal qualities long
before technological measurement made physiological mechanisms observable. While modern frequency-based
interventions differ substantially in form and intent, the cross-cultural continuity suggests an intuitive recognition
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of sound’s capacity to shape emotional and physiological states. Scientific research, therefore, provides an
opportunity to interrogate these long-standing intuitions using objective measures, bridging ancient wisdom and
modern neurobiological understanding.

As interest in sound frequency therapy expands, it becomes essential to evaluate claims within a rigorous
empirical framework. Many assertions circulating in popular media lack grounding in validated studies, making
it all the more important to examine biomarker-level research with methodological precision. The following
sections examine the evidence for 40 Hz, 528 Hz and 432 Hz through this lens, assessing their documented
effects on biomarkers associated with anxiety and depression and situating their mechanisms within current
neuroscientific paradigms. Through this integrative approach, the review aims to clarify where genuine
therapeutic potential exists, where further research is needed and how sound frequency therapy might contribute
to a broader toolkit for mental health support.

Biology of Anxiety and Depression Biomarkers

Understanding how specific sound frequencies may influence anxiety and depression requires a clear grasp of
the biological systems that underlie these conditions. Anxiety and depressive disorders are not merely
psychological phenomena; they arise from complex interactions among neuroendocrine pathways, neural
oscillatory networks, inflammatory processes and autonomic regulation. Biomarkers measurable physiological
indicators that reflect these underlying processes provide a crucial bridge between subjective emotional states
and objective biological activity. When examining the effects of sound frequencies, biomarkers allow researchers
to determine whether auditory interventions meaningfully alter mechanisms that contribute to emotional distress
or resilience.

One of the most extensively studied biological pathways in anxiety and depression is the hypothalamic—
pituitary—adrenal (HPA) axis, which orchestrates the body’s response to stress. Activation of this axis results in
the release of cortisol, a glucocorticoid hormone that mobilises energy, sharpens attention and prepares the body
for threat. While adaptive in acute circumstances, chronic elevation of cortisol is strongly associated with
anxiety, depressive symptoms, disrupted sleep and cognitive impairment. Persistent HPA-axis dysregulation is a
hallmark of both disorders, with alterations in diurnal cortisol rhythms and exaggerated or blunted stress
reactivity frequently reported in clinical populations. Because cortisol responds sensitively to both emotional
states and environmental stimuli including sound its measurement provides a valuable indicator of whether a
given auditory stimulus promotes relaxation or exacerbates stress-related processes.

Alongside endocrine regulation, the autonomic nervous system plays a central role in emotional functioning.
The balance between sympathetic activation, which prepares the body for action, and parasympathetic activity,
which supports rest and recovery, shapes the physiological substrate of anxiety and calmness. Heart rate
variability (HRV), a measure of beat-to-beat changes in heart rhythm, offers a window into autonomic flexibility
and vagal tone. Higher HRV generally reflects greater physiological resilience and emotional regulation capacity,
while reduced HRV has been consistently observed in individuals with anxiety and depressive disorders. Sound-
based interventions, particularly those promoting relaxation, often influence HRV, making it a key biomarker for
identifying frequency-specific effects on autonomic pathways.

Neural oscillations constitute another domain critical to understanding mood regulation. The brain’s activity is
organised into rhythmic patterns delta, theta, alpha, beta and gamma each associated with distinct cognitive and
emotional states. Dysregulation across these oscillatory bands, such as reduced alpha power or altered gamma
synchrony, has been observed in individuals with major depressive disorder, generalised anxiety disorder and
trauma-related conditions. Sound frequencies may interact with these rhythms through neural entrainment, in
which external auditory input influences endogenous oscillatory patterns. Gamma-frequency stimulation around
40 Hz is particularly relevant, as gamma oscillations support integrative functions such as attention, executive
control and emotional regulation. Altered gamma activity has been linked to rumination, impaired cognitive
flexibility and other features of mood disorders, suggesting that externally induced gamma synchronisation may
offer therapeutic benefits.
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Inflammation represents an additional biological pathway frequently implicated in both anxiety and depression.
Elevated levels of pro-inflammatory cytokines such as interleukin-6 (IL-6), tumour necrosis factor-a. (TNF-a)
and C-reactive protein (CRP) have been reported among individuals with mood disorders, contributing to
symptoms such as fatigue, anhedonia and cognitive slowing. Although the direct effects of sound on
inflammatory processes remain understudied, preliminary findings from music-therapy and relaxation-based
interventions suggest that auditory stimulation may reduce inflammatory markers indirectly by modulating stress
and autonomic reactivity. Given the growing understanding of depression as a systemic inflammatory condition
in some subgroups, future research exploring frequency-specific influences on cytokine levels represents an
important frontier.

A further dimension involves neuropeptides and social-emotional hormones such as oxytocin. Known primarily
for its role in bonding and affiliative behaviour, oxytocin also regulates anxiety, supports stress recovery and
influences neural circuits involved in emotional regulation. Sound exposure particularly music perceived as
soothing has been associated with increased oxytocin release in some studies, suggesting a plausible pathway
through which sound frequencies might influence emotional well-being. Although the evidence for frequency-
specific modulation of oxytocin is still emerging, early research examining 528 Hz has noted trends towards
increased oxytocin alongside reductions in cortisol, raising intriguing possibilities about its role in promoting
calmness and connectedness.

Brain regions implicated in anxiety and depression further illustrate the potential relevance of auditory
interventions. The amygdala, prefrontal cortex, hippocampus and anterior cingulate cortex form interconnected
networks that regulate emotion, threat detection and cognitive control. These regions exhibit altered activity
patterns in mood and anxiety disorders, including heightened amygdala responsiveness and reduced prefrontal
regulatory capacity. Sound, through its ability to influence neural oscillations and autonomic arousal, may
reshape activity within these circuits. For instance, calming auditory environments can reduce amygdala
hyperactivity, while gamma-frequency stimulation may enhance prefrontal synchrony and network coherence.
These neural effects, though still the subject of ongoing investigation, provide a conceptual framework for
understanding how sound frequencies exert psychological influence through core emotional circuits.

Taken together, the biological landscape of anxiety and depression underscores the relevance of biomarkers in
evaluating therapeutic interventions. Cortisol captures stress-endocrine dynamics; HRV reflects autonomic
balance; EEG oscillations provide insight into neural synchrony; inflammatory markers map systemic
physiological stress; and neuropeptides such as oxytocin illuminate social-emotional pathways. Sound
frequencies interact with these systems in complex, multi-level ways, underscoring the need for nuanced and
integrative research. Examining how 40 Hz, 528 Hz and 432 Hz engage these biomarkers offers an opportunity
to better understand both their therapeutic potential and their mechanistic distinctiveness.

With this biological grounding in place, the following sections explore each frequency in depth, assessing the
empirical evidence for its impact on anxiety- and depression-related biomarkers and situating these findings
within current theories of auditory neuromodulation.

Evidence for 40 Hz Stimulation

Interest in 40 Hz auditory stimulation has grown rapidly in contemporary neuroscience because of its unique
position within the gamma frequency band, a domain of neural oscillations associated with attention, emotional
regulation, perceptual integration and higher-order cognitive functioning. Gamma rhythms play a central role in
coordinating distributed neural networks, allowing the brain to integrate information efficiently across regions.
Disruptions in gamma synchrony have been identified in multiple psychiatric conditions, including major
depression, generalised anxiety disorder and trauma-related disorders. Given this background, the capacity of
externally delivered 40 Hz auditory stimuli to entrain gamma oscillations positions it as one of the most
scientifically grounded frequencies within sound-based therapeutic research.

Research into 40 Hz entrainment initially emerged from studies using auditory steady-state responses (ASSRs),
which measure the brain’s ability to synchronise with rapidly repeating auditory stimuli. These studies
consistently demonstrated that the auditory cortex and associated neural networks can lock onto rhythmic
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auditory stimulation at 40 Hz, producing reliable neural responses detectable through EEG and
magnetoencephalography (MEG). This entrainment capability has implications for emotional health, as gamma
synchronisation is closely linked to cognitive flexibility and affective regulation functions that are often
compromised in anxiety and depression. In disorders marked by rumination, attentional rigidity and impaired
top-down control, externally induced gamma coherence may offer a mechanism for restoring balance within
neural circuits.

A significant line of research has examined the effects of 40 Hz auditory stimulation on autonomic balance, a
domain especially relevant for anxiety disorders. Several studies report that gamma-frequency stimulation can
influence heart rate variability (HRV), an indicator of vagal tone and emotional resilience. Increased HRV
following 40 Hz exposure suggests enhanced parasympathetic activation, which supports calmness and
physiological recovery. These findings are noteworthy because reduced HRV is a well-established biomarker of
anxiety vulnerability, and interventions capable of increasing HRV are considered promising candidates for non-
pharmacological anxiety management. While not every study reports robust physiological shifts, the general
pattern indicates that 40 Hz stimuli can modulate autonomic pathways connected to emotional regulation.

Beyond autonomic measures, 40 Hz auditory stimulation has been associated with changes in stress-endocrine
markers, though the evidence in this domain is still developing. Some preliminary findings indicate that gamma-
frequency exposure may dampen acute stress reactivity, reflected in moderated cortisol responses following
stressful tasks. Such effects align with broader observations in neural entrainment research showing that
enhanced gamma synchrony supports more adaptive emotional processing and cognitive control, thereby
reducing the likelihood of exaggerated stress responses. However, the current data on cortisol modulation remain
limited, and more rigorous biomarker-focused trials are needed to confirm whether 40 Hz directly influences the
HPA axis or whether endocrine effects arise indirectly through improved autonomic regulation.

A substantial body of research on 40 Hz stimulation has emerged from studies investigating neurodegenerative
disorders, particularly Alzheimer’s disease, where gamma entrainment has demonstrated surprising effects on
neural circuitry and neuroimmune function. Although these studies were not designed to address anxiety or
depression, their findings provide important mechanistic insights. For example, gamma entrainment has been
linked to enhanced microglial activation, improved synaptic function and increased network coherence in
preclinical models. These neural changes align with pathways implicated in mood regulation, suggesting
potential translational relevance. More importantly, human studies examining 40 Hz stimulation in older adults
without dementia have shown improvements in attention, working memory and mood-related subjective states,
indirectly supporting the idea that gamma stimulation may benefit emotional well-being by bolstering cognitive
control and functional connectivity.

Clinical studies evaluating 40 Hz stimulation specifically for mood and anxiety symptoms remain limited but
promising. Some trials using binaural beats at or near 40 Hz have reported reductions in state anxiety and
improvements in mood after brief exposure sessions. These effects are not uniformly strong, but they point to
the frequency’s potential to influence affective states through neural dynamics rather than purely through
subjective relaxation mechanisms. Importantly, EEG findings from these experiments demonstrate increased
gamma-band power or coherence following stimulation, suggesting that psychological improvements follow
measurable neural shifts. This association offers a powerful argument for the biological plausibility of 40 Hz
interventions in mental health contexts.

Another dimension of 40 Hz research concerns its impact on thalamocortical circuits, which play a central role
in sensory integration and emotional processing. Mood and anxiety disorders are often characterised by
dysregulated thalamocortical rhythms, leading to heightened vigilance, sensory over responsiveness and
impaired filtering of emotional stimuli. Gamma entrainment may stabilise these circuits, reducing hyperarousal
and supporting smoother information flow between cortical and subcortical regions. Although direct evidence
linking 40 Hz to improvements in thalamocortical dysrhythmia within anxiety populations is still emerging,
initial findings from neurological and cognitive studies strongly suggest that this mechanism warrants further
investigation.
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One of the more compelling aspects of 40 Hz research lies in its reproducibility across studies and
methodologies. Whether delivered as amplitude-modulated tones, binaural beats or rhythmic auditory pulses, 40
Hz stimulation consistently elicits measurable gamma entrainment. This reliability provides a foundation for
developing clinical protocols with predictable biological outcomes. Additionally, unlike many other frequencies
discussed in therapeutic settings, 40 Hz benefits from a large body of basic neuroscience research that predates
its adoption in wellness contexts. This scientific grounding distinguishes it from more speculative claims about
sound therapy and places it within a framework that prioritises measurable neural mechanisms.

However, despite its promise, the research landscape surrounding 40 Hz stimulation also carries important
limitations. Many studies rely on small sample sizes, brief interventions or laboratory contexts that may not
translate into real-world clinical practice. Additionally, the relationship between gamma oscillations and
emotional states is complex; while gamma synchrony is associated with cognitive integration, excessive or
dysregulated gamma activity has been implicated in certain forms of anxiety and hyperarousal. Therefore, it
remains crucial to determine whether externally induced gamma activity consistently supports emotional balance
or whether individual differences in baseline neural patterns moderate its effects.

Another limitation concerns the variability in delivery methods. Pure tones, modulated pulses and binaural beats
each engage auditory processing pathways differently, potentially leading to distinct neural outcomes even when
presented at the same nominal frequency. Future research must clarify whether specific delivery formats optimise
therapeutic effects or whether the entrainment mechanism is robust across modalities. Similarly, longitudinal
studies are needed to determine the durability of gamma-induced changes and whether regular 40 Hz exposure
can produce lasting improvements in emotional resilience or symptom reduction.

Despite these challenges, the current body of evidence positions 40 Hz auditory stimulation as a frequency with
clear neurophysiological grounding and meaningful potential for influencing biomarkers associated with anxiety
and depression. Its capacity to entrain gamma oscillations, modulate autonomic balance and shape cognitive—
emotional circuitry provides a compelling rationale for integrating it into clinical and research paradigms. As the
field of sound therapy continues to evolve, 40 Hz stands out as a scientifically coherent candidate for further
development, offering a bridge between basic neural mechanisms and applied mental health interventions.

Evidence for 528 Hz

Among the frequencies discussed in contemporary sound-therapy discourse, 528 Hz holds a particularly
intriguing position. Although it does not correspond to a recognised neural oscillatory band in the way that 40
Hz aligns with gamma rhythms, empirical research over the past decade has begun to show that exposure to 528
Hz may influence stress-endocrine and autonomic pathways in measurable ways. Much of the scientific interest
surrounding this frequency emerged from preliminary observations that certain acoustic pattern seven when not
tied to endogenous brainwave frequencies could induce shifts in physiological markers associated with
relaxation, emotional restoration and stress reduction. In this respect, 528 Hz has attracted growing attention as
a potential modulator of biomarkers relevant to anxiety and depression.

One of the most frequently cited findings in this domain involves the effect of 528 Hz on cortisol, the body’s
primary stress hormone. Cortisol is a reliable indicator of HPA-axis activity, and its reduction is often interpreted
as a shift toward physiological calmness or improved emotional regulation. Several studies have reported that
even brief exposure to 528 Hz music can significantly lower salivary cortisol concentrations. For instance,
controlled laboratory experiments with healthy adults have shown that listening to music tuned to 528 Hz for as
little as five to ten minutes produces a measurable decrease in cortisol relative to baseline, accompanied by
subjective feelings of relaxation. These findings are especially notable because few other single frequencies
outside the gamma range have demonstrated endocrine effects with this level of consistency. While the exact
mechanism remains uncertain, one plausible explanation is that the spectral properties of 528 Hz interact with
auditory—limbic pathways in ways that facilitate stress recovery. Because the amygdala, hippocampus and
prefrontal cortex are involved in both auditory processing and stress regulation, acoustic stimulation at 528 Hz
may influence emotional states indirectly through these interconnected circuits.
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Beyond cortisol, researchers have examined the impact of 528 Hz on additional biomarkers linked to emotional
well-being, such as chromogranin A (CgA) and oxytocin. Chromogranin A is a protein released during
sympathetic nervous system activation, making it a sensitive biomarker for acute stress. Some experimental
studies have reported downward trends in CgA levels following exposure to 528 Hz, further supporting the
hypothesis that this frequency induces a shift toward parasympathetic dominance. Additionally, preliminary
investigations have observed modest increases in oxytocin after sessions involving 528 Hz music, suggesting
that the frequency may support emotional bonding, social comfort and feelings of connection all of which are
relevant to anxiety and depression. Although the evidence concerning oxytocin remains early and requires
replication, the pattern of endocrine responses associated with 528 Hz offers a compelling starting point for
understanding its therapeutic potential.

Autonomic measures such as heart rate, blood pressure and heart rate variability provide another important
perspective on the physiological effects of 528 Hz. Several studies using music tuned to 528 Hz have documented
decreases in heart rate and systolic blood pressure, accompanied by subjective reports of reduced tension and
improved mood. These autonomic changes suggest that 528 Hz may enhance parasympathetic activity, aligning
with broader observations in music therapy showing that tonal qualities and harmonic structures can shape
autonomic states. Although HRV-specific research on 528 Hz is still limited, available data indicate that listeners
often exhibit increases in high-frequency HRV components following exposure, reflecting improved vagal
engagement. Because autonomic dysregulation is a prominent feature of anxiety disorders, the potential of 528
Hz to support parasympathetic restoration adds to its relevance within mental health contexts.

In addition to physiological biomarkers, researchers have explored the psychological and affective dimensions
of listening to 528 Hz. Participants frequently describe the sound as calming or uplifting, with some studies
reporting reductions in state anxiety, enhanced emotional clarity and improved subjective well-being. These
emotional responses offer valuable insight, as physiological and psychological markers often align, reinforcing
the interpretation that 528 Hz supports relaxation and emotional balance. Notably, the calming effects associated
with 528 Hz appear to emerge even in individuals with no prior familiarity or expectations about the frequency,
suggesting that its influence is not merely a placebo effect but may reflect intrinsic acoustic properties. However,
more rigorous work employing blinded designs and controlled comparisons is needed to substantiate these
observations.

Neurophysiological research on 528 Hz remains in its early stages, yet initial findings provide intriguing
possibilities. Exploratory EEG studies have observed increases in alpha-band activity during or after listening to
528 Hz, suggesting enhanced relaxation and internalised attention. Alpha oscillations are often associated with
reduced anxiety, improved mood and decreased cortical hyperarousal. If future research confirms that 528 Hz
consistently promotes alpha enhancement, it would position this frequency as a potential acoustic pathway for
regulating neural states associated with emotional distress. Additional studies have noted mild increases in theta
activity, which may reflect meditative or introspective states. Although these effects are not unique to 528 Hz,
their presence supports the notion that the frequency modulates neural dynamics conducive to emotional
regulation.

Despite promising findings, several limitations in the current research landscape warrant caution. Many studies
examining 528 Hz involve small sample sizes, short intervention durations and limited biomarker sets. The
frequency is often embedded within musical compositions rather than delivered as a pure tone, making it difficult
to disentangle the effects of the frequency itself from the emotive qualities of music. Furthermore, the
mechanisms through which 528 Hz influences endocrine and autonomic pathways remain largely speculative.
Some hypotheses propose resonance effects within auditory—limbic circuits, while others suggest that the
frequency induces subtle shifts in neural entrainment or auditory-driven relaxation responses. Without
comprehensive neural imaging data or mechanistic modelling, these interpretations remain preliminary.

Another challenge involves the cultural and popular associations surrounding 528 Hz, often referred to in online
communities as the “love frequency” or a “healing tone.” Although such descriptions may contribute to
individuals’ subjective experiences, they also risk obscuring the need for rigorous neurobiological research. It is
important to separate scientifically validated effects such as cortisol reduction from speculative or metaphysical
claims that are not grounded in empirical evidence. Nonetheless, the alignment between subjective reports of
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calmness and objective biomarker shifts suggests that the frequency’s effects should not be dismissed as
anecdotal but instead warrant systematic investigation.

Despite these methodological and interpretive challenges, the emerging evidence supports the view that 528 Hz
may play a meaningful role in modulating biomarkers relevant to stress, anxiety and emotional well-being. Its
consistent association with reductions in cortisol, favourable trends in autonomic markers and potential
influences on oxytocin provide a biological foundation for its therapeutic interest. Unlike frequencies grounded
in neural entrainment theory, 528 Hz appears to operate primarily through endocrine and autonomic pathways,
offering a complementary mechanism to 40 Hz gamma stimulation. These distinct yet overlapping domains
invite comparative research to determine whether 528 Hz might serve as a supportive adjunct to other frequency-
based interventions or whether it possesses unique advantages in certain emotional or physiological contexts.

As research continues, 528 Hz stands as a promising but still developing candidate within frequency-based sound
therapy. Its capacity to evoke relaxation, modulate stress biomarkers and influence mood makes it relevant for
both clinical and everyday settings. Clarifying its mechanisms, refining its delivery protocols and conducting
large-scale controlled trials will be essential for determining its place within evidence-based practice. The next
section examines another widely discussed frequency432 Hzand situates its biomarker effects within this
growing landscape of acoustic neuromodulation.

Evidence for 432 Hz

The interest in 432 Hz arises largely from claims within music and wellness communities that this tuning
standard evokes a deeper sense of calm and emotional resonance than the widely used 440 Hz tuning. Although
such beliefs were initially grounded in aesthetic preference rather than empirical research, scientific
investigations over the past decade have begun to examine whether music adjusted to 432 Hz produces
measurable physiological or psychological effects. While not as extensively studied as 40 Hz or even 528 Hz,
the evidence surrounding 432 Hz reveals a pattern of subtle yet consistent shifts in biomarkers associated with
relaxation, autonomic balance and emotional well-being. These findings suggest that despite the absence of a
direct neuro-oscillatory mechanism, 432 Hz may exert therapeutic influence through pathways linked to
autonomic regulation and affective processing.

One of the most frequently studied domains for 432 Hz is its impact on heart rate and blood pressure, two reliable
indicators of autonomic nervous system activity. Several controlled experiments have shown that individuals
listening to music tuned to 432 Hz exhibit lower heart rates and modest reductions in systolic blood pressure
compared with sessions conducted at 440 Hz. These changes, although numerically small, carry physiological
significance because even slight decreases in cardiac activity can reflect enhanced parasympathetic engagement.
Since anxiety states are characterised by sympathetic predominance and heightened cardiovascular reactivity,
the ability 0432 Hz to nudge listeners toward calmer autonomic functioning positions it as a potentially valuable
adjunct for emotional regulation.

Heart rate variability (HRV), a sensitive marker of vagal tone, provides further insight into the physiological
effects of 432 Hz. Emerging research suggests that individuals exposed to 432 Hz often demonstrate increases
in HRV, particularly in the high-frequency band associated with parasympathetic dominance. These findings
align with subjective reports of relaxation and reduced tension during listening sessions. Given that diminished
HRV is a well-documented biomarker of both anxiety and depression, the possibility that 432 Hz influences
vagal pathways warrants careful attention. Although larger trials are needed to confirm these effects, the
converging evidence suggests that the frequency supports autonomic conditions that underpin emotional
resilience.

Beyond cardiovascular and autonomic measures, studies have explored the psychological implications of 432
Hz. Participants commonly describe music tuned to this frequency as more soothing, emotionally expressive or
psychologically grounding compared with music at 440 Hz. Reports of reduced state anxiety, improved
emotional clarity and greater comfort during medical or stressful procedures have been observed in clinical and
non-clinical populations. For example, patients undergoing dental treatments or diagnostic procedures showed
reduced anxiety and improved physiological stability when exposed to 432 Hz, indicating that the frequency
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may have real-world clinical utility. Although subjective impressions alone cannot confirm biological
mechanisms, their alignment with physiological markers strengthens the case that 432 Hz meaningfully
influences emotional states.

Neurophysiological research on 432 Hz is still limited, but preliminary findings point to intriguing possibilities.
Some EEG studies have observed increases in alpha-band activity during exposure to 432 Hz, a pattern
associated with relaxed alertness and internalised attention. Alpha enhancement is often linked to reduced
anxiety, improved mood and a shift away from hyper vigilance features consistent with the emotional effects
reported by listeners. While these effects are not unique to 432 Hz and can occur with calming musical stimuli
more broadly, the fact that frequency-specific changes emerge when comparing otherwise identical musical
pieces suggests that tuning adjustments may influence auditory processing with greater nuance than initially
assumed.

One important question concerns why a slight tuning modification only eight Hertz lower than the standard
might affect physiological or psychological responses. Several hypotheses have been proposed, though none yet
fully confirmed. From an acoustical perspective, lowering the tuning standard subtly alters the entire harmonic
structure of musical notes, producing sound waves that listeners often perceive as warmer, softer or more
resonant. These harmonic shifts may influence emotional appraisal or limbic processing, potentially explaining
why listeners frequently describe 432 Hz music as more calming. Another hypothesis suggests that because 432
Hz is closer to the natural mechanical resonance of certain biological tissues, it may interact with somatosensory
or vibroacoustic pathways in ways that modulate bodily tension. While these hypotheses remain exploratory,
they highlight the need for further interdisciplinary research combining acoustics, neuroscience and
psychophysiology.

Despite its promising findings, research on 432 Hz faces significant limitations. Sample sizes are often small,
and many studies rely on short-term exposures that may not capture longer-term therapeutic potential. The
frequency is almost always delivered within musical compositions rather than as isolated tones, making it
difficult to separate the effects of tuning from those of melody, rhythm or emotional valence. Moreover, cultural
and aesthetic preferences may influence responses to music, introducing variability that complicates
interpretation. These limitations underscore the need for standardised protocols that can determine whether 432
Hz exerts consistent biomarker effects across different contexts and populations.

Nevertheless, the collective evidence suggests that 432 Hz may support emotional well-being through
mechanisms related primarily to autonomic relaxation and affective modulation. Unlike 40 Hz, which operates
through neural entrainment, or 528 Hz, which appears to influence endocrine pathways, 432 Hz seems to engage
listeners through its impact on physiological calmness and the subjective experience of comfort. These effects,
while subtle, may have meaningful implications for individuals dealing with chronic anxiety or situational stress,
especially when used alongside therapies that target neural or endocrine mechanisms more directly.

In summary, although the empirical base for 432 Hz remains smaller than for other frequencies, the available
findings highlight a pattern of consistent biomarker and subjective responses that point toward therapeutic
potential. Its influence on heart rate, blood pressure, HRV and emotional states demonstrates that even small
tuning changes can have measurable physiological effects. As the field of acoustic neuromodulation evolves,
432 Hz deserves further scientific exploration, both as a standalone intervention and as part of a broader
comparative framework examining how different frequencies support mental health through unique biological
pathways.

Comparative Synthesis of Mechanisms

A comparative analysis of 40 Hz, 528 Hz and 432 Hz reveals that each frequency engages emotional and
physiological systems through pathways that partially overlap but remain distinct in their primary mechanisms.
Understanding these differences is essential for positioning sound-frequency therapy within a scientifically
grounded framework. Although the three frequencies are often discussed together in public discourse, the
evidence suggests that they do not operate through a single unifying mechanism. Instead, they appear to affect
anxiety- and depression-related biomarkers through differing biological routes neural entrainment in the case of
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40 Hz, stress-endocrine modulation for 528 Hz, and autonomic relaxation for 432 Hz. This section synthesises
these pathways, clarifying how each frequency interacts with brain and body systems implicated in emotional
well-being.

Among the three, 40 Hz stands apart because of its direct connection to gamma oscillatory activity. Gamma
rhythms facilitate the integration of cognitive and emotional processes across distributed neural networks, and
their dysregulation is a well-established feature of mood and anxiety disorders. The ability of external 40 Hz
stimulation to entrain endogenous gamma oscillations offers a mechanistic link between auditory input and
neural circuitry. This entrainment has been associated with improvements in attentional stability, emotional
regulation and cognitive control. Moreover, 40 Hz appears to influence the autonomic nervous system, with
several studies reporting modest increases in heart rate variability and reductions in physiological arousal. The
biomarker changes associated with 40 Hz therefore reflect a dual influence: the modulation of neural networks
involved in emotional regulation and the stabilisation of autonomic balance. While the endocrine effects of 40
Hz remain less well defined, the frequency’s impact on gamma synchrony and autonomic function provides a
plausible basis for its emerging role in mental health research.

In contrast, the evidence surrounding 528 Hz suggests a distinctly different trajectory. Rather than entraining
brainwave rhythms, 528 Hz appears to exert its influence primarily on the HPA axis and associated stress
pathways. Research demonstrating reductions in salivary cortisol after exposure to 528 Hz provides a compelling
indication that the frequency interacts with the body’s stress-response system. Complementary findings
involving chromogranin A and preliminary evidence of increased oxytocin point to a broader endocrine profile
supportive of relaxation, emotional comfort and affiliative states. These effects align with listeners’ frequent
descriptions of 528 Hz as calming, centring or emotionally uplifting. While the mechanisms remain less precisely
defined than those associated with 40 Hz, endocrine modulation provides a coherent framework for interpreting
the biomarker changes observed to date. The fact that 528 Hz consistently evokes reductions in stress markers,
even in short exposure durations, further strengthens the argument that this frequency operates through pathways
that dampen sympathetic arousal and facilitate recovery from emotional stress.

The profile of 432 Hz reflects yet another mechanistic pattern, one that is closely tied to autonomic functioning
and subjective emotional experience. Unlike 40 Hz or 528 Hz, 432 Hz is typically studied within the context of
musical tuning rather than pure-frequency stimulation. Even within this musical context, however, findings show
consistent trends toward lower heart rates, reduced blood pressure and increased heart rate variability. These
autonomic markers indicate enhanced parasympathetic activation, which is central to physiological calmness
and emotional equilibrium. The psychological literature on 432 Hz complements these physiological findings,
with listeners reporting greater relaxation, reduced anxiety and improved emotional clarity. EEG studies showing
increases in alpha activity provide preliminary support for a neural mechanism linked to relaxation and internally
focused attention. Although 432 Hz does not appear to induce specific endocrine effects or neural entrainment
in the gamma range, its capacity to enhance vagal tone points to an autonomic pathway distinct from the
mechanisms observed for the other two frequencies.

When viewed together, these mechanistic profiles illustrate how sound frequencies may influence emotional
health through multiple channels. 40 Hz operates largely at the neural level, supporting functional connectivity
and cognitive—emotional integration. This pathway aligns with theoretical models of depression and anxiety that
emphasise disrupted network coherence and impaired top-down regulation. By contrast, 528 Hz appears to
influence the biological substrates of stress directly, moderating cortisol release and potentially supporting
neuroendocrine environments conducive to emotional resilience. Finally, 432 Hz appears to engage bodily
relaxation systems more directly, influencing vagal pathways that underlie calmness and recovery. These
distinctions highlight the multidimensional nature of sound-frequency therapy and suggest that frequency-
specific interventions could be aligned with individual patterns of dysregulation.

Despite their different mechanisms, the three frequencies also share several points of convergence. Each
frequency whether through neural entrainment, endocrine modulation or parasympathetic activation ultimately
shifts the emotional system toward states associated with reduced stress, improved regulation and greater internal
stability. This convergence suggests that sound frequencies may function as complementary tools within a
broader integrative therapeutic paradigm. For example, individuals with cognitive rigidity or impaired neural
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synchrony might benefit most from 40 Hz interventions, whereas those experiencing chronic stress or hormonal
imbalance may respond better to 528 Hz. Similarly, individuals with autonomic hyper arousal common in anxiety
disorders may find 432 Hz particularly effective for supporting vagal recovery. These possibilities underscore
the importance of tailoring acoustic interventions to patterns of dysregulation rather than assuming uniform
therapeutic effects.

Another important point of synthesis involves the role of subjective experience. Across studies, participants
frequently describe all three frequencies as relaxing or emotionally soothing, even though the underlying
mechanisms differ. This subjective experience may itself contribute to biomarker changes, particularly in
measures such as HRV, oxytocin release or cortisol reduction, where psychological states play an influential role.
Yet subjective relaxation alone cannot fully account for the biological differences observed between frequencies,
especially the distinct gamma-band entrainment associated with 40 Hz. Rather, the interplay between subjective
experience and measurable physiological shifts offers a broader understanding of how sound engages the
emotional system.

There remain notable gaps in the literature that limit a full comparative understanding. Few studies directly
compare these frequencies within the same experimental framework, making cross-frequency interpretations
dependent on results derived from independent methodologies. Additionally, the limited sample sizes, short
exposure durations and heterogeneous delivery methods complicate mechanistic conclusions. Further research
using standardised protocols, multimodal biomarkers and large, diverse samples will be essential for clarifying
the specific strengths and therapeutic niches of each frequency.

Despite these limitations, the comparative synthesis makes clear that each frequency contributes a distinctive
facet to the broader landscape of acoustic neuromodulation. 40 Hz offers a mechanism grounded in neural
synchrony, positioning it within a neuroscience-driven therapeutic model. 528 Hz exerts a distinctive endocrine
influence that may make it valuable for stress recovery and emotional nurturing. Meanwhile, 432 Hz supports
autonomic restoration, providing subtle yet consistent physiological benefits. Taken together, these frequencies
illuminate the varied ways in which sound interacts with emotional biology, highlighting the richness and
potential of sound-based interventions in mental health care.

A Proposed Conceptual Neurobiological Framework

Bringing together the diverse findings on 40 Hz, 528 Hz and 432 Hz requires a conceptual model that captures
both the distinct mechanisms through which each frequency operates and the shared pathways that ultimately
support emotional regulation. Although the empirical base remains emergent, the convergence of neural,
endocrine and autonomic data allows for the construction of a tentative framework that explains how sound
frequencies may influence biological systems relevant to anxiety and depression. This framework integrates
contemporary neuroscience with psychophysiological evidence, emphasising the layered manner in which
external acoustic inputs can shape internal emotional states.

At the centre of the model is the recognition that sound interacts with multiple levels of the nervous system
simultaneously. From the moment acoustic vibrations enter the auditory pathway, they trigger a cascade of
neural, endocrine and autonomic processes that extend far beyond the auditory cortex. Sound frequencies can
therefore be conceptualised not as isolated stimuli but as modulators of interconnected biological networks. In
this sense, the therapeutic effects of sound arise from the interplay between auditory-driven neural signalling,
cognitive—emotional appraisal and physiological adaptation. The model positions 40 Hz, 528 Hz and 432 Hz
within this broader sensory—neurobiological context, illustrating how each frequency touches distinct nodes
within the emotional regulation system.

The first branch of the framework highlights neural synchrony, particularly the role of 40 Hz in entraining
gamma-band oscillations. Gamma synchronisation facilitates communication among cortical and subcortical
structures such as the prefrontal cortex, amygdala and hippocampus regions that are fundamental to mood
regulation, attentional control and emotional processing. When gamma coherence is strengthened through
external auditory entrainment, the brain appears better able to integrate emotional cues, regulate responses to
stressors and maintain cognitive clarity. This mechanism aligns with models of anxiety and depression that
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emphasise dysregulated connectivity, suggesting that 40 Hz may help restore network balance. Within the
proposed framework, 40 Hz functions as a top-down modulator, enhancing the brain’s capacity to organise
emotional information and implement adaptive regulation strategies.

The second branch involves endocrine modulation, primarily associated with 528 Hz. Here, the frequency
appears to operate through pathways that influence the HPA axis and related stress markers. Cortisol reductions
observed following exposure to 528 Hz suggest that the frequency may dampen stress reactivity by moderating
hypothalamic and pituitary signalling. This endocrine effect is complemented by emerging evidence of increased
oxytocin and reductions in chromogranin A, implying that 528 Hz promotes a neurochemical environment
conducive to emotional restoration, interpersonal connection and physiological calm. Within the conceptual
framework, 528 Hz therefore functions as a bottom-up modulator of emotional biology, influencing hormonal
cascades that shape mood, arousal and emotional resilience. This pathway provides a distinct complement to the
neural synchrony effect observed at 40 Hz.

The third branch of the framework centres on autonomic regulation, the primary domain through which 432
Hz appears to exert its influence. Studies consistently show that music tuned to 432 Hz enhances vagal activity,
as reflected in heart rate variability, heart rate reduction and improved cardiovascular stability. Because the
autonomic nervous system serves as a bridge between emotional experience and bodily reactions, increased
parasympathetic activity supports states of safety, calmness and receptivity. Within the model, 432 Hz acts as a
regulator of bodily rhythms, helping individuals shift from states of sympathetic hyperarousal commonly
associated with anxiety to parasympathetic recovery. This process can indirectly support emotional well-being
by creating the physiological conditions necessary for cognitive and affective restoration.

Although these three pathways neural synchrony, endocrine modulation and autonomic regulation represent
distinct branches of the framework, they are deeply interwoven. Emotional health arises from their coordinated
functioning. For example, improved autonomic balance can facilitate more effective prefrontal regulation of the
amygdala, while reductions in cortisol can enhance neural plasticity and strengthen synchrony within mood-
regulatory circuits. Conversely, enhanced gamma coherence may dampen stress responses by improving top-
down inhibitory control. Thus, while 40 Hz, 528 Hz and 432 Hz each tap into different facets of emotional
physiology, their effects converge within a larger, mutually reinforcing emotional regulation system.

The framework also accounts for the role of subjective experience, acknowledging that emotional perception,
cultural familiarity and aesthetic preference influence physiological responses to sound. Although subjective
impressions cannot replace biomarker evidence, they contribute to the experience of safety, comfort and
emotional openness, which are themselves biologically mediated. The emotional qualities associated with 432
Hz and 528 Hz, for instance, may enhance their physiological effects by shaping cognitive appraisal and
attentional orientation. Meanwhile, the more technical and less emotionally evocative quality of 40 Hz may rely
more heavily on neural entrainment than on affective resonance. Recognising the interplay between subjective
and biological responses strengthens the ecological validity of the framework.

Importantly, this conceptual model does not suggest that all individuals will respond uniformly to each frequency.
Biological variability, psychological states, auditory sensitivity, cultural background and personal meaning all
shape the experience and outcome of sound exposure. Rather than advocating a one-size-fits-all approach, the
framework encourages a precision-based perspective, suggesting that frequency-specific interventions may be
most effective when matched to an individual's dominant pattern of dysregulation. Individuals exhibiting high
cognitive rigidity or impaired neural coherence may benefit most from 40 Hz stimulation. Those whose
symptoms are strongly tied to chronic stress or HPA-axis hyperactivity may benefit from 528 Hz. Individuals
experiencing somatic tension or autonomic hyperarousal may respond more favourably to 432 Hz. Such an
approach aligns with emerging trends in personalised mental health interventions.

Finally, the proposed framework underscores the need for multimodal research that simultaneously measures
neural oscillations, endocrine markers, autonomic functioning and subjective emotional states. Such research
would allow investigators to map how frequency-specific influences propagate across biological systems over
time. Integrating neuroimaging, psychophysiological monitoring and hormone analysis within the same
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experimental paradigm would significantly advance the field and provide deeper insight into how sound
frequencies can meaningfully contribute to mental health.

In summary, the conceptual neurobiological framework positions 40 Hz, 528 Hz and 432 Hz within an
interconnected model of emotional regulation, each frequency activating different yet complementary pathways.
Together, they illustrate how sound an everyday sensory experience can serve as a nuanced and biologically
meaningful tool for supporting mental well-being. This integrative perspective lays a foundation for future
research and clinical innovation in the emerging field of frequency-based therapeutic neuroscience.

DISCUSSION

The growing scientific interest in sound-frequency therapy reflects a broader shift toward integrative and non-
pharmacological approaches to mental health. Anxiety and depression remain complex conditions that resist
simple explanations and singular treatments; they emerge from dynamic interactions between neural synchrony,
endocrine regulation, autonomic balance, inflammatory processes and lived emotional experiences. Within this
framework, sound frequencies represent a particularly compelling therapeutic avenue because they engage
multiple biological systems simultaneously while remaining non-invasive, accessible and cost-effective. The
evidence examined across 40 Hz, 528 Hz and 432 Hz demonstrates not only the diversity of mechanisms through
which sound may influence emotional well-being but also the potential for frequency-specific interventions to
complement conventional therapeutic modalities.

The findings regarding 40 Hz highlight the significance of neural entrainment in emotional regulation. By
influencing gamma-band oscillations score rhythms associated with attention, cognitive integration and
emotional control40) Hz stimulation provides a mechanism grounded in well-established neuroscientific
principles. Although studies typically focus on cognitive outcomes, the downstream effects of enhanced neural
synchrony extend into domains directly relevant to anxiety and depression, such as improved network
connectivity, reduced rumination and strengthened top-down regulation of emotional responses. These
observations reinforce the idea that cognitive and emotional health are intimately linked through shared neural
circuits. Yet the clinical applications of 40 Hz remain in early stages, and questions about dosage, delivery
methods and individual variability continue to shape future research directions.

The evidence for 528 Hz suggests a different, yet equally meaningful, therapeutic pathway. This frequency
appears to exert its influence primarily through the endocrine system, moderating cortisol levels, reducing
sympathetic stress markers and possibly enhancing oxytocin release. These findings resonate with broader
psychophysiological models of stress, which position the HPA axis as a central component of emotional
resilience. The reductions in cortisol reported in several studies are particularly noteworthy given cortisol’s
established role in anxiety, mood dysregulation and physiological wear-and-tear. If 528 Hz consistently supports
HPA-axis recovery or promotes neurochemical environments conducive to emotional stability, it may serve as a
valuable adjunct to interventions targeting chronic stress. However, because research in this domain is still
developing, it remains essential to distinguish scientifically grounded findings from popular interpretations that
may overstate or mischaracterise the frequency’s effects.

Meanwhile, 432 Hz occupies a unique space in the therapeutic landscape, one closely tied to autonomic
regulation and subjective emotional comfort. Though the frequency does not correspond to a recognised neural
oscillatory band, studies consistently report improvements in heart rate variability, reductions in heart rate and
modest improvements in blood pressure all indicators of enhanced parasympathetic engagement. These findings
align with the lived experience of many listeners who describe 432 Hz music as soothing or emotionally
cantering. The frequency’s capacity to foster vagal activation situates it within contemporary theories of stress
and trauma recovery, which highlight the foundational role of autonomic safety in emotional healing. Although
subtle in magnitude, these changes suggest that even minor adjustments in tuning can meaningfully influence
physiological conditions associated with anxiety.

Taken together, these observations illustrate how a single sensory modality sound can interact with multiple
layers of human biology. Yet, despite the promising nature of this evidence, it is essential to approach the field
with appropriate scientific caution. Much of the existing research remains preliminary, with small sample sizes,
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limited diversity, short exposure durations and variable methodologies. Many studies rely on self-selected
participants or convenience samples, leaving open questions about generalisability. Additionally, few
investigations directly compare frequencies within the same experimental framework, which limits confidence
in interpreting differences across studies. These methodological constraints underline the need for more rigorous
experimental designs, including randomised controlled trials, multimodal biomarker assessments and
longitudinal follow-ups.

A further challenge concerns the difficulty of isolating frequency-specific effects from the broader influence of
musical or auditory context. For 528 Hz and 432 Hz in particular, most studies embed frequencies within musical
compositions rather than presenting pure tones. Music carries inherent emotional cues tempo, harmony, timbre
and familiarity that shape both subjective and physiological responses. Disentangling the frequency’s effect from
the musical structure is therefore complex but crucial for determining whether the benefits attributed to 432 Hz
or 528 Hz arise from acoustic properties or from musical context. Future research must systematically manipulate
musical and tonal variables to clarify the unique contribution of frequency.

Despite these limitations, the emerging evidence supports a conceptual shift: rather than treating sound
frequencies as mysterious or speculative phenomena, they can be understood as biologically plausible
modulators of emotional physiology. This shift has important clinical implications. Sound-frequency therapy
could be integrated into mindfulness programs, psychotherapy sessions, anxiety-management protocols, or even
daily routines as a preventive wellness practice. Furthermore, because sound-based interventions carry minimal
risk and can be delivered digitally, they offer a scalable resource for populations with limited access to traditional
mental health services. In lower-resource settings or among individuals hesitant to seek formal psychological
support, frequency-based interventions may provide an approachable entry point for emotional care.

Personalisation represents another promising direction. The proposed conceptual framework suggests that
different frequencies may align with distinct patterns of emotional dysregulation. Individuals with cognitive
rigidity or impaired attentional control may benefit more from 40 Hz stimulation. Those experiencing heightened
stress reactivity or hormone-based dysregulation may respond more favourably to 528 Hz. Meanwhile,
individuals with somatic tension, autonomic hyperarousal or trauma-related symptoms may find 432 Hz
particularly helpful. Such a tailored approach aligns with growing trends in precision psychiatry, which
emphasise matching interventions to individual neurobiological profiles.

Finally, sound-frequency therapy also raises broader philosophical questions about the relationship between
sensory experience and emotional life. The fact that subtle acoustic differences whether in neural rhythm
alignment, harmonic quality or autonomic resonance can influence mood and physiology speaks to the deeply
embodied nature of emotional well-being. Sound is one of the earliest sensory systems to develop and one of the
most intimately connected to memory, social bonding and affective meaning. Understanding its therapeutic
potential not only enriches scientific knowledge but also invites a renewed appreciation for the ways human
beings engage with their sensory environment in the pursuit of emotional balance.

In conclusion, the evidence across 40 Hz, 528 Hz and 432 Hz underscores the multifaceted potential of sound
frequencies as tools for emotional support. While the field is still developing, and many questions remain
unanswered, the convergence of neural, endocrine and autonomic findings provides a strong foundation for
continued exploration. With rigorous research, thoughtful clinical integration and an appreciation for individual
differences, sound-frequency therapy may evolve into a meaningful component of holistic mental healthcare.

CONCLUSION

The exploration of 40 Hz, 528 Hz, and 432 Hz sound frequencies highlights the remarkable ways in which
auditory stimuli can influence emotional and physiological processes relevant to anxiety and depression.
Although sound is often taken for granted as an everyday sensory experience, the evidence reviewed in this work
underscores its capacity to alter biological systems in meaningful and measurable ways. Each frequency
demonstrates a distinct interaction with neural, endocrine, or autonomic pathways, revealing a nuanced
landscape in which different acoustic inputs promote emotional well-being through complementary mechanisms.
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In doing so, these findings broaden the scientific understanding of how sensory-based interventions can support
mental health and enrich ongoing efforts to develop integrative therapeutic approaches.

A key insight emerging from the review is that 40 Hz, 528 Hz, and 432 Hz do not act through a single unified
process but instead engage different components of the emotional regulation system. Forty hertz, situated within
the gamma oscillatory band, exerts its influence through neural synchronisation and appears to strengthen
cognitive—emotional integration. This pathway aligns with emerging neuroscience models that link mood
disorders to disrupted network connectivity and impaired top-down regulation. In contrast, 528 Hz affects the
stress-endocrine axis, with reductions in cortisol and related biomarkers suggesting enhanced physiological
recovery from stress. Meanwhile, 432 Hz influences vagal activity and autonomic balance, promoting states of
parasympathetic calm and supporting the somatic basis of emotional regulation. These mechanisms, although
distinct, converge in their potential to reduce emotional distress and foster greater internal stability.

Despite the promise shown by each frequency, the field remains in a developing stage. Many studies employ
modest sample sizes, short intervention durations, or limited biomarker sets, and few directly compare
frequencies under identical conditions. These methodological limitations point to the need for more rigorous
research that incorporates multimodal biomarker assessments, larger and more diverse populations, and robust
control conditions. Future work should also clarify the role of individual differences, cultural context, auditory
sensitivity, and personal meaning in shaping physiological responses to sound. As research design becomes more
refined, the field will be better positioned to determine the therapeutic niche of each frequency and to move
toward evidence-based clinical application.

The implications of this emerging body of research extend beyond academic interest. Sound-frequency
interventions are accessible, low-cost, and non-invasive, making them well suited for integration into a variety
of mental-health settings, including psychotherapy, stress-management programs, digital health platforms, and
community-based wellness initiatives. They offer an avenue for self-directed emotional support that may appeal
to individuals who face barriers to traditional care or who seek complementary approaches to their existing
treatment plans. Moreover, the potential for personalised frequency-based interventions matched to a person’s
dominant pattern of neural, endocrine, or autonomic dysregulation aligns seamlessly with the increasing
movement toward precision mental health.

At a broader level, this review illustrates how the study of sound invites a richer understanding of the human
emotional experience. Sound connects body and mind, biology and perception, measurable biomarkers and lived
emotional states. Its therapeutic potential lies not only in the direct modulation of biological processes but also
in its capacity to evoke meaning, comfort, memory, and calmness. The ability of frequencies to shape emotional
states through multiple pathways speaks to the complex, integrated nature of human well-being and underscores
the value of interdisciplinary inquiry within mental-health research.

In conclusion, while more comprehensive empirical evidence is needed, the current findings establish a strong
foundation for the continued exploration of frequency-based sound therapy. Forty hertz, 528 Hz, and 432 Hz
each illuminate different facets of the relationship between auditory stimulation and emotional regulation,
offering complementary pathways for supporting mental health. As the field advances, sound-frequency therapy
has the potential to evolve from an emerging area of interest into a scientifically informed, clinically meaningful
component of holistic mental-health care.
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