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Abstract: Music has emerged as a promising complementary intervention for anxiety management, with
growing evidence highlighting its capacity to modulate Autonomic nervous system (ANS) activity. This review
synthesizes theoretical models, clinical trials, experimental findings, and qualitative reports to evaluate how
rhythmic music influences autonomic regulation and anxiety outcomes. Particular attention is given to heart rate
variability (HRV), stress-related biomarkers, and subjective measures of anxiety. Evidence indicates that
rhythmic and familiar musical patterns can entrain autonomic processes, enhancing parasympathetic activity and
reducing stress responses. However, therapeutic outcomes are moderated by individual differences, contextual
factors, and methodological limitations. While music-based interventions hold considerable potential as
accessible, non-invasive strategies for anxiety management, further research is required to establish standardized
protocols and clarify long-term efficacy.
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Introduction

Anxiety disorders represent one of the most prevalent mental health conditions worldwide, affecting an
estimated 301 million individuals (WHO, 2023). Conventional treatments—including pharmacotherapy and
psychotherapy—are effective but often resource-intensive, costly, or inaccessible to many populations. As a
result, there is increasing interest in complementary interventions such as music therapy, which is widely
acceptable, non-invasive, and cost-effective.

The relationship between music and physiology has been recognized historically, yet systematic
exploration of music’s effects on the ANS has accelerated only in recent decades. The ANS, comprising
sympathetic (“fight-or-flight”) and parasympathetic (“rest-and-digest”) branches, plays a central role in stress
regulation. Dysregulation of autonomic function is strongly linked to anxiety, making ANS activity a promising
therapeutic target.

This review evaluates current evidence on the role of rhythmic music in modulating autonomic
regulation and anxiety outcomes. We synthesize theoretical frameworks, clinical evidence, and individual-level
perspectives, with a focus on HRV and related biomarkers. By highlighting both supportive findings and critical
research gaps, this review seeks to clarify music’s therapeutic potential and outline directions for future
investigation.

Theoretical Framework and Mechanisms
Ellis and Thayer (2010) proposed the Neurovisceral Integration Model, which provides a conceptual
foundation for understanding how music influences autonomic regulation. The model emphasizes bidirectional
connections between the central nervous system and the ANS, positioning autonomic responses as integral to
emotional regulation and adaptive flexibility.

Music engages these pathways via multiple mechanisms:
e Rhythmic entrainment aligns internal physiological rhythms (e.g., heart rate, respiration) with external
auditory cues (Thaut et al., 2015).
e Predictability and familiarity in musical patterns reduce cognitive load and foster a sense of control
(Koelsch, 2014).
e Emotional modulation through limbic system activation indirectly influences ANS responses (Menon &
Levitin, 2005).

HRYV is increasingly regarded as a key biomarker in this context. Studies indicate that slower tempos and
steady rhythmic structures enhance parasympathetic dominance, reflected in elevated HRV, whereas faster
tempos can increase sympathetic activation (Bernardi et al., 2009). This supports the view that music’s rhythmic
features directly influence autonomic balance, a process highly relevant to anxiety regulation.
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Clinical Evidence for Music-Based Autonomic Regulation
Evidence from clinical trials demonstrates that music can induce measurable changes in autonomic
function and psychological outcomes. For example:

e Trauma patient trial: Chen et al. (2024) reported significant improvements in HRV, cortisol levels,
wound healing, and subjective well-being following structured music therapy. Benefits were strongest
with consistent, daily exposure, highlighting a dose—response relationship.

e Preoperative anxiety: A meta-analysis of 26 RCTs (Bradt et al., 2013, Cochrane Review) found that
music interventions significantly reduced preoperative anxiety and lowered heart rate and blood pressure.

e Cardiac rehabilitation: Trappe (2012) showed that slow-tempo classical music improved recovery and
reduced stress biomarkers in cardiac patients, reinforcing music’s potential across medical populations.

These findings converge on the conclusion that music can shift autonomic balance toward
parasympathetic dominance, reducing physiological markers of stress while enhancing subjective calmness.
Importantly, the choice of music—particularly its rhythmic and structural features—appears critical in
optimizing therapeutic outcomes.

Individual Differences and Self-Management Strategies
Qualitative surveys, such as Taipale et al. (2024), reveal that individuals widely employ music as a self-
management strategy for anxiety. Participants reported diverse mechanisms of action, including:
e State change: using calming or energizing music to regulate affective states.
e Cognitive strategies: employing familiar or meaningful songs to foster predictability and control.
e Distraction: masking environmental stressors or breaking cycles of ruminative thought.
e Emotional processing: engaging with powerful music for catharsis.

However, outcomes vary considerably across individuals. Factors such as musical preference, agency in
music selection, and contextual appropriateness strongly moderate effectiveness (Garrido & Schubert, 2011).
In some cases, music may exacerbate distress, particularly if it evokes traumatic associations or if listeners lack
control over the auditory environment. These findings underscore the need for personalized approaches in
clinical applications.

Methodological Considerations and Research Gaps
Despite promising evidence, several methodological limitations restrict the field:

1. Measurement variability: HRV is more sensitive than simple heart rate metrics, yet not all studies
employ standardized HRV protocols (Shaffer & Ginsberg, 2017).

2. Population bias: Many studies focus on healthy or convenience samples, limiting generalizability to
clinical populations.

3. Heterogeneity of interventions: Music interventions vary in genre, duration, and delivery (live vs.
recorded), complicating comparisons across studies.

4. Reliance on self-report: Subjective measures introduce recall and expectancy biases.

Future research should incorporate:
e Rigorous RCTs with standardized HRV assessments.
e Cross-cultural studies to account for variability in musical meaning and preference.
e Real-time physiological monitoring (e.g., wearable sensors) to capture ecological validity.
e Exploration of long-term effects and sustainability of benefits.

Implications and Future Directions
The convergence of theoretical and empirical evidence supports the hypothesis that rhythmic and familiar
music can beneficially modulate autonomic function and reduce anxiety. Integration into clinical practice
appears most effective when interventions are:
e Personalized to individual preferences.
e Structured with sufficient frequency and duration to achieve cumulative effects.
e Integrated with conventional therapies for moderate-to-severe anxiety cases.

Future innovations may involve biofeedback-enhanced music therapy, where wearable devices track
real-time HRV and dynamically adjust musical features to optimize regulation (Lin et al., 2020). Additionally,
mobile health applications could broaden accessibility and enable continuous, personalized intervention.
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Conclusion

Music, particularly with rhythmic and familiar structures, exerts measurable effects on autonomic
regulation and anxiety outcomes. Evidence demonstrates improvements in HRV, reductions in stress
biomarkers, and enhanced subjective well-being. While therapeutic effectiveness is moderated by individual and
contextual factors, music represents a highly accessible, low-cost, and culturally adaptable intervention.

The Neurovisceral Integration Model provides a robust theoretical foundation for understanding these
effects, positioning the ANS as a central mediator of music’s therapeutic potential. Continued research with
standardized methodologies and personalized frameworks will be essential for translating this promise into
reliable clinical practice.

Suggested Figures/Tables
e Figure 1: Schematic of the Neurovisceral Integration Model applied to music therapy.
Figure 2: Graphical summary of tempo effects on HRV and autonomic balance.
e Table 1: Key clinical trials examining music interventions in anxiety-related contexts, with outcomes on
HRYV, cortisol, and subjective anxiety.
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