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Comparative Effects of Physical Activity and Relaxation Music on Post-Exercise Blood Pressure Responses in Young Adults
 
Abstract
The acute regulation of blood pressure following physical activity is a critical aspect of cardiovascular health, particularly in young adults exposed to modern lifestyle stressors. While physical activity is known to transiently elevate blood pressure, the potential of music interventions to modulate these responses remains underexplored. This study aimed to compare the effects of passive rest, phone music, and live music on systolic and diastolic blood pressure in college students after physical activity. Thirty college students participated in a within-subjects experiment involving four conditions: resting baseline, post-activity passive rest, post-activity phone music, and post-activity live music. Blood pressure was measured after each condition, and paired t-tests were used for statistical analysis. No significant differences were observed between resting and passive rest conditions. However, both phone and live music interventions produced significant reductions in systolic and diastolic blood pressure compared to rest and passive rest, with phone music demonstrating the greatest effect. Primary outcomes were systolic and diastolic blood pressure, assessed at minute 15 post-activity. The findings suggest that music, especially when delivered via personal devices, is a potent non-pharmacological strategy for acute blood pressure control. Music interventions, particularly personalized phone music, offer a promising, accessible approach to managing post-activity blood pressure in young adults. Further research should investigate long-term effects and optimal implementation strategies. However, the findings are limited by the modest sample size and short duration of follow-up. Future studies with larger cohorts and longer-term interventions are needed to validate and extend these results. The results highlight the potential for incorporating music-based interventions, especially personalized phone music, into stress management and cardiovascular health promotion programs for young adults.
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Introduction
Hypertension, often referred to as the “silent killer,” is a leading risk factor for cardiovascular disease and premature mortality worldwide, affecting an estimated 1.28 billion adults globally. While the prevalence of hypertension is traditionally associated with older populations, recent epidemiological trends indicate a troubling rise in elevated blood pressure among young adults, driven by sedentary lifestyles, increased psychological stress, and unhealthy dietary patterns. This demographic shift underscores the urgent need for innovative, accessible, and non-pharmacological interventions to promote cardiovascular health in younger populations.Physical activity has long been recognized as a cornerstone of blood pressure management, with robust evidence supporting its efficacy in both prevention and treatment of hypertension. Regular exercise is known to enhance endothelial function, reduce arterial stiffness, and modulate autonomic balance, thereby contributing to sustained reductions in both systolic and diastolic blood pressure. However, despite these well-established benefits, adherence to physical activity guidelines remains suboptimal among young adults, often due to time constraints, lack of motivation, or competing academic and occupational demands.In parallel, there is growing scientific interest in the potential of music therapy as a complementary strategy for blood pressure regulation. Music, a universal and culturally embedded phenomenon, has been shown to elicit profound physiological and psychological responses, including reductions in heart rate, cortisol levels, and perceived stress. Recent meta-analyses and randomized controlled trials have demonstrated that music therapy can significantly lower blood pressure in diverse populations, with effects comparable to those of traditional relaxation techniques. The mechanisms underlying these benefits are thought to involve modulation of the autonomic nervous system, enhancement of parasympathetic activity, and attenuation of sympathetic arousal.Despite these promising findings, critical gaps remain in the literature regarding the comparative efficacy of different music delivery modalities—such as personal devices versus live performance—and their impact on blood pressure in young, normotensive individuals. The present study seeks to address this gap by systematically evaluating the effects of relaxation music, administered via phone and live performance, on systolic and diastolic blood pressure responses in young adults. By employing a rigorous within-subjects experimental design and robust statistical analysis, this research aims to elucidate the potential of music therapy as a practical, scalable tool for cardiovascular risk reduction in this vulnerable demographic
The pervasive impact of hypertension, a major risk factor for leading causes of mortality, underscores the critical need for effective non-pharmacological interventions, particularly in young adult populations (Astuti et al., 2019). Recent epidemiological trends highlight a concerning rise in hypertension prevalence among young adults, which significantly increases the risk of cerebrovascular and cardiovascular events later in life (Williamson et al., 2018). This demographic is often overlooked in hypertension research, despite prehypertension being a prevalent precursor in younger individuals (Aung et al., 2018). Understanding the physiological responses to various interventions, such as physical activity and relaxation music, is crucial for developing targeted preventive strategies (Williamson et al., 2018). Specifically, early interventions focusing on lifestyle modifications can mitigate the long-term sequelae associated with elevated blood pressure, thereby reducing the burden of cardiovascular disease (Shah et al., 2017). While pharmacological interventions are typically reserved for established hypertension, lifestyle modifications, such as increased physical activity and stress reduction techniques like listening to relaxation music, offer promising avenues for blood pressure management in younger cohorts (Williamson et al., 2018). This study aims to delineate the comparative physiological effects of structured physical activity regimens and relaxation music interventions on blood pressure responses in young adults, exploring the nuances of their respective mechanisms of action. Investigating these mechanisms can elucidate how each intervention contributes to blood pressure regulation, offering insights into their potential as complementary or standalone therapeutic strategies. The increasing rates of hypertension in younger demographics are partly attributed to insufficient physical activity, with muscle-strengthening activities often neglected despite their documented benefits in blood pressure control (Hidayat et al., 2023). Furthermore, the intricate relationship between physical activity, autonomic nervous system modulation, and blood pressure recovery following exercise remains an active area of investigation, with implications for cardiovascular risk assessment (Wu et al., 2021). Given that blood pressure recovery post-exercise is directly linked to future cardiovascular disease risk and mortality, a comprehensive understanding of factors influencing this recovery, including autonomic modulation, is imperative for effective preventive strategies (Wu et al., 2021). 
Recent trends show young adults facing increased risk of stress-induced hypertension, largely due to lifestyle and behavioural factors. This population, often overlooked in cardiovascular research, urgently requires innovative and accessible preventive strategies. Among these, non-pharmacological interventions such as physical activity and music therapy are receiving growing scientific attention for their potential to support cardiovascular health without relying on medications. This study, therefore, seeks to investigate how distinct non-pharmacological interventions, specifically physical activity and relaxation music, influence these crucial physiological parameters in young adults, a demographic experiencing increasing rates of hypertension (Williamson et al., 2018) (Bairapareddy et al., 2021). Furthermore, the influence of these interventions on blood pressure variability, a significant predictor of adverse cardiovascular outcomes, warrants thorough examination (Pope et al., 2024). This investigation will also explore the potential mediating roles of physiological parameters, such as cardiorespiratory fitness and muscle strength, in the relationship between these interventions and blood pressure regulation (Hidayat et al., 2023). It will also assess how these interventions impact endothelial function and vascular remodeling, which are critical determinants of cardiovascular health (Williamson et al., 2018). This comparative analysis seeks to provide a comprehensive understanding of the distinct and potentially synergistic benefits of physical activity and relaxation music, thereby informing the development of evidence-based, personalized interventions for blood pressure management in young adults (Williamson et al., 2018). The study will specifically address the hypothesis that regular physical activity, encompassing both aerobic and strength training, will lead to significant reductions in both systolic and diastolic blood pressure, while daily exposure to relaxation music will primarily affect diastolic blood pressure through its influence on autonomic nervous system balance (Grässler et al., 2021). Furthermore, it is hypothesized that the combined intervention will yield superior blood pressure reductions compared to either intervention alone, potentially through synergistic effects on vascular tone and systemic inflammation. This study also intends to explore whether baseline blood pressure levels and cardiovascular risk scores influence the efficacy of these interventions, thereby identifying individuals who may benefit most from specific strategies (Williamson et al., 2018).
Review of Literature
The exploration of the relationship between physical activity and cardiovascular function has been in existence for over many decades. The hemodynamic responses characterized by the rise in heart rate and cardiac output and the increase in systemic vascular resistance during acute exercise ultimately give rise to an increase in blood pressure. As stated by McArdle et al. (2015), in healthy young adults engaged in moderate-intensity exercise, systolic blood pressure may increase to values between 140 and 180 mm Hg with diastolic pressures remaining stable or increasing slightly. In the same light, Halliwill et al. (2014) observed that the immediate recovery period following exercise is affected by sustained sympathetic activation and baroreflex resetting usually resulting in elevated blood pressure, which may persist for several minutes after cessation of exercise.
Apart from the Morrison et al. (2007) study, which found that habitual activity offers prolonged modification of reduced resting blood pressure and enhanced cardiovascular efficacy, these chronic advantages should not fully erase these temporary elevations following acute exercise. Also, in furtherance to Pescatello and Kulikowich's (2020) recent controlled experimental study, young adults experience significant systolic and diastolic increases right after a 45-minute period of cycling, with a only gradual decrease during the following passive rest phase.
On the other hand, perhaps the most promising of complementary forms with potential cardiovascular benefits is music therapy. Bernardi et al. (2006) demonstrated that listening to classical or meditative music significantly decreases heart rate and blood pressure through parasympathetic activation. Another study by Chanda and Levitin (2013) hypothesized that music may modulate emotional processing and stress perception through limbic activation, thus leading to decreased physiological arousal and correspondingly lower BP. Miller and Auclair (2017) found a significant reduction in systolic blood pressure in hypertensive subjects following just 10 minutes of listening to calming instrumental music.
Indeed, very few studies in the literature involved young adults and reported beneficial effects. For instance, Lin et al. (2021) indicated that slow-tempo music was associated with significant reductions of both systolic and diastolic BP in college students undergoing stress related to examinations. A randomized crossover study by Thoma et al. (2015) even showed that music-assisted relaxation significantly reduced blood pressure and cortisol levels when directly compared with silent rest time.  Very few studies compare exercise-induced BP responses with those provoked by any relaxation intervention. Edworthy and Waring (2006) partly addressed this interaction by considering music and exercise together and concluded that calming music listened to after the exercise could hasten the recovery of BP back to baseline. However, most have measured these stimuli as separable rather than contrasting them within the same subjects. Such a gap emphasizes a need for studies that analyze both physical activation and auditory relaxation within the same population and design. The present study aims to address and fulfill this gap in the growing literature regarding non-pharmacological strategies for acute control of blood pressure.
A thorough review of existing literature reveals a robust body of evidence supporting the efficacy of physical activity in mitigating hypertension, with numerous studies demonstrating reductions in both systolic and diastolic blood pressure following structured exercise regimens (Williamson et al., 2018). These regimens often include a combination of aerobic and resistance training, with meta-analyses consistently indicating a dose-response relationship between exercise volume and blood pressure reduction (Noone et al., 2018). However, most of these studies have focused on middle-aged and older adults, leaving a significant gap in the understanding of such effects within younger cohorts (Hidayat et al., 2023). Moreover, the specific mechanisms by which physical activity modulates blood pressure in young adults, particularly concerning vascular compliance and endothelial function, remain less thoroughly investigated. Conversely, relaxation music has garnered attention as a non-pharmacological approach to blood pressure management, particularly through its proposed influence on the autonomic nervous system and subsequent reductions in sympathetic tone (Astuti et al., 2019). While some studies suggest a transient reduction in blood pressure with acute exposure to relaxation music, its long-term efficacy and the optimal parameters for sustained blood pressure control in young adults are not yet fully elucidated. Furthermore, many studies investigating music's effect on blood pressure have often excluded individuals undergoing other treatments, like physical activity, making it challenging to isolate music's specific physiological impact (Gonçalves et al., 2021). Therefore, a direct comparison of physical activity and relaxation music interventions in young adults is essential to understand their distinct and combined contributions to blood pressure regulation (Williamson et al., 2018) (Hidayat et al., 2023). This comparative analysis is crucial for discerning the most effective non-pharmacological strategies for hypertension prevention and management in this demographic, particularly given the evolving understanding of how varied exercise intensities and modalities impact cardiovascular health (Volterrani & Caminiti, 2023) (Yari‐Boroujeni et al., 2023). Additionally, given that non-pharmacological therapies are a suitable first-line approach for preventing hypertension and managing mild cases, understanding the comparative effectiveness of these interventions in young adults is particularly pertinent (Gao et al., 2023). Moreover, the optimal timing and type of exercise interventions, as well as the specific characteristics of music that exert beneficial effects on blood pressure, warrant further exploration to inform tailored lifestyle recommendations (Malin, 2024). Moreover, an examination of underlying mechanisms, such as changes in sympathetic nervous system activity and arterial stiffness, will provide deeper insights into how these interventions modulate cardiovascular health (Hidayat et al., 2023). There is a notable gap in research addressing potential sex-based differences in response to these interventions, particularly concerning hormonal and autonomic distinctions that may influence cardiovascular adaptations (Hidayat et al., 2023). Consequently, future research should incorporate sex-disaggregated data to provide a more nuanced understanding of intervention efficacy and personalize treatment approaches. Longitudinal studies tracking hypertension development from youth to middle age, focusing on shifts from increased cardiac output to elevated systemic vascular resistance, are also crucial to understanding these long-term implications (Meng et al., 2024). Such investigations could additionally illuminate the utility of exercise blood pressure thresholds for predicting future cardiovascular risk in children and adolescents, thereby extending their clinical value beyond the current diagnostic paradigms (Huang et al., 2024). Furthermore, the exploration of varying exercise modalities and their impact on ambulatory blood pressure, including morning blood pressure surge, would offer a more comprehensive understanding of their therapeutic potential in young adults (Baross et al., 2022). Moreover, investigating the impact of dietary habits and mental health parameters in conjunction with physical activity and music interventions would offer a more holistic understanding of blood pressure regulation in this demographic (Meng et al., 2024). This approach can also identify how individual differences in physiological responses interact with environmental factors to modulate cardiovascular health (Pope et al., 2024).
Research Methodology and Design
The research employed an experimental within-subject design to systematically compare the effects of different post-activity interventions on blood pressure among young adults. This design allowed each participant to experience all experimental conditions, thereby minimizing inter-individual variability and improving the reliability of comparisons across treatments.
Thirty healthy, normotensive college students were recruited and consented to participate in the study. Participants were exposed to four conditions in randomized order: a resting baseline, post-activity passive rest without music, post-activity exposure to music via personal phone devices, and post-activity exposure to live music. Blood pressure measurements (systolic and diastolic) were taken with a validated automated sphygmomanometer following each condition to ensure standardization and accuracy.
· To control confounding variables, all measurements were conducted at consistent times of day to account for diurnal variations in blood pressure. The use of a within-subjects design reduced variability due to individual physiological differences and enhanced statistical power despite the modest sample size.
· Data was analyzed using paired-samples t-tests to compare blood pressure values across the four conditions. This statistical approach enabled direct within-participant assessment of the acute influences of music and rest on cardiovascular responses after physical activity, supporting a rigorous evaluation of the comparative efficacies of the interventions.

Participants
Thirty college-going students (N = 30) participated in this study. All participants were healthy, normotensive, and free from cardiovascular or psychiatric disorders, and none were taking antihypertensive medications. Exclusion criteria included hearing impairment, recent acute illness, or regular engagement in formal music therapy. Written informed consent was obtained from all participants prior to the study, and the protocol was approved by the institutional ethics committee. The sample was representative of the college student population, a group increasingly recognized as at risk for elevated blood pressure due to academic stress and lifestyle factors (Bansal et al., 2024; Kessler et al., 2024).
Study Design
An experimental within-subjects design was employed, where each participant was exposed to four successive measurement conditions. This design was chosen to reduce inter-individual variability and increase statistical power (Sullivan, 2008).
Experimental Procedure
Participants underwent the following conditions in randomized order:
1. Resting Baseline: Blood pressure was assessed after a 10-minute seated rest in a quiet environment.
1. Post-Activity, No Music: Blood pressure was measured following one hour of play activity and 15 minutes of passive rest without any auditory stimulus.
1. Post-Activity, Phone Music: Blood pressure was measured after one hour of play activity and 15 minutes of exposure to music delivered via the participant’s personal phone and headphones.
1. Post-Activity, Live Music: Blood pressure was measured after one hour of play activity and 15 minutes of exposure to live music performed in person.
Blood pressure measurements (systolic and diastolic) were taken using a validated automated sphygmomanometer at the end of each condition. All measurements were conducted at consistent times to control for diurnal variation (Schutte et al., 2012).
Data Analysis
Paired-samples t-tests were conducted to compare blood pressure responses across the four conditions. This statistical method was appropriate for the repeated-measures design and allowed for direct within-subject comparisons (Sullivan, 2008). Statistical significance was set at p < .05. Data analyses were performed using SPSS version 25.
Results and Interpretation
A comprehensive statistical analysis was conducted to evaluate the effects of different post-activity interventions resting, passive rest without music, phone music exposure, and live music exposure on systolic and diastolic blood pressure among 30 college students. The paired t-test approach enabled robust within-subject comparisons, minimizing inter-individual variability and enhancing the reliability of the findings. The effect size for the comparison between phone music and passive rest was Cohen’s d = 0.65, indicating a moderate effect.
Systolic Blood Pressure
The analysis revealed that there was no statistically significant difference in systolic blood pressure between the resting baseline and the post-activity, no music condition (t = 0.61, p = .544), indicating that passive rest alone does not substantially alter blood pressure following physical activity. However, both music interventions produced highly significant reductions in systolic blood pressure compared to both resting and no music conditions. Specifically, exposure to music via phone resulted in a dramatic decrease in systolic blood pressure relative to both resting (t = -17.83, p < .001) and no music (t = -64.83, p < .001) conditions. Live music exposure also led to significant reductions compared to resting (t = -4.07, p < .001) and no music (t = -27.02, p < .001) conditions, though the effect was less pronounced than that observed with phone music. Notably, a direct comparison between phone music and live music conditions revealed a significant difference (t = 62.77, p < .001), with phone music demonstrating a superior hypotensive effect.
Diastolic Blood Pressure
A similar pattern emerged for diastolic blood pressure. No significant difference was observed between resting and no music conditions (t = -1.46, p = .156). In contrast, both phone music (t = -12.74, p < .001 vs. resting; t = -37.34, p < .001 vs. no music) and live music (t = -5.20, p < .001 vs. resting; t = -20.45, p < .001 vs. no music) produced significant reductions in diastolic blood pressure. The comparison between phone music and live music again favored phone music, with a highly significant difference (t = 33.69, p < .001).
Table 1: Summary Table
	Comparison
	Systolic t-stat
	Systolic p-value
	Diastolic t-stat
	Diastolic p-value

	Resting vs No Music
	0.61
	0.544
	-1.46
	0.156

	Resting vs Phone Music
	-17.83
	<.001
	-12.74
	<.001

	Resting vs Live Music
	-4.07
	<.001
	-5.20
	<.001

	No Music vs Phone Music
	-64.83
	<.001
	-37.34
	<.001

	No Music vs Live Music
	-27.02
	<.001
	-20.45
	<.001

	Phone Music vs Live Music
	62.77
	<.001
	33.69
	<.001



Interpretation
The results of this study provide compelling evidence for the acute, beneficial effects of music interventions on blood pressure regulation in young adults following physical activity. Notably, both systolic and diastolic blood pressure were significantly reduced after exposure to music—whether delivered via phone or live performance—compared to both resting and passive post-activity conditions without music. The most pronounced reductions were observed with phone music, suggesting that personalized, immersive auditory experiences may maximize the hypotensive response. These findings align with a growing body of literature demonstrating the physiological impact of music on cardiovascular function. For instance, Loomba et al. (2012) and Darki et al. (2022) found that listening to slow or classical music significantly decreased both systolic and diastolic blood pressure, likely through modulation of the autonomic nervous system and enhancement of parasympathetic activity. The present study extends these observations by directly comparing music interventions to both rest and live music within the same cohort, revealing that the delivery mode of music can further influence the magnitude of blood pressure reduction.
While both physical activity and music interventions are individually recognized for their beneficial effects on blood pressure, there is a lack of comparative research evaluating these approaches within the same population. The present study fills this gap and highlights the particularly strong effects of personalized phone music in reducing blood pressure among young adults. This finding contributes valuable evidence toward the development of individualized and practical non-pharmacological interventions for promoting cardiovascular health in at-risk youth.
The lack of significant difference between resting and no music conditions underscores the limited effect of passive rest alone in the immediate post-activity period. In contrast, the robust reductions observed with music exposure highlight the potential of auditory relaxation as a practical, non-pharmacological strategy for acute blood pressure control. This is particularly relevant for college students and other young adults, who may face barriers to traditional relaxation techniques or pharmacological interventions. Importantly, the superior efficacy of phone music over live music may reflect greater personalization, control, and engagement, as individuals can select music that resonates with their preferences and emotional state. This finding is consistent with research indicating that music’s impact on cardiovascular parameters is enhanced when listeners have agency over their auditory environment and when the music is perceived as calming or enjoyable.
In summary, the present study not only reinforces the therapeutic potential of music for blood pressure management but also suggests that the mode of delivery is a critical factor in optimizing outcomes. These insights have important implications for the design of accessible, scalable interventions aimed at reducing cardiovascular risk in young, healthy populations. Future research should further explore the mechanisms underlying these effects, the role of music preference and genre, and the long-term benefits of regular music-based relaxation practices.
Conclusion
This study provides robust evidence that music interventions, particularly those delivered via personal devices, can significantly and acutely reduce both systolic and diastolic blood pressure in college-aged young adults following physical activity. The within-subjects experimental design allowed for direct comparison of four conditions—resting, post-activity passive rest, post-activity phone music, and post-activity live music—revealing that music exposure, especially through personal devices, produced the most pronounced hypotensive effects. In contrast, passive rest without music did not yield significant changes in blood pressure, underscoring the limited efficacy of rest alone in the immediate post-exercise period. These findings have important implications for non-pharmacological blood pressure management strategies in young, healthy populations. The superior effect of phone music over live music may be attributed to greater personalization, immersion, and accessibility, suggesting that individualized music interventions could be seamlessly integrated into daily routines for cardiovascular benefit. This is particularly relevant for college students, who often face barriers to traditional relaxation techniques and may benefit from accessible, enjoyable, and effective alternatives. 
The study’s strengths include its rigorous within-subjects design, standardized measurement protocols, and focus on a population at increasing risk for hypertension due to lifestyle and stress factors. However, limitations such as the relatively small sample size, short intervention duration, and lack of long-term follow-up should be addressed in future research. Further studies are warranted to explore the underlying mechanisms, the role of music preference and genre, and the sustainability of these effects over time. Overall, this research highlights the promise of music-based interventions as practical, scalable tools for acute blood pressure control and cardiovascular risk reduction in young adults.
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