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Abstract. Himalayan singing bowls (HSB) are traditional meditative instruments recently explored as non-invasive tools for stress reduction. This study assessed the effects of HSB on cardiac electro-mechanical activity in healthy subjects. Twenty volunteers (10 females, 10 males) completed a 20-min HSB stimulation session. Electrocardiography (ECG), seismocardiography (SCG) and blood pressure (BP) were recorded, and RR intervals, QT intervals, pre-ejection period, left ventricular ejection time, morphological SCG features, and heart rate variability (HRV) indices were calculated. HSB treatment elicited measurable autonomic and cardiovascular effects, with increased RR intervals, QT prolongation, and reduced systolic BP, and enhanced parasympathetic modulation, and female participants exhibited greater sensitivity to the HSB treatment. In conclusion, this study supports HSB potential as a complementary tool for promoting relaxation. 
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1 Introduction

Over the past two decades, numerous studies have demonstrated a significant link between autonomic nervous system (ANS) imbalance and cardiovascular morbidity and mortality, with relation to sudden cardiac death and atherosclerosis. Experimental evidence indicates that a predisposition to lethal arrhythmia risk is linked to heightened sympathetic activity or reduced vagal modulation [1,2]. The ANS plays indeed a crucial role in maintaining cardiovascular homeostasis through dynamic regulation of heart rate (HR), blood pressure (BP), and vascular tone [3,4]. Chronic stress, however, disturbs this balance by promoting a sustained sympathetic dominance, which can lead to hypertension, inflammation, and arrhythmogenesis [5]. Conversely, parasympathetic activation exerts cardioprotective effects through vagal pathways [6]. Interventions capable of enhancing parasympathetic activity or stimulating vagal control of cardiac function are therefore considered valuable tools for stress management and cardiovascular prevention. Meditation and relaxation practices can induce such physiological responses, improving emotional regulation and psychophysical well-being [7-10]. Among these, sound-based meditative techniques using Tibetan or Himalayan Singing Bowls (HSB) have recently gained scientific attention. Originating from ancient Himalayan rituals later integrated into Buddhist meditation and healing [11], HSB are traditionally handcrafted bronze alloy bowls producing harmonic tones and low-frequency vibrations that resonate through tissues, promoting relaxation and emotional balance. Although widely used in alternative medicine, scientific validation of HSB remains limited. Early studies showed measurable relaxation responses, including decreased blood pressure and HR [12], reduced anxiety [13], fatigue [13], pain [14] and tension [14]. 
Despite promising evidence, current research still presents limitations, such as small sample sizes, lack of control conditions, and the use of mainly subjective or electrical cardiac indices. Moreover, the reproducibility of HSB effects remains uncertain. This study addresses these gaps by quantitatively analysing cardiac electromechanical response to HSB vibrations in healthy subjects under controlled conditions. Understanding these mechanisms may foster the development of simple, non-invasive strategies for stress reduction and cardiovascular regulation, potentially applicable in clinical, telemedicine, and remote settings.

2 Materials and Methods

2.1 Study Population and Design

The study was approved by the Ethics Committee of Politecnico di Milano (Approval No. 26/2025). A total of 20 healthy volunteers (10 females, 10 males, see Table 2) participated. Participants were instructed to abstain from alcohol, caffeine, and smoking for at least three hours prior to the experiment to avoid potential confounding effects on physiological measurements. The experimental protocol was designed with the support of a professional Yogi experienced in Tibetan singing bowl practice. Experiments were conducted in a dedicated quiet room at Cascina Linterno, Milan (Italy), provided by the “Divine Om Family” association, directed by the same Yogi who contributed to the study design. Each subject remained in a supine resting position throughout the session, which included the following phases:
· Baseline (5 min): without HSB intervention, supine resting
· Phase 1 (5 min): HSB treatment with a Naga bowl placed on the abdominal area;
· Phase 2 (5 min): HSB treatment with a Naga bowl along the pathway connecting the abdomen, liver, heart, and spleen;
· Phase 3 (5 min): HSB treatment with a Classic bowl placed over the heart region 
· Phase 4 (5 min): remote sound treatment using the Naga bell;
· Post (5 min): relaxation phase without HSB intervention.
Throughout the experiment, continuous electrocardiography (ECG, fs = 1024 Hz) and seismocardiography (SCG, dorso-ventral component [15], fs = 64 Hz) signals were recorded using the EcgMove4 sensor (Movisens, GmbH), positioned over the cardiac apex using two disposable electrodes. Systolic and diastolic blood pressure were measured at Baseline and at the beginning and end of the Post phase using a sphygmomanometer. At the start of Baseline, the sensor was tapped to produce a temporal marker for signal alignment during processing.
Table 2. Anthropometric data of the study population. Data are reported as median [25th percentile; 75th percentile].

	Gender
	Age (years)
	Height (cm)
	Weight (kg)
	BMI (kg/m²)

	Females (n=10)
	37.5 [21;48.8]
	164 [160; 173]
	61.5 [54.8; 77.8]
	23.1 [20.6; 25.4]

	Males (n=10)
	26 [24.8; 35.3]
	183 [176.8; 186.5]
	79.5 [76.8; 90]
	25.7 [22.1; 27.1]

	Total (n=20)
	28 [24.3; 47]
	174 [163.5; 183]
	76.5 [60.8; 85.3]
	23.6 [21.2; 26.8]






2.2 Signals Processing

Signals were segmented according to the experimental phases and pre-processed using fourth-order, zero-phase Butterworth band-pass filters (0.5–30 Hz for ECG, 5–25 Hz for SCG). The Pan Tompkins [16] algorithm was used to identify the R peaks on the ECG signal to derive beat-to-beat RR series, while the QT interval was computed using a trapezium-based T-wave end detection method [18]. Cardiac beats were then identified on the SCG signal using an ECG-assisted template-matching approach, as described in [17,18]. For each identified cardiac beat, fiducial points were identified, including: aortic valve opening (AO), defined as the first peak following the R peak; isovolumetric contraction (IVC), defined as the minimum between AO and mitral valve closure, empirically located ~40 ms after R; aortic valve closure (AC), defined as the first peak after T-wave end, when the T-wave was clearly visible.
Finally, for each heartbeat temporal and morphological parameters were calculated: RR intervals; AO–AO intervals; left ventricular ejection time (LVET), defined as the temporal distance between AO and AC; the amplitude (ΔA) between IVC and AO; the slope of the systolic upstroke defined as the ratio between ΔA and the time interval IVC and AO [19]. In addition, time-domain HR variability (HRV) indices were computed: standard deviation of normal-to-normal RR intervals (SDNN), root mean square of successive differences (RMSSD), and their ratio (SDNN/RMSSD).

2.3 Statistical Analysis

The feasibility of detecting cardiac beats in the SCG signal was first evaluated across all experimental phases by assessing the success rate in identifying complete cardiac cycles, including both systolic (IVC, AO) and diastolic (AC) fiducial points, and, at minimum, the systolic features. For each subject and experimental phase, median values of all parameters were computed, and the effect of the HSB experimental was assessed using the Friedman test (p < 0.05), followed by post-hoc Wilcoxon Signed-Rank tests with Benjamini–Hochberg correction (or Bonferroni for BP). Analyses were performed on the total population and separately by sex. For variables showing significant sex-specific differences, Cohen’s d was computed to quantify effect size.

3 Results

The feasibility to detect both systolic and diastolic fiducial points ranged in median from 12.16% in Phase 2 to 16.89% at baseline (Table 3). Higher feasibility was found for systolic parameters, up to 98.70% in Phase 4. Lower values observed in Phase 3 may be attributed to the bell being positioned over the heart region during treatment. 
Table 3. Feasibility of cardiac beats identification on the SCG signal. Data are reported as median [25th percentile; 75th percentile].

	Feasibility
	Baseline
	Phase 1
	Phase 2
	Phase 3
	Phase 4
	Post

	Systole and diastole
	16.89%
[11.92; 19.66]%
	14.16%
[10.43; 17.35]%
	12.16%
[9.83; 16.85]%
	12.86% 
[7.95; 17.41]%
	13.30% 
[9.95; 15.85]%
	14.11% 
[9.85; 18.89]%

	Only systole
	98.24%
[96.58; 99.03]%
	96.68%
[93.68; 98.05]%
	94.16%
[90.48; 96.41]%
	89.88% 
[81.77; 94.5]%
	98.70% 
[97.52; 99.23]%
	97.32% 
[96.23; 99.07]%


As shown in Fig. 2, a progressive increase in RR interval was observed across the protocol, with a significant increase between the Baseline and the treatment phases (respectively +3.51%, +3.98%, +5.07%, +5.68% from Phase 1 to Phase 4), which was maintained at recovery (+5.51%). Similarly, the QT interval resulted lengthened after the treatment (+1.88%). The PEP remained comparable to Baseline, despite transient increases between Baseline and Phase 3 (+2.68%) and Phases 2–3 (+2.16%), returning to Baseline at Post. LVET, IVC–AO amplitude and slope appeared to remain stable, although median values tended to decrease over time.
[image: ]
Fig. 2. Distribution of RR, QT, PEP, LVET, and IVC-AO amplitude and slope across the experimental phases. Horizontal lines indicate statistically significant differences between phases (Friedman, p < 0.05, post-hoc Wilcoxon Signed Rank test with Hochberg correction).
Alterations were observed in SDNN, RMSSD, and their ratio (Fig. 3) across the experimental phases. SDNN showed a progressive increase throughout the experiment, being significant at Post compared to Baseline (+3.54%) and to Phase 1 (+16.43%). A similar trend was observed in RMSSD which was increased between Phase 1 and Phase 4 (+33.20%). The SDNN/RMSSD ratio decreased during the experiment, especially at Phase 3 (-19.97%) and Phase 4 (-16.63%) compared to the Baseline.
[image: ]
Fig. 3. Distribution of SDNN, RMSSD and SDNN/RMSSD across the experimental phases. Horizontal lines indicate statistically significant differences between phases (Friedman, p < 0.05, post-hoc Wilcoxon Signed Rank test with Hochberg correction).
A trend of decreased BP was observed between Baseline and Post (Table 4). Specifically, systolic BP decreased by a median of -2.58% at the end of treatment, then returned to baseline by the end of Post. 
Table 4. Distribution of systolic and diastolic BP across experimental phases. Data are reported as median [25th percentile; 75th percentile]. Friedman (p < 0.05), post-hoc Wilcoxon Signed Rank with Bonferroni correction: * vs Baseline.

	
	Baseline
	End Treatment
	End Post

	Systolic BP (mmHg)
	121.5 [114.3; 130.8]
	121.0 [113.8; 125.8] *
	120.0 [112.0; 130.5]

	Diastolic BP (mmHg)
	72.5 [68.0; 76.8]
	70.5 [65.0; 77.8]
	71.5 [67.5;79.5]


Interestingly, gender-specific differences were mainly observed in females (Fig. 4). In this group, RR interval progressively increased from Baseline to Phase 1 (+3.7%, Cohen’s d = -0.19, small effect), Phase 2 (+3.7%, Cohen’s d = -0.22, small effect), and Phase 4 (+7.89%, Cohen’s d = -0.15, small effect). Similarly, the QT lengthened during treatment (Phase 1-4: +1.55%, Cohen’s d = -0.08, small effect). HRV indices also showed parasympathetic predominance in females compared to Baseline, with increased SDNN (Phase 3: +26.66%) and RMSSD (Phase 4: +18.04%), and decreased SDNN/RMSSD (Phase 3: -27.17%, Cohen’s d = -0.54, medium effect). 

4 Discussion

In this study, the effects of Himalayan Singing Bowls (HSB) on cardiac electromechanical activity were assessed in healthy subjects using simultaneous ECG and SCG recordings. The feasibility analysis confirmed the reliability of SCG-based cardiac event detection, with higher feasibility for systolic fiducial points (up to 98.7%). The markedly lower feasibility in Phase 3 likely reflects the experimental setup, where the Naga bell was placed directly over the heart, producing strong vibrations that interfered with SCG signal detection, reducing the accuracy of fiducial point identification in that phase. 
A progressive increase in RR interval was observed across the protocol, with significant differences between Baseline and treatment phases, maintained at recovery. Similarly, QT interval lengthened after treatment, supporting modulation of cardiac repolarization possibly related to enhanced vagal tone. Heart rate variability (HRV) indices (SDNN, RMSSD, and their ratio) showed trends toward increased variability and parasympathetic predominance. Specifically, SDNN increased significantly in the Post phase, while RMSSD rose in later phases. 
[image: ]
Fig. 4. Distribution of RR, QT and SDNN/RMSSD separately for males and females across the experimental phases. Horizontal lines indicate statistically significant differences between phases (Friedman test, p < 0.05, post-hoc Wilcoxon Signed Rank test with Hochberg correction).
The concurrent decrease in SDNN/RMSSD ratio indicates a rebalancing of autonomic activity toward parasympathetic dominance. This finding suggest reduced heart rate, indicative of physiological relaxation, consistent with findings from relaxation and meditation studies [20]. Tibetan bowl sound meditation also appears to reduce tension and anxiety while improving mood, supporting psychophysiological correlates of relaxation, stress mitigation, and autonomic balance [14,21]. Conversely, PEP showed only transient increases during the central phases (Phases 2–3), returning to baseline afterward. The absence of consistent changes in LVET, IVC–AO amplitude, and slope suggests that HSB primarily influenced autonomic rather than mechanical cardiac parameters. Although effect sizes were small, likely due to the limited sample size, sex-specific differences were observed. Female participants exhibited more pronounced and progressive increases in RR and QT intervals, as well as in SDNN and RMSSD, indicating a stronger parasympathetic response to HSB stimulation.

5 Conclusions

Exposure to Tibetan singing bowl vibrations induces physiological changes consistent with relaxation and increased parasympathetic activity. These findings support their potential as complementary tools for stress management. Future studies with larger samples and proper control conditions are needed to confirm these results and clarify sex-related differences, as the current sample size limits statistical power, particularly in subgroup analyses.
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