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Abstract
Background This study investigated whether a sound intervention tuned to 432 Hz (Hz) yields differential effects on 
cardiovascular parameters and psychological outcomes compared to 443 Hz, which is the concert pitch in German 
professional orchestras.

Methods Using a randomized cross-over design, patients with cancer were recruited to receive both a 15-minute 
sound intervention with a body monochord tuned to 432–443 Hz. Before (pre) and after (post) intervention, 
cardiovascular parameters were measured using the VascAssist2.0. In addition, visual analogue scales (VAS) for 
emotional well-being, anxiety, stress, pain and sadness were also assessed pre and post intervention.

Results 43 patients (8 male, 35 female) with a median age of 61 years (range 35–86) were included. Both 
interventions led to a significant reduction in heart rate with a more pronounced effect for 432 Hz (median reduction 
− 3 bpm (432 Hz) vs. median reduction − 1 bpm (443 Hz), p = 0.04). While heart rate variability was increased 
exclusively by 432 Hz (median increase + 3 ms, p = 0.01), both vascular resistance (median reduction − 5%, p = 0.008) 
and stiffness (median reduction %, p = 0.04) were significantly reduced by 432 Hz, which was not observed at 443 Hz. 
Nevertheless, these effects were not significantly different compared to 443 Hz. On the other hand, 432 Hz led to a 
reduced pulse wave velocity (median reduction − 0.5 m/s, p < 0.001), which was also significantly different compared 
to 443 Hz (p < 0.001). Improvement in VAS was observed for both groups, with significant increases in emotional well-
being and reduction in fatigue, anxiety and stress for both intervention timepoints, although the majority showed no 
increased VAS scores even before the intervention (median values 0 for anxiety and stress).
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Introduction
The concept of using 432 Hz as a concert pitch for musi-
cal instruments has garnered significant attention due 
to its purported positive effects on both physical and 
mental well-being [1]. In contrast to the standard con-
cert pitch of 440 Hz, which was established at the 1939 
International Conference in London, the 432  Hz tuning 
is advocated by some as a more natural and harmoni-
ous alternative [2]. However, the theoretical basis for the 
alleged natural physiological effects of 432 Hz, such as a 
certain vibration ratio that is in harmony with the natu-
ral vibration of the human body, is based on historical 
and philosophical interpretations and not on empirical 
data. For instance, the scientist and founder of acoustics, 
Joseph Sauveur, and other advocates suggested a musical 
basis where the note C1 (“middle C”) is at 256 Hz, cor-
responding to the concert pitch of A1 = 432 Hz [3]. This 
theory is based on the principle that doubling the fre-
quency leads to an octave increase in tone. Today, otolo-
gists and neurologists still use tuning forks that are tuned 
to c = 128  Hz or c1 = 256  Hz [4]. Nevertheless, relaxing 
effects can be attributed to 432 Hz music, which is why it 
is often incorporated into music therapy or music medi-
cine practice [5, 6]. Music therapy and music medicine 
are two distinct approaches that utilize music in thera-
peutic settings, while the focus of music therapy lies on 
the therapeutic relationship and is carried out by a cer-
tified music therapist, and music medicine refers to the 
use of pre-recorded music as a complementary treat-
ment administered by healthcare professionals [7]. As 
the transitions are fluid, it is not always possible to make 
an exact distinction between music therapy and music 
medicine, especially between receptive music therapy 
and music medicine [8]. Recent studies have investi-
gated the physiological and psychological effects of music 
tuned to 432  Hz compared to the standard 440  Hz. A 
cross-over pilot study conducted in 2019 found that lis-
tening to music at 432 Hz resulted in a marked decrease 
in heart rate and slight decreases in blood pressure and 
respiratory rate, compared to 440  Hz tuning [5]. Addi-
tionally, participants reported higher levels of focus and 
satisfaction after listening to the 432 Hz music. Another 
study examined the effects of 432 Hz music on the sleep 
quality of patients with spinal cord injuries. The results 
showed a significant improvement in sleep quality when 
patients listened to their favorite music tuned to 432 Hz, 
as opposed to 440  Hz [9]. Regarding emotional mood, 
432 Hz music led to significant improvement, compared 

to 440 Hz, particularly in male participants, while heart 
rate was not affected [10]. While these studies sug-
gest potential benefits of 432  Hz tuning, it is crucial to 
acknowledge the limitations and gaps in the current 
evidence base. There is a need for more extensive, ran-
domized controlled trials to fully validate the therapeu-
tic effects of 432 Hz tuning. The present study sought to 
assess the differential effects of a receptive music therapy 
with sound interventions with a body monochord tuned 
to 432–443  Hz on cardiovascular parameters and psy-
chological outcomes in cancer patients.

Methods
Study design and setting
This randomized cross-over study was performed at 
the University Medical Centre Mannheim, University 
of Heidelberg, Germany. It was designed as a head-to-
head comparison of a sound intervention tuned to 432–
443 Hz. Recruitment started in June 2023 and ended in 
October 2023. Patients were not followed up.

The study was conducted according to the principles of 
the declaration of Helsinki and was approved by the local 
ethical committee, Medical Ethics Commission II, Fac-
ulty of Medicine Mannheim, University of Heidelberg, 
Germany (2019–763  N). Data protection was in accor-
dance with the EU Data Protection Directive.

Materials and methods
Study population
Forty-five individuals > 18 years were included and gave 
written informed consent. Exclusion criteria comprised 
serious hearing impairment, acute coronary syndrome 
or stroke within four weeks before study participation, 
planned bypass surgery, dependence on pacemaker, 
cardiac arrhythmia (e.g., atrial fibrillation, sick-sinus-
syndrome, sinoatrial/ atrioventricular block), uncon-
trolled hypertension or severely low blood pressure 
(< 90/50 mmHg) and breast cancer with bilateral axillary 
dissection.

Baseline characteristics
Baseline demographic characteristics (age, gender, 
weight, height, etc.) were collected from all study par-
ticipants, as well as information on existing medication 
and physical activity. In addition, participants were asked 
if they were married and had children. Preferred music 
genre (multiple answers possible) was assessed and it was 
questioned whether there is a hearing loss.

Conclusion Sound interventions tuned to 432–443 Hz exert both positive effects in cancer patients. While 
psychological outcomes are improved by both interventions, 432 Hz leads to a more pronounced but not significantly 
different effect to 443 Hz on objective cardiovascular parameters, which reflect deeper relaxation.

Keywords Sound intervention, Tuning, Cardiovascular parameters, Concert pitch
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In addition, the Spielberger State-Trait Anxiety Inven-
tory (STAI) [11], which is a psychometric test consisting 
of 40 self-report items on a four-point Likert scale, and 
the European Organization for Research and Treatment 
of Cancer (EORTC) Quality of Life Questionnaire (QLQ-
C30) [12] were assessed at baseline. The STAI measures 
two types of anxiety – state anxiety and trait anxiety. 
Higher scores are positively correlated with higher levels 
of anxiety. The QLQ-C30 is composed of 30 questions, 
comprising 15 subscales on three domains (global health 
status, functional scales, and symptom scales), with a 
score ranging from 0 to 100 points for all subscales. A 
higher score in global health status or functional scales 
represents a higher quality of life or better level of func-
tioning. However, in the symptom subscales, a higher 
score represents a higher level of symptoms or problems.

Sound intervention
All patients received both a 15-minute sound interven-
tion with a body monochord tuned to a concert pitch 
of 432–443 Hz as part of a cross-over design. Interven-
tions were performed in lying position after a 10-minute 
resting period. In order to rule out a systematic bias, the 
sequence of intervention was randomized. The two inter-
ventions took place within four weeks with at least a one-
week blanking period between the two interventions. The 
sound intervention was performed with the body mono-
chord called “Heaven and Earth” ( h t t p  : / /  k l a n  g k  o e r  p e r  . d e /  
h i  m m e  l - u  n d - e  r d  e . h t m l) [13]. This instrument consists of 
a semi-open resonance body with 29 strings (24 of those 
in C1sharp, 2 in C2sharp, 2 C3sharp, and 1 in G3sharp) 
and is an established method in everyday clinical practice 
for music therapy [14, 15]. The monochord was placed on 
the chest during the intervention to ensure optimal trans-
mission of the vibrations. The instrument was played for 
15 min by one of the investigators (AMR) in all patients.

Cardiovascular parameters
Cardiovascular parameters were assessed non-invasively 
using the VascAssist2.0 device (inmediQ GmbH, Butz-
bach, Germany) after a 10-minute resting phase before 
(pre) and after (post) the intervention and evaluated both 
for the total population and separately according to the 
intervention type (432  Hz vs. 443  Hz). A detailed mea-
surement protocol can be found in the appendix.

The VascAssist2.0 is an oscillometric device that evalu-
ates vascular properties non-invasively using model-
based pulse wave analysis. In addition to vital parameters 
(heart rate, brachial blood pressure), pulse wave velocity 
(PWV), as a direct measure of arterial stiffness, and vas-
cular indices (resistance, stiffness), can be determined. 
Vascular age as a combined variable can be determined 
from these vascular indices and the chronological age 
[16]. Beyond that, augmentation index (Aix; also a 

marker for arterial stiffness and determinant of central 
hemodynamics) and left ventricular ejection time (LVET, 
indicator of systolic length) are also provided. Moreover, 
the root mean square of successive differences between 
normal heartbeats (RMSSD) as heart rate variability 
(HRV) metric and stress indicator is captured [17].

Psychological outcomes and personal assessment
Visual analogue scales (VAS) for emotional well-being, 
anxiety, stress, pain and sadness were assessed before 
(pre) and after (post) the intervention. The VAS indicates 
a continuum ranging from 0 to 100, where 0 represents 
the minimal and 100 the maximal extent. Moreover, 
after completing the two interventions, the study partici-
pants were asked whether they had noticed a difference 
between the sessions and which session they preferred.

Statistical analysis
Quantitative characteristics were evaluated using statisti-
cal parameters (N, arithmetic mean, standard deviation, 
median, minimum and maximum) and qualitative char-
acteristics were evaluated in the form of frequency tables.

Cardiovascular parameters were measured before 
and after sound intervention (432–443  Hz) and evalu-
ated descriptively both for the total population and per 
measurement time. In addition, the differences to the 
baseline value were calculated and also analyzed descrip-
tively, using the Wilcoxon signed-rank test. The results 
were visualized with the help of grouped boxplots per 
parameter and measurement time and waterfall plots to 
display intraindividual differences before and after the 
intervention.

Psychological outcomes were evaluated in the same 
way as cardiovascular parameters. In addition, scatter 
plots of the measurements before and after the inter-
vention were created grouped according to the type of 
intervention.

All statistical analyses were performed with SAS 9.4. 
(SAS Institute Inc., North Carolina). Statistical signifi-
cance was assumed at p < 0.05. The comparison of the 
two interventions is of exploratory nature.

Results
A total of 45 patients were included in the study, whereby 
data from 43 patients were included in the final analysis 
(as two patients did not attend the second visit).

Baseline characteristics
Baseline characteristics are shown in Table 1.

A total of 8 patients were male (19%) and 35 patients 
(81%) were female. The median age was 61 years (range, 
35–86 years). 23 patients (54%) were married and 35 
patients (81%) reported having children. Regular physi-
cal activity was practiced by 16 study participants 

http://klangkoerper.de/himmel-und-erde.html
http://klangkoerper.de/himmel-und-erde.html
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(37%). Data on cancer type, stages and treatment can be 
obtained from Supplemental Table 1 (ST 1).

Most common preferred music genres were pop (22 
pts, 51%) and classical music (22 pts, 51%), followed by 
rock (19 pts, 44%) and jazz (14 pts, 33%).

Median values for global health status, assessed using 
the QLQ-C30, were 66.7 points (0–100), with median 
values of 58 to 73 observed for the functional scales 
and symptom scales ranging from a median of 0 to 50. 
Median STAI scores, to reflect anxiety levels, were 44 

(27–60), and thus slightly above the average for the Ger-
man population [18].

Cardiovascular parameters
Cardiovascular parameters were assessed using the Vas-
cAssist before (pre) and after (post) the sound interven-
tion (Table 2).

Vitals
Both interventions led to a significant reduction in heart 
rate (432 Hz p < 0.001; 443 Hz p = 0.01), with a more pro-
nounced effect for 432  Hz (median reduction − 3  bpm 
(432 Hz) vs. median reduction − 1 bpm (443 Hz), p = 0.04) 
(Fig.  1a). Systolic blood pressure was also reduced by 
both interventions (p < 0.001), while diastolic blood pres-
sure did not change. HRV, on the other hand, measured 
as RMSSD (ms) was increased exclusively by 432  Hz 
(median increase + 3 ms, p = 0.01; 432 Hz vs. 443: p = 0.17) 
(Fig. 1b).

Vascular indices
The 432 Hz intervention exerted effects on vascular indi-
ces, which were not observed at 443 Hz. Both resistance 
(median reduction − 5%, p = 0.008; 432  Hz vs. 443  Hz: 
p = 0.18) and stiffness (median reduction %, p = 0.04; 
432 Hz vs. 443 Hz: p = 0.49) were significantly reduced by 
432 Hz, with a median decrease of 3 years in vascular age 
(pre median 61 years (28–89) vs. post median 57 years 
(25–92), p = 0.002; 432 Hz vs. 443 Hz: p = 0.11) (Fig. 2).

Central hemodynamics
Effects on aortic blood pressure after the interven-
tions were also detected. While both interventions led 
to a reduction in systolic aortic blood pressure (432  Hz 
median reduction − 4 mmHg p < 0.001; 443  Hz median 
reduction − 3 mmHg, p = 0.002; 432  Hz vs. 443  Hz: 
p = 0.65), changes in diastolic aortic blood pressure were 
only observed for 432 Hz (median reduction − 3 mmHg, 
p < 0.001), with a trend towards a statistical difference 
compared to 443 Hz (p = 0.07). Aix remained unaffected. 
PWV was significantly reduced by 432  Hz (median 
reduction − 0.5  m/s, p < 0.001), which was also signifi-
cantly different compared to 443 Hz (p < 0.001). However, 
it should be noted that the PWV in the 432 Hz group was 
significantly higher at baseline than in the 443 Hz group 
(PWV (m/s) 432 Hz median 9 (6–15) vs. 443 Hz median 
8 (4–18), p = 0.003). LVET, as indicator of systolic length, 
was extended by both interventions (432  Hz median 
increase + 6 ms, p < 0.001, 443 Hz median increase + 4 ms, 
p = 0.06), but failed to reach statistical significance for 
443 Hz.

Table 1 Baseline characteristics
All patients 
(N = 43)

432–443 Hz 
(n = 22)

443 Hz–
432 Hz 
(n = 21)

Sex, female (%) 35 (81) 16 (73) 19 (91)
Age, years 61 (35–86) 59 (35–86) 62 (37–80)
BMI (kg/m2) 24 (17–38) 24 (17–37) 25 (19–38)
Married, yes (%) 23 (54) 12 (55) 11 (52)
Children, yes (%) 35 (81) 17 (77) 18 (86)
Regular physical activity (%) 16 (37) 9 (41) 7 (33)
Hearing loss (%) 0 (0) - -
Preferred music genre (%)
(multiple responses possible)
 Pop 22 (51) 12 (55) 10 (48)
 Rock 19 (44) 8 (36) 11 (52)
 Jazz 14 (33) 4 (18) 10 (48)
 Classical music 22 (51) 10 (46) 12 (57)
 Hits 11 (26) 7 (32) 4 (19)
 Hip Hop 2 (4.7) 1 (4.5) 1 (4.8)
 Others 13 (20) 8 (36) 5 (24)
QLQ-C30, median (range)
Global health status 67 (0–100) 67 (0–100) 67 (25–88)
Functional scales
 physical 73 (33–100) 73 (33–100) 73 

(53–100)
 role 67 (0–100) 67 (0–100) 67 (0–100)
 cognitive 67 (17–100) 67 (17–100) 67 

(33–100)
 emotional 58 (17–100) 58 (17–100) 67 

(17–100)
 social 67 (0–100) 67 (0–100) 67 (0–100)
Symptom scales
 fatigue 44 (0–100) 44 (0–100) 33 (11–89)
 pain 33 (0–83) 33 (0–83) 33 (0–83)
 nausea/vomiting 0 (0–100) 0 (0–50) 0 (0–100)
Dyspnoea 33 (0–100) 33 (0–100) 33 (0–100)
Insomnia 50 (0–100) 67 (0–100) 33 (0–100)
Appetite loss 0 (0–100) 0 (0–67) 0 (0–100)
Constipation 0 (0–100) 0 (0–100) 0 (0–100)
Diarrhoea 0 (0–100) 0 (0–100) 0 (0–100)
Financial difficulties 0 (0–100) 0 (0–100) 0 (0–100)
STAI, median (range) 44 (27–60) 48 (28–55) 43 (27–60)
Data are presented as median (range) or numbers (frequencies)

BMI, body mass index; QLQ-C30, European Organisation for Research and 
Treatment of Cancer (EORTC) Quality of Life Questionnaire (QLQ) composed of 
30 questions; STAI, state trait anxiety inventory
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432 Hz (n = 43) 443 Hz (n = 43) p-value (Wilcoxon signed-rank test)
Heart rate (bpm)
pre 71 (51–94) 69 (47–109) 0.59
post 67 (50–90) 68 (51–100) 0.32
Difference post - pre -3 (-15–4) -1 (-12–9) 0.04
p-value < 0.001 0.01
Brachial systolic BP (mmHg)
pre 127 (103–166) 125 (97–162) 0.98
post 120 (92–158) 123 (95–158) 0.46
Difference post - pre -4 (-25–10) -3 (-23–5) 0.48
p-value < 0.001 < 0.001
Brachial diastolic BP (mmHg)
pre 71 (52–92) 70 (48–91) 0.69
post 66 (49–89) 68 (44–91) 0.12
Difference post - pre -3 (-23–9) 0 (-15–25) 0.08
p-value 0.001 0.37
RMSSD (ms)
pre 21 (7–192) 24 (6–175) 0.52
post 27 (9–163) 25 (6–173) 0.21
Difference post - pre 3 (-29–42) 1 (-48–31) 0.17
p-value 0.01 0.40
Resistance (%)
pre 63 (15–114) 56 (14–124) 0.96
post 54 (15–120) 55 (21–124) 0.28
Difference post - pre -5 (-38–18) -3 (-21–37) 0.18
p-value 0.008 0.29
Stiffness (%)
pre 60 (25–101) 58 (21–95) 0.52
post 49 (15–91) 59 (15–95) 0.04
Difference post - pre -5 (-28–23) -2 (-29–24) 0.49
p-value 0.04 0.21
Aortic systolic BP (mmHg)
pre 106 (87–153) 109 (83–155) 0.86
post 105 (81–149) 110 (80–149) 0.55
Difference post - pre -4 (-22–6) -3 (-25–7) 0.65
p-value < 0.001 0.002
Aortic diastolic BP (mmHg)
pre 72 (54–94) 72 (50–93) 0.91
post 66 (52–91) 70 (46–92) 0.09
Difference post - pre -3 (-22–9) -1 (-14–12) 0.07
p-value < 0.001 0.10
Aix@75 (%)
pre 16 (-10–84) 16 (-16–92) 0.52
post 15 (-8–92) 16 (-14–43) 0.92
Difference post - pre -0.8 (-20–9) 0.4 (-10–6) 0.64
p-value 0.68 0.85
Aortic PWV (m/s)
pre 9 (6–15) 8 (4–18) 0.003
post 8 (6–16) 8 (4–19) 0.29
Difference post - pre -0.5 (-5–7) 0 (-15–11) < 0.001
p-value < 0.001 0.70
LVET (ms)
pre 270 (207–335) 267 (199–344) 0.99
post 272 (227–350) 271 (193–322) 0.49

Table 2 Cardiovascular parameters
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Psychological outcomes
An improvement in psychological outcomes was 
observed in almost all study participants for both 
sound interventions. This was particularly evident in 
an increase in emotional well-being (p < 0.001 for both 
interventions). In addition, both interventions led to a 
reduction in fatigue, with a more pronounced effect for 
432 Hz (432 Hz p = 0.005; 443 Hz p = 0.01). Furthermore, 
an improvement in anxiety and stress was also achieved 

in a large number of study participants (VAS anxiety 
432  Hz p = 0.008, 443  Hz p < 0.001; VAS stress p < 0.001 
for both interventions), although the majority showed 
no increased VAS scores even before the intervention 
(median values 0 for anxiety and stress). No statisti-
cal difference was found between the effects of the two 
groups (Table 3).

Fig. 1 Vitals. Grouped boxplots for both 432 Hz (red) and 443 Hz (blue) intervention and waterfall plots displaying intraindividual difference before (pre) 
and after (post) the intervention for (a) HR (heart rate) and (b) RMSSD (root mean square of successive differences) as HRV (heart rate variability) measure. 
While both interventions led to a HR reduction (with a more pronounced effect for 432 Hz), HRV was increased exclusively by 432 Hz

 

432 Hz (n = 43) 443 Hz (n = 43) p-value (Wilcoxon signed-rank test)
Difference post - pre 6 (-32–62) 4 (-30–62) 0.19
p-value < 0.001 0.06
Vascular age
pre 61 (28–89) 60 (33–94) 0.77
post 57 (25–92) 56 (31–95) 0.25
Difference post - pre -3 (-16–12) -1 (-8–17) 0.11
p-value 0.002 0.20
Data are presented as median (range)

Aix@75, augmentation index standardized to a heart rate of 75 bpm (beats per minute); BP, blood pressure; LVET, left ventricular ejection time; PWV, pulse wave 
velocity; RMSSD, root mean square of successive difference

Note: comparisons between groups and measurement time point are performed using the Wilcoxon signed rank sum test

Table 2 (continued) 
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Personal assessment
Twenty-eight patients (65%) reported having noticed a 
difference between the two interventions. 24 patients 
(56%) preferred the 432 Hz sound intervention while six 
patients (14%) appreciated the 443  Hz sound interven-
tion. Almost a third of patients (13 patients, 30%) stated 
that they liked both interventions equally.

Discussion
There are only a few studies to date that investigate the 
effect of 432  Hz music, four of which compare 432  Hz 
with the international standard pitch of 440  Hz. The 
present study compared 432  Hz with 443  Hz, which is 
the concert pitch in German professional orchestras. We 
chose 443 Hz to maximize the pitch difference between 
the two frequencies. This pitch difference, which would 
be roughly equivalent to a “quarter tone”, is not noticeable 
to the average listener. Individuals with absolute percep-
tion (“absolute pitch” or so-called absolute listeners) may 
experience difficulties with 432 Hz music, as they cannot 
reliably assign the tones they hear to a pitch. Absolute 
pitch is the ability to perceive pitch class and to mentally 
categorize sounds according to this perceived pitch class 
[19]. It could therefore be that 432 Hz music has less of 
an effect on absolute listeners. The incidence of absolute 
pitch is given as 1:10.000, whereby professional musicians 
are significantly more likely to be absolute listeners [20]. 
This supports the hypothesis that absolute pitch is not 
an “innate gift”, but a memory performance that can be 
achieved through regular training [21]. It might therefore 
be interesting to investigate whether sound interventions 
in general and 432 Hz in particular have the same benefi-
cial effects in professional musicians. A study from 2022 
revealed that music tuned to 432  Hz resulted in higher 
perceived arousal, assessed by personal rating [22]. 
In this context, it would have been interesting to also 
explore objective measures. One advantage of our study 
is that both personal ratings (VAS) and objective mea-
sures (cardiovascular parameters) were assessed. While 
both interventions led to an improvement in psycho-
logical outcomes (with no relevant difference), benefi-
cial effects on cardiovascular parameters were observed, 
which were more pronounced at 432 Hz than at 443 Hz. 
For example, a greater reduction in heart rate and blood 
pressure was observed at 432  Hz, which is in line with 
data from Calamassi et al. [23, 24]. In addition, heart rate 
variability, which has prognostic implications in patients 
with cancer, was increased exclusively by 432  Hz [25, 
26]. The best-established parameter for vascular stiff-
ness is pulse wave velocity (PWV). PWV indicates the 
propagation velocity at which the blood pressure pulse 
propagates through the circulatory system [27]. PWV 
is an important diagnostic marker for the assessment of 
vascular stiffness and is used as a predictor for cardiovas-
cular events [28]. The vascular resistance and the arterial 
wall properties largely determine the speed of the PWV. 
Both vascular resistance and stiffness were significantly 
reduced by 432 Hz, which was also reflected in a decrease 
in PWV. This is congruent with results from earlier stud-
ies by our group [29, 30] and further studies that inves-
tigated the effects of music on arterial stiffness [31, 32]. 
However, it should be noted that the PWV in the 432 Hz 

Table 3 Psychological outcomes
432 Hz 
(n = 43)

443 Hz 
(n = 43)

p-value 
(Wilcoxon 
signed-
rank test)

VAS Emotional well-being
pre 69 (20–100) 71 (26–100) 0.83
post 78 (35–100) 75 (15–100) 0.64
Difference post - pre 6 (0–50) 3 (-37–31) 0.55
p-value < 0.001 < 0.001
VAS Anxiety
pre 0 (0–76) 0 (0–75) 0.22
post 0 (0–6) 0 (0–60) 0.006
Difference post - pre 0 (-76–0) 0 (-75–0) 0.64
p-value 0.008 < 0.001
VAS Stress
pre 0 (0–79) 0 (0–85) 0.66
post 0 (0–77) 0 (0–100) 0.99
Difference post - pre 0 (-47–0) 0 (-61–15) 0.42
p-value < 0.001 < 0.001
VAS Fatigue
pre 13 (0–100) 28 (0–100) 0.16
post 0 (0–98) 2 (0–73) 0.07
Difference post - pre 0 (-84–18) 0 (-92–45) 0.97
p-value 0.005 0.01
Data are presented as median (range)

STAI: state trait anxiety inventory; VAS: visual analogue scale

Note: the two groups are compared using the Mann-Whitney-U test while the 
change between the measurement time points is compared using the Wilcoxon 
signed rank sum test. Visual analogue scales ranged from 0 to 100

Fig. 2 Vascular age. Grouped boxplots for both 432 Hz (red) and 443 Hz 
(blue) intervention before (pre) and after (post) the intervention. While 
432 Hz significantly reduced vascular age, there was no change for 443 Hz

 



Page 8 of 10Hohneck et al. BMC Complementary Medicine and Therapies           (2025) 25:18 

group was significantly higher at baseline than in the 
443 Hz group.

At first glance, one might speculate that patients allo-
cated to the 432 Hz group tended to be sicker and there-
fore concluded that they benefited more from the sound 
intervention. However, the choice of the cross-over 
design argues against this potential bias. In addition, a 
decrease in vascular age as a combined variable could 
also only be observed by 432  Hz. Vascular age is often 
used in cardiology to communicate cardiovascular risk 
because of its emotional character [33]. On the other 
hand, it breaks down the results of the present study to 
a single number: a 432  Hz intervention reduced vascu-
lar age by a median of 3 years! Furthermore, effects on 
central hemodynamics could be demonstrated. While 
432  Hz reduced both systolic and diastolic aortic blood 
pressure, for 443  Hz only a reduction in systolic aortic 
blood pressure was observed. The diastolic blood pres-
sure indicates how much pressure the heart exerts on 
the walls of the arteries in between beats and can there-
fore be used as marker of vascular function. For this rea-
son, diastolic blood pressure may be more important 
than systolic blood pressure when studying the relaxing 
effects of music, and appears consistent in view of our 
results. Left ventricular ejection time, which indicates 
the length of the systole, was extended by both interven-
tions, physiologically according to the reduction in heart 
rate. In addition to objectively measurable cardiovascular 
parameters, psychological outcomes were also recorded 
in this study using VAS. Both interventions were able to 
improve psychological outcomes, which was particularly 
evident in an increase in emotional well-being. This has 
also been described in a systematic review [34]. In addi-
tion, both interventions led to a reduction in fatigue, 
with a more pronounced effect for 432 Hz. These results 
are also consistent with previous studies in which music 
interventions (both prerecorded music and participating 
in live music) could relieve cancer-related fatigue [35]. 
Indeed, only short-term effects are documented within 
this trial and studies with more frequent interventions 
are warranted to assess long-term impact. Furthermore, 
a relief of anxiety and stress was also achieved in a large 
number of study participants, although the majority 
showed no increased VAS scores even before the inter-
vention. This suggests either that the patients are receiv-
ing appropriate care and that psychological problems are 
also adequately addressed during therapy, or that only 
patients with correspondingly low scores participated 
in the study. Interestingly, other 432  Hz studies carried 
out to date also found no relevant difference in terms 
of subjective stress reduction [23, 24, 36], while there 
was a significant improvement in sleep scores [36] and 
lower salivary cortisol levels [37]. The effects of 432  Hz 
music do not appear to be perceivable for the majority 

of patients, but several objective results obtained from 
different studies indicate an effect on the cardiovascular 
system. This is consistent with the personal assessment of 
our study participants, about two thirds of whom stated 
that they had noticed a difference and slightly more 
than half preferred the 432  Hz intervention. Our study 
thus builds on the existing data and corroborates and 
expands the previous findings. It should be mentioned 
that our study population of 43 participants is the larg-
est compared to the existing studies. In addition, other 
cardiovascular parameters were recorded in comparison 
to the standard vital parameters. An overview of previous 
studies compared to the current study investigating the 
effects of 432 Hz music compared to 440/443 Hz can be 
found in the Supplemental Table in the appendix.

Strengths and limitations
The present study compared sound interventions tuned 
to 432  Hz and 443  Hz, the latter representing the con-
cert pitch in German professional orchestras. Whether 
the beneficial effects on cardiovascular parameters and 
psychological outcomes are actually attributable to the 
specific tuning of 432  Hz or whether lower tunings are 
generally perceived as more pleasant cannot be answered 
with certainty on the basis of the available data. Further 
studies should be performed to address this question, 
comparing for instance 432 Hz music with an even lower 
tuning (e.g., 415  Hz, which is often used for baroque 
music). Individuals with absolute perception („abso-
lute listeners“) may experience difficulties with 432  Hz 
music, as they cannot reliably assign the tones they hear 
to a pitch. It is therefore unclear whether a sound inter-
vention tuned to 432 Hz also exerts beneficial effects on 
absolute listeners. Since no relevant difference was found 
in the improvement of subjective parameters, a strength 
of the study is to combine objective measures such as 
cardiovascular parameters with psychological outcomes 
to obtain a comprehensive assessment. In addition, music 
played live via a body monochord was used. A mono-
chord compared to recorded music offers the advantage 
of a more vivid mixture of overtones, which could play a 
special role in mode of action of 432 Hz music (“oscilla-
tion ratio”).

Conclusion
This study compared the differential effects of sound 
interventions tuned to 432–443  Hz on cardiovascu-
lar parameters and psychological outcomes in cancer 
patients. While both interventions improved psycho-
logical outcomes, a greater influence on cardiovascular 
parameters was observed with 432  Hz, but not signifi-
cantly different compared to 443 Hz. To what extent the 
positive effects are actually attributable to the specific 
tuning of 432 Hz or whether lower tunings are generally 
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perceived as more pleasant cannot be answered with cer-
tainty on the basis of the available data. The present study 
confirms and corroborates previous results that 432  Hz 
music exerts beneficial effects, in particular on cardio-
vascular parameters, whose increase is associated with an 
increased stress level.

Appendix
Measurement protocol of cardiovascular parameters

  • Initial Rest Phase: Patients were first asked to rest 
in a lying position for 10 min to stabilize their vital 
signs.

  • Pre-Intervention Measurement: After the initial 
10-minute rest phase, the cardiovascular parameters 
were measured using the VascAssist 2 device. This 
measurement took approximately 10 min.

  • Intervention Phase: Following the pre-intervention 
measurement, the patients underwent a 15-minute 
music intervention with either 432–443 Hz music.

  • Post-Intervention Rest Phase: After the intervention, 
patients rested again in a lying position for another 
10 min.

  • Post-Intervention Measurement: The cardiovascular 
parameters were then measured again using the 
VascAssist 2 device.
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