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Abstract 

Music Performance Anxiety, a subset of social anxiety disorder (SAD), can signifi-

cantly impede the lives of professional voice users (PVUs). This pilot cohort study 

evaluates the efficacy of Transformational Breath (TBr), a facilitated conscious 

breathing technique that employs high ventilation breathing, as a therapeutic inter-

vention for anxiety management in PVUs. We recruited PVUs diagnosed with mild 

to moderate SAD and randomly assigned them to an intervention group (n = 12) 

that completed three TBr sessions with a certified practitioner, or to a waitlist control 

group (n = 12). Both groups were assessed using a battery of psychological (Gen-

eralised Anxiety Disorder Scale (GAD-7), Patient Health Questionnaire (PHQ-9), 

Social Phobia Index (SPIN), Kenny’s Music Performance Anxiety Inventory (K-MPAI), 

Warwick-Edinburgh Mental Well-Being Scale (WEMWBS)) and physiological (blood 

pressure, heart rate, respiratory rate, oxygen saturations, peak expiratory flow rate) 

measures on three separate occasions. The outcome measures were evaluated 

before and after each session in the intervention group. No Group x Time interaction 

was found for any of the physiological or psychological measures. However, a sig-

nificant Time main effect was found for K-MPAI (X2(5)=20.157, p = .001) and GAD-7 

(X2(5)=12.79, p = .025) within the TBr group. Post hoc Wilcoxon-signed rank tests 

with Bonferroni correction for multiple comparisons revealed significant differences 

between K-MPAI scores at time points Post 3 and Pre 3 (z = 3.00, adj. p = .040), Post 

3 and Pre 2 (z = 3.27, adj. p = .016) and Post 3 and Pre 1 (z = 2.95, adj. p = .048). No 

pairwise differences were found for GAD-7. The pattern of results suggests that TBr 

may be effective in acutely decreasing music performance anxiety.

Introduction

Professional voice users (PVUs) frequently experience Music Performance Anxi-
ety (MPA), a specialized form of social anxiety disorder (SAD) that can precipitate 

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmen.0000119&domain=pdf&date_stamp=2025-06-20
https://doi.org/10.1371/journal.pmen.0000119
https://doi.org/10.1371/journal.pmen.0000119
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.11657186
https://doi.org/10.5281/zenodo.11657186
https://orcid.org/0000-0003-1860-1106
mailto:p.c.r.wheble@swansea.ac.uk


PLOS Mental Health | https://doi.org/10.1371/journal.pmen.0000119  June 20, 2025 2 / 9

symptoms ranging from mild nervousness to debilitating panic attacks in a perfor-
mance setting [1]. MPA has a high prevalence of 59% among musicians, with 21% 
reporting this as severe [2]. Its reach extends beyond musical performance, influ-
encing broader social and professional interactions in addition to mental health. This 
condition often coexists with other anxiety disorders and depression, amplifying its 
impact on personal and professional well-being [3].

Hyperventilation and dysfunctional breathing in response to perceived danger 
cause hypocapnia, which drives the physiological, behavioural and cognitive cycle of 
anxiety [4–8]. Breathing modification can profoundly influence respiratory physiology 
and neurophysiology to regulate behaviour, cognition, and emotion [6,9], relieve anx-
iety and improve physical health [7]. MPA is strongly correlated with hyperventilation 
in the pre-performance setting [10], suggesting that conscious breathing practices 
may address dysfunctional breathing and anxiety in PVUs.

Breathwork and anxiety

Breathwork “comprises various practices which regulate the way that one breathes, 
in order to promote mental, emotional & physical health” [11] and is becoming a 
popular intervention to modify conditioned breathing patterns that are implicated in 
anxiety responses. There are hundreds of practices, each with distinct philosophies 
and breathing patterns. It is important to differentiate between practices to explore 
how breathing mechanics may exert different influences on physiology, mental health, 
and wellbeing.

With some risk of oversimplification, breathwork techniques can be divided into 
two main categories: slower-paced breathwork techniques, defined as less than 10 
breaths per minute [12,13] and faster-paced breathwork techniques described as 
high ventilation breathwork (HVB) [14]. We define HVB as voluntarily increasing the 
tidal volume and breathing rate to exceed a normal respiratory rate of 12–20 breaths 
per minute.

Transformational Breath (TBr) is a HVB practice that uses fast-paced, diaphrag-
matic breathing without relying on accessory muscles. In a typical 60-minute session, 
certified practitioners guide individuals to maintain a connected breath pattern, with 
an uninterrupted flow and a relaxed, complete exhalation. While rate and tidal volume 
are important, the inspiratory/expiratory ratio has also been shown to modulate the 
autonomic nervous system and moderate the stress response. Prolonging the exhale 
appears to promote parasympathetic nervous system activation and relaxation [15]. 
TBr maintains the inhale at approximately twice the duration of the exhale and likely 
promotes sympathetic nervous system (SNS) arousal during the practice. HVB has 
been shown to acutely increase SNS activity characterized by elevated heart rate, 
increased blood pressure, and enhanced electrodermal activity [14], but the longer-
term physiological and psychological effects are unknown. Two small studies have 
demonstrated a reduction in anxiety symptoms using similar HVB practices to TBr 
[16,17].

Cognitive Behavioural Therapy (CBT), the gold standard treatment for anxiety 
[18], commonly uses brief hyperventilation interventions [19]. These fast, shallow 
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breathing exercises recreate the hypocapnia, internal sensations and physical experiences of anxiety in a process called 
interoceptive exposure (IE). Therapeutic IE acclimates individuals to the physiological sensations of anxiety, reduces 
sensitivity and modulates individual responses to SNS activation [20]. Prolonged and intense IE with coaching to promote 
mindful observation, acceptance, re-interpretation, and response to the experience of arousal has been shown to improve 
CBT outcomes [7,21–23]. A typical TBr session includes 45 minutes of HVB, delivering prolonged therapeutic interocep-
tive exposure, and integrates various techniques to support the subject through the experience in a similar methodology 
of mindful acceptance to CBT. The practitioner offers feedback on the subject’s breathing, therapeutic touch and positive 
affirmations throughout the practice, and strategies including toning, movement and breath-holding are employed, which 
we suspect modulate the effects of hypocapnia during the prolonged practice.

Evidence suggests that PVUs display high levels of interoceptive sensitivity [24], making TBr and HVB an important 
area of research for anxiety management in this group. This study aims to investigate the effectiveness of TBr in the man-
agement of performance anxiety in PVUs.

Methods

Ethics statement

This research was approved by the University College London Research Ethics Committee with approval number 
8119/001. Formal written consent was obtained from all participants prior to their participation in the study.

Enrolment, eligibility and randomization

Twenty-four participants were recruited via email from institutions including the British Association for Performing Arts 
Medicine, Royal College of Music, Trinity Laban Conservatoire, Guildhall School of Music, and Royal Academy of Music 
between 10th March and 10th April 2016. Eligible participants were professional singers or singers in professional training 
who exhibited a Social Phobia Inventory (SPIN) score of higher than nineteen, indicating current mild-moderate social anx-
iety, who had no prior experience with TBr. Individuals with severe depression or anxiety, current suicidal ideation, or those 
who smoked, consumed alcohol more than weekly recommended limits, regularly used beta-blockers, anti-hypertensive 
medication, or inhaled asthma medication were excluded. Volunteers meeting the inclusion criteria (n = 24) were randomly 
assigned to the intervention (n = 12) or control group (n = 12) by PW in the order that they registered for the study.

Outcome measures

Psychological assessments. 

•	  Social Phobia Inventory (SPIN): A 17-item questionnaire assessing the severity of Social Anxiety Disorder (SAD) symp-
toms, each rated from 0 (none) to 4 (extreme). The total score ranges from 0 to 68, with scores above 19 indicating a 
diagnosis of SAD. This test demonstrates good test-retest reliability and high correlation with other measures of anxiety 
[25].

•	 Generalized Anxiety Disorder Scale (GAD-7): A 7-item questionnaire assessing the frequency of anxiety symptoms, 
each rated from 0 (none) to 3 (every day). The total score ranges from 0 to 21, with scores above 10 suggesting a sig-
nificant level of anxiety [26].

•	 Patient Health Questionnaire (PHQ-9): A 9-item questionnaire assessing the frequency of depression symptoms, rated 
from 0 (none) to 3 (every day). The total score ranges from 0 to 27, with scores above 10 indicating a presence of mod-
erate depressive symptoms [27]. The test is characterized by 88% sensitivity, and good internal validity [28].

•	 Music Performance Anxiety Inventory (K-MPAI): A 40-item questionnaire assessing various aspects of Music Perfor-
mance Anxiety (MPA), rated on a Likert-type scale with seven options scoring from 0 (strongly disagree) to 6 (strongly 
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agree) [29]. The total score ranges from 0 to 240, with scores above 105 indicating a significant level of MPA [30]. It has 
high internal validity and correlates with other measures of anxiety [30,31].

•	 Warwick-Edinburgh Mental Well-Being Scale (WEMWBS): A 14-item questionnaire assessing well-being, rated from 1 
(not at all) to 5 (all the time). The total score ranges from 14 to 70, with scores above 51 representing the general popu-
lation. This scale is known for its good psychometric properties [32].

Physiological assessments. 

•	  Blood Pressure (BP): Measured on the left arm while the participant is sitting using a calibrated manual (Prestige Medi-
cal) sphygmomanometer with an adult sized cuff.

•	 Heart Rate (HR) and Oxygen Saturation (SaO2): Measured using a calibrated digital pulse oximeter (Biosync, Model 
B50DL).

•	 Respiratory Rate (RR): Measured using BioHarness (Zephyr) for five minutes at rest.

•	 Peak Expiratory Flow Rate (PEFR): Measured as the best of three attempts while standing, using a Mini-Wright stan-
dard range peak flow meter (Clement Clarke).

Procedure

Each participant was scheduled for three appointments, with a minimum interval of seven days between each visit. 
Informed consent was obtained during the first visit. At the start of every appointment, participants completed the psy-
chological measures, followed by the physiological assessments. For the intervention group, respiratory rate was also 
assessed throughout the breathing practice.

Participants in the control group engaged in a 30-minute appointment with the investigator but did not receive any 
specific coaching or breathing guidance. Those in the intervention group underwent a TBr session facilitated by a certified 
practitioner, Dr. P. Wheble, conducted in accordance with a standardized protocol (available on request), for each two-
hour appointment. Thirty percent of the intervention sessions were moderated by the research supervisor, Dr. C Chap-
man, to ensure protocol adherence and avoid bias. After data collection, participants completed a 10-minute coaching 
exercise to set an intention for the breathing session. They completed 45-minutes of active HVB practice, followed by a 
15-minute relaxation phase. Standardised music was used in each session (available on request). During relaxation, the 
practitioner recorded objective observations from the session. Immediately after the session, a brief interview was con-
ducted to document the participant’s experience. The outcome measures were repeated 20-minutes after the intervention 
for the breathing group.

Statistical analysis

Data analysis was conducted using the IBM SPSS Statistics for Windows, Version 29.0.2.0 (IBM Corporation, Armonk, 
New York, USA). Demographic characteristics (Table 1) and baseline measures (Table 2) were compared between groups 
using Independent Samples Mann-Whitney U tests for continuous variables and Chi-Squared or Fisher’s exact tests for 
categorical variables. There were no statistically significant differences between the intervention and control groups.

To evaluate the impact of the TBr intervention on each outcome measure over the course of the three sessions, linear 
mixed models were utilised. The outcome measurements taken at the beginning of each session served as the dependent 
variables. For any post-hoc pairwise comparisons, a Bonferroni correction was used to adjust for multiple tests and control 
the overall Type I error rate.

As an exploratory analysis, Friedman’s test was conducted for the TBr group, including both pre and post intervention 
measures, to test the acute effects of the breathing intervention. There were no post-intervention measures for the control 
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group therefore no group comparisons were made. For any post-hoc pairwise comparisons, a Bonferroni correction was 
used to adjust for multiple tests and control the overall Type I error rate.

Results

Anxiety characteristics

During structured interviews, 15 participants (62.5%) reported the onset of anxiety during adolescence, and 13 (54.2%) 
experienced anxiety specifically in solo performance settings. The majority, 20 (83.3%), identified the fear of negative 
criticism as the primary trigger for their anxiety. Preferred coping strategies included planning (7, 29.2%), mindfulness (6, 
25%), meditation (4, 16.7%), yoga (3, 12.5%), talking (3,12.5%), and using beta-blockers (1, 4.2%).

Transformational breath observations

The mean respiratory rate (RR) for the active practice of TBr was 19.39 breaths per minute (SD 2.587). The estimated 
inhalation/exhalation ratio for TBr ranged from 1.63-1.83. Qualitative data from the intervention group (n = 12) are 
summarized in Table 3. Participants were observed during the TBr session, and a brief interview was conducted at the 

Table 1.  Demographic characteristics of participants.

Demographics [mean (SD) or count (%)] Intervention (n = 12) Control (n = 12) p-value

Age 33.08 (12.64) 29.58 (5.87) 0.887

Gender Male 3 (25) 2 (16.7) 1.000

Female 9 (75) 10 (83.3)

Caffeine intake (cups/day) 1.83 (1.80) 1.67 (1.23) 0.794

Psychological Therapy Never 2 (16.7) 3 (25) 0.524

Previous 6 (50) 8 (66.7)

Current 4 (33.3) 1 (8.3)

History of Panic Attack Never 7 (58.3) 6 (50) 1.000

Previous 5 (41.6) 6 (50)

Time to complete experiment (days) 36.33 (18.51) 27.92 (12.00) 0.200

SD: Standard deviation. Independent Samples Mann-Whitney U Test (continuous data), Chi-square/Fisher’s exact (categorical data).

https://doi.org/10.1371/journal.pmen.0000119.t001

Table 2.  Baseline measures of participants.

Measure (score range or units) [mean (SD)] Intervention (n = 12) Control (n = 12) p-value

GAD-7 (0–21) 8.25 (3.70) 8.17 (3.88) 0.799

PHQ-9 (0–27) 7.42 (3.63) 7.42 (4.40) 0.887

SPIN (0–68) 34.33 (9.11) 35.17 (9.32) 0.671

K-MPAI (0–240) 128.83 (32.48) 123.08 (32.75) 0.590

WEMWBS (14–70) 46.58 (5.42) 47.75 (9.39) 0.755

Systolic blood pressure (mmHg) 122.67 (22.94) 112.67 (16.65) 0.266

Diastolic blood pressure (mmHg) 70.83 (10.25) 73.50 (8.27) 0.490

HR (bpm) 73.00 (8.54) 74.17 (16.14) 0.932

Respiratory rate (bpm) 16.45 (2.90) 14.08 (3.21) 0.071

Oxygen Saturations (%) 98.50 (0.67) 97.50 (1.51) 0.078

Peak expiratory flow rate 510.83 (55.51) 504.17 (85.33) 0.713

SD: Standard deviation. Independent Samples Mann-Whitney U (continuous data)

https://doi.org/10.1371/journal.pmen.0000119.t002

https://doi.org/10.1371/journal.pmen.0000119.t001
https://doi.org/10.1371/journal.pmen.0000119.t002
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end of the session. Experiences were categorized into three main categories: physical symptoms, mental/emotional 
and spiritual themes. During the interventions, 10 ‘respiratory pauses’ were noted. Respiratory pauses are points in the 
session where participants breathing rate slowed significantly. The mean RR during these pauses was 8.67 bpm (range 
4–12), with the longest pause lasting 120 seconds. These observations indicate continued respiratory activity during 
‘pauses.’

Effect of a course of three TBr interventions

There were no significant Group or Time main effects, nor Group x Time interactions for any psychological or physiological 
outcome measures. These findings suggest no improvement in any of the psychological or physiological measures in the 
breathing group in comparison to the control group.

Exploratory analysis: Acute effects of TBr

The pattern of results suggests that music performance anxiety decreased after each TBr session (Fig 1). A significant 
Time main effect was found for music performance anxiety (K-MPAI) (X2(5) = 20.157, p = .001) in the TBr group. Post hoc 
Wilcoxon-signed rank tests with Bonferroni correction for multiple comparisons revealed significant differences between 
K-MPAI scores at time points Post 3 and Pre 3 (z = 3.00, adj. p = .040), Post 3 and Pre 2 (z = 3.27, adj. p = .016) and Post 3 
and Pre 1 (z = 2.95, adj. p = .048). Post 3 was the only time point that showed statistically significant reductions in K-MPAI 
scores when compared with each pre-session score.

A significant Time main effect was found for Generalized Anxiety Disorder (GAD-7) (X2(5) = 12.79, p = .025) in the TBr 
group. However, no pairwise comparisons survived correction for multiple comparisons, suggesting that there was no 
acute improvement in generalized anxiety.

Discussion

This is the first study to explore TBr as a complete HVB practice and to assess the efficacy of TBr as an intervention for 
anxiety management in PVUs with mild to moderate social anxiety disorder. Contrary to expectations, three sessions of 

Table 3.  Frequency table of experiences reported during 36 TBr sessions.

Reported Themes or Symptoms Session 1 
(N = 12)

Incidence 
(%)

Session 2 
(N = 12)

Incidence 
(%)

Session 3 
(N = 12)

Incidence
(%)

Physical Symptoms Relaxation 11 91.7% 11 91.7% 12 100.0%

“Respiratory pause” 1 8.3% 5 41.7% 4 33.3%

Paraesthesia/Tetany 5 41.7% 2 16.7% 3 25.0%

Sensation of cold/previous physical trauma 3 25.0% 2 16.7% 0 0.0%

Dizziness 1 8.3% 0 0.0% 1 8.3%

Mental/ Emotional Themes Acceptance 9 75.0% 12 100.0% 11 91.7%

Clarity 8 66.7% 12 100.0% 11 91.7%

Crying, release or catharsis 6 50.0% 6 50.0% 10 83.3%

Freedom, joy, love, self-worth. 5 41.7% 9 75.0% 12 100.0%

Anger, loneliness, shame, grief. 3 25.0% 1 8.3% 3 25.0%

Worried about doing it right 2 16.7% 0 0.0% 0 0.0%

Spiritual Themes Connection to others 2 16.7% 3 25.0% 2 16.7%

Deep awareness of self 10 83.3% 12 100.0% 11 91.7%

Altered states of consciousness 4 33.3% 6 50.0% 7 58.3%

Adverse Events Headache 1 8.3% 0 0.0% 0 0.0%

https://doi.org/10.1371/journal.pmen.0000119.t003

https://doi.org/10.1371/journal.pmen.0000119.t003
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TBr did not yield significant changes in any physiological or psychological measures of anxiety, depression, or well-being 
in comparison to a waitlist-control group. However, exploratory analyses of changes in psychological measures from 
before to after each TBr session indicate a significant reduction in music performance anxiety (K-MPAI), as indicated by 
significantly lower anxiety scores of the Post 3 timepoint, in comparison to Pre 3, Pre 2 and Pre 1. These findings indicate 
that TBr may produce an acute reduction in music performance anxiety. This pattern may reflect a cumulative effect of TBr 
or be indicative of participants learning and benefitting from the technique over time. Further research with larger samples 
would be required to explore this.

The efficacy of a TBr intervention with three sessions spaced one week apart, appears insufficient to achieve a detect-
able long-term reduction in anxiety measures. Three sessions of TBr were investigated as this is the number of sessions 
required to learn the technique for independent use [33]. The study was limited in time and resources, so the intervention 
was capped at three sessions. The gold standard CBT interventions for anxiety disorders typically require 12–15 ses-
sions to achieve a sustained improvement in symptoms [34]. Studies exploring similar HVB interventions for anxiety also 
required 8–10 sessions [16,17]. This suggests that a longer course of TBr practice may be required to demonstrate lasting 
psychological improvements.

The qualitative data (Table 3) demonstrate positive effects of TBr on relaxation, acceptance, clarity, self-worth and a 
deep awareness of self, which appear to increase with practice. The incidence of non-ordinary states of consciousness 
during the interventions increased in each successive session: 33.3% of participants reported experiencing this in the 
first session, 50% in the second session and 58.3% in the third session. This may indicate a learned ability to sustain the 
prescribed breathing pattern as participants gained more competence with the technique. Further exploration and quantifi-
cation of these experiences is an interesting future avenue of research.

Strengths and limitations

This study is the first to assess TBr as an intervention for anxiety management in PVUs, using a controlled design with 
validated psychological and physiological measures. It contributes preliminary data and effect size estimates that can 
guide future research exploring TBr effects on music performance anxiety. The small sample size (n = 24, with 12 per 
group) limits the statistical power and generalizability of the findings.

The study design enrolled individuals with mild to moderate symptoms of social anxiety, as indicated by their initial 
SPIN score. To prevent the enrolment of vulnerable participants, we excluded participants with moderate to severe anxiety 
or depression as indicated by their initial PHQ-9 and GAD-7 scores. It is possible that the baseline levels of anxiety were 
not high enough for a significant reduction to be detectable through the measures employed.

The lack of a strictly controlled intervention length, where the TBr group underwent longer sessions (70 minutes includ-
ing pre and post assessments) compared to 30 minutes for the control group, may have introduced confounding variables. 

Fig 1.  GAD-7 and K-MPAI scores for the TBr group across three sessions, measured before and after each session. Solid line indicates signifi-
cant difference between time points at p < 0.05, after Bonferroni correction for multiple comparisons.

https://doi.org/10.1371/journal.pmen.0000119.g001

https://doi.org/10.1371/journal.pmen.0000119.g001
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Future research must include a larger sample size and control group design that replicates the experimental conditions 
and differs only in the intervention that is being evaluated.

Despite these limitations, the study makes a valuable contribution by demonstrating acute psychological changes and 
providing foundational evidence which warrants further investigation.

Conclusion

The current study found evidence of acute reductions in performance anxiety following three sessions of TBr. Research 
of complete HVB practices of this kind is lacking and publication of methodologies and procedures to improve research 
quality in this field is required. The findings indicate that exploration of conscious breathing interventions for performance 
anxiety in the pre-performance setting may be of benefit to professional voice users. Further research with a longer 
intervention period, a larger number of TBr sessions and with individuals exhibiting a broader range of anxiety severity are 
needed to fully understand the potential benefits of TBr for anxiety management.

Acknowledgments

This project was undertaken as an MSc research project at University College London with full ethical approval. The first 
author would like to thank Dr. Carol Chapman (validation & supervision), Mr. Terry Clark (resources & supervision) and Dr. 
Hara Trouli (project administration & supervision) for their support throughout the research process, The Royal College of 
Music Centre for Performance Science for providing facilities to support this undertaking, The British Association for Per-
forming Arts Medicine, The Royal College of Music, Trinity Laban, Royal Academy of Music and Guildhall School of Music 
for their assistance in recruiting volunteers for this work.

Author contributions

Conceptualization: Philippa Charlotte Rose Wheble.

Data curation: Philippa Charlotte Rose Wheble.

Formal analysis: Dehan Elcin.

Investigation: Philippa Charlotte Rose Wheble.

Methodology: Philippa Charlotte Rose Wheble, Dehan Elcin.

Project administration: Philippa Charlotte Rose Wheble.

Software: Dehan Elcin.

Writing – original draft: Philippa Charlotte Rose Wheble.

Writing – review & editing: Philippa Charlotte Rose Wheble, Dehan Elcin.

References
	1.	 Kenny DT. The psychology of music performance anxiety. New York, NY: Oxford University Press; 2011.

	2.	 van Kemenade JF, van Son MJ, van Heesch NC. Performance anxiety among professional musicians in symphonic orchestras: a self-report study. 
Psychol Rep. 1995;77(2):555–62. https://doi.org/10.2466/pr0.1995.77.2.555 PMID: 8559881

	3.	 Wittchen H-U, Fehm L. Epidemiology and natural course of social fears and social phobia. Acta Psychiatr Scand Suppl. 2003;(417):4–18. https://doi.
org/10.1034/j.1600-0447.108.s417.1.x PMID: 12950432

	4.	 Ley R. Blood, breath, and fears: a hyperventilation theory of panic attacks and agoraphobia. Clin Psychol Rev. 1985;5(4):271–85. https://doi.
org/10.1016/0272-7358(85)90008-x

	5.	 Meuret AE, Wilhelm FH, Ritz T, Roth WT. Breathing training for treating panic disorder - useful intervention or impediment? Behav Modif. 
2003;27(5):731–54. https://doi.org/10.1177/0145445503256324 PMID: 14531164

	6.	 Porges SW. The polyvagal theory: new insights into adaptive reactions of the autonomic nervous system. Cleve Clin J Med. 2009;76 Suppl 2(Suppl 
2):S86-90. https://doi.org/10.3949/ccjm.76.s2.17 PMID: 19376991

https://doi.org/10.2466/pr0.1995.77.2.555
http://www.ncbi.nlm.nih.gov/pubmed/8559881
https://doi.org/10.1034/j.1600-0447.108.s417.1.x
https://doi.org/10.1034/j.1600-0447.108.s417.1.x
http://www.ncbi.nlm.nih.gov/pubmed/12950432
https://doi.org/10.1016/0272-7358(85)90008-x
https://doi.org/10.1016/0272-7358(85)90008-x
https://doi.org/10.1177/0145445503256324
http://www.ncbi.nlm.nih.gov/pubmed/14531164
https://doi.org/10.3949/ccjm.76.s2.17
http://www.ncbi.nlm.nih.gov/pubmed/19376991


PLOS Mental Health | https://doi.org/10.1371/journal.pmen.0000119  June 20, 2025 9 / 9

	 7.	 Nardi AE, Freire RC, Zin WA. Panic disorder and control of breathing. Respir Physiol Neurobiol. 2009;167(1):133–43. https://doi.org/10.1016/j.
resp.2008.07.011 PMID: 18707030

	 8.	 Boswell JF, Farchione TJ, Sauer-Zavala S, Murray HW, Fortune MR, Barlow DH. Anxiety sensitivity and interoceptive exposure: a transdiagnostic 
construct and change strategy. Behav Ther. 2013;44(3):417–31. https://doi.org/10.1016/j.beth.2013.03.006 PMID: 23768669

	 9.	 Philipott P, Chapelle G, Blairy S. Respiratory feedback in the generation of emotion. Cogn Emot. 2002;16:605–27.

	10.	 Widmer S, Conway A, Cohen S, Davies P. Hyperventilation: a correlate and predictor of debilitating performance anxiety in musicians. Med Probl 
Perform Art. 1997;12(4):97–106.

	11.	 Oxford English Dictionary. Definition: Breathwork, Noun. Oxford English Dictionary; 1972–2019.

	12.	 Fincham GW, Strauss C, Montero-Marin J, Cavanagh K. Effect of breathwork on stress and mental health: a meta-analysis of randomised-
controlled trials. Sci Rep. 2023;13(1):432. https://doi.org/10.1038/s41598-022-27247-y PMID: 36624160

	13.	 Zaccaro A, Piarulli A, Laurino M, Garbella E, Menicucci D, Neri B, et al. How breath-control can change your life: a systematic review on 
psycho-physiological correlates of slow breathing. Front Hum Neurosci. 2018;12:353. https://doi.org/10.3389/fnhum.2018.00353 PMID: 30245619

	14.	 Fincham GW, Kartar A, Uthaug MV, Anderson B, Hall L, Nagai Y, et al. High ventilation breathwork practices: an overview of their effects, mech-
anisms, and considerations for clinical applications. Neurosci Biobehav Rev. 2023;155:105453. https://doi.org/10.1016/j.neubiorev.2023.105453 
PMID: 37923236

	15.	 Van Diest I, Verstappen K, Aubert AE, Widjaja D, Vansteenwegen D, Vlemincx E. Inhalation/Exhalation ratio modulates the effect of slow breathing 
on heart rate variability and relaxation. Appl Psychophysiol Biofeedback. 2014;39(3–4):171–80. https://doi.org/10.1007/s10484-014-9253-x PMID: 
25156003

	16.	 de Wit PAJM, Moraes Cruz R. Treating PTSD with connected breathing: a clinical case study and theoretical implications. Eur J Trauma Dissocia-
tion. 2021;5(3):100152. https://doi.org/10.1016/j.ejtd.2020.100152

	17.	 Heyda A. An impact of the conscious connected breathing training on emotional states. Healing Breath. 2000;5(2):9–17.

	18.	 Kendrick T, Pilling S. Common mental health disorders--identification and pathways to care: NICE clinical guideline. Br J Gen Pract. 
2012;62(594):47–9. https://doi.org/10.3399/bjgp12X616481 PMID: 22520681

	19.	 Barlow DH, Craske MG, Cerny JA, Klosko JS. Behavioral treatment of panic disorder. Behav Ther. 1989;20(2):261–82. https://doi.org/10.1016/
s0005-7894(89)80073-5

	20.	 Boettcher H, Brake C, Barlow D. Origins and outlook of interoceptive exposure. Harv Rev Psychiatry. 2016;24(2):90–8.

	21.	 Craig AD. How do you feel? Interoception: the sense of the physiological condition of the body. Nat Rev Neurosci. 2002;3(8):655–66. https://doi.
org/10.1038/nrn894 PMID: 12154366

	22.	 Eifert GH, Heffner M. The effects of acceptance versus control contexts on avoidance of panic-related symptoms. J Behav Ther Exp Psychiatry. 
2003;34(3–4):293–312. https://doi.org/10.1016/j.jbtep.2003.11.001 PMID: 14972675

	23.	 Miller JJ, Fletcher K, Kabat-Zinn J. Three-year follow-up and clinical implications of a mindfulness meditation-based stress reduction interven-
tion in the treatment of anxiety disorders. Gen Hosp Psychiatry. 1995;17(3):192–200. https://doi.org/10.1016/0163-8343(95)00025-m PMID: 
7649463

	24.	 Schirmer-Mokwa KL, Fard PR, Zamorano AM, Finkel S, Birbaumer N, Kleber BA. Evidence for enhanced interoceptive accuracy in professional 
musicians. Front Behav Neurosci. 2015;9:349. https://doi.org/10.3389/fnbeh.2015.00349 PMID: 26733836

	25.	 Connor KM, Davidson JR, Churchill LE, Sherwood A, Foa E, Weisler RH. Psychometric properties of the Social Phobia Inventory (SPIN). New 
self-rating scale. Br J Psychiatry. 2000;176:379–86. https://doi.org/10.1192/bjp.176.4.379 PMID: 10827888

	26.	 Löwe B, Decker O, Müller S, Brähler E, Schellberg D, Herzog W, et al. Validation and standardization of the Generalized Anxiety Disorder Screener 
(GAD-7) in the general population. Med Care. 2008;46(3):266–74. https://doi.org/10.1097/MLR.0b013e318160d093 PMID: 18388841

	27.	 Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med. 2001;16(9):606–13. https://doi.
org/10.1046/j.1525-1497.2001.016009606.x PMID: 11556941

	28.	 Kroenke K, Spitzer RL. The PHQ-9: a new depression diagnostic and severity measure. Psychiat Ann. 2002;32(9):509–15. https://doi.
org/10.3928/0048-5713-20020901-06

	29.	 Kenny DT. The factor structure of the revised Kenny Music Performance Anxiety Inventory. In: International Symposium on Performance Science. 
Utrecht: Association Européenne des Conservatoires. 2009. pp. 37–41.

	30.	 Kenny D. Identifying cut-off scores for clinical purposes for the Kenny Music Performance Anxiety Inventory (K-MPAI) in a population of profes-
sional orchestral musicians. Polish Psychol Bull. 2015. https://doi.org/10.13140/RG.2.1.2481.2244

	31.	 Kenny DT, Davis P, Oates J. Music performance anxiety and occupational stress amongst opera chorus artists and their relationship with state and 
trait anxiety and perfectionism. J Anxiety Disord. 2004;18(6):757–77. https://doi.org/10.1016/j.janxdis.2003.09.004 PMID: 15474851

	32.	 Tennant R, Hiller L, Fishwick R, Platt S, Joseph S, Weich S, et al. The Warwick-Edinburgh Mental Well-being Scale (WEMWBS): development and 
UK validation. Health Qual Life Outcomes. 2007;5:63. https://doi.org/10.1186/1477-7525-5-63 PMID: 18042300

	33.	 Kravitz J. Breathe deep, laugh loudly: The joy of transformational breathing. Free Press; 1999.

	34.	 National Institute for Health and Care Excellence (NICE). Generalised anxiety disorder and panic disorder in adults: management. Clinical Guide-
line 113. 2020. Available from: https://www.nice.org.uk/guidance/CG113

https://doi.org/10.1016/j.resp.2008.07.011
https://doi.org/10.1016/j.resp.2008.07.011
http://www.ncbi.nlm.nih.gov/pubmed/18707030
https://doi.org/10.1016/j.beth.2013.03.006
http://www.ncbi.nlm.nih.gov/pubmed/23768669
https://doi.org/10.1038/s41598-022-27247-y
http://www.ncbi.nlm.nih.gov/pubmed/36624160
https://doi.org/10.3389/fnhum.2018.00353
http://www.ncbi.nlm.nih.gov/pubmed/30245619
https://doi.org/10.1016/j.neubiorev.2023.105453
http://www.ncbi.nlm.nih.gov/pubmed/37923236
https://doi.org/10.1007/s10484-014-9253-x
http://www.ncbi.nlm.nih.gov/pubmed/25156003
https://doi.org/10.1016/j.ejtd.2020.100152
https://doi.org/10.3399/bjgp12X616481
http://www.ncbi.nlm.nih.gov/pubmed/22520681
https://doi.org/10.1016/s0005-7894(89)80073-5
https://doi.org/10.1016/s0005-7894(89)80073-5
https://doi.org/10.1038/nrn894
https://doi.org/10.1038/nrn894
http://www.ncbi.nlm.nih.gov/pubmed/12154366
https://doi.org/10.1016/j.jbtep.2003.11.001
http://www.ncbi.nlm.nih.gov/pubmed/14972675
https://doi.org/10.1016/0163-8343(95)00025-m
http://www.ncbi.nlm.nih.gov/pubmed/7649463
https://doi.org/10.3389/fnbeh.2015.00349
http://www.ncbi.nlm.nih.gov/pubmed/26733836
https://doi.org/10.1192/bjp.176.4.379
http://www.ncbi.nlm.nih.gov/pubmed/10827888
https://doi.org/10.1097/MLR.0b013e318160d093
http://www.ncbi.nlm.nih.gov/pubmed/18388841
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.3928/0048-5713-20020901-06
https://doi.org/10.3928/0048-5713-20020901-06
https://doi.org/10.13140/RG.2.1.2481.2244
https://doi.org/10.1016/j.janxdis.2003.09.004
http://www.ncbi.nlm.nih.gov/pubmed/15474851
https://doi.org/10.1186/1477-7525-5-63
http://www.ncbi.nlm.nih.gov/pubmed/18042300
https://www.nice.org.uk/guidance/CG113

