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A Review of the Physiological Effects and Mechanisms
of Singing
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Summary: Daily experience suggests that singing can energize us and even provide a physical workout. A growing
amount of evidence has been presented to support anecdotal claims of the benefits of singing on health and wellbeing. Singing has been shown to be related to numerous physiological changes. The cardiorespiratory system is utilized
during persistent singing training, resulting in enhanced respiratory muscles and an optimized breathing mode. In addition, singing can also cause changes in neurotransmitters and hormones, including the upregulation of oxytocin,
immunoglobulin A, and endorphins, which improves immune function and increases feelings of happiness. This review
is organized by respiratory, circulatory, and hormonal changes that are collectively a part of singing in a healthy population. The various studies are discussed with the intention of helping researchers and clinicians realize the potential
benefit of singing and provide a clinical option as an adjunct therapy for a given situation. Better understanding of
physiological mechanisms will lay a solid theoretical foundation for singing activities and will present important implications for further study. Evaluations of existing research and recommendations for future research are given to promote
the scale and duration to better demonstrate the effectiveness of singing before it can be recommended in clinical guidelines and satisfy criteria for funding by commissioners of health and social care.
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INTRODUCTION
Singing is the act of producing musical sounds with the voice,
an activity whose origins are lost in antiquity.1 In modern times,
singing is a universal activity, pervading the daily lives of individuals from diverse cultural, demographic, and political
backgrounds. There are diverse forms of singing, such as everyday singing, group singing, karaoke singing, solo singing, and
singing education. There is also a large variety of singing styles
such as rock, gospel, country, musical theater, and close-knit a
cappella.2 Group singing can be found in a wide range of settings including hospitals, workplaces, local communities, homeless
shelters, and prisons as well as more traditional venues such as
churches and concert halls.3,4 In addition, karaoke singing is one
of the most popular extracurricular activities among Asian youth,
especially in China and Japan.5
Although singing is generally considered to be a form of entertainment rather than exercise, it has also been related to
numerous health and well-being outcomes. As early as 1930,
Rollrath found that many famous singers had lived to be 80 or
even more than 100 years old, which suggested that singing could
increase longevity.6 Recent years have witnessed an incremental recognition of the value of singing activities in improving
mental and physical health in both nonclinical and clinical
settings.7 Singing, the active music intervention, has been found
to bring about better outcomes than the receptive music intervention (eg, listening or music games) as an adjunctive treatment
option.8 Studies have realized the effects of singing on lung

diseases, especially chronic obstructive pulmonary disease9 and
asthma,10 as well as other chronic medical conditions, including Parkinson’s disease11 and quadriplegia,12 due to increased
lung vital capacity (LVC) and enhanced respiratory muscles. Furthermore, singing has also demonstrated positive impacts on
emotional states and neural network reconfiguration, so that the
symptoms of mood disorders,13 dementia,14–16 and aphasia17
improve after singing intervention. On the other hand, less research has been conducted on the healthy population or the
neuroendocrine system as a potential underlying mechanism.18–20
Given the growing popularity of singing, more value should
be placed on scientific research highlighting its benefits and
mechanisms. Therapeutic benefits of singing may be better understood with a greater knowledge of the mechanisms underlying
the relationship between singing and health in humans.21 Nowadays, many studies related to singing focus on the feasibility
and practicality of singing as an adjunct therapy to patients rather
than as a rewarding exercise with regard to general well-being.
To our knowledge, no review has been done that summarizes
the data collected on the biological and neurochemical benefits of singing. The purpose of this manuscript is twofold: We
discuss changes in respiratory, circulatory, and endocrine systems
during all singing tasks and characterize these relationships by
determining the extent to which neurochemistry results in these
changes. The second part of this manuscript is concerned with
singing therapy and related factors, indicating some implications and limitations of existing research.
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RESPIRATORY CHANGES
Respiratory changes are one of the most obvious and perceptible changes associated with singing. The air that is exhaled from
the lungs is the source of power for articulation and singing. Continuously stable air pressure vibrates the vocal cords, while
resonance apparatuses and articulators adjust the structures to
produce different timbres.22 In the process of singing, repeated
utilization of the corresponding organs and the surrounding
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structures can not only coordinate the subsystems but also exercise the respiratory muscles, leading to improved lung function.23
Professional singers with correct and proper singing patterns can
be seen to have an improved “breathing reserve”; that is, they
adjust their breathing mode in order to transfer kinetic energy
into sound energy more efficiently. This creates a better tolerance to the effects of vocal pathologies.24
Gould and Okamura25 found no significant difference in total
lung capacity (TLC) between professional singers, vocal music
students, and untrained persons, while the ratio of the residual
lung volume to total lung capacity (RV/TLC) of professional
singers was significantly lower than that of the other two groups,
and the RV/TLC values of the vocal music students were also
lower than those of the untrained group. The results suggest that
singing can help healthy people take full advantage of the same
amount of lung function, indicating better breathing efficiency,
which increased with the singing training time. Carroll et al26
compared the forced expiratory volume in 1 second (FEV1), forced
vital capacity (FVC), and forced expiratory flow of 40 professional singers with the standard values of a healthy population.
The average results of professional singers were greater than standard values. Irzaldy et al27 conducted lung measurements in 10
chorus members and 10 ordinary students. Significant differences
were found in LVC and FVC (P = 0.02, P = 0.01, respectively),
while no significant difference was found in inspiratory volume,
suggesting that the promotion of the relevant indicators was closely
related to the expiratory phase. Ksinopoulou et al28 conducted a
randomized controlled trial, in which 58 professional singers and
22 wind-instrument players were enrolled in the experimental
group (45 males and 35 females) and 80 healthy subjects were
recruited as control groups. There were significant differences
in FVC, FEV1, and peak expiratory flow rate (PEFR) between
the two groups (P < 0.01, P < 0.01, P = 0.001, respectively), while
a significant difference in the FEV1/FVC ratio was only found
among the female participants (P = 0.001). Nevertheless, SchorrLesnick et al29 compared 34 singers and 48 wind-instrument players
with a control group of 31 string or percussion performers. There
was no significant difference between the two groups in FVC,
mean forced expiratory flow, FEV1/FVC value, maximum expiratory pressure, or maximum inspiratory pressure. This remained
true when tested independently and when corrected for age, gender,
weight, height, and smoking.
CIRCULATORY CHANGES
Along with the respiratory changes, the circulatory system may
change depending on respiratory sinus arrhythmia (RSA). RSA
is a special physiological phenomenon where exhalation can increase the vagus nerve (parasympathetic nerve) tension, which
results in the extended sinus P-P cycle and vice versa.30,31 RSA
can effectively accelerate lung gas exchange by matching alveolar ventilation and capillary perfusion, and save the energy of the
cardiorespiratory system by suppressing unnecessary heartbeat and
ineffective ventilation during exhalation.32,33 Grape et al34 considered that singing can repeatedly train synergies between the
respiratory system and the circulatory system to achieve the best
match and show a better breathing cycle vigor. Thus, RSA may
be the reason why singing further induces heart rate variability
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(HRV), the variability between the R-R intervals in successive
heartbeats.35 A reduced HRV is not only an independent risk factor
for sudden cardiac death and arrhythmia events but is also related
to psychiatric disorders such as depression and anxiety.36,37 The
HRV of 15 students was measured after the performances of different types of singing (humming, mantras, hymns).38 The results
suggest that singing increases HRV, and when the music structure is regular, HRV profiles tend to conform in terms of frequency
and phase. Grape et al34 found that professional singers experienced more significant HRV changes than amateurs during singing.
On the other hand, Niu et al39 reported the case of a 76-yearold woman with chronic stable hypertension who experienced
severely elevated blood pressure prior to total knee replacement surgery and was unresponsive to antihypertensive drugs
(systolic blood pressure continued to fluctuate around 200 mmHg).
In this case, her blood pressure was found to have dramatically
dropped below 180 mmHg systolic after she sang several religious songs. Blood pressure measurements were conducted in
91 instrumentalists and 51 professional singers by Eller et al.40
It was found that the average blood pressure of the professional singers was significantly lower than that of the instrument
players. Valentine and Evans41 presented that decreased blood
systolic pressure and increased diastolic blood pressure were found
after respective group activities in all singing groups (10 music
majors and 13 amateur choirs), and changes in the two singing
conditions were not significantly different from each other. Two
groups of singers (n = 12, 13) and a group of nonsingers (n = 12)
each produced the national anthem by speaking, by singing the
words, and by humming the melody in a study by Formby et al.42
No significant difference was found in the cerebral blood flow
between these groups during speaking or singing.
CHANGES IN NEUROPEPTIDES AND HORMONES
In addition to changes in the cardiovascular system, singing has
been shown to help people ease anxiety, bring euphoria, and create
a sense of belonging. For example, a study of 210 adults was
conducted over an 18-month period, in which 108 members were
recruited into the singing group to participate in community singing
rehearsals, while the remaining members were recruited as the
control group.43 Results revealed a significant reduction in the
proportion of adults in the singing group classified as depressed
and a concomitant significant increase in resilience levels, quality
of life, sense of connectedness, and social support among this
group. There were no significant changes for these variables in
the comparison group. Many scholars have noticed this phenomenon and have tried to explore the mechanism behind the
neural chemistry, but some studies have had opposite variation
tendencies in these neuropeptides and hormones.
Adrenocorticotropic hormones (ACTHs) and glucocorticoids are both important components of the hypothalamic–
pituitary–adrenal axis (HPA axis), and are essential hormones
to keeping an individual excited and aroused. Increased HPA activity in response to stressful situations is part of the natural fightor-flight response and leads to an inhibited immune response,
narrowed arteries, and increased epinephrine, resulting in raised
blood pressure.44 Fancourt et al45 examined the impact of singing
in a low-stress performance situation (rehearsal without an
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audience) and a high-stress live concert (performance in front
of 610 audience members) on levels of glucocorticoids (cortisol
and cortisone) in 15 professional singers. The results showed a
significant decrease in both cortisol and cortisone across the lowstress condition, suggesting that singing in itself was a stressreducing (and possibly health-promoting) activity, while there
were significant increases across the high-stress condition. A study
by Beck et al had a similar consequence.46 Four jazz singers were
sampled to sing together in two separate performances, from printed
sheet music and improvised, in the research done by Keeler et al.47
Even though ACTH concentrations decreased in both conditions, only the precomposed group had a significant statistical
difference that may have contributed to the social flow experience. A study by Grape et al34 explored the possible beneficial
effects of singing on well-being, which included eight amateurs
and eight professionals during a singing lesson. The results showed
that cortisol increased after the singing lesson, with the serum
concentration of tumor necrosis factor α (TNF-α) increasing in
professionals after the singing lesson. Kreutz et al compared the
effects of choir music on cortisol in 31 amateur choirs between
two conditions, namely singing versus listening to choral music.48
Listening to music led to a significant reduction in cortisol
(P < 0.001), and participants reported increased negative mood
in the same condition, which indicated music listeners might feel
inactive or even bored. In addition, cortisol concentration remained stable during singing. No significant statistical differences
for cortisol were found between the singing group (n = 24) and
the chatting group (n = 25) in another study by Kreutz.49 Fancourt
et al carried out a multicenter single-arm preliminary study to
assess the impact of group singing on stress and immune response in three populations affected by cancer—carers (n = 72),
bereaved carers (n = 66), and patients (n = 55)—showing decreases in cortisol (P < 0.001) alongside significant increases in
cytokine and receptor activity (GM-CSF, IL17, IL2, IL4, sIL2rα, TNF-α, P < 0.01) after five choral activities across all five
centers and all the groups.19 The author believed that the reduction in cortisol following singing reduced glucocorticoid
suppression of the immune system, leading to general activation of the cytokine network and immune activity. Several variables,
including numerous types of interventions, participants, and genres,
influence the consequences of different research, which may be
part of the reason why these studies failed to reach a consensus.
Research has repeatedly implicated the neuropeptide oxytocin
(OT) as one of the key hormones involved in a range of social
and affiliative behaviors.50 OT was found to increase trust,51 reduce
negative behavior,52,53 decrease amygdala activation to fearful
faces,54,55 and increase theory of mind skills,56 indicating a potential
direct OT involvement in processes of social bonding and interpersonal closeness. Results of the study by Keeler et al showed OT
concentration in four singers increased after improvised singing,
suggesting that better social ties lead to growth in OT. In contrast,
no changes in OT concentration were found during a precomposed
performance.47 OT concentrations increased significantly in both
amateur and professional singers after the singing lesson in Grape
et al’s study.34 Kreutz et al48 found a remarkable upward trend in
a singing group compared with a chatting group with a significant
difference (P < 0.01), indicating that singing enhances individual
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psychological well-being as well as induces a sociobiological
bonding response. However, OT dropped after 1 hour of group
singing in all the participants in Fancourt et al’s study (P < 0.001).19
Secretory Immunoglobulin A (S-IgA), one kind of first-line antibody to protect from bacterial and viral infection in the upper
airway, is regarded as a clinical indicator of individual immune
capacity.57 It has been found that people tend to stay positive and
relaxed with the upregulation of S-IgA while feeling stressful and
nervous with the downregulation.58 Kreutz et al found that S-IgA
increased after the singing training and listening class, with only
a significant difference in the singing training (P < 0.005).48 Kuhn
assigned 33 participants (28 women and 5 men) randomly to one
of three groups: a singing and instrument-playing group, a listening
group, and a control (rest or sit quietly) group.59 Secretory Immunoglobulin A (S-IgA) levels of the singing and instrumentplaying group showed a significantly greater increase than the others,
suggesting that active participation in musical activity produces a
greater effect on the immune system than passive participation. Beck
et al examined the S-IgA concentration during an early rehearsal
(n = 31), a late rehearsal (n = 34), and a public performance
(n = 32).46 As measures of immune system response, mean levels
of S-IgA increased significantly, 150% during rehearsals and 240%
during the performance. Beck et al collected saliva samples of 10
members of a choral group after a 10-week singing session and
conducted the laboratory tests of S-IgA. The concentration of S-IgA
increased in both rehearsal and performance conditions, but only
significant upward changes were found after a formal performance (P = 0.012).60
Beta-endorphin is an opioid peptide that is produced by the
cleavage of pro-opiomelanocortin, along with ACTHs and other
derivatives. It is best known for its analgesic, euphoric, and sedative effects, involving many forms of behavior/symptoms such
as anxiety,61 anger control62 and aggression,63 depression,64 and
addictions.65 Weinstein et al recruited individuals from a community choir that met in both small (n = 20–80) and large (n = 232)
group contexts.66 Results showed that measures of endorphin
release increased across singing rehearsals in both groups with
a significant difference (P < 0.001). However, it seems likely that
the decrease in beta-endorphins found in Fancourt’s study
(P < 0.001) was part of a generalized downregulation of stress
response.6 Dunbar et al measured the pain tolerance duration of
pressure from a 260-mmHg hematomanometer in 13 choral
members and 9 prayer members during respective group activities.67
The results demonstrated that singing triggered endorphin release
(indexed by an increase in postactivity pain tolerance) in contexts where merely other activities do not (P < 0.001).
SINGING THERAPY AND RELATED FACTORS
Singing therapy pattern
A standard therapy pattern is urgently needed in related research. To discuss the comparability and effectiveness of singing
therapy among different studies, several variables should be evaluated, including intervention strategies, intervention duration, and
the demographics of participants.
Most existing studies included explicit breathing instructions as part of the singing intervention. Several different
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techniques were used during breathing training, including pursedlip breathing (breathing out slowly with the lips in a whistling
position), diaphragmatic breathing (deep breathing focusing on
the abdomen), pranayama yoga breathing (timed breathing with
a focus on exhalation), and changing the breathing pattern using
computerized feedback to slow down the respiratory rate and
increase exhalation time, or combinations of these techniques.68
The variability of training method leads to the indeterminacy of
comparison between different studies, so for this reason, the relationship of breathing training and singing is hard to define. Most
scholars believe that even without a separate breathing training, singing itself can also have a positive impact on the respiratory
system.69 Gunji et al suggested that even for healthy people
without any breathing guidance, singing can also improve their
control of the diaphragm and abdominal muscles.70 Engen thought
that the benefits of breathing exercises alone are limited and that
participants have difficulty appreciating the connection between
breathing and sounds, resulting in participants quitting their repetitive boring breathing exercises.71 Singing and breathing should
be considered as a whole because singing itself is a procedure
of inspiration and expiration. It is unscientific to sort them out
physiologically and operationally. Such respiratory and vocal exercises are important steps for a singer to improve his or her
respiratory coordination. As a consequence, they are an essential part of the learning process of singing itself. Therefore, singing
not only improves social bonding and enjoyment during practice but, because breathing exercise is also an irreplaceable part
of singing, it also enhances physical achievement.72 The value
of singing as an adjuvant treatment, then, may be that afflicted
individuals can avoid the use of repetitive, boring exercises during
therapeutic trials. This, in turn, will serve to keep participants
from early withdrawal from treatment.
The duration of singing intervention is one of the most important variables associated with better therapeutic results.
McNaughton et al claimed that there is a dose–response relationship between singing and physiological indicators. In other
words, no physiological changes will occur until singing training or therapy is performed for a certain amount of time.73
Goodridge et al presented that participants in singing training,
after 3 months, had reached the platform phase of physical function, where even if the duration/dose of intervention increased,
there would be a minimal increase in benefits. It may be part
of the reason why no significant physical changes can be found
after singing intervention in professional singers.74
The social status and vocation of the participants can also lead
to different results of experiments. Bailey and Davidson compared the psychological changes in eight untrained homeless men
and eight professional choir singers after choral activities.4 The
results showed that regardless of the social status of the participants themselves or whether they could make beautiful sounds,
no significant differences were found in pleasure and satisfaction. However, professional singers had a stronger awareness of
the interpersonal relationship and collective activities. Additionally, the vocation of the participants would greatly impact
the goals and intentions during singing tasks, such as pure enjoyment or a high standard of musical and performance
excellence. It may be the reason why the change in ACTH varied
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throughout the several studies in different groups of participants,
as we mentioned before. Grape et al conducted a measurement
of the changes of the relevant indicators in eight professional
singers and eight amateur people over a singing training.75 Amateurs reported increasing joy and elatedness, whereas professionals
did not. Additionally, HRV and TNF-α were higher in professional singers than amateurs. It revealed that professional singers
paid more attention to singing skills and physical condition in
singing training, while amateur people were taking singing as
a way of self-expression.
Social bonds and singing
In the past few years, some studies claimed that social bonding
played a key role in health benefits associated with group singing,
indicating that some of the benefits were driven by heightened
social cohesion. Pearce et al recruited seven newly formed
community-based adult education classes (four singing, N = 84,
and three comparison classes studying creative writing or crafts,
N = 51) to respective activities over 7 months.76 Although physical
health, mental health, and life satisfaction improved overall, singers
did not show a significantly greater increase than nonsingers.
Moreover, greater changes in collective bonding were significantly associated with increased flourishing, improved physical
health, and reduced anxiety independently of the corresponding
baseline levels. The authors considered that it is the extent to
which individuals felt integrated into their class group rather than
singing that directly resulted in an improvement in health and
well-being, regardless of the activity in which they participated.
Valentine and Evans measured emotional changes in 10 solo singers
and 13 chorus singers after singing activities and found that the
chorus singers’ sense of excitement and pleasure were higher
than solo singers.41 Stewart and Lonsdale collected questionnaire data from 375 participants and found that choral singers
and team sport players reported significantly higher psychological well-being than solo singers.77 Choral singers also reported
that they considered their choirs to be a more coherent or “meaningful” social group than team sport players considered their teams.
Choral activities seemed to enhance the sense of belonging of
the participants, coordinated with the singing itself to further
improve the well-being and quality of life.76
CONCLUSIONS
Studies that are of adequate scale and duration are urgently needed
to demonstrate the effectiveness of singing intervention before
it can be recommended in clinical guidelines and satisfy criteria for funding by commissioners of health and social care.
Furthermore, the research in regard to the mechanism of singing
therapy has not formed a complete theoretical system. Some limitations, including lack of control group and necessary statistics
analysis, restricted the credibility of numerous studies.
However, the therapeutic application of singing does seem to
be effective in reducing the problematic behavioral and
psychological symptoms. Singing training actively utilizes the
respiratory muscles to ensure adequate pressure to initiate and
maintain vocal cord vibration according to the rhythmic coordination with breathing. Enhanced respiratory muscle strength
and control as well as coordinated breathing mode can effectively
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improve the efficiency of respiratory and circulatory response
and coordinate cardiopulmonary function, resulting in increase
in vital capacity, FVC, FEV1, PEFR, and HRV. Also, singing
effectively improves the vitality of neurological networks, including OT, S-IgA, and endorphins, either from social bonds or
singing itself, which enhance the sense of social belonging, the
body immune function, personal happiness, and euphoria. Singing
is not only the exercise of the body function but also a way of
self-expression, which brings about a positive personal and social
impact. Because of this, singing is not just the privilege of professional singers but should be universal to the general public.
The rise of the community chorus and school choirs is bound to
guide more people to participate in singing, pervading the joy
and happiness of singing.
REFERENCES
1. Thomasson M, Sundberg J. Consistency of phonatory breathing patterns
in professional operatic singers. J Voice. 1999;13:529–541. [Epub 2000/01/
06]; PubMed PMID: 10622519.
2. Nix J, Perna N, James K, et al. Vibrato rate and extent in college music
majors: a multicenter study. J Voice. 2016;30:756, e31-e41. doi:10.1016/
j.jvoice.2015.09.006. PubMed PMID: 26564579.
3. Vaag J, Saksvik PØ, Theorell T, et al. Sound of well-being—choir singing
as an intervention to improve well-being among employees in two Norwegian
county hospitals. Arts Health. 2013;5:93–102. doi:10.1080/17533015.2012
.727838.
4. Bailey BA, Davidson JW. Effects of group singing and performance for
marginalized and middle-class singers. Psychol. Music. 2005;33:269–303.
doi:10.1177/0305735605053734.
5. Yiu EM, Chan RM. Effect of hydration and vocal rest on the vocal fatigue
in amateur karaoke singers. J Voice. 2003;17:216–227. [Epub 2003/06/27];
PubMed PMID: 12825654.
6. Hunter BC. Singing as a therapeutic agent, in The Etude, 1891–1949. J Music
Ther. 1999;36:125–143.
7. Reagon C, Gale N, Enright S, et al. A mixed-method systematic review to
investigate the effect of group singing on health related quality of life.
Complement Ther Med. 2016;27:1–11.
8. Atiwannapat P, Thaipisuttikul P, Poopityastaporn P, et al. Active versus
receptive group music therapy for major depressive disorder-a pilot study.
Complement Ther Med. 2016;26:141–145. doi:10.1016/j.ctim.2016.03.015.
[Epub 2016/06/05]; PubMed PMID: 27261995.
9. Bonilha AG, Onofre F, Vieira ML, et al. Effects of singing classes on
pulmonary function and quality of life of COPD patients. Int J Chron
Obstruct Pulmon Dis. 2009;4:1–8.
10. Wade LM. A comparison of the effects of vocal exercises/singing versus
music-assisted relaxation on peak expiratory flow rates of children with
asthma. Music Ther Perspect. 2002;20:31–37.
11. Shih LC, Piel J, Warren A, et al. Singing in groups for Parkinson’s disease
(SING-PD): a pilot study of group singing therapy for PD-related voice/
speech disorders. Parkinsonism Relat Disord. 2012;18:548–552.
12. Tamplin J, Baker FA, Buttifant M, et al. The effect of singing training on
voice quality for people with quadriplegia. J Voice. 2014;28:128, e19-e26.
13. Tavormina M, Tavormina R, Nemoianni E. The singing-group: a new therapic
rehabilitation for mood disorders. Psychiat Danub. 2014;26:173–177.
14. Maguire LE, Wanschura PB, Battaglia MM, et al. Participation in active
singing leads to cognitive improvements in individuals with dementia. J Am
Geriatr Soc. 2015;63:815–816. doi:10.1111/jgs.13366. [Epub 2015/04/23];
PubMed PMID: 25900495.
15. Sarkamo T, Laitinen S, Numminen A, et al. Pattern of emotional benefits
induced by regular singing and music listening in dementia. J Am Geriatr
Soc. 2016;64:439–440. doi:10.1111/jgs.13963. [Epub 2016/02/20]; PubMed
PMID: 26889849.
16. Osman SE, Tischler V, Schneider J. “Singing for the brain”: a qualitative
study exploring the health and well-being benefits of singing for people with

17.

18.

19.

20.

21.

22.
23.
24.
25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

dementia and their carers. Dementia (London). 2016;15:1326–1339.
doi:10.1177/1471301214556291. [Epub 2016/10/30]; PubMed PMID:
25425445. PubMed Central PMCID: PMCPMC5089222.
Yamaguchi S, Akanuma K, Hatayama Y, et al. Singing therapy can be
effective for a patient with severe nonfluent aphasia. Int J Rehabil Res.
2012;35:78–81. doi:10.1097/MRR.0b013e32835032f8. [Epub 2012/01/26];
PubMed PMID: 22274592.
Coulton S, Clift S, Skingley A, et al. Effectiveness and cost-effectiveness
of community singing on mental health-related quality of life of older people:
randomised controlled trial. Br J Psychiatry. 2015;207:250–255.
doi:10.1192/bjp.bp.113.129908. [Epub 2015/06/20]; PubMed PMID:
26089304.
Fancourt D, Williamon A, Carvalho LA, et al. Singing modulates mood,
stress, cortisol, cytokine and neuropeptide activity in cancer patients and
carers. Ecancermedicalscience. 2016;10:631. doi:10.3332/ecancer.2016.631.
PubMed PMID: 27170831. PubMed Central PMCID: PMCPMC4854222.
Kreutz G, Bongard S, Rohrmann S, et al. Effects of choir singing or listening
on secretory immunoglobulin A, cortisol, and emotional state. J Behav Med.
2004;27:623–635. [Epub 2005/01/27]; PubMed PMID: 15669447.
Fancourt D, Aufegger L, Williamon A. Low-stress and high-stress singing
have contrasting effects on glucocorticoid response. Front Psychol.
2015;6:1242.
Story BH. An overview of the physiology, physics and modeling of the sound
source for vowels. Acoust Sci Technol. 2002;23:195–206.
Thomasson M, Sundberg J. Lung volume levels in professional classical
singing. Logop Phoniatr Voco. 1997;22:61–70.
Carroll LM, Sataloff RT, Heuer RJ, et al. Respiratory and glottal efficiency
measures in normal classically trained singers. J Voice. 1996;10:139–145.
Gould WJ, Okamura H. Static lung volumes in singers. Ann Otol Rhinol
Laryngol. 1973;82:89–95. doi:10.1177/000348947308200118. [Epub
1973/01/01]; PubMed PMID: 4685575.
Carroll LM, Sataloff RT, Heuer RJ, et al. Respiratory and glottal efficiency
measures in normal classically trained singers. J Voice. 1996;10:139–145.
[Epub 1996/06/01]; PubMed PMID: 8734388.
Irzaldy A, Wiyasihati SI, Purwanto B. Lung vital capacity of choir singers
and nonsingers: a comparative study. J Voice. 2016;30:717–720.
doi:10.1016/j.jvoice.2015.08.008. [Epub 2015/10/21]; PubMed PMID:
26482399.
Ksinopoulou H, Hatzoglou C, Daniil Z, et al. Respiratory function in vocal
soloists, opera singers and wind instrument musicians. Med Lav.
2016;107:437–443. [Epub 2016/12/16]; PubMed PMID: 27976662.
Schorr-Lesnick B, Teirstein AS, Brown LK, et al. Pulmonary function in
singers and wind-instrument players. Chest. 1985;88:201–205. [Epub
1985/08/01]; PubMed PMID: 4017673.
Bernardi L, Porta C, Gabutti A, et al. Modulatory effects of respiration. Auton
Neurosci. 2001;90:47–56. doi:10.1016/s1566-0702(01)00267-3. [Epub
2001/08/04]; PubMed PMID: 11485292.
Cherland E. The polyvagal theory: neurophysiological foundations of
emotions, attachment, communication, self-regulation. J Can Acad Child
Adolesc Psychiatry. 2012;21:313.
Bernardi L, Gabutti A, Porta C, et al. Slow breathing reduces chemoreflex
response to hypoxia and hypercapnia, and increases baroreflex sensitivity.
J Hypertens. 2001;19:2221–2229.
Hayano J, Yasuma F. Hypothesis: respiratory sinus arrhythmia is an intrinsic
resting function of cardiopulmonary system. Cardiovasc Res. 2003;58:1–9.
Grape C, Sandgren M, Hansson L-O, et al. Does singing promote well-being?
An empirical study of professional and amateur singers during a singing
lesson. Integr Physiol Behav Sci. 2002;38:65–74.
Reyes del Paso GA, Langewitz W, Mulder LJ, et al. The utility of low
frequency heart rate variability as an index of sympathetic cardiac tone:
a review with emphasis on a reanalysis of previous studies. Psychophysiology.
2013;50:477–487.
Chalmers JA, Quintana DS, Abbott MJ, et al. Anxiety disorders are
associated with reduced heart rate variability: a meta-analysis. Front
Psychiatry. 2014;5:80.
Naumann J, Grebe J, Kaifel S, et al. Effects of hyperthermic baths on
depression, sleep and heart rate variability in patients with depressive
disorder: a randomized clinical pilot trial. BMC Complement Altern Med.

ARTICLE IN PRESS
6

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

Journal of Voice, Vol. ■■, No. ■■, 2017
2017;17:172. doi:10.1186/s12906-017-1676-5. [Epub 2017/03/30]; PubMed
PMID: 28351399. PubMed Central PMCID: PMCPMC5371197.
Vickhoff B, Malmgren H, Astrom R, et al. Music structure determines heart
rate variability of singers. Front Psychol. 2013;4:334. doi:10.3389/
fpsyg.2013.00334. [Epub 2013/07/13]; PubMed PMID: 23847555. PubMed
Central PMCID: PMCPMC3705176.
Niu NN, Perez MT, Katz JN. Singing intervention for preoperative
hypertension prior to total joint replacement: a case report. Arthritis Care
Res (Hoboken). 2011;63:630–632. doi:10.1002/acr.20406. [Epub 2011/04/01];
PubMed PMID: 21452275. PubMed Central PMCID: PMCPMC3075493.
Eller N, Skylv G, Ostri B, et al. Health and lifestyle characteristics of
professional singers and instrumentalists. Occup Med (Lond). 1992;42:89–92.
[Epub 1992/05/01]; PubMed PMID: 1606312.
Valentine E, Evans C. The effects of solo singing, choral singing and
swimming on mood and physiological indices. Br J Med Psychol. 2001;74(pt
1):115–120. [Epub 2001/04/21]; PubMed PMID: 11314898.
Formby C, Thomas RG, Halsey JH Jr. Regional cerebral blood flow for
singers and nonsingers while speaking, singing, and humming a rote passage.
Brain Lang. 1989;36:690–698. [Epub 1989/05/01]; PubMed PMID: 2720376.
Sun J, Buys N. Effects of community singing program on mental health
outcomes of Australian aboriginal and Torres Strait Islander people a
meditative approach. Am J Health Promot. 2016;30:259–263.
Schneiderman N, Ironson G, Siegel SD. Stress and health: psychological,
behavioral, and biological determinants. Annu Rev Clin Psychol.
2005;1:607–628. doi:10.1146/annurev.clinpsy.1.102803.144141. [Epub
2007/08/25]; PubMed PMID: 17716101. PubMed Central PMCID:
PMCPMC2568977.
Fancourt D, Aufegger L, Williamon A. Low-stress and high-stress singing
have contrasting effects on glucocorticoid response. Front Psychol.
2015;6:1242. doi:10.3389/fpsyg.2015.01242. PubMed PMID: 26388794.
PubMed Central PMCID: PMCPMC4559645.
Beck R, Cesario T, Yousefi A, et al. Choral singing, performance perception,
and immune system changes in salivary immunoglobulin A and cortisol.
Music Percept Interdis J. 2000;18:87–106.
Keeler JR, Roth EA, Neuser BL, et al. The neurochemistry and social flow
of singing: bonding and oxytocin. Front Hum Neurosci. 2015;9:518.
doi:10.3389/fnhum.2015.00518. PubMed PMID: 26441614. PubMed Central
PMCID: PMCPMC4585277.
Kreutz G, Bongard S, Rohrmann S, et al. Effects of choir singing or listening
on secretory immunoglobulin A, cortisol, and emotional state. J Behav Med.
2004;27:623–635. doi:10.1007/s10865-004-0006-9.
Kreutz G. Does singing facilitate social bonding? Music Med. 2014;6:51–60.
Insel TR, Fernald RD. How the brain processes social information: searching
for the social brain. Annu Rev Neurosci. 2004;27:697–722. doi:10.1146/
annurev.neuro.27.070203.144148. [Epub 2004/06/26]; PubMed PMID:
15217348.
Kosfeld M, Heinrichs M, Zak PJ, et al. Oxytocin increases trust in humans.
Nature. 2005;435:673–676. doi:10.1038/nature03701. [Epub 2005/06/03];
PubMed PMID: 15931222.
Ditzen B, Hoppmann C, Klumb P. Positive couple interactions and daily
cortisol: on the stress-protecting role of intimacy. Psychosom Med.
2008;70:883–889. doi:10.1097/PSY.0b013e318185c4fc. [Epub 2008/10/10];
PubMed PMID: 18842747.
Ditzen B, Schaer M, Gabriel B, et al. Intranasal oxytocin increases positive
communication and reduces cortisol levels during couple conflict. Biol
Psychiatry. 2009;65:728–731. doi:10.1016/j.biopsych.2008.10.011. [Epub
2008/11/26]; PubMed PMID: 19027101.
Fischer-Shofty M, Shamay-Tsoory SG, Harari H, et al. The effect of
intranasal administration of oxytocin on fear recognition. Neuropsychologia.
2010;48:179–184. doi:10.1016/j.neuropsychologia.2009.09.003. [Epub
2009/09/15]; PubMed PMID: 19747930.
Domes G, Heinrichs M, Glascher J, et al. Oxytocin attenuates amygdala
responses to emotional faces regardless of valence. Biol Psychiatry.
2007;62:1187–1190. doi:10.1016/j.biopsych.2007.03.025. [Epub 2007/07/10];
PubMed PMID: 17617382.
Domes G, Heinrichs M, Michel A, et al. Oxytocin improves “mind-reading”
in humans. Biol Psychiatry. 2007;61:731–733. doi:10.1016/j.biopsych.2006
.07.015. [Epub 2006/12/02]; PubMed PMID: 17137561.

57. Gloudemans AK, Lambrecht BN, Smits HH. Potential of immunoglobulin
A to prevent allergic asthma. Clin Dev Immunol. 2013;2013:542091.
doi:10.1155/2013/542091. [Epub 2013/05/22]; PubMed PMID: 23690823.
PubMed Central PMCID: PMCPMC3649226.
58. Jemmott JB 3rd, Borysenko JZ, Borysenko M, et al. Academic stress, power
motivation, and decrease in secretion rate of salivary secretory
immunoglobulin A. Lancet. 1983;1:1400–1402. [Epub 1983/06/25]; PubMed
PMID: 6134179.
59. Kuhn D. The effects of active and passive participation in musical activity
on the immune system as measured by salivary immunoglobulin A (SIgA).
J Music Ther. 2002;39:30–39.
60. Beck RJ, Gottfried TL, Hall DJ, et al. Supporting the health of college solo
singers: the relationship of positive emotions and stress to changes in salivary
IgA and cortisol during singing. J Learn Arts. 2006;2.
61. Colasanti A, Rabiner E, Lingford-Hughes A, et al. Opioids and anxiety.
J Psychopharmacol. 2011;25:1415–1433.
62. Bruehl S, Burns JW, Chung OY, et al. Pain-related effects of trait anger
expression: neural substrates and the role of endogenous opioid mechanisms.
Neurosci Biobehav Rev. 2009;33:475–491.
63. Roubertoux PL, Guillot P-V, Mortaud S, et al. Attack behaviors in mice:
from factorial structure to quantitative trait loci mapping. Eur J Pharmacol.
2005;526:172–185.
64. Hegadoren K, O’Donnell T, Lanius R, et al. The role of β-endorphin in
the pathophysiology of major depression. Neuropeptides. 2009;43:341–
353.
65. Gianoulakis C, Dai X, Brown T. Effect of chronic alcohol consumption on
the activity of the hypothalamic-pituitary-adrenal axis and pituitary
β-endorphin as a function of alcohol intake, age, and gender. Alcohol Clin
Exp Res. 2003;27:410–423.
66. Weinstein D, Launay J, Pearce E, et al. Group music performance causes
elevated pain thresholds and social bonding in small and large groups of
singers. Evol Hum Behav. 2016;37:152.
67. Dunbar RI, Kaskatis K, MacDonald I, et al. Performance of music elevates
pain threshold and positive affect: implications for the evolutionary function
of music. Evol Psychol. 2012;10:688–702. [Epub 2012/10/24]; PubMed
PMID: 23089077.
68. Holland AE, Hill CJ, Jones AY, et al. Breathing exercises for chronic
obstructive pulmonary disease. Cochrane Database Syst Rev. 2012;(10):
CD008250. doi:10.1002/14651858.CD008250.pub2. [Epub 2012/10/19];
PubMed PMID: 23076942.
69. Wan CY, Rüüber T, Hohmann A, et al. The therapeutic effects of singing
in neurological disorders. Music Percept Interdis J. 2010;27:287–295.
70. Gunji A, Ishii R, Chau W, et al. Rhythmic brain activities related to singing
in humans. Neuroimage. 2007;34:426–434.
71. Engen RL. The singer’s breath: implications for treatment of persons with
emphysema. J Music Ther. 2005;42:20–48.
72. Engen RL. The singer’s breath: implications for treatment of persons with
emphysema. J Music Ther. 2005;42:20–48. [Epub 2005/04/21]; PubMed
PMID: 15839731.
73. McNaughton A, Weatherall M, Williams M, et al. Sing Your Lungs Out-a
community singing group for chronic obstructive pulmonary disease: a 1-year
pilot study. BMJ Open. 2017;7:e014151. doi:10.1136/bmjopen-2016-014151.
[Epub 2017/01/26]; PubMed PMID: 28119393. PubMed Central PMCID:
PMCPMC5294022.
74. Goodridge D, Nicol JJ, Horvey KJ, et al. Therapeutic singing as an
adjunct for pulmonary rehabilitation participants with COPD: outcomes
of a feasibility study. Music Med. 2013;5:169–176. doi:10.1177/
1943862113493012.
75. Grape C, Sandgren M, Hansson LO, et al. Does singing promote well-being?
An empirical study of professional and amateur singers during a singing
lesson. Integr Physiol Behav Sci. 2003;38:65–74. [Epub 2003/06/20];
PubMed PMID: 12814197.
76. Pearce E, Launay J, Machin A, et al. Is group singing special? Health,
well-being and social bonds in community-based adult education classes.
J Community Appl Soc Psychol. 2016;26:518–533.
77. Stewart NAJ, Lonsdale AJ. It’s better together: the psychological benefits
of singing in a choir. Psychol. Music. 2016;44:1240–1254. doi:10.1177/
0305735615624976.

