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Introduction
Music is undoubtedly an important component of human
life present in a lot of everyday situations and having
a significant impact on the human body and mind. Music is
an important source of stimulation and provides listeners
with affective, cognitive and aesthetic experience [1 ] .
Music therapy has been used for ages but only after the
World War II was it officially recognized as a therapeutic
measure [2] . At present, music therapy is evidence-based
clinical use of music and its elements (mainly sound and
rhythm) to ease symptoms of disease, improve the patient’s
function and communication skills [3 ] .

From the neurobiological perspective music is defined as
“a complex, temporally structured sound language that
arouses the human brain on a sensory, motor, perceptive-
cognitive and emotional level simultaneously and
stimulates/integrates neuronal pathways in a language-
specific way” [4] . Clinical studies indicate music can
stimulate a number of processes in the brain that can then
be generalized and transferred to non-musical functions
yielding the desired and measurable therapeutic effects [5] .
This is possible since music is processed in several areas of
the brain not only the auditory one. The whole brain reacts
to music although in very different ways [8] .

Due to an indisputable impact of music on the central
nervous system, music therapy has been used in neurology
for quite a long time now. Recently, several reports have
been published on the potential role of music in patients
with disorders of consciousness (DOC) including
a vegetative state (VS), also referred to as unresponsive
wakefulness syndrome (UWS), and minimally conscious
state (MCS) [9, 1 0, 11 , 1 2, 1 3 , 1 4, 1 5] . It has been
speculated that music could be used in the diagnosis and
therapy of DOC patients as to many of them music is of
considerable personal importance. Hence, interdisciplinary
teams engaged in the therapy of these patients also
comprise music therapists [1 6] .

In music therapy it is essential to select music pieces of
appropriate harmony and sound; performers and musical
instruments should also be carefully selected depending on
disease, personality type, mental state and therapeutic
goals [2] . Examinations carried out to check and confirm
organism responses to music most frequently comprise the
evaluation of cardiovascular parameters and in vegetative
patients, preferably hemodynamic parameters. Therefore
we decided to assess the effects of different music genres
on heart rate and arterial blood pressure of patients in
a vegetative state.

Aim of the study and research questions
The aim of the study was to evaluate the effect of different
music genres of different intensity levels on heart rate and
arterial blood pressure in patients suffering from
unresponsive wakefulness syndrome.
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The following research questions were formed:
1 . Does music alter heart rate and arterial blood pressure in
patients in a vegetative state?
2. Do changes in hemodynamic parameters depend on music
genre?
3 . Is hemodynamics affected by music intensity level?

Material and methods
The study group comprised 1 6 patients of nursing home
”Zacisze” in Zimnodół, aged 25-87 years (mean age 62.8
years ± 20.66) in a persistent stable vegetative state resulting
from different disease entities or traumatic events:
hemorrhagic stroke (4 patients), right intracerebral
hemorrhage penetrating into the ventricular system;
subarachnoid hemorrhage (2 patients), left-hemispheric
ischemic stroke (2 patients), chronic heart failure after
cardiac arrest and cardiopulmonary resuscitation (2 patients),
right-hemispheric ischemic stroke (1 patient), extensive
cerebral ischemia due to an electrical shock (1 patient),
multiorgan injury including craniocerebral injury (1 patient),
comatose condition after sustaining a stab wound in the right
thorax penetrating to the right ventricle of the heart (1
patient), cut wound of the neck with vein and larynx
transection, history of hemorrhagic shock and five cardiac
arrests (1 patient), severe mental retardation, respiratory
failure, severe cachexia (1 patient).
The inclusion criterion was chronic vegetative state caused
by different disease entities and exclusion criterion was
deafness or hearing impairment confirmed on history taking
with the patient’s family or documented in medical records.
The patients’ legal guardians were informed about the aims
and methods of the research and gave informed consent for
their wards to be included in the study.
Selected hemodynamic parameters (heart rate and arterial
blood pressure) were taken before, during and after music
was played in patients’ rooms at 60 and 80 dB. The
following music genres were used: rock (”Trying not to love
you” by Nickelback band), disco (“Ona tańczy dla mnie” by
Weekend band), classical (“The Four Seasons - Autumn” by
Antonio Vivaldi) and relaxing music (“Angelic love” by
Robert Haig Coxon).
The measurements were taken at the same time of day,
around 1 5.00 hours, with the patients supine. The music was
played using a stereo system (CD player, amplifier, a pair of
speakers). The speakers were mounted on top of bedside
lockers on both sides of the bed at 50 cm from the patient’s
head. The study lasted for four days; on each day the patients
were exposed to one music genre only. Each piece was put
together several times to form a 10-minute piece; the pieces
were played at random order.
Hemodynamic parameters (heart rate and arterial blood
pressure) were measured with Hartman Tensoval Mobil au-
tomatic blood pressure monitor pulse rate sphygnomanome-
ter immediately before, during and immediately after playing
a particular piece of music. Each piece was played twice
with a 5-minute break in between. First exposure was at 60
dB, the other at 80 dB. Loudness was preset with the 551 0
DT-8852 sonometer at half the distance between the speakers.
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Statistical analyses were performed with Statistica 1 0
(StatSoft Inc. , USA).
The data were analyzed using one-way ANOVA with
repeated measures and Tukey’s multiple comparison post
hoc tests to evaluate the statistical significance of
differences between consecutive trials, ie. , consecutive days
of exposure. The level of significance was set at α=0.05.
The normality of data distribution was assessed with the
Shapiro-Wilk test and homogeneity of variance with
Levene’s test.

Results
One-way ANOVA revealed that hemodynamic parameters of
patients suffering from unresponsive wakefulness syndrome
were significantly affected by disco and rock music played
at 80 dB (p < 0.05) (Table 1 ).

Post-hoc tests showed that during the exposure to disco
music, systolic (p < 0.001 ) and diastolic (p < 0.01 ) pressures
and heart rate (p < 0.05) increased significantly compared to
pre-exposure values. Post-exposure values of systolic and
diastolic pressures were also significantly higher (p < 0.01
and p < 0.05, respectively) than pre-exposure values (Fig. 1 ).
Exposure to rock music played at 80 dB only resulted in
significant systolic pressure elevation (p < 0.05).
It should be noted though that the remaining hemodynamic

Music genre and intensity

Relaxing music 60 dB

Classical music 60 dB

Rock music 60 dB

Disco music 60 dB

Relaxing music 80dB

Classical music 80dB

Rock music 80dB

Disco music 80dB

Systolic pressure Systolic pressure Heart rate

F p F p F p

2.486

1 .458

0.687

0.542

1 .505

0.654

3.805

17.889

0.100

0.249

0.511

0.587

0.238

0.527

0.034

0.000

1 .467

0.762

0.389

0.432

1 .671

1 .524

0.973

7.830

0.247

0.476

0.681

0.653

0.205

0.234

0.389

0.002

0.651

0.903

0.1 28

1 .210

0.323

0.545

3.732

4.551

0.529

0.416

0.881

0.312

0.727

0.586

0.036

0.019

Table 1. Analysis of variance – effect of different music genres played at 60 and 80 dB on hemodynamic parameters in
patients suffering from unresponsive wakefulness syndrome
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parameters also showed a tendency to rise – comparable to
that observed for disco music (Fig. 1 ).

Similar relationships, an increase in systolic and diastolic
pressures and heart rate, were observed during the patients’
exposure to classical music played at 80 dB (Fig. 1 );
however, changes in these parameters did not reach the level
of statistical significance.

The exposure to relaxing music played at 80 dB produced
a different response from the cardiovascular system. Systolic
and diastolic pressures decreased during and following the
exposure compared to pre-exposure values whereas heart
rate continued to rise in consecutive measurements; the
results were not statistically significant (Fig. 1 ).

One-way ANOVA did not show any statistically significant
effects of any of the music genres played at 60 dB on the
patients’ hemodynamic parameters (Table 1 ). Nevertheless,
it is worth noting that almost all post-exposure values of
hemodynamic parameters were lower compared to pre-
exposure data. The exception was heart rate response to
relaxing music; each consecutive measurement yielded
slightly higher values (Fig. 2).

Fig. 1. Effect of different music genres played at 80 dB on hemodynamic parameters in patients suffering from
unresponsive wakefulness syndrome
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Discussion
We evaluated the effect of different music genres of two
different intensity levels on heart rate and arterial blood
pressure in patients suffering from unresponsive
wakefulness syndrome. The obtained results revealed that
disco and rock music played at 80 db had a marked effect
on hemodynamic parameters. Exposure to disco music
resulted in a significant elevation of systolic and diastolic
pressure and heart rate whereas rock music significantly
increased systolic pressure which might indicate
a stimulating effect of both types of music on patients in
a vegetative state. No similar relationships were observed
with music played at 60 dB. However, almost all post-60
dB values of hemodynamic parameters were lower
compared to pre-exposure values.
Similar results were obtained by Bernardi et al. [1 8] in
a study on healthy individuals. The authors concluded that
faster tempo and simple rhythm had an arousing effect
resulting in an increase in arterial blood pressure and heart
rate while slow meditative music could induce a relaxing
effect. The lowest values of hemodynamic parameters were
noted during pauses between music tracks. The consistency
of our and Bernardi et al. ’s results seems to indicate that
patients with unresponsive wakefulness syndrome and
healthy people may exhibit similar responses of the nervous
system to music as evidenced by changes in centrally
regulated hemodynamic parameters.

Fig. 2. Effect of different music genres played at 60 dB on hemodynamic parameters in patients suffering from
unresponsive wakefulness syndrome
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Koelsch and Jäncke [1 9] analyzed the results of a number of
studies on the effects of music on hemodynamic parameters
in healthy individuals and patients with different disease
entities. They reported a more noticeable increase in heart
rate in response to exciting compared to tranquilizing music.
Preferred music had a similar activating effect on the
cardiovascular system which was associated with emotional
responses.
The disco piece our patients were exposed to was the only
piece with Polish lyrics. This might have been the cause for
their strongest emotional excitement. The reason for music
being used in the diagnosis and therapy of patients with
disorders of consciousness is a presumption of music having
a strong personal significance [1 6] .
Lichtensztejn et al. [20] believe that music therapy might be
employed as part of differential diagnosis between
a minimally conscious state and vegetative state which is of
considerable importance when deciding on what
rehabilitation to use.
Similar conclusions were drawn by O'Kelly et al. [9] , who
emphasized that music therapy might facilitate the
assessment and rehabilitation of patients with disorders of
consciousness due to its effects on attention – irrespective of
verbal or motor deficits. Exposure of individuals in
vegetative or minimally conscious states to music resulted in
an increase in respiration and blink rates, changes in heart
rate and EEG amplitude increases.
Meticulous differentiation between vegetative and minimally
conscious states is of crucial importance for prognosis and
management. Assessment of DOC severity is an extremely
challenging task with misdiagnosis rates of about 40%
indicating a need for improvement in the diagnostic process
[21 ] .
Based on literature review, Koelsch and Jäncke [1 9]
concluded that research into the effects of music on the
cardiovascular system had been quite scarce. Furthermore,
research methods are inhomogeneous and results
inconsistent. Hence, further research is warranted to shed
more light on the effects of music on hemodynamic
parameters of healthy individuals and patients with different
disease entities.

Conclusions
The obtained results have led us to draw the following
conclusions:
1 . Exposure to music may cause significant changes in
arterial blood pressure and heart rate of patients suffering
from unresponsive wakefulness syndrome.
2. Hemodynamic responses of patients with unresponsive
wakefulness syndrome change depending on music genre
and intensity level. Disco music played at 80 dB
significantly increased systolic and diastolic pressures and
heart rate whereas rock music played at 80 dB significantly
increased systolic pressure indicating a stimulating effect of
both types ofmusic on patients in a vegetative state.
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3 . Changes in hemodynamic parameters of patients suffering
from unresponsive wakefulness syndrome induced by
particular music genres might indicate profound emotional
experience which is strongly associated with cardiovascular
responses.




