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Abstract 
Introduction: It is well known that music acts as an analgesic. Facilitates muscle relaxation, reduction 

of physical pain and mental tension.
Purpose of this original investigation: study the effect of music on maternal anxiety during cardioto-

cography as well as its effect on embryonic cardiac function in relation to mother’s heart rate.
Method and materials: The survey, conducted in external midwifery medical services of Alexandra’s 

Hospital, involved 80 pregnant women who met the criteria for participation. They were divided in two 
groups. The 40 pregnant women were the Musical Group, and the other 40 were the Control Group. In both 
groups, the STAI scale was used. The control group underwent cardiotocography examination without lis-
tening to music. The Musical Group    were selected to hear the music track ‘Kung Fu Piano: Cello Ascends’, 
a cover of the Piano Guys band. The hearing started 5 minutes before the end of the cardiotocography, with 
headset playing frequencies that are within the frequency spectrum of the music track and special music 
player, and 10 minutes before the end of the cardiotocography the pulse oximeter Beurer P080 was placed. 
In this music track we did music and frequency analysis with the following programs: SPAN of Voxeno and 
Reaper of Cocos, as well as Theory-Harmony of Music, to see if at the time certain changes in the track 
occur, there are corresponding changes in the heart rate of the mother and the fetus. 

Results: In our study we observed that music significantly decreased the level of anxiety of women 
subjected to non-stress test (NST) (Median anxiety score prior to the conduct of the non-stress test 53.38 
(49-57) vs 25.20 (23-28) following the completion of the test. Moreover differences among women that 
heard music were significant compared to those that did not (25.20 (21-28) vs 56 (48-64)) despite the fact 
that baseline differences among the two groups were comparable (54.45 (59-67) vs 50.80 (53-58). Finally, 
following performance of music analysis we observed significant variations in the baseline heartbeat of 
pregnant women as well as in the cardiotocographic analysis of fetuses (number of accelerations, baseline 
rhythm); those patterns were directly related to musical characteristics of the track that women listened to. 
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Conclusions: Music has a positive effect on pregnancy. It is a non-invasive way of anxiety relief, as well as 
a simple, non-time-consuming way of improving cardiotocography among low risk cases; thus, potentially 
diminishing false-positive results which may result in unnecessary deliveries. 

Key words: Music, pregnancy, non stress test, cardiotocography, STAI-Y scale, music analysis

Introduction
Cardiotocography is frequently performed to as-

sess fetal wellbeing and is considered a significant 
aspect of the fetal biophysical profile assessment1. 
Proper interpretation of cardiotocography is vital in 
deciding the outcome of childbirth; however, the test 
per se is accompanied by significant false positive 
results; therefore, increasing the rates of unnecessary 
inductions of labor and cesarean sections2.

The MIDIRS centre showed that electronic moni-
toring alone increased the number of invasive births 
by 30%3.  Due to the increased level of intervention 
associated with electronic monitoring, NICE4 and 
MIDIRS3 recommended that the method of choice 
for the normal childbirth is the intermittent hearing.

 Music is increasingly being used to treat cardio-
vascular, neurological and respiratory diseases5. A 
large majority of clinical studies dealing with the 
effects of music on various diseases related to the 
neurological piece such as Parkinson’s, Alzheimer’s, 
multiple sclerosis, etc. showed positive results of 
music as to the outcome of diseases6-9. Researches 
have also shown that listening to music can affect 
heart and respiratory rhythm as well as blood pres-
sure5,6 In addition, previous research reveals that 
listening to music is a non-intrusive way of analgesia 
and stress relief10-15.

 Finally, researches show that listening to music 
has a positive effect not only on people suffering from 
a disease but also on pregnant women in pregnancy 
and childbirth10,16-20.

In the present study we sought to evaluate the 
potential beneficial effect of music hearing during 

the non-stress test on the psychological state of 
pregnant women. Furthermore, this research want to 
take into account the fetal cardiac function with the 
heart rate of the mother who heard music at the time 
of the cardiotocography and investigate the impact 
of music on the rates of the false positive results.

Moreover, the aim is to prove that music can have 
positive effects not only on the pregnant woman and 
on the fetus but also on health professionals as it 
can be a simple non-time-consuming way to try to 
improve cardiotocography in case of false negative 
cardiotocographys which will result in reducing 
unnecessarily invasive births.

Materials and Methods
The research was carried out in Athens at the 

G.N.A Alexandra. The study was approved by the 
Scientific Council of the General Staff of Alexandra 
(Application Number 743/14-09-2018) and was 
designed in accordance with the Declaration of 
Helsinki concerning Human Rights. All participants 
in the survey were properly informed and signed an 
informed consent before they were considered as 
eligible for inclusion.

Singleton pregnant women at term that referred 
to the outpatient obstetrical department of our hos-
pital were selected. In order to be able to participate 
in the research they had to be over 18 years old, to 
know Greek or English language well, to be for the 
first time in pregnancy, neither to be now nor to 
have ever been existed users of addictive substances 
and not to take drugs that act in the central nervous 
system.  The exclusion criteria included multiple 
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pregnancies, preterm pregnancies and any pathol-
ogy in pregnancy.

The pregnant women were separated in two 
groups. Only 40 women listened to music and those 
belonged to the Music Group while the other 40 
belonged to the Control Group. The research was 
separated in two parts. In both places the psychol-
ogy of the pregnant woman was assessed using the 
Spielberger State-Trait Anxiety Inventory (STAI) 
Transitional Anxiety Assessment Scale (STAI).

In the first part of this research which concerns the 
psychological piece, we asked from the 40 women that 
comprised the control group to complete the first 20 
questions on the STAI scale that refer to the emotional 
state of the person generally, that is the permanent 
anxiety as a feature of personality. Then we subjected 
them to a non-stress test for about 20 to 25 min and at 
the end of this process women were asked to complete 
the remaining 20 questions on the STAI scale that refer 
to the emotional state of the examinee at the time of 
completion of the questionnaire, that is the transient 
anxiety as a result of the present situation.

The 40 women that comprised the Music Group 
also answered the first 20 questions on the STAI scale 
that refer to permanent anxiety and were subjected to 
a non-stress test. At 8 minutes we asked the remain-
ing 20 questions on the STAI scale refer to transient 
stress while at the same time the cardiotocography 
continued to record. Ten minutes before the end of 
the cardiotocography we placed the pulse oximeter 
which we initially let record for 5 minutes so that we 
ensured that the measurements had stabilized and in 
the last 5 minutes we started the listening of a particu-
lar music track via an audio device with headphones, 
in which we have done music analysis. At the end of 
the music listening process women were disconnected 
from the cardiotocography device and completed the 
20 questions on the STAI scale that refer to transient 
anxiety, that is the emotional state of the examinee at 
the time of completion of the questionnaire. 

In the second part of the research, fetal heart 
function was taken into account with the mother’s 
heartbeat. Initially a music analysis was performed 
on the music track we selected and then the changes 
that occur in the heart rate of the fetus and the heart 
rate of the mother were observed at the very mo-
ment when certain changes occur in the piece. For 
the music analysis, two programs on the computer 
were used as well as knowledge from Music Theory 
to see if at the time changes occur in the track there 
are corresponding changes in the heart rate of the 
mother and the fetus.

The programs that we used are Voxeno’s Sound 
Spectrum Analyzer (SPAN) and Cocos’s Reaper owned 
by Digital Audio Workstation (DAW, digital audio 
editor). In Reaper we put Voxeno’s SPAN which is 
a program that plays only through DAW and which 
is Spectrum Analyzer (spectral sound analyzer). 
However, without the knowledge given to us by 
the ‘Theory of Music’ (musical notes, note values, 
rhythmic education, musical intervals, scales, chords, 
musical expression and musical notation) it could 
not become a complete Music Analysis. 

The music was chosen to be listened with head-
phones that play frequencies within the frequent 
spectrum of the piece and allow changes in ear pads 
to properly protect the hygiene of the pregnant and 
with a special music player so that it is safe to remain 
close to the pregnant woman but also not to creates 
interference that prevents the conduct of examina-
tions. Furthermore, the headphones were not placed 
directly in the abdomen of the pregnant, because 
this is based on international protocols which said 
that this is not considered safe.

Continuous variables are presented as median 
(range) values. Friedman`s test was used to com-
pare median values between groups due to their 
non-normal distribution. All reported analyses were 
designed as two-tailed. Statistical significance was 
set at p<0.05. The SPSS statistical package was used 
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in this study (IBM Corp. Released 2013. IBM  SPSS 
Statistics for Windows, Version 22.0. Armonk, NY: 
IBM Corp.).

Results
Baseline characteristics of pregnant women were 

comparable among the two groups in terms of anxiety 
as depicted in Table 1. Significant differences were 
observed in anxiety scores among women that heard 
music, compared to those that did not (following 
completion of the cardiotocography). The decline 
in anxiety scores was statistically significant in the 
music group; whereas women that did not hear mu-
sic had slightly higher (but non-significant) anxiety 
scores following completion of the test. Significant 
differences were also observed in anxiety scores to 
the music group before and after listening to music.
The decline in anxiety scores was statistically sig-
nificant after listening to music; whereas   anxiety  
before the listening of music was significantly higher.

Some of the frequency values of the track are 
presented in Figure 1.

Qualitative analysis of maternal heartbeat pat-
terns revealed variability of beats per minute that 
was directly related to the frequency values of the 
musical piece. Furthermore, fetal response was docu-
mented in the form of accelerations and increase of 
baseline activity.

Conclusions
From the first part of the research there was a sta-

tistically significant difference between the transient 
anxiety of the Control Group and the transient anxiety 
of the Music Group after listening to music. The group 
that listened to music during the cardiotocography 
showed after the end of the hearing, much lower 
levels of anxiety than the group that did not listen 
to music. Also, to the pregnant women belonging to 
the Music Group found a statistically significant dif-
ference in transient anxiety before listening to music 
and transient anxiety after listening to music. After 
the listening of the music track, pregnant women 
showed lower levels of anxiety. In addition, no sta-
tistically significant difference was found between 
the permanent stress of the Music Group and the 
permanent stress of the Control Group. This means 
that in both groups the stress was generally the 
same before the cardiotocography procedure began.

 From the second part of the research which con-
cern   taking into account of fetal cardiac function 

Figure 1.  Some of the Frequency values of the track

Table 1. Maternal anxiety scores
MusIC gRouP ContRol gRouP p-value

Pre-test 53 (49-57) 53 (45-58) .829

Post-test 23 (21-28) 59.5 (43-67) <.001

p-value <.001 .08
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Figure 2. Example A: Values of pulse oximeter –Cardiotocography - some of the frequency values of the track.

with the heart function of the mother, the time of the 
cardiotocography and of the hearing of the “Kung 
Fu Piano-Cello ascends” (which had been preceded 
by music analysis by us), shows that the heartbeat 
of the pregnant women who belonged to the Music 

Group, as well as of their fetus, are directly affected 
by music. Depending on the frequencies, decibels, 
dynamics, music values, tempo that exist in every 
second the heartbeat of both pregnant women and 
embryos exhibit specific changes that are perfectly 
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related to each other and perfectly match the changes 
in the piece that we identify and study through the 
music analysis we have made.

Finally it was found that the music greatly im-
proved the cardiotocographys. After the start of 
listening to music there is an increase in the baseline 
from 10b/m to 25b/m, the appearance or increase 
of the number of accelerations and embryonic move-
ments as well as an increase in variability from 
5-10b/m to 10-15b/m.

In our previous research in 2015 on ‘Study of 
the effect of Music on mother and fetus in relation 
to maternal psychology and cardiotocography in 
pregnancy and childbirth some of the results of this 
research come to agree with this research such as 
the increase observed in variability from 5-10b/m to 
15-20b/m, the increase in the baseline, the increase 
in the number of accelerations and the increase in 
fetal movements observed in the  cardiotocographys 
and to the group of pregnant women who listened to 
music of their own choice as well as to the group of 
pregnant women who listened to a particular piece 
in which we had done music analysis10.

Of course, this research came to go a step further 
the 2015 survey after the add of pulse oximeter was 
used to monitor the mother’s heart rate as well as 
two professional audio programs (on the computer) 
which come to create a more complete music analy-
sis that will lead us to clearer conclusions. In terms 
of stress, that survey of 2015 found no statistically 
significant difference in temporary anxiety levels, 
although there was clearly a slight increase in the 
level of anxiety in the Control group. In the present 
survey, however, there was a statistically large differ-
ence in stress levels between the Music Group and 
the Control Group, with the Control group showing 
very high levels of anxiety compared to the group 
listening to music.

In another research we found some common 
results with our own research such as that lower 

scores of stress were observed to the group who 
listened to music compared to the control group as 
well as the frequency of acceleration in the heart rate 
of fetus increased significantly in the experimental 
group compared to the control group. Of course, in 
that research is stated that the basic fetal heartbeat 
was lower in the group listening to music, which 
did not occur in this research, on the contrary we 
observed an increase in basic fetal heart rate in the 
Music Group21.

In addition, in accordance with our results, two 
studies also reported that the non stress test ex-
amination causes stress to the pregnant women 
and listening to the music during the examination, 
has a positive effect on the embryonic parameters 
considered22,23.

This research is a groundbreaking study. There are 
surveys that have combined music with Pregnancy-
Childbirth, but there is no research similar to this 
study. In this research, detailed music analysis was 
performed on each msec of the piece we selected us-
ing two professional audio programs combined with 
knowledge from Music Theory. Then we studied one 
by one the cardiotocographys as well as the pdf of 
the pulse oximeter from each woman and in the end 
for each woman we compared in each sec-msec the 
cardiotocography, the result of the pulse oximeter 
and what happens in the music piece at that time 
with the help of music analysis trying to explain why 
we have the specific effects on the fetal pulses and 
the pulses of the woman.

Other advantages of this research are that we 
observed time savings in the examination of the 
cardiotocography and that no other interference, 
such as a change of position, giving juice, sweet or 
frozen water was deemed necessary in cases where 
the fetus was not kinetic. In the Music Group those 
embryos that were not kinetic at the beginning of the 
examination, after listening to music were activated 
and the cardiotocography was normal, exclusively 
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using music. So in this way at the same time we gained 
time and it did not take the pregnant women whose 
embryos were less kinetic to go for a walk and to eat 
something sweet to activate the fetus. They finished 
their examination on time while at the same time this 
was positive for the staff of the Maternity Hospital as 
the cardiotocographys of the Music Group finished 
in the already calculated time that corresponds to 
them without having to re-examine them due to a 
non-reassuring cardiotocography.

Moreover, it is extremely important that with this 
research, we have also seen a great improvement in 
the interpersonal relations. Pregnant women, who 
listened to music, as we saw from our statistical 
results, were noticeably calmer with noticeably less 
anxiety than pregnant women who did not listen to 
music. This made them more cooperative with the 
staff, so the communication between them and the 
communication between the staff is clearly healthier. 
The additional advantage is that by listening to Music 
those falsely unreassuring cardiotocographys im-
proved and we avoided additional interventions that 
one of them could be the hasty Caesarean Section. 
Another advantage is that music does not have the 
ability to improve the pathological cardiotocographys 
and this is an advantage because we could not use it 
safely in pregnant women if it hided the embryos that 
showed really non-reassuring cardiotocographys.

But in every study except the advantages, we 
also have the disadvantages. One drawback of this 
research is that it was done in the context of the 
Master’s degree, so the time was limited. The sec-
ond disadvantage is that our research was done 
in a small sample of the population (80 pregnant 
women) because many pregnant women who came 
to the outpatient clinics of G.N.A. Alexandra for the 
examination of the cardiotocography did not meet 
the criteria for participation in the research. For ex-
ample, there were many women who were not their 
first baby, others who could not understand Greek 

or English also came several pregnant gypsies under 
the age of 18, even users of substances or drugs that 
act in the central nervous system or even generally 
pregnant women who did not have a smooth and 
normal pregnancy. For all these reasons, collecting 
a sample for the survey was extremely difficult.

Our aim is for this research to continue and expand 
with subsequent studies. If our research manages 
to consolidate music in clinical practice, we expect 
a reduction in Caesarean sections due to false non-
reassuring cardiotocographys. The music enables us 
to distinguish false non-reassuring cardiotocographys 
from pathological cardiotocographys resulting in, the 
reduction of Caesarean sections. It would be equally 
important to do additional research that would 
compare the duration of the first stage of childbirth 
respectively of the group music and of the control 
group (as was done in our previous pilot study in 
2015), in order to prove that the Music Group would 
have a shorter first stage of childbirth, which would 
be very important for both pregnant women and 
health professionals. Moreover, research could be 
carried out where Music will reduce the examina-
tion time in large obstetric ultrasounds such as the 
Level 2 Ultrasound (or Anomaly Scan). But no matter 
how many investigations become, our goal it’s one. 
Music, must gain solid foundations and establish 
itself not only in maternity hospitals but also in all 
healthcare facilities because it is a drug without side 
effects and with a zero cost.
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