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Abstract
Objective

Depression affect not only older people’ self-care ability and quality of life, but also increase the burden of their 
families and caregivers as well as health care resources. With consideration of the adverse effects of antidepressant 
medications and high medical costs of treating depression, it is important to use non-pharmacological interventions 
for managing depressive symptoms of older people. This study aimed to evaluate the effects of familiar music with 
alpha binaural beats on blood pressure, heart rate variability, and depression level of older people with depressive 
symptoms and to assess its feasibility for older people. 

Methods

This study used a one-group pre-test and post-test design. Thirty-five older people residing in a retirement home 
participated in the study. Each participant listened to 30-minute familiar music with alpha binaural beats via a 
headphone individually while lying on the chair or bed in the afternoon in a private room. The music compact disk 
were Taiwanese old songs from the 1950-1970s which was familiar to most of the Taiwanese older people. 

Results

The study results indicated that the participants after listening to 30-minute familiar music with embedded binaural 
beats of alpha frequencies at 10 Hz had shown immediate effects by a significant reduction on their heart rate, systolic 
blood pressure, and LF norm of heart rate variability (HRV), and a significant increase on HF norm of HRV indicating 
that the participants were in a relaxing state after listening to the music. Depression level was significantly decreased 
after listening to 30-minute familiar music with alpha binaural beats in the afternoon daily for five days.

Conclusions

Familiar music listening with alpha binaural beats can be a noninvasive and suitable intervention to promote 
relaxation and alleviate negative emotion in older people with depressive symptoms in long-term care settings.
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Introduction

Depression is prevalent among older people. 
The prevalence of depression is 10% to 25% in 
community-dwelling older people [1] and up 
to 48% to 50% in nursing homes and medical 

settings [2]. In Taiwan, around 13-21% older 
people diagnosed with depression [3] and 
52.05% of institutionalized elderly residents had 
depression [4]. Depression has a large impact in 
older people and been found to be a significant 
risk factor contributing to death, particularly 
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those with poor physical health. Older people 
with depression commit suicide more than other 
age group and in those who survive, the prognosis is 
worse in older people [5]. Unfortunately, depression 
remains underdiagnosed and inadequately treated 
in older people in the clinical settings [6], and older 
people are especially unlikely to seek professional 
mental health services [7]. Untreated depression 
affect not only older people’ self-care ability and 
quality of life, but also increase the burden of 
their families and caregivers as well as health car 
resources [8].

Older people diagnosed with depression are 
traditionally treated with antidepressants. The 
adverse consequences of antidepressants may be 
more common in the treatment of depression 
in older population than in younger age groups 
owing to higher levels of comorbidity, physical 
and psychological changes and polypharmacy 
[9]. The adverse effects associated with 
antidepressants in older people with depression 
include attempted suicide and self harm, all-case 
mortality and stroke, rate of falls and fractures, 
and epilepsy and seizures [9]. In addition, the 
modest increase in antipsychotic prevalence 
in the older population has been associated 
with a substantial increase in cost [10]. With 
consideration of the adverse effects and high costs 
of antidepressants used in the elderly population, 
it is important to develop inexpensive and viable 
non-pharmacological interventions to manage 
depression in older people. There are several non-
pharmacological approaches suggested for treating 
depression in older people, such as relaxation 
techniques, biofeedback [11], cognitive and 
behavioural therapy [12,13], therapeutic recreation, 
music therapy [14,15], and exercise [16].

Music has been shown to positively influence a 
broad range of outcomes including alleviating 
anxiety, promoting relaxation, improving mood, 
reducing pain, decreasing agitation, improving 
exercise performance and increasing food 
intake among various populations [17]. Music 
can facilitate feelings of physical and mental 
relaxation by masking environmental noises and 
refocusing an individual’s attention on a more 
pleasant emotional state [18]. It is believed that 
music as an auditory stimulation can occupy 
some of the neurotransmitters, therefore affect 
the autonomic nervous system and divert feelings 
of anxiety [19]. Several neuroscience studies 
also found that listening to preferred music can 
induce pleasant and positive feelings, and the 
pleasurable feeling was correlated with activation 
of the limbic system [20,21]. 

In the last decade, binaural beats technology 
has gained considerable focus and has been 
suggested to have positive impact on mood 
problems. Music products in which binaural 
beats are embedded in music have also been 
created to facilitate mood effects. Binaural beats 
have been used to entrain the brain toward a 
desired frequency. When two tones of a slightly 
different frequency are presented separately 
through headphones to each auditory channel, 
the listener perceives a third tone, which is 
known as the binaural beat [22,23]. Inducing 
brain-wave states with binaural auditory beats 
has been used to decrease anxiety and behavioral 
problems, and improve mood [24]. 

Several studies found that music with binaural 
beats can induce relaxation, and therefore 
anxiety can be reduced [24-26]. Few studies 
examined mood with auditory stimulation using 
binaural beats of delta or beta in healthy adults, 
but found no effect with depression [23,27]. A 
recent review suggested that alpha stimulation 
was preferable for relaxation, short-term stress, 
and pain relief, but the effectiveness of binaural 
beats for mood need further research [28].

Binaural beats are often embedded in music. 
The music used in this special binaural beats 
technology may play an important role in its 
effect. Studies suggested that music preferences 
may be an important factor for the effect of music 
on physiological and psychological outcomes 
[29]. Previous studies related to use of binaural 
beats technology mainly focus on healthy adults 
or patients prior to day surgery, but very limited 
studies focus on effect of binaural beats on older 
people. The majority of previous studies used 
western music with embedded binaural beats and 
had some methodological limitations. Limited 
evidence is available about the effect of familiar 
music with alpha binaural beats on depressive 
symptoms of older people.

Methods

This study used a one-group pre-test and post-
test design and aimed to evaluate the effects of 
familiar music with alpha binaural beats on blood 
pressure, heart rate variability, and depression 
level of older people with depressive symptoms 
and to assess its feasibility for older people.

�� Participants

The participants were recruited from a large 
residential care facility in Taiwan. Inclusion 
criteria were: age of 65 or older, short version 
of Geriatric Depression Scale (GDS-15) greater 
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than five, cognitive intact, no severe hearing 
impairment, and no obvious symptoms of acute 
pain or infection. A convenience sample of 38 
participants who met the inclusion criteria were 
invited and consented to participate in the study. 
Thirty-five participants completed the study with 
two withdrew because of physical discomfort 
and one relocation. 

�� Intervention

An auditory compact disk consisted of recordings 
of 30-minute alpha binaural beats with an overlay 
of familiar music produced by a Taiwanese 
music composer. Prior to the intervention, the 
participants were surveyed with their preferences 
and familiarity of music. The music used in this 
compact disk were Taiwanese old songs from 
the 1950-1970s which was familiar to most of 
the Taiwanese older people and to this group 
of participants. The auditory stimuli of alpha 
binaural beats were generated with Mind Station 
software. The purpose of application of binaural 
beats is to entrain brain wave activity. When an 
individual listens to binaural beats at 10 Hz, his/
her brain would produce a 10-Hz beat, which 
is corresponding to an alpha pattern of brain 
wave activity associated with relaxation [22]. In 
this study, binaural beats at 10 Hz was used. A 
binaural beat frequency of 10 Hz, which came 
from source frequencies of 350 Hz left and 360 
Hz right, was embedded into the recordings of 
the 30-minute familiar music. 

�� Measures

Blood pressure was measured by a digital blood 
pressure monitor (Omron Healthcare, USA). 
Systolic and diastolic blood pressures were used 
for data analysis. 

HRV was measured using the NeXus-10 wireless 
device with Biotrace+ Software (Mind Media 
B.V. Herten, Netherlands). The NeXus-10 
Device recorded heart rate using a standard 
3-lead ECG at 1024 Hz. The Nexus-10 software 
allowed for analysis of heart rate data and 
provided HRV parameters. High values of the 
low-to-high (LF/HF) ratio indicate a dominance 
of sympathetic activity, while low values indicate 
a dominance of parasympathetic activity. When 
experiencing anxiety, the sympathetic nerves 
will be activated, and can cause the heart rate 
to increase, high frequency (HF) to decrease, 
and low frequency (LF) and the LF/HF ratio 
to increase. LF/HF ratio is a widely used HRV 
index of sympathovagal balance between the 
sympathetic and parasympathetic branches, 

and their interactions of the autonomic nervous 
system [30]. 

Depression level was measured by the short 
version of Geriatric Depression Scale (GDS-15) 
[31]. The GDS-15 is a very common measure 
used to assess depression level in the elderly 
population in the clinical settings. A summary 
of all 15 questions yields a total score from 0-15, 
with a score greater than five indicating being 
depressive. GDS-15 is a valid and reliable tool 
with a Cronbach’s alpha coefficient of 0.94 [32].

�� Procedures

The study was conducted in a large long-term care 
facility in Taiwan. After obtaining approval from 
the institutional review board (IRB) and the facility 
administrators, participants who met the inclusion 
criteria were approached and invited to participate. 
The researcher explained the study proposal to the 
participants individually. Only participants who 
provided informed consent participated in the 
study and they were reassured of confidentiality 
and anonymity. They were also informed that 
participation in this study was voluntary and no 
loss of benefits to which they entitled would occur 
if they decided not to participate.

Baseline assessment was conducted for all 
participants, including demographics, GDS-15, 
blood pressure using a digital blood pressure 
monitor and heart rate variability using NeXus-10 
wireless device prior to the music listening 
intervention. The music listening intervention 
was implemented between 2:30~4:00 pm in 
the afternoon. Each participant was asked to be 
seated comfortably in a reclined chair in a dimly 
lit quite private room or lying on the bed in 
their own room. Participants were asked to rest 
comfortably with eyes closed. The participant 
used headphones and rested quietly with no audio 
stimulation for five minutes, and then listened to 
30 minutes of familiar music with alpha binaural 
beats played via a CD player, and then rested for 
five minutes with no audio stimulation. Each 
participant’s blood pressure was measured before 
and after the music listening session. Their heart 
rate variability were measured using NeXus-10 
wireless biofeedback for 40 minutes, including 
five minutes with no audio stimulation at pre-
test, 30 minutes during the music listening, and 
five minutes with no audio stimulation at post-
test. Depression level was assessed again as post-
test using GDS-15 after the participants listened 
to the 30-minute familiar music with binaural 
beats in the afternoon daily for five days. 
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Data analysis

Data were managed and analyzed using the 
Statistical Package for the Social Sciences (SPSS) 
version 20.0 (SPSS Inc., Chicago, IL, USA). 
Descriptive statistics were used to summarize 
the characteristics of the sample. Due to the 
small sample size, non-parametric statistics was 
used. Wilcoxon Signed Rank test was used to 
examine differences in pre-test and post-test 
heart rate, systolic blood pressure, diastolic blood 
pressure, low frequency (LF norm) of HRV, 
high frequency (HF norm) of HRV, and LF/HF 
ratio of HRV, and depression level. Statistical 
significance was set at the conventional p<0.05 
level (two-tailed). 

Results

Thirty-five older people completed the study. 
The mean age for this sample was 78.86 (SD 
7.37), ranging from 67-97 years. The majority 
of the participants were male (74.3%). Close to 
half of the participants had received no formal 
education (48.6%). The average numbers of 
medical diagnoses for the participant was 2.8 
(SD 1.16) and average number of medication 
taken was 1.85 (SD 1.09). Only 20% of the 
participants were mobile without assistance.

�� Immediate effect of familiar music with 
binaural beats on blood pressure and HRV

The participants’ systolic blood pressure was 
reduced from a mean of 128.57 mmHg (SD 
16.94) at pre-test to 119.97 mmHg (SD 14.79) 
at post-test after listening to 30-minute music. 
Wilcoxon signed rank test result reveal that 
the participants’ mean systolic blood pressure 
was significantly decreased after listening to the 
30-minute familiar music with alpha binaural 
beats (Z=-5.117, p<0.001) (Table 1).

The participants’ diastolic blood pressure was 
reduced from 71.91 mmHg (SD 13.81) at pre-
test to 71.51 mmHg (SD 12.13) at post-test. 
Wilcoxon signed rank test result indicated that 
the reduction of the participants’ mean diastolic 
blood pressure after listening to the 30-minute 
familiar music with alpha binaural beats did not 
reach significant difference (Z=-0.349, p=0.73) 
(Table 1).

After listening to the 30-minute familiar music 
with alpha binaural beats, the participants’ 
mean heart rate was reduced from 70.11 (SD 
9.3) at pre-test to 66.69 (SD 9.48) at post-test. 
Wilcoxon signed rank test result indicated that 
the participants’ mean heart rate was significantly 

decreased after listening to the familiar music 
with alpha binaural beats (Z=-4.075, p<0.001) 
(Table 1).

The LF norm was decreased from a mean of 
37.27 (SD 11.73) at pre-test to 31.51 (SD 13.57) 
at post-test. Wilcoxon signed rank test result 
indicated that the decrease of the participants’ 
LF norm after listening to the familiar music 
with alpha binaural beats reached a significant 
difference (Z=-2.342, p=0.019). The HF norm 
was increased from a mean of 45.81 (SD 14.86) 
at pre-test to 50.5 (SD 18.01) at post-test. 
Wilcoxon signed rank test result showed that 
the increase of the participants’ HF norm after 
listening to the familiar music with alpha binaural 
beats reached a significant difference indicating 
the participants were in a state of relaxation (Z=-
1.974, p=0.048). The participants’ LF/HF ratio 
was decreased from a mean of 0.92 (SD 0.70) at 
pre-test to 0.80 (SD 0.51) at post-test. Wilcoxon 
signed rank test result showed that the decrease 
of the participants’ LF/HF ratio after listening 
to the familiar music with alpha binaural beats 
did not reach significantly difference (Z=-1.029, 
p=0.304) (Table 1).

�� Five-day effect of familiar music with 
binaural beats on depression

After listening to the familiar music with alpha 
binaural beats 30 minutes in the afternoon for five 
days, the mean depression score was significantly 
decreased from 10.97 (SD 1.51) at pre-test to 
7.61 (SD 2.08) at post-test. Wilcoxon signed 
rank test result indicated that the participants’ 
mean depression score was significantly decreased 
after listening to the familiar music with alpha 
binaural beats after five days (Z=-4.83, p<0.001) 
(Table 1).

Discussion

This study evaluated the effects of familiar music 
with alpha binaural beats on blood pressure, heart 
rate variability, and depression of older people 
with depressive symptoms. The study results 
indicated that the participants after listening 
to 30-minute familiar music with embedded 
binaural beats of alpha frequencies at 10 Hz 
had shown immediate effects by a significant 
reduction on their heart rate, systolic blood 
pressure, and LF norm of HRV, and a significant 
increase on HF norm of HRV indicating that the 
participants were in a relaxing state after listening 
to the music. In our study, the participants had 
a significant reduced LF norm and a significant 
increased HF norm in their heart rate variability 
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after 30-minute music listening, which indicated 
that the parasympathetic nervous system was 
activated and in a relaxing state. In our study, 
the immediate effects on blood pressure and 
heart rate variability were shown to benefit from 
a single session of familiar music listening with 
alpha binaural beats. Literature suggests that 
repeated exposure to binaural beats may allow 
the listener to enter the desired brain states and 
show more significant positive effects [28].

The purpose of application of binaural beats is to 
entrain brain wave activity. The reason we chose 
to use binaural beats of alpha frequencies (10 
Hz) was based on Oster’s suggestions [22]. He 
suggested that binaural beats at 10 Hz produce a 
10-Hz beat, which is corresponding to an alpha 
pattern of brain wave activity associated with 
relaxation. Alpha brainwave frequencies (8-12 
Hz) can reflect a calm and peaceful state. 

Our study results showed that the depression 
level was significantly decreased after listening 
to 30-minute familiar music with alpha binaural 
beats in the afternoon daily for five days. We 
also found that there was a negative correlation 
between relaxation and depression. The higher 
the relaxation level was, the lower the depression 
level after listening to the music intervention. 
This may be explained that the participants felt 
less depressed when they were more relaxed 
after listening to the familiar music with alpha 
binaural bests which is associated with relaxation 
[22]. 

Our study was the first study which evaluated 
the effect of familiar music with binaural beats 
on older people with depressive symptoms. 
The majority of previous studies evaluating the 
effect of binaural beats focused on healthy adults 
[23,27], anxious adults [29] or patients in the pre-
operative period [24,26], and none of them focus 
on older people. Previous studies investigating 
the effects of binaural beats on mood of healthy 
adults used subjective assessment tools and 
found no significant effects, but none of them 
used physiological measures [23,27].

The participants reported that the listening to 
the familiar music with alpha binaural beats was 
pleasant and helped them relaxed. The nursing 
staff also reported that 30-minute music listening 
intervention was suitable and easy to implement 
for older people. They also reported that the 
participants appeared relaxed and pleasant 
when they listened to the music. However, 
some participants were not used to wear the 
headphones when listened to music, so it took 

some time for the staff to explain and teach the 
participants how to use the headphones.

Study limitations

There are some limitations to this study that 
may limit the generalizability of its findings. The 
sample size was small, and the study was only 
conducted in a single site. Our study found 
that familiar music with alpha binaural beats 
significantly reduced heart rate, systolic blood 
pressure, and LF norm of HRV. Regarding the 
statistical significant effect of alpha binaural 
beats, there is however a possible confounding 
variable which might affect our conclusion. 
In our study, each participant listened to 
the familiar music with alpha binaural beats 
embedded. It is possible that the reduction of 
the heart rate, systolic blood pressure, and LF 
norm of HRV were explained by the effect of 
the familiar relaxation music itself, not by the 
presence of the binaural beats. Therefore, an 
experimental design is needed to compare the 
effects of familiar music with alpha binaural 
beats to the same music without the binaural 
beats. In addition, future studies may examine 
the long-term effect of music with binaural beats 
with increased sessions on brainwave activity of 
older people. More research with larger sample 
size and use of experimental designs, such as 
randomized controlled trial, are needed to 
provide more empirical evidence of the effects 
of familiar music with alpha binaural beats for 
elderly people with depressive symptoms.

Conclusion

As the population of older people increases, 
the number of older patients with depression 
is expected to rise. Depression is a serious 
condition of clinical importance and it can affect 
functional status and quality of life of older 
people as well as their caregivers and health care 

Table 1: Effects of familiar music listening with alpha binaural beats for older 
people with depressive symptoms (N=35).

Pre-test Post-test
Mean SD Mean SD Z P

30-minute Immediate effect
Heart rate (beats/min) 70.11 9.3 66.69 9.48 -4.075 <0.001
Systolic blood pressure (mmHg) 128.57 16.94 119.97 14.79 -5.117 <0.001
Diastolic blood pressure (mmHg) 71.91 13.81 71.51 12.13 -0.349 0.73
LF norm (nu) 37.27 11.73 31.51 13.57 -2.342 0.019
HF norm (nu) 45.81 14.86 50.5 18.01 -1.974 0.048
LF/HF ratio 0.92 0.7 0.8 0.51 -1.029 0.304
Five-day effect
Depression score 10.97 1.51 7.61 2.08 -4.83 P<0.001
HRV, heart rate variability; LF, low frequency; HF, high frequency.
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resources. With consideration of the adverse 
effects and high costs of antidepressants used 
in treating depression of the elderly population, 
it is important to use inexpensive and viable 
non-pharmacological interventions along or in 
combination with medications. Familiar music 
listening with alpha binaural beats has the 
potential to decrease heart rate, systolic blood 
pressure, and HRV, and promote a relaxing and 
calming state for older people with depressive 
symptoms, and further reduce their depressive 
symptoms. Nurses can use this type of music 
intervention as part of their holistic care approach 

and build therapeutic relationships with older 
people with depressive symptoms in long-term care 
settings. Familiar music with alpha binaural beats 
can be a noninvasive and suitable intervention to 
promote relaxation and alleviate negative emotion 
in older people with depressive symptoms. 
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