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Objective: The purpose of this study was to investigate the effects rhythmic and non-rhythmic aerobic exercises on depression 
and balance of healthy elderly people.
Design: Randomized controled trial.
Methods: Nineteen older subjects were randomly divided into 2 groups for rhythmic and non-rhythmic aerobic exercises. Both 
aerobic exercises consisted of functional movements such as turning in opposite directions, and running in place, the exercise con-
sisted of movements that could activate balance. The rhythmic training group initially used music with 8 beats, and then later pro-
gressed to 16 beats. Additionally, we adjusted the pace of the music using songs from 125 beats per minute (bpm) to 160 bpm. Both 
groups were exercised for 50 minutes a day, twice a week, for a total of 8 weeks. We measured the condition of the patients before 
the intervention, and after 8 weeks of intervention. The Beck depression inventory (BDI) was used to measure the degree of 
depression. The Berg balance scale (BBS) was used to measure static and dynamic balance ability. We measured the subject's sub-
jective balance confidence using the fall efficacy scale (FES).
Results: Both groups showed significant improvement in BDI, BBS, and FES (p<0.05). The rhythmic aerobic exercise group 
showed a significant improvement only in the BBS change values compared to the non-rhythmic group (p<0.05).
Conclusions: According to this study, both rhythmic and non-rhythmic aerobic exercises resulted in significant improvement in 
the degree of depression and balance ability of the elderly. The rhythmic aerobic exercise was more effective for dynamic balance 
ability.
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Introduction

As the population grows older in age, the overall func-
tional decline occurs in several systems, including car-
diovascular, musculoskeletal, and metabolic systems [1]. In 
particular, the reduction of skeletal muscle due to aging lim-
its the activities of daily living, task performance and leisure 
activities, resulting in decreased motility, increased risk of 
falling, increased functional dependency, and lowered qual-
ity of life [2]. Approximately one-third of the elderly experi-
ence falls each year, and as the age increases, the fall rate in-
creases [3,4]. Falls are affected by gender, cohabitation, 

presence of illness, emotional depression, exercise, and 
smoking [5], and it reduces self-confidence in activity and 
balance performance for daily life [6]. It also limits walking 
[7] and causes other fear of falling, limiting the elderly’s in-
dependence [8]. As a result, aging-induced musculoskeletal 
weakness impairs functional movements and increases the 
risk of falls and thus the risk of death [9]. Therefore, im-
provement of balance ability of the elderly for fall pre-
vention is also important for maintenance of daily life move-
ment [3].

In previous studies, there were many exercise inter-
vention methods to improve the function and balance ability 
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Figure 1. Flow of this study and partic-
ipants through the program. BBS: 
Berg balance scale, FES: fall efficacy 
scale, BDI: Beck depression inven-
tory, MMSE-K: the mini mental status
examination of Korean version, min: 
minutes.

of the elderly. Exercise methods include strengthening ex-
ercise using elastic bands [10-12], aerobic exercise [13], and 
programs that combine fall prevention education and ex-
ercise [14]. A group with regular functional exercise was ef-
fective in improving balance ability to prevent falls in the 
long term [15], and actually lowered the incidence of falls 
[16,17]. In addition, it has been shown in several previous 
studies that training through functional exercise has positive 
effects on not only the body but also the psychological com-
ponent in the elderly [12,13,15]. 

Aerobic exercise has been applied to the elderly as a safe 
and effective exercise method, and is effective in preventing 
and reducing the deterioration of daily life physical fitness 
and cognitive function [18]. Aerobic exercise also improved 
physical functions such as lower extremity muscle strength, 
muscle endurance, flexibility and balance [19], and depres-
sion [20]. It has been shown that exercise programs with 
rhythmic motion have a greater effect on improving physical 
fitness than general muscle strength-aerobic exercise [21]. 
More than 30% of the elderly suffer from depression, which 
is highly correlated with falls [22], and is a factor that re-
duces self-esteem and quality of life [23]. With the case of 
depression, participation in a rhythmic exercise program has 
the effect of stabilizing the emotions [24], and as partic-
ipation in regular exercise increases, a more positive influ-
ence on body function can be observed, which subsequently 
raises life satisfaction [25].

Based on previous studies, aerobic exercises are an effec-
tive for the elderly, and the integration of rhythmic motion 
has a positive effect on not only the physical health but also 

the emotional health component of the elderly [18-20]. de 
Dreu et al. [26] stated that movements rhythmic movements 
can be used to mediate dancing, such as the tango or the 
waltz, as an intervention or that music can be added to exist-
ing therapy, and although functional movements for daily 
life activities are composed of rhythmic patterns, there are 
no studies that have investigated balance abilities related to 
falls of the elderly population. Therefore, the purpose of this 
study was to investigate the effect of rhythmic exercise on 
depression and balance abilities of the elderly.

Methods
Participants

Out of the healthy elderly people using welfare facilities 
in Daejeon Metropolitan City, elderly women who had met 
the selection criteria were included in this study. The se-
lection criteria of subjects were those who were aged 65 and 
over, those who could live and walk independently, and had 
the mini mental status examination of Korean version 
(MMSE-K) score of 24 or higher. The exclusion criteria of 
the subjects were those who had an orthopedic disease or 
those who had neurological disorders that could affect their 
balance ability, all of which could affect the outcome of the 
study. Out of 25 potential participants, 4 participants did not 
meet the selection criteria and 2 people had wished to with-
draw from the study. This study was in accordance to the 
Helsinki Declaration for ethical principles for medical re-
search on human subjects. After the participants had pro-
vided their informed consents after being fully informed of 
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Table 1. The general characteristics of all subjects (N=19)

Characteristic Rhythmic aerobic exercise group (n=9) Non-rhythmic aerobic exercise group (n=10) t (p)

Age (yr) 75.33 (5.32) 74.40 (3.24) 0.468 (0.98)
Weight (kg) 55.11 (9.06) 59.20 (4.50) −1.267 (0.23)
Height (cm) 150.44 (5.68) 155.60 (4.53) −2.199 (0.78)
MMSE-K (score) 28.33 (1.50) 27.60 (1.71) 0.988 (0.79)

Values are presented as mean (SD).
MMSE-K: The mini-mental status examination of Korean version.

the purpose, method, and predicted outcomes, and potential 
dangers of the study, the research process was initiated. 

Procedure

A total of nineteen subjects were randomly divided into 
either the rhythmic aerobic exercise group (n=9) or the 
non-rhythmic aerobic exercise group (n=10). The inter-
vention was performed for 50 minutes, twice a week, for a 
total of 8 weeks, and the same therapist evaluated for depres-
sion and balance ability of the subjects prior to and after the 
intervention. The training program consisted of 10 minutes 
of preparatory exercise, 30 minutes of exercise, and 10 mi-
nutes of restorative exercise in both groups (Figure 1). The 
2 groups performed exercises that consisted of the same 
functional movements. The configuration of the functional 
movements included moving the foot in right and left as well 
as up and down directions, rotating in place, stretching both 
legs in diagonal direction, walking while performing lunch-
es, side steps, squats, and running in place to enhance muscle 
strength and balance maintenance ability. The rhythmic 
aerobic group performed rhythmically by associating mo-
tions with the music. The rhythmic aerobic group initially 
used music with 8 beats, and then later progressed to 16 
beats. Initially during the first week, exercise was performed 
in accordance to music with approximately 125 beats per 
minute (bpm) was used, and the bpm was increased by 10 to 
15 bpm every week. During the final week, exercise was 
performed in accordance with music that consisted of 160 
bpm. The non-rhythmic aerobic group performed the same 
functional movements by set for each single action. 

Outcome measures

Depression evaluation
The effects of exercise on depression were measured us-

ing the Beck depression inventory (BDI). It is a ques-
tionnaire evaluation composed of 21 questions that can 
measure the degree of depression. It is an evaluation method 

designed for individuals aged 13 years or older. This tool has 
a test-retest reliability of 0.96 and validity of r=0.83 [27]. 

Balance ability evaluation
Balance ability was assessed in terms of functional bal-

ance and subjective balance self-confidence levels. 
Balance ability was assessed using the Berg balance scale 

(BBS). There are 14 items such as sitting, standing, and pos-
tural changes, which can be used to objectively evaluate stat-
ic balance and dynamic balance ability. There are 0 to 4 
points for each item and 56 points for the maximum score 
[28]. In addition, according to Korean studies, An et al. [29] 
mentioned that the sensitivity of the receiver operating char-
acteristic curve analysis can be used as a useful tool for as-
sessing the risk of falls in the elderly population (80%, spe-
cificity=75%) [30]. This tool has a validity of 0.85 and reli-
ability of 0.92 [31].

The fall efficacy scale (FES) was used to subjectively 
evaluate the confidence levels of the subjects in regards to 
falls. The questionnaire evaluation method asks subjects to 
personally assess their degree of self-assurance that he or 
she will not fall, and the higher the score, the higher the fall 
efficacy. The reliability and validity of this tool is 0.959 and 
0.972, respectively [32].

Data and statistical analysis 

Data analysis was performed with IBM SPSS Statistics 
ver. 22.0 (IBM Co., Armonk, NY, USA). The general char-
acteristics of subjects were obtained by using descriptive 
statistics, and the Shapiro-Wilks test was conducted to ver-
ify the normality and standard deviation. To investigate the 
effect of training in each group, the paired t-test was con-
ducted, and an independent t-test was used to compare the 
intergroup training effects. Statistical significant was set at 
0.05. 
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Table 2. Comparison of depression and balance between two groups (N=19)

Variable Rhythmic aerobic exercise group (n=9) Non-rhythmic aerobic exercise group (n=10) t (p)

Beck depression inventory
   Pre-test 15.78 (12.57) 8.00 (7.33) 1.62 (0.11)
   Post-test 7.89 (9.03) 3.70 (2.98) 1.33 (0.18)
   Change value 7.89 (5.30) 4.30 (5.79) −1.73 (0.10)
   t (p) 4.46 (0.00) 2.35 (0.04)
Berg balance scale
   Pre-test 48.56 (4.95) 50.80 (2.10) −1.26 (0.21)
   Post-test 53.22 (3.35) 53.10 (0.99) 0.11 (0.91)
   Change value −4.67 (2.96)  −2.30 (1.34) 2.29 (0.04)
   t (p) −4.73 (0.00) −5.44 (0.00)
Falls efficacy scale
   Pre-test 33.11 (30.32) 16.20 (16.90) 1.52 (0.15)
   Post-test 27.89 (27.48) 10.20 (12.52) 1.77 (0.09)
   Change value 5.22 (3.53) 6.00 (7.99) 0.41 (0.69)
   t (p) 4.44 (0.00) 2.38 (0.04)

Values are presented as mean (SD).

Results
General characteristics of the subjects

There were no significant differences in age, height, weight, 
and MMSE-K scores between the 2 groups (Table 1).

Pre- and post-change of depression
The rhythmic aerobic exercise and non-rhythmic aerobic 

exercise group both showed a significant reduction in BDI 
scores from 15.78±12.57 points to 7.89±9.03 points and 
from 8.00±7.33 points to 3.70±2.98, respectively, after the 
intervention (p<0.05). However, the difference between the 
two groups was not statistically significant (Table 2).

Changes in balance ability pre-post intervention
BBS scores of the rhythmic aerobic exercise group in-

creased significantly from 48.56±4.95 to 53.22±3.35 points 
after the intervention. BBS scores of the non-rhythmic aero-
bic exercise group also significantly increased from 
50.80±2.10 to 53.10±0.99 points after the intervention 
(p<0.05). When comparing the change values of the two 
groups, there was a significant increase in the rhythmic aero-
bic exercise group (p<0.05; Table 2).

The rhythmic aerobic exercise group showed a significant 
decrease in FES scores from 33.11±30.32 to 27.89±27.48 
points after the intervention, and the non-rhythmic aerobic 
exercise group also showed a significant decrease in FES 
scores from 16.20±16.90 to 10.20±12.52 points after the in-
tervention (p<0.05). The FES change values between the 

two groups were not statistically significant (Table 2). 

Discussion

The purpose of this study was to investigate the effect of 
an exercise program consisting of rhythmic and non-rhyth-
mic functional exercises to promote balance and daily life 
motions of elderly people on depression and balance. 

There was a significant difference in the depression 
scores between the rhythmic aerobic exercise group and the 
non-rhythmic aerobic exercise group (p<0.05). This is con-
sistent with a study by Son et al. [33], in which music-based 
exercise programs were effective in reducing depression, 
and Han et al. [18]’s study in which 12 weeks of rhythmic 
aerobic exercise was effective in reducing depression in the 
elderly. Music-based programs in rhythmic aerobic exercise 
play an important role as an emotional means of treatment of 
balance and gait [34]. In the non-rhythmic aerobic exercise 
group, the effect of functional training appears to have led to 
the improvement of physical function, which in turn, may 
have reduced the emotional depression. 

The BBS is an assessment for static and dynamic balance 
and there was a significant change in BBS scores in both the 
rhythmic aerobic group and the non-rhythmic aerobic 
groups. Lee et al. [35] reported that BBS has a high correla-
tion with falls and that is an appropriate tool to be used for 
early prediction of fall incidences for the elderly who are at 
high risk of falls. In particular, out of the BBS evaluation 
items, the one-legged stance and walking with arms spread 
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apart are especially known to be an important factor in eval-
uating balance [36]. In this study, it is considered that BBS 
scores were significantly improved in both groups after the 
intervention since both groups had performed functional 
movements of the foot and upper and lower extremity 
stretches. However, when comparing the change values, the 
rhythmic aerobic training group showed greater improve-
ments. This may have been due to the fact that the tempo of 
the music was increased every week, which had provided a 
more dynamic balance training effect compared with the 
non-rhythmic aerobic training group, resulting in a differ-
ence in dynamic balance scores on the BBS.

Both groups showed significant improvements in BBS 
and FES scores. This suggests that the improvement of bal-
ance function is affected by psychological self-confidence. 
Having psychological anxiety about falling actually results 
in a decrease in balance ability, which indicates that the 
physical function and the psychological state are connected 
and they work together [37]. Particularly, in the rhythmic 
aerobic training group, it is considered that the addition of 
music created an even greater amount of emotional and psy-
chological influence. This is supported by the results pre-
vious studies by Son and Bang [38] and Kim et al. [39] who 
showed higher self-efficacy in regards to falls with the addi-
tion of music to the intervention.

According to the results of this study, it was observed that 
when functional movements were applied rhythmically, 
there was a greater positive influence on static and dynamic 
balance ability when comparing the change values of the 
two groups. However, there was no difference between the 
groups in terms of emotional evaluation variables for de-
pression and efficacy of falls. Lucas et al. [40] reported as 
the physical activity of the elderly increases, the depression 
levels decreased. Therefore, as the two groups, who initially 
had low physical activity levels, participated in greater 
amounts of physical activity, the degree of depression was 
significantly decreased in both groups, which may be the 
reason why there was no significant difference in BDI and 
FES scores between the two groups.

This study had confirmed that when rhythmic and 
non-rhythmic aerobic exercises were applied, all elderly 
subjects showed significant improvements in depression 
levels and balance ability, and that the rhythmic aerobic ex-
ercises were more effective on improving balance ability. 
However, since this study only included female subjects, 
further studies should include elderly male subjects who are 
not accustomed to rhythmic movements to observe if the 

same effects are observed. In addition, since the improve-
ment of balance ability is related with the speed of the rhyth-
mic movements, it is necessary for further studies to inves-
tigate the effects of the various paces used for exercise per-
formance on balance ability. Based on this study, the clinical 
use of rhythmic exercises for improving balance ability for 
fall prevention and reducing depression levels in the elderly 
population is highly anticipated.
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