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Introduction
 Caregivers of patients with dementia are considered to experi-
ence a large psychological burden due to various behavioral and 
psychological symptoms their care recipients present compared with 
caregivers of patients with other medical conditions [1,2]. Dementia 
caregivers often suffer from hypertension [3], ischemic heart disease 
[4], reduced immune function [5] and have a high mortality rate [6]. 
While many factors are considered to be involved in the higher inci-
dence of medical events in dementia caregivers, their higher blood 
coagulability may be an important aspect [7]. One factor that could 
contribute to this is the psychological stress associated with caregiv-
ing. We previously reported that the severity of sense of burden in 
older dementia caregivers is related to lower physical activity, partic-
ularly a reduced amount of leisure activity [8].

 Many intervention studies aimed at reducing the sense of burden 
in caregivers have taken counseling and education-based approaches. 
One study demonstrated that satisfaction with leisure improved after 
caregivers of patients with dementia were educated on communica-
tion skills [9]. The need for education/activity programs, respite pro-
grams, information resources, support, and education programs that 
advocate for caregivers, as well as the need for leisure activity, have 
also been suggested [10]. Another study involving leisure activity 
that targeted dementia caregivers found that participation in various  
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Abstract

Objectives: While many factors could contribute to the high inci-
dence of vascular events in caregivers of patients with dementia, 
one mechanism may involve their high blood coagulability, which 
reportedly is higher than that of non-dementia caregivers. One fac-

tor that may account for this phenomenon is the psychological 
stress associated with caregiving. This study aimed to determine 
whether an in-home activity program that incorporates music/
exercise therapy for dementia caregivers can reduce stress as-
sociated with caregiving, and thereby improve levels of athero-
sclerosis-promoting factors such as adiponectin, homocysteine, 
and high sensitivity C-Reactive Protein (hs-CRP).

Methods: Participants were older caregivers of patients with Alz-
heimer-type dementia, who were randomly assigned to either an 
intervention or control group. The intervention group took part 
in an activity program that incorporated music/exercise therapy 
(20 minutes/twice a week for 12 weeks), while the control group 
carried on with routine daily care.

Results: Forty-two caregivers participated, and levels of adi-
ponectin and homocysteine improved in both groups. Geriatric 
Depression Scale (GDS) score improved significantly in the inter-
vention group, but did not change in the control group. While the 
Zarit Burden Interview score did not significantly change in the 
intervention group, it significantly worsened in the control group.

Conclusion: Music/exercise therapy had a positive effect on the 
intervention group. Given reports that decreased levels of ad-
iponectin are related to the severity of depression, changes in 
levels of adiponectin despite the lack of increase in total physical 
activity in the control group may have involved a psychological 
factor.

Keywords: Adiponectin; Caregiver burden; Dementia, Homo-
cysteine; Intervention
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types of leisure activities away from home (e.g., dancing, eating at 
restaurants, and going to concerts) by caregivers and care recipients 
improved both physical symptoms and depression in the caregivers 
[11]. Likewise, another study found improvements in the relationship 
between caregivers and care recipients after participating together in 
a program that included leisure activities [12].

 Rapid aging of the society in Japan is inevitably increasing the 
social burden related to the care of older people [13]. The time spent 
by older caregivers to care for their dementia care recipients general-
ly restricts opportunities for recreational activities, which may affect 
their physical/mental health. Against this backdrop, we focused on the 
potential benefits of music/exercise therapy. Such therapy is reported-
ly not only effective against various clinical symptoms, but can also 
reduce psychological burden resulting in depression [14] and increase 
the motor balance function of older people [15]. However, no study to 
date has investigated the efficacy of music/exercise therapy in reduc-
ing caregiver burden by jointly involving dementia patients and their 
older caregivers.

 We previously reported that periodic aerobic exercises effectively 
reduced the sense of burden in older dementia caregivers who suffer 
from chronic diseases such as hypertension and dyslipidemia [16]. 
Yet, these caregivers often had physical or movement disorders that 
restricted movement. Moreover, some reports have suggested that 
these caregivers find it difficult to secure the time needed to travel to 
facilities that offer activity programs, and thus cannot increase their 
participation in activities, as doing so would require them to leave 
dementia patients at home alone [17]. To this end, the present study 
aimed to assess whether the joint participation of dementia patients 
and their older caregivers in music/exercise therapy at home can help 
maintain caregiver health and reduce their sense of burden.

Methods
Participants

 Participants were 42 elderly caregivers aged ≥65 years who lived 
together with Alzheimer-type dementia patients diagnosed according 
to DSM-IV criteria by geriatricians. Eligible caregivers were those 
who did not routinely exercise to music (i.e., more than once a week). 
While we targeted healthy caregivers, those with chronic diseases 
(e.g., hypertension, diabetes and dyslipidemia) that were well-con-
trolled through periodic treatment at a medical facility were also in-
cluded. We excluded those with a history of cerebrovascular or heart 
diseases, such as cerebral infarction and myocardial infarction, or liv-
er diseases.

Study design

 Caregiver/dementia patient pairs were randomly assigned to the 
intervention or control group. Basis design was parallel, Rundomiza-
tion unit was Individual, Open-no one is blinded. The intervention 
group engaged in an activity program that incorporated music/exer-
cise therapy, whereas the control group continued with their regular 
daily routine. We assessed whether our program affected care burden 
by comparing various parameters before and 12 weeks after the inter-
vention.

Assessed factors and scales for caregivers

 The primary outcome measure was the score of the Japanese  

version of the Zarit Burden Interview (ZBI) [18]. The Japanese ver-
sion of the ZBI is a 22-item questionnaire that scores care burden 
as the sum of physical burden, psychological burden, and economic 
difficulty that caregivers experience as they provide care at home to 
those with care needs. The secondary outcome measure was levels 
of atherosclerosis-promoting factors, including adiponectin, homo-
cysteine and hs-CRP. The levels of these factors were assessed after 
blood was sampled. Blood sample measurements were outsourced to 
a blood test company which provided us with the measurement data. 
The short version of the Geriatric Depression Scale (GDS), widely 
used for evaluating depressive mood in older people with physical 
complications [19], was used in this study. The amount of total phys-
ical activity of caregivers was calculated by the sum of the house-
work score, sports score, and leisure score, with higher total scores 
indicating greater amounts of physical activity [20]. Leisure activities 
(drawing (sketching), watercolor painting and calligraphy) were de-
fined as physical activities other than housework and sports activities 
(walking, swimming and physical exercise). Adverse events were not 
reported.

Intervention program

 The activity program which incorporated music/exercise thera-
py comprised activities falling under the scope of sports score and 
leisure score, both of which are subscales of total physical activity. 
In addition to daily care routines, the intervention group engaged in 
the activity program (twice a week, 20 minutes/session), whereas the 
control group carried out only daily care routines. The intervention 
group performed exercises from among those we provided as options 
at baseline. These activities were those which could be carried out 
on a continuous basis by caregivers along with popular memorable 
songs, children’s songs, or folk songs. In principle, the amount of 
physical activity was set to 1.5-2.0 METs, and if similar in degree, 
activities other than those we originally presented as options were 
allowed. Activities excluded from the program included those with an 
extremely low amount of physical activity that did not require con-
stant movement of the hands/fingers (e.g., listening to music).

Scale for dementia patients

 As a simple measure to evaluate the mental function of dementia 
patients, we used the Japanese version of the Mini-Mental State Ex-
amination (MMSE) [21].

Statistical analysis

 Statistical analyses were conducted with SPSS software (version 
25.0). The Mann-Whitney U test was used to compare baseline back-
ground characteristics between the two groups. The Wilcoxon signed-
rank test was used in baseline and post-intervention comparisons of 
the two groups. P<0.05 was considered statistically significant.

Ethical considerations

 This study was approved by the Nagoya University Graduate 
School of Medicine Ethics Committee. Written consent was obtained 
from all participants. Appropriate ethical measures were taken, such 
as making it clear that participation in the study was strictly voluntary. 
Data were collected Nagoya University Hospital in Japan.
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Results
 In total, 110 caregiver/dementia patient pairs were selected by ger-
iatricians as potential candidates for inclusion in the study. Of these, 
65 pairs (59%) declined to participate or were excluded, including 
44 pairs in which the caregiver refused, and 21 pairs for various rea-
sons (e.g., no time, busy with caregiving, live too far away, do not 
want to participate, did not meet inclusion criteria, exercise habits 
(e.g., dancing) two or more times a week, back pain, dizziness). Of 
the remaining 45 pairs, 3 were discontinued (busy with caregiving, 
2; feeling unwell, 1), while the rest were randomized into either the 
intervention group (22 pairs) or the control group (20 pairs) (Figure 
1). Baseline characteristics were similar between the intervention and 
control groups (Table 1). Table 2 shows differences before and after 
the intervention. In both the intervention and control groups, levels 
of adiponectin and homocysteine significantly improved (p<0.05). 
However, hs-CRP and BMI did not significantly change. While the 
ZBI score did not significantly change in the intervention group, it 
significantly worsened in the control group (p<0.05). The GDS score 
significantly decreased in the intervention group (p<0.05), but did not 
change in the control group. Housework and sports scores significant-
ly increased in the intervention group. Regarding cognition, MMSE 
scores of dementia patients showed no significant changes in either 
the intervention or control groups.

Discussion
 In the present study, we succeeded in increasing the amount of 
total physical activity performed at home by caregivers who live with 
dementia patients, but did not observe an effect of intervention on 
the profiles of atherosclerosis-promoting factors since both groups 
showed some improvements in these factors. Given previous reports 
showing that reduced levels of adiponectin and severity of depres-
sion are related, changes observed in the control group despite the 
lack of increased physical activity may suggest a psychological basis. 
Rhythmically repeating muscle flexion and relaxation during music/
exercise therapy is likely to prevent the formation of vascular lesions  

that result from the progression of atherosclerosis through an increase 
in cardiovascular function by acting on the circulatory system, and 
thus improving cardiac and vascular systems.

 In the present study, adiponectin and homocysteine levels, but not 
hs-CRP levels, significantly improved in both intervention and con-
trol groups. Adiponectin functions directly on the vascular wall and 
has an anti-arteriosclerotic effect [22]. A low level of adiponectin is 
considered a risk factor for atherosclerosis [23,24] and adiponectin 
levels improve with exercise [25,26]. This suggests that improved 
levels in the intervention group can potentially be explained by in-
creased physical activity. The mechanism underlying the increased 
secretion of adiponectin may involve its activation in liver/muscle 
following exercise, which leads to the stimulation of adipocytes and 
subsequent improvement in circulation.

 On the other hand, in high-risk coronary artery disease patients, 
plasma adiponectin levels above 6.38 µg/ml are reportedly associ-
ated with a paradoxical higher risk of cardiovascular death. Indeed, 
patients with high-plasma adiponectin levels have a higher cardio-
vascular death rate than low-plasma adiponectin patients [27]. In 
the present study, the cardiovascular status of our participants was 
satisfactory, with baseline adiponectin levels ≥4.0 (reference value) 
in both control and intervention groups. After the intervention, the 
change in adiponectin levels in the intervention group was 1.57%, and 
since the median baseline adiponectin level in the intervention group 
was satisfactory at 12.75, it may have been difficult to further im-
prove adiponectin levels. In the control group, however, the change in 
adiponectin levels was 13.09% and the median baseline adiponectin 
level was 9.55. While this value is within the reference range, it was 
low compared to that of the intervention group. Thus, although no in-
tervention was performed, it is possible that the psychological impact 
from participating in the study itself improved adiponectin levels in 
the control group.

 According to one study, increased physical activity slightly re-
duced homocysteine levels in young people [28]. However, in the 
control group, which engaged only in routine caregiving, both ad-
iponectin and homocysteine levels improved despite the lack of 
increase in total physical activity. We speculate that improvements 
in adiponectin and homocysteine levels in the control group had a 
psychological underpinning, in which participation in the study gave 
caregivers a sense that people were interested in them. Reduction in 
adiponectin levels is reportedly associated with the severity of depres-
sion, with higher severity being associated with lower adiponectin 
levels [29]. One study found that adiponectin levels recovered fol-
lowing treatment for depression [30]. Moreover, acute psychological 
stress can significantly and rapidly induce total plasma homocysteine 
levels in adult women [31]. High levels of homocysteine are correlat-
ed with depressive symptoms in community-dwelling middle-aged 
people [32] and animal models suggest that depression is associated 
with high homocysteine levels [33]. In the present study, compared to 
the intervention group, caregivers in the control group had a higher 
GDS score.

 While blood hs-CRP is an important marker for predicting cardio-
vascular events, hs-CRP and BMI did not significantly change in ei-
ther the control or intervention group in this study. Physical rehabilita-
tion has been reported to significantly reduce waist circumference and 
fat weight, leading to a significant reduction in hs-CRP levels  [34]. 

Figure 1: Study flow chart.
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 However, neither BMI nor hs-CRP significantly changed in either 
group of this study. Since physical activity was set at a level that was 
relatively easy for older caregivers to continue, BMI (reflecting vis-
ceral fat) and cytokines (involving hs-CRP) secreted from visceral fat 
may not have changed.

 While the ZBI score did not change in the intervention group, it 
significantly worsened in the control group. In a study that found that 
leisure activity can improve ZBI scores, the type of leisure activity 
was chosen by caregivers themselves and thus was easy to continue  

[35]. Caregivers in the intervention group of the present study did not 
experience substantial changes in their subjective sense of burden, 
suggesting that incorporating music/exercise therapy into their daily 
lives may have had a pleasant stimulating effect or may have allowed 
them to free themselves temporarily from caregiving and switch 
gears, thereby suppressing the sense of burden. This suggests that the 
increase in sense of burden during the natural progression of the few 
months of observation was prevented, and that the intervention group 
had a low depressive tendency at baseline and likely was more resil-
ient to sense of burden than the control group. However, since the  

Intervention (n=22) Control (n=20)

Variable Median IQR Median IQR P value

Caregivers

Age, y 80 73.5-81.5 79.0 75.5-82.0 0.880

Sex (M/F), n/% 7/15 31.8/68.2 May-15 25/75 0.629

Adiponectin μg/mL (≥4.0) 12.75 8.28-17.90 9.55 7.30-24.90 0.791

hs-CRP mg/dL (no ref value) 0.039 0.022-0.108 0.047 0.021-0.123 0.930

Homocysteine nmol/mL (3.7-13.5) 12.5 11.28-16.33 11.95 10.80-16.25 0.659

BMI 22.31 19.6-25.0 20.8 19.3-23.7 0.290

ZBI sense of burden-total 18.5 11-33 25.0 17.3-40.8 0.203

GDS 4.5 2-7 7.0 4.0-10.5 0.051

Total physical activity (HS+SS+LS) 2.13 1.75-2.66 1.92 2.22-2.56 0.641

Housework score (HS) 2.00 1.67-2.14 1.67 2.06-2.33 0.510

Sports score (SS) 0.00 0.00-0.41 0.00 0.00-0.41 0.740

Leisure score (LS) 0.00 0.00-0.00 0.00 0.00-0.05 0.461

Dementia Patients

Age, y 80.0 77.0-83.5 82.0 78.0-85.0 0.677

MMSE 21 16-25.3 18.0 14.3-22.8 0.124

Intervention (n=22) Control (n=20)

Variable Median (⊿) P value Median (⊿) P value

Caregivers

Adiponectin µg/mL (≥4.0) 0.200** 0.000 1.250** 0.001

hs-CRP mg/dL (no ref value) 0.008 0.661 -0.005 0.575

Homocysteine nmol/mL (3.7-13.5) - 1.550** 0.000 -2.150** 0.008

ZBI 0.5 0.736 4.5* 0.031

Total physical activity (HS+SS+LS) 0.235** 0.003 -0.005 0.296

Housework score (HS) 0.110 * 0.019 -0.111 0.322

Sports score (SS) 0.038** 0.000 0.000 0.889

Leisure score (LS) 0.000 0.285 0.000 0.273

GDS   -1.5* 0.03 -1.0 0.759

BMI 0.5 0.263 0.005 0.760

Dementia Patients

MMSE -1.0 0.777 2.0 0.977

Table 1: Baseline characteristics.

*p < 0.05; **p < 0.01 by the Mann-Whitney U test.
Data are presented as median; IQR, Interquartile Range; hs-CRP, High Sensitivity C-Reactive Protein; BMI, Body Mass Index; ZBI, Zarit Burden Interview; GDS, 
Geriatric Depression Scale; MMSE, Mini-Mental State Examination

Table 2: Changes in outcomes after intervention.

Change after intervention (⊿) = post-intervention value - baseline value
*p<0.05; **p<0.01 by the Wilcoxon signed-rank test; hs-CRP, High Sensitivity C-Reactive Protein; ZBI, Zarit Burden Interview; GDS, Geriatric Depression 
Scale; BMI, Body Mass Index; MMSE, Mini-Mental State Examination.
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contents of the present program were preset, caregivers’ taste may 
have had an impact; given the relatively low level of activity and 
short intervention period and duration of activities, this result could 
be attributed to the limited amount of physical activity. In the control 
group, we speculate that the lack of activity (in the form of music/
exercise therapy) led to a greater sense of caregiver burden.

 MMSE scores of dementia patients did not significantly change 
in either group over the observation period. Music therapy has been 
shown to effectively improve the QOL of caregivers, reduce depres-
sion, and maintain the cognitive function of dementia patients [36]. 
However, given that MMSE scores did not improve in the interven-
tion group, the study duration may have been too short to observe 
changes in MMSE scores. This study has some limitations worth 
noting. First, the study was conducted at a single facility, and thus 
the ability to generalize the conclusions is limited. Second, given the 
small sample size, the statistical power may not have been sufficient 
to detect differences. Our findings also suggest the need to develop a 
program that can be performed on a continuous basis even for busy 
caregivers. Finally, given the possibility that the severity of neuropsy-
chiatric symptoms of dementia patients may have a greater impact on 
caregiver burden than MMSE scores, the psychiatric symptoms of 
dementia patients will need to be considered in future studies.

 In conclusion, a program should be developed that maintains the 
amount of physical activity in caregivers, suppresses the progression 
or onset of atherosclerosis through exercise, and maintains the health 
of caregivers and reduces their sense of burden. If the program also 
has a beneficial effect on the cognitive function of dementia patients, 
this would also help to reduce the burden of caregivers and have im-
portant social and medical implications.
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