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Abstract 
This study clarified the characteristic autonomic nervous activity of institutionalized elders diag-
nosed with dementia using Hasegawa’s Dementia Scale-Revised. Twenty-six healthy adult persons 
(HPs) in their 20 s - 40 s met the inclusion criteria, and 16 persons (27.6 ± 8.2 years old) com-
pleted the research procedure. Of 70 persons with dementia (PDs) residing at the one geriatric 
health services facilities, only 24 persons met the inclusion criteria, and only nine (N = 9, 83.44 ± 
9.45 years old) completed the procedure. Actigraph and ambulatory electrocardiographic instru-
ments measuring autonomic nervous activity were attached to the subjects for 24 hours. Activities 
and behaviors of PDs and HPs were observed by clinically experienced staff nurses and care 
workers. High frequency (HF) power indicating parasympathetic activity and LF/HF ratio indicat-
ing sympathetic activity were calculated. When awake, PDs’ LF/HF ratio was significantly lower 
than HP’s (Z = −2.60, p < 0.01), showing significant differences in the LF/HF ratios between waking 
and sleeping, more than those of the PDs (p < 0.001). Similarly, when awake, significant positive 
correlations were observed in the LF/HF ratio and actigraph activity count (AC) in 11 HPs and 3 
PDs (range r = 0.17 to 0.49, p < 0.05); however, significant negative correlation was found in HF 
and AC of 12 HPs and 3 PDs (range r = −0.55 to −0.18, p < 0.05). While sleeping, significant positive 
correlations were observed in LF/HF and AC of 3 HPs and 1 PD (range r = 0.35 to 0.42, p < 0.05) 
and significant negative correlation was found in the HF and AC of 1 HP (r= −0.32, p < 0.001) and 1 
PD (r = −0.32, p < 0.05). The mean value of LF/HF in a wakeful state was significantly lower for PDs 
than HPs. Combined results of behavioral observation, actigrapy and heart rate variability (HRV) 
analyses suggested that PDs showed positive correlations between LF/HF and AC in a wakeful 
state. Compared to those who showed no positive correlation, they did not require much nursing 
care. 
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1. Introduction 
In Japan, 20 percent of elderly persons with dementia who enjoy nursing service benefits from the nursing care 
insurance system live in neighborhood nursing facilities [1]. Geriatric health services facilities are places where 
many elderly Japanese persons with dementia are admitted in order to receive nursing services that might enable 
them to live at home again [2]. However, in many situations it is difficult for elderly persons to return home [3], 
because they do not have family members available to take care of them [4].  

Facilities that accept elderly persons with dementia offer rehabilitation and recreation programs to enable 
them to maintain and improve their physical functioning and to alleviate symptoms of dementia [5]-[7]. Treibe-
ret et al. [8] reported that active cognitive stimulation might keep the functioning of persons with dementia from 
outright degeneration. Physical activities such as walking, housework or gardening were found to be effective 
for persons with dementia suffering from depression [9]. Without intentional stimulation, persons with dementia 
can remain inactive for prolonged periods of time, resulting in the lowering of physical and cognitive functions. 
In addition to the primary symptoms of memory disorder and disorientation [10] [11], patients with Alzheimer’s 
dementia, also show behavioral and psychological symptoms of dementia (BPSD) [12] [13] such as daytime 
drowsiness, nighttime delirium, and irritability [14] [15]. 

In a study of the autonomic nervous activities of persons with dementia, music therapy was found effective in 
alleviating BPSD [16], wherein high frequency (HF) power was significantly increased, while the low frequency 
LF/HF ratio was slightly decreased [17]. Passive and interactive music interventions were also found to cause 
short-term parasympathetic dominance [16]. Aroma therapy, a passive intervention, was also found effective in 
activating HF, tending to create a relaxed state in the elderly person [18]. Using heart rate variability (HRV) 
analysis, five minutes of music therapy revealed that activation of HF power. However, no studies were found 
which showed the influence of lifestyle activities on autonomic nervous function of persons with dementia while 
in the nursing care facilities, for example, during activities including daily examinations of physical and mental 
activities during rehabilitation or conversational activities. 

In healthy adults, parasympathetic nervous activity is predominant during sleep, whereas the sympathetic 
nervous system is active when awake. There was a strong negative correlation between activity counts (AC) and 
HF power, and a positive correlation between AC and LF/HF ratio [19]. In patients who suffered from sleep 
disturbance, these correlations were weaker [20]. Moreover, patients who slept well showed a significantly 
higher negative correlation of AC and HF [21]. The relationship between sleeping/waking states indicates that 
sleep is considered a condition in which there is high vagal activity and sympathetic activity is relatively quies-
cent [22]. Therefore, by comparing the results of patients with dementia and of healthy adults, and patients with 
dementia, it was considered able to clarify the features of elderly persons with dementia. 

The purpose of this study was to clarify the characteristics of autonomic nervous activity of institutionalized 
elderly persons with dementia. 

2. Methods 
2.1. Subjects 
2.1.1. Healthy Persons (HPs) 
There were 26 healthy adult Japanese men and women (N = 26) who met the inclusion criteria. This study re-
cruited office workers and college students through the researcher’s acquaintances and by word of mouth. Par-
ticipants comprised 26 volunteer adult Japanese men and women aged in their 20 s to 40 s who described them-
selves as being healthy. Volunteers were included in the study if they met the following criteria: a normal 
monthly menstrual cycle, no menopausal symptoms, no eating disorder, and on a regular diet. Prospective vo-
lunteers working on rotating or night schedules, and those who were pregnant or menopausal were excluded 
from the study. Participants were instructed not to consume alcohol during the study period. The data were col-
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lected from August 2013 to May 2015. While data were completed for all participants, 10 participants were ex-
cluded because of erroneous data from mechanical and placement problems. Therefore, the data of 16 HPs were 
used for analysis (2 men and 14 women, 27.63 ± 8.21 years old, N = 16). 

2.1.2. Persons with Dementia (PDs)  
Persons with dementia were diagnosed using Hasegawa’s Dementia Scale-Revised (HDS-R) [24]. Out of 70 
prospective subjects with dementia who resided at a geriatric health services facility, 23subjects met the inclu-
sion criteria, and their range of HDS-R was 3 - 20 points. However 15 were disqualified because of incomplete 
data, and from equipment errors, including the inability to wear the actigraph at the wrist-watch area for 24 
hours. This was also true for the electrocardiographic data. Therefore, only data from 9 women with Alzhei-
mer’s dementia and Vascular dementia were included (83.44 ± 9.45 years old), and their range of HDS-R was 9 
- 19 points. It can be noted that in addition to the primary symptoms of memory loss, patients with Alzheimer’s 
dementia, and disorientation [10] [12] also showed BPSD [12] [23] such as daytime drowsiness, nighttime deli-
rium, and irritability [14] [15]. Furthermore, four PDs took tranquilizers in order to alleviate neurotic and manic 
states, or BPSD, and another four PDs took minor tranquilizers to avoid depression and sleeplessness at night 
and to prevent chronic pains. 

With a HDS-R score of 20 or less, dementia was suspected (30 is the highest score possible) [24]. Other 
meanings of the HDS-R include severity of dementia: a score of 20 - 15 points is categorized as Mild, 14 - 10 
points is Moderate, 9 - 5 points is Moderately Severe, and below 5 points is Severe. Long-term care level [25] 
classify the status of persons with problematic behavior and decreased understanding. There are five levels. 
Level 1: those who need some support for transfer movement, level 2: those who need some assistance for over-
all life, level 3: those who need greater assistance for transfer movement, level 4: those who cannot move or ex-
crete by themselves, level 5: those who cannot move, excrete, or eat by themselves (see Table 1). 

2.2. Data Collection Period 
The investigation period was from June 2012 to March 2015. Because of the rarity of the conditions required to 
qualify as subjects the study, it took nearly 3 years to collect the data. 

2.3. Measurement Times and Methods of Classification between Waking/Sleeping Time 
The actigraphic and electrocardiographic devices were attached to all subjects for 24 hours. Measurement time 
was as follows: A: 9:00 AM - 9:00 AM the following day; Measurement time B from 18:00 - 18:00 the following  
 
Table 1. Clinical characteristics of persons with dementia.                                                                

Subject 
number Age Sex Type of 

dementia HDS-R Long-term 
care level 

Communication 
ability 

Internal remedy affects autonomic nervous activity 

Major  
tranquilizers 

Minor  
tranquilizers Others 

1 90s F ALZ 10 2 Goodness  
Etizolam,  

Amitriptyline Loxoprofen 

2 80s F ALZ 10 4 No-good Quetiapine, 
Risperidone  Memantine 

3 60s F VD 16 4 Passivity    
4 80s F ALZ 9 1 Goodness Risperidone Diazepam  

5 70s F ALZ 16 2 Passivity Aripiprazole Etizolam,  
Brotizolam Sodium valproate 

6 90s F ALZ 9 4 Goodness Quetiapine   

7 80s F ALZ 19 1 Goodness  
Trazodone,  
Mirtazapine  

8 90s F ALZ 17 2 Passivity    
9 70s F VD 19 1 Goodness    

Notes: Long-term care level, 5 most severe, 4 severe, 3 need care, 2 need some care, 1 slightly care need. Abbreviations: F = Female, ALZ = Alshei-
mer’s disease, VD = Vascular dementia, HDS-R = Hasegawa’s Dementia Scale for Revised. 
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day. Because there was no large difference between LF/HF and HF of waking/sleeping time in both measure-
ment times (A and B), the decision was to categorize them as one group. Therefore, the measurement time for 
PDs was set to be 9:00 AM - 9:00 AM the following day. 

2.4. Description of Measurement Items 
The University of Tokushima Hospital Clinical Study Ethical Review Board approved this study. No harm to the 
subjects could be identified. Return of the survey implied that the subjects gave consent. The subjects were noti-
fied that privacy would be protected; only aggregate data would be used in reporting the findings.  

2.4.1. Actigraphy 
Actigraphy is a measurement procedure that is used to assess the balance between waking time and sleeping 
time, and the conditions of sleep disturbance [26]. In this study, a portable micro mini-type actigraph (Ambula-
tory Monitoring, Inc., Ardsley, NY, USA) was attached to each subject’s non-dominant arm for 24 hours. The 
actigraph was worn on the wrist like a watch. It electronically measures the number of movements exceeding 
0.01 g (gravitational force per minute of recording).  

An epoch length of 60 seconds was used from the vertical axis. The activity counts (AC) from the vertical 
axis of an accelerometer represent a digital integration of the positive and negative vertical displacement of the 
body’s center of mass per unit time [27] [28]. Sleep or wake time was judged by Sleep-scoring algorithm of the 
AW2 software (Ambulatory Monitoring, Inc.) [29]. The time during in which the subjects were wearing the ac-
tigraph was divided into “up” (daytime activity) intervals, defined as the period of time subjects reported being 
out of bed, and “down” (sleep) intervals, defined as the period during which subjects were in bed. AC from the 
actigraph was used as indicators of activity levels. The actigraph was used in the zero crossing mode to detect a 
micromotion. 

2.4.2. Heart Rate Variability 
HRV is an efficient noninvasive method used to investigate autonomic nervous system function and cardiovas-
cular control while awake or during sleep. In this study, electrodes were placed at strategic locations on the chest 
and recording was done via a Holter electrocardiographic monitor for 24 hours. The HF component also served 
as an indicator of parasympathetic nervous system activity. LF/HF indicates sympathetic nervous system activity. 

2.4.3. Method of Collecting Life Records of the HP Group and Observing Behaviors of Those of the  
PD Group 

Life records of the HP group were shown along with the records taken by actigraphy and by electrocardiograph-
ic devices. In terms of the life records, activity details and the necessary time, the time when subjects went to 
bed, and the time when they arose were described on the autographic recording surveys. The HPs activity sta-
tuses were further checked during the measurement period by interviewing them after the examination was over. 
During the examination period, the group of HP led their normal lives. 

Methods of observing PD’s behaviors are as follows: During the daytime (9:00 - 17:00), four nurses who had 
more than five years’ clinical experience observed the activities of PD while at nighttime (17:00 - 9:00) ten care 
workers cooperating with researchers who had more than five years’ clinical experience replaced them. They 
recorded PD’s activity status (including getting up, sleeping and walking) along with their expressions and be-
haviors. During the time of observation, they maintained a certain distance between the subjects in case they 
should become too nervous. They observed how PDs could communicate with others, their tendency of drowsi-
ness during the day, their tendency of waking during the night, as well as their activity levels. Regarding their 
activity level, they checked how PDs were capable of executing their actions to the end without breaks, how 
PDs were motivated to voluntarily participate in activities, and how they could communicate with others. 

These records were used in order to enhance the credibility of the analysis results of the actigraphy and HRV. 

2.5. Data Collection 
The researcher explained the procedures for data collection to the subjects who met the inclusion criteria. In or-
der to obtain accurate measurements, subjects were instructed on how to use the actigraphic and electrocardio-
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graphic devices. These were all done by the researchers (SF, YY, TT, and MS). 

2.6. The Mental Interference to PDs 
In the PD group, mental interference, including intentional communications, was conducted in addition to reha-
bilitation (physical interference) and recreation (the mental interference), both of which were offered in the 
normal nursing services facilities. Researchers with nurse’s licenses showed pictures (babies, animals, and land-
scape) to PDs and talked with them for 30 minutes asking them what they felt or associated with seeing the pic-
tures. 

2.7. Analysis Methods 
2.7.1. Analysis Methods for Actigraph and Heart Rate Variability 
Actigraph and HRV data were analyzed using dedicated computer analysis programs, and the results were rec-
orded graphically, enabling visual assessment. Such visual representation provided clear reliable data.  

The data obtained from the actigraph were analyzed using AW2 software (Ambulatory Monitoring, Inc.). The 
AC of actigraph was matched with the HRV data produced over 5 minute intervals. HRV was analyzed using 
the Mem Calc/CHIRAM procedure (GMS Co, Tokyo, Japan). The HRV results included the LF component 
(0.04 - 0.15 Hz) and the HF component (0.15 - 0.50 Hz), as extracted by power-spectrum density. 

2.7.2. Statistical Analysis 
1) To clarify a difference of LF/HF and HF during waking and sleeping between HPs and PDs, an examination 
of the equal variances was conducted, as a result, it was conducted either Student’s t-test or Welch’s t-test. 2) To 
compare LF/HF and HF during waking and sleeping of HPs and PDs, the Mann-Whitney’s U test was conducted. 
3) To clarify the relation between autonomic nervous activity and AC, Pearson’s correlation coefficient was 
calculated. 4) To clarify the difference of influences that daily activities gave to the autonomic nervous activity, 
Fisher’s exact test was conducted by separating subjects into those who showed significant differences (p < 0.001) 
of HF and LF/HF during waking and sleeping. 5) To illustrate typical examples of PDs (LF/HF during waking 
correlate strongly with AC or not). The statistical analysis was carried out using Statistical Package for the So-
cial Sciences version 20 software (PASW Statistics for Windows, SPSS Inc., Chicago, IL, USA). Statistical sig-
nificance was set at p < 0.05. 

2.8. Ethical Consideration 
The data collection procedure was performed following the Private Information Protection Law, with approval 
from the Tokushima University Hospital Ethics Board (approval number 2039). The purpose and methods used 
in the study were explained to all subjects and their guardian. Subjects were assured that their personal informa-
tion was protected, the report would be done as an aggregate, and used only for research purposes. Informed 
consents were obtained prior to the commencement of the study. 

3. Results 
3.1. Differences between during Waking and Sleeping in HPs and PDs 
The compared results of mean values of LF/HF and HF during waking and sleeping in HPs and PDs: The LF/HF 
mean value of HP was significantly higher as compared to the PD during waking time (Z = −2.60, p < 0.01). 
Significant differences in HF of waking time and LF/HF and HF in sleeping time were not observed between the 
HPs and PDs (Table 2—Mann-Whitney’s U test). 

Table 2—Pearson’s r value also showed the correlation between autonomic nervous activities and AC. When 
awake, significant positive correlation between LF/HF and AC was observed in 11 HPs (range r = 0.20 to 0.49, 
p < 0.05). The following data indicated that when awake, 11 out of 16 HPs showed a significant positive corre-
lation between their LF/HF and AC (p < 0.001; 9 persons, p < 0.05; 2 persons). Five HPs showed no significant 
correlation. 

When awake, significant positive correlation between LF/HF and AC was observed in 3 PDs: No. 4 (r = 0.32, 
p < 0.001), No. 7 (r = 0.17, p < 0.05), and No. 8 (r = 0.31, p < 0.001). However, six PDs showed no significant  
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Table 2. Compared results of HPs and PDs during waking and sleeping time.                                                        

Mann-Whitney’s  
U-test 

HPs (N = 16) PDs (N = 9) 
Z  

value p-value Median 
value 

25% 
value 

75% 
value Range Median 

value 
25% 
value 

75% 
value Range 

Wakig 
time LF/HF 3.37 2.45 6.09 2.19 - 8.16 1.78 1.36 3.61 0.84 - 5.66 −2.60 ** 

 
HF 

(msec2) 343.61 188.01 434.73 101.09 - 677.90 82.52 76.03 694.47 15.69 - 3591.82 −1.19 n.s. 

Sleeping 
time LF/HF 1.59 0.91 2.23 0.81 - 2.94 1.62 0.99 2.87 0.67 - 4.17 −0.28 n.s. 

 
HF 

(msec2) 759.72 470.31 1102.05 160.04 - 1774.53 205.50 82.42 1440.85 18.21 - 4027.65 −1.53 n.s. 

Pearson’s r values  
of correlation 

HPs (N = 16) PDs (N = 9) 
p-value Median 

value 
25% 
value 

75% 
value Range Median 

value 
25% 
value 

75% 
value Range 

Wakig 
time 

LF/HF  
and AC 0.26 0.17 0.35 −0.15 - 0.49 0.09 0.04 0.17 −0.34 - 0.32 

§ 
 

HF and 
AC −0.26 −0.40 −0.16 −0.55 - 0.14 −0.14 −0.19 −0.07 −0.25 - 0.27 

Sleeping 
time 

LF/HF  
and AC 0.08 0.02 0.12 −0.25 - 0.39 0.04 0.01 0.11 −0.24 - 0.42 

 
HF and 

AC −0.84 −0.17 0.00 −0.32 - 0.23 −0.03 −0.13 0.18 −0.19 - 0.28 

Notes: **p < 0.01, n.s., not significant, §If the value of r of the correlation coefficient, significance levels were: more than 0.16 was level at p < 0.05; 
more than 0.20 was significance level at p < 0.01; and more than 0.3 was significant level at p < 0.001. Abbreviations: LF = Low frequency power, 
HF = High frequency power, PD = Persons with dementia, HP = Healthy persons. 
 
correlation. However, when awake, significant negative correlation between HF and AC was observed in 12 
HPs (range r = −0.55 to −0.18, p < 0.05). The following showed the data: 12 out of 16 HPs showed significant 
negative correlations to HF and AC (p < 0.001; 8 persons, p < 0.01; one person, p < 0.05; 3 persons). Four HPs’ 
data did not show a significant correlation.  

However, during sleeping time, 2 out of 16 HPs showed a significant positive correlation between the LF/HF 
and AC (p < 0.001). Fourteen HPs showed no significant correlation. Also, one HP out of 16 HPs showed a sig-
nificant negative correlation to HF and AC (p < 0.001). Data from fifteen HPs’ did not show a significant corre-
lation. 

Significant negative correlation between HF and AC was observed in 3 PDs (range r = −0.25 to −0.19, p < 
0.05) during waking time. The following shows the data: PD subjects No. 4 (r = −0.25, p < 0.01), No. 7 (r = 
−0.23, p < 0.01), and No. 9 (r = −0.19, p < 0.05) showed a significant negative correlation to HF and AC. How-
ever, other PDs did not show a significant correlation.  

During sleeping time, PD subject No. 5 showed a significant positive correlation between the LF/HF and AC 
(r = 0.42, p < 0.001), and a significant negative correlation to HF and AC (r = −0.19, p < 0.05). 

3.2. The Number of HPs Who Showed Significant Differences between Waking and  
Sleeping Time in LF/HF and HF Compared with PDs 

Table 3 shows the number of HPs with significant differences in LF/HF between waking and sleeping more 
than that of PD (p < 0.001). No significant difference was observed between HPs and PDs in HF. One PD, 
however, showed a higher HF value during awake than asleep. 

3.3. Typical Examples of Actigraphic Data, and HRV in 1 HP and 2 PDs 
Figure 1 shows the typical example of a positive correlation between LF/HF and AC during the day in HP (r = 
0.38, p < 0.001). 

Figure 2 shows typical subject in PD with a positive correlation between LF/HF and AC during the day (r = 
0.32, p < 0.001) underwent rehabilitation for 1 hour and 2 minutes. The rehabilitation included upper and lower  
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Table 3. The number of HPs who showed a significant difference in LF/HF and HF between waking and sleeping time 
compared to PDs.                                                                                                               

  
Significant differences 

(%) 
No significant  

differences (%) 
Reversea  

（N) (%) χ2-value p-value 

LF/HF HPs (N = 16) 15 (93.75) 1 (6.25) (0) (0) 7.61 *** 

 PDs (N = 9) 4 (44.44) 5 (55.56) (0) (0)   
HF (msec2) HPs (N = 16) 16 (100) 0 (0) (0) (0) 5.43 n.s. 

 PDs (N = 9) 7 (77.78) 2 (22.22) (1) (11.11)   
Notes: Fisher’s exact test, ***p < 0.001, n.s., not significant, aThe subject showed a higher HF power during awake than asleep. Abbreviations: LF = 
Low frequency power, HF = High frequency power, PD = Persons with dementia, HP = Healthy persons. 
 

 
Figure 1. Typical example of significant positive correlation between LF/HF and AC in HP during waking time.                                                        
 
limb exercises and joint excursion training, as well as massage by an occupational therapist. The researcher in-
tentionally communicated with the subject for 30 minutes. After lunch the subject took one tablet of Risperidone 
(0.5 mg) and one tablet of Diazepam (2 mg).  

Figure 3 shows typical subject in PD with no positive correlation between LF/HF and AC during the day (r = 
0.04, p = 0.72) underwent rehabilitation for 1 hour and 6 minutes. The rehabilitation comprised of walking and 
upper limb exercises. This subject, however, often stopped doing exercises unless she was urged to do so by the 
occupational therapist. In addition, she constantly wandered around unless she was performing activities on a 
regular basis. The researcher also intentionally communicated with her for 30 minutes. The medicine taken by 
this subject after dinner was 1 tablet of Quetiapine (25 mg).  

Figure 4 exhibits a typical PD (No. 5) with significant positive correlation between LF/HF and AC during 
sleeping time (r = 0.42, p < 0.001). However, Figure 5 shows a typical PD (No. 3) with no correlation between  
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Figure 2. Typical example of significant positive correlation between LF/HF and AC in PD subject No. 4 
during waking time.                                                                                                               

 

 
Figure 3. Typical example of no significant positive correlation between LF/HF and AC in PD subject No. 
6 during waking time.                                                                                                               
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Figure 4. Typical example of significant positive correlation between LF/HF and AC in PD subject No. 5 
during sleeping time.                                                                                           

 

 
Figure 5. Typical example of no correlation between LF/HF and AC in PD subject No. 3 during sleeping 
time.                                                                                   
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LF/HF and AC during sleeping time (r = 0.01, p = 0.95). According to observation data, the PD was watching 
TV while at bed rest, and during sleep period determined by actigraphy. 

3.4. Combined Results of Behavioral Observation, Autonomic Nervous Activity and AC 
The data obtained from behavioral observation of PDs are shown in descending order of the correlation coeffi-
cient between LF/HF and AC during waking hours (Tables 4-6). Table 4 (subject number: 4, 7, and 8) shows 
the subject with a positive correlation between LF/HF and AC during the day was motivated and actively engaged 
activities. They also maintained communication capabilities. Meanwhile, PDs (subject number: 1, 2, 3, 5, 6, and 
9) without a positive correlation between LF/HF and AC during the day spent a great deal of time sedentary, ly-
ing in bed or sitting. However, they, showed a higher value of LF/HF during activities, such as rehabilitation and 
communication, than 5 minutes before she started those activities (Table 5 and Table 6). 

4. Discussion 
In the previous studies [30], the LF component and the LF/HF of PD were shown to be significantly decreased, 
compared to those of healthy elderly persons. Similarly, the sympathetic nervous activities of healthy persons in 
their twenties were shown to be enhanced more than those of healthy persons in their sixties [31]. 

In this study, as shown in Table 2—Mann-Whitney’s U test, the average value of LF/HF in a wakeful state 
was significantly lower in PDs than for HPs. Apart from undergoing rehabilitation and communicating, as 
shown in Table 5, PDs reflected the sedentary lifestyle around the institution, watched TV, read newspapers and 
had meals. Furthermore, PDs who stayed at the institution rarely had opportunities to move their bodies and 
spent long hours maintaining the same position by sitting or lying in bed. As a result, it was considered their 
sympathetic nervous activity index became lower than those of HPs. 
 
Table 4. Results of behavior observation, correlation between autonomic nervous activity and AC in PDs.                               

Subject 
number 

Motivated 
activitya 

Engaged 
activityb 

Communication 
ability 

Wandered 
around Nap Night-time 

awakening 

Correlationc 

Waking  
time 

LF/HF  
and AC 

Waking 
time 
HF  

and AC 

Sleeping time 
LF/HF  
and AC 

Sleeping 
time 

HF and AC 

4 Good Good Good Not  
observed 

20 min.  
at AM 

Not  
observed 0.32 *** −0.25 ** n.s.  n.s.  

7 Good Good Good Not  
observed 

10 min. at 
PM 

Not  
observed 0.17 * −0.23 ** n.s.  n.s.  

8 Good Good Good Not  
observed 

Not  
observed 

Once for  
bathroom 0.31 *** n.s.  n.s.  n.s.  

1 Good Good Good Not  
observed 

8 min. at 
AM 

Not  
observed n.s.  n.s.  n.s.  n.s.  

5 Not good Not good Good Not  
observed 

Not  
observed 

Not  
observed n.s.  n.s.  0.42 *** −0.19 * 

6 Good Not good Good Not  
observed 

20 min. at 
PM 

Once for  
bathroom -0.16 * n.s.  n.s.  n.s.  

2 Not good Not good Not good Not  
observed 

Not  
observed 

Not  
observed -0.34 *** n.s.  n.s.  n.s.  

9 Not good Not good Not good Not  
observed 

Not  
observed 2 hours n.s.  −0.19 * n.s.  n.s.  

3 Not good Good Good Observed Not  
observed 

Twice for  
bathroom n.s.  n.s.  n.s.  n.s.  

Notes: aThe ability which can be carried out without stopping decided activity; bPresence of independent participation in activity; cShows pearson’s r 
values of the correlation, ***p < 0.001, **p < 0.01, *p < 0.05. Abbreviations: LF = Low frequency power, HF = High frequency power, AC = activity 
count, PD = Persons with dementia, HP = Healthy persons, n.s. = not significant. 
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Table 5. Contrasted results of behavior observation, HRV, and AC in PDs during day time.                                                             

Day-time Subject 
number  9:30 10:00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00 17:30 18:00 

W
ak

in
g 

tim
e:

 p
os

si
tiv

e 
co

rr
el

at
io

n 
be

tw
ee

n 
LF

/H
F 

an
d 

A
C

 

4  S S Aw At At Ad At At At Ar Ar Ar S S Ac S S Ad 

 
LF/ 
HF ↓ ↑ ↓ ↑ ↓ ↓ ↓ ↑ ↑ ↓ ↑ ↓ ↑ ↑ ↑ ↑ ↓ ↓ 

 HF ↓ ↓ ↑ ↓ ↑ ↑ ↑ ↑ ↑ ↑ ↓ ↑ ↑ ↓ ↓ ↑ ↑ ↑ 

7   Ae Bn B S Ae Bn B S Ar Aw Bn Bn Ac S Ab S Ad 

 
LF/ 
HF  ↓ ↑ ↓ ↑ ↓ ↓ ↓ ↓ ↓ ↑ → ↓ ↑ ↓ ↑ ↑ ↑ 

 HF  ↑ ↓ ↑ ↓ ↑ ↓ ↑ ↑ ↑ ↓ ↑ ↑ ↓ ↑ ↓ ↓ ↑ 

8  At At Sg Ar Aw Ad At At At Ac S At At At At At Ad Ad 

 
LF/ 
HF ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↑ ↓ ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↓ ↓ 

 HF ↑ ↓ ↑ ↓ ↑ ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↓ ↑ ↑ ↓ ↓ ↑ 

W
ak

in
g 

tim
e:

 n
ot

 p
os

si
tiv

e 
co

rr
el

at
io

n 
be

tw
ee

n 
LF

/H
F 

an
d 

A
C

 

1  Ac Ar Ar Awm Awr Ad S S S Ac Awr Awr S Ac S S S Ad 

 
LF/ 
HF ↑ ↑ ↓ ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↑ ↓ ↓ ↓ ↓ ↑ ↑ ↑ 

 HF ↓ ↑ ↑ ↑ ↑ ↓ ↓ ↓ ↑ ↓ ↓ ↓ ↑ ↑ ↑ ↓ ↑ ↑ 

5  S S Sg As As Ad Awm B B Ac Aa S Ar At At At At Ad 

 
LF/ 
HF ↓ ↓ ↑ ↓ ↓ ↑ ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↑ ↓ ↑ ↓ ↑ 

 HF ↑ ↓ ↑ ↓ ↑ ↓ ↑ ↑ ↓ ↓ ↑ ↓ ↓ ↓ ↓ ↓ ↑ ↓ 

6  Aw Ar Ar Ar Awm Ad B B B Ac S B Awm B B S Ad S 

 
LF/ 
HF ↓ ↑ ↑ ↑ ↑ ↓ ↑ ↓ ↓ M ↓ ↓ ↓ ↑ ↓ ↓ ↓ ↓ 

 HF ↑ ↑ ↓ ↓ ↑ ↓ ↓ ↑ ↓ M ↑ ↓ ↑ ↑ ↑ ↑ ↓ ↓ 

2  B Ac B Ar Ar Ad B B Br B Aa Ag Ag Br Br Br S Ad 

 
LF/ 
HF ↓ ↓ ↑ ↑ ↓ ↑ ↓ ↑ ↑ ↑ ↓ ↓ ↑ ↑ ↑ ↓ ↓ ↓ 

 HF ↑ ↑ ↓ ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↓ ↑ ↓ ↑ ↓ ↑ ↑ ↑ 

9  S Ar Ar Ar Ar Ad Ad B B Ac At At At At At At S Ad 

 
LF/ 
HF ↓ ↑ ↑ ↓ ↑ ↑ ↓ ↑ ↓ ↓ → ↓ ↑ ↑ ↓ ↓ ↑ ↓ 

 HF ↑ ↑ ↓ ↑ ↓ ↑ ↑ ↑ ↑ ↓ ↓ ↓ ↓ ↓ ↓ ↑ ↓ ↑ 

3  S Ar Ar Ab Ac Ad Ac S S Ac Aw S S Ac Ac S S Ad 

 
LF/ 
HF ↓ ↑ → ↓ ↑ ↑ ↑ ↑ ↑ ↓ ↓ ↑ ↑ ↑ ↓ ↑ ↓ ↓ 

 HF ↓ ↓ ↓ ↓ ↓ ↑ ↓ ↑ ↑ ↑ ↓ ↓ ↑ ↓ ↑ ↓ ↑ ↑ 

Notes: The data are shown in descending order of the correlation coefficient between LF/HF and AC during waking hours. Abbreviations: HRV = heart rate 
variability, LF = Low frequency, HF = High frequency, AC = activity count, PD = Persons with dementia, HP = Healthy persons, ↑ = The value becomes high 
compared with the value before 5 minutes, ↓ = The value becomes low compared with the value before 5 minutes, → = The value was same value before 5 
minutes, M = missing value, Aa = Action (with assistance), Ab = Action (bathroom), Ac = Action (communication), Ad = Action (diet), Ae = Action (in the 
elevator), Ag = Action (game), Ar = Action (rehabilitation), As = Action (sing), At = Action (watching TV), Aw = Action (warking), Awm = Action (wheel-
chair-mobile), Awr = Action (writing), B = Bed rest, Bn = Reading a newspaper (in the bed), Br = Rap at bed’s fence, S = Sitting position, Sg = Gaze (sitting 
position). 

 
As shown in Table 2—Pearson’s r value, most of HPs showed positive correlation of the LF/HF and AC, and 

three out of 9 PDs had positive correlations between LF/HF and AC in a wakeful state when awake. As shown  
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Table 6. Contrasted results of behavior observation, HRV, and AC in PDs during night time.                                            

Night-time Subject 
number  18:30 19:00 19:30 20:00 20:30 21:00 21:30 22:00 22:30 23:00 23:30 0:00 0:30 1:00 1:30 2:00 2:30 3:00 3:30 4:00 4:30 5:00 5:30 6:00 6:30 

W
ak

in
g 

tim
e:

 p
os

si
tiv

e 
co

rr
el

at
io

n 
be

tw
ee

n 
LF

/H
F 

an
d 

A
C

 

4  S S Sl 
 

Wu       

 
LF/ 
HF ↓ ↓ ↑ ↑ ↑ ↑ ↓ ↑ ↑ ↓ ↓ ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↓       

 HF ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↑ ↓ ↓ ↓ ↑ ↓ ↑ ↓ ↑ ↑ ↑ ↑       

7  S S Aw B B B B B Sl  Wu    

 
LF/ 
HF ↓ ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↑ ↑ ↓ ↓ ↑ ↑ ↓ ↑ ↓ ↑ ↑ ↓ ↑ ↑    

 HF ↓ ↑ ↑ ↑ ↓ ↓ ↑ ↑ ↑ ↑ ↓ ↑ ↓ ↑ ↓ ↓ ↑ ↑ ↓ ↑ ↑ ↓    

8  S Sl 
 

Ab Sl 
 

Ab Sl  Wu   

 
LF/ 
HF ↑ ↑ ↓ ↑ ↑ ↑ ↓ ↓ ↑ ↓ ↓ ↑ ↑ ↑ ↓ ↓ ↓ ↓ ↓ ↑ ↑ ↑ ↓   

 HF ↑ ↑ ↓ ↓ ↓ ↓ ↑ ↑ ↓ ↑ ↓ ↓ ↓ → ↑ ↑ ↑ ↓ ↓ ↑ ↑ ↓ ↓   

W
ak

in
g 

tim
e:

 n
ot

 p
os

si
tiv

e 
co

rr
el

at
io

n 
be

tw
ee

n 
LF

/H
F 

an
d 

A
C

 

1  S S S Cd Sl  Wu      

 
LF/ 
HF ↑ ↓ ↓ ↓ ↑ ↓ ↑ ↓ ↑ ↓ ↑ ↓ ↑ ↓ ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↑    

 HF ↑ ↓ ↑ ↑ ↓ ↑ ↓ ↑ ↑ ↑ ↓ ↑ ↓ ↑ ↑ ↑ ↑ ↓ ↓ ↓ ↑ ↓    

5  B Sl  Cd Sl Wu    

 
LF/ 
HF ↑ ↑ ↑ ↑ ↓ ↓ ↑ ↓ ↓ ↑ ↓ ↑ ↑ ↓ ↓ ↑ ↓ ↓ ↑ ↓ ↑ ↑    

 HF ↓ ↓ ↑ ↑ ↑ ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↓ ↑ ↑ ↓ ↑ ↑ ↓ ↓ ↓ ↓    

6  S B B B Sl Ab Sl 
 

Wu       

 
LF/ 
HF ↓ ↑ ↑ ↓ ↓ ↑ ↓ ↑ ↓ ↓ ↑ ↓ ↓ ↑ ↑ ↓ ↓ ↓ ↓       

 HF ↑ ↑ ↓ ↓ ↑ ↑ ↓ ↑ ↓ ↑ ↑ ↑ ↓ ↑ ↑ ↓ ↑ ↓ ↓       

2  Sl 
 

Wu     

 
LF/ 
HF ↓ ↓ ↑ ↑ ↑ M → M ↓ ↓ ↓ M ↓ ↑ ↑ ↑ ↑ ↓ ↓ ↓ ↑     

 HF ↑ ↑ ↑ ↓ ↑ M ↓ M ↑ ↑ ↑ M ↑ ↓ ↓ ↓ ↓ ↑ ↓ ↑ ↑     

9  S B B B B B B Sl ↔ At At At At At Sl 
 

Wu 

 
LF/ 
HF ↑ ↑ ↓ ↓ ↑ ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↑ ↓ ↑ ↑ ↑ ↓ ↓ ↑ ↑ ↑ ↓ ↑ ↑ 

 HF ↓ ↓ ↑ ↑ ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↓ ↓ ↓ ↑ ↑ ↓ ↓ 

3  Sl 
 

Ab Sl 
 

Wu          

 
LF/ 
HF ↓ ↓ ↑ ↑ ↓ ↓ ↑ ↑ ↓ ↑ ↑ ↓ ↑ ↓ ↓ ↑          

 HF ↑ ↑ ↓ ↓ ↓ ↑ ↑ ↓ ↓ ↓ ↑ ↑ ↓ ↑ ↓ ↓          

Notes: The data are shown in descending order of the correlation coefficient between LF/HF and AC during waking hours. Abbreviations: HRV = heart rate 
variability, LF = Low frequency, HF = High frequency, AC = activity count, PD = Persons with dementia, HP = Healthy persons, ↔ = Sleeping time, ↑ = The 
value becomes high compared with the value before 5 minutes, ↓ = The value becomes low compared with the value before 5 minutes, → = The value was 
same value before 5 minutes, M = missing value, Ab = Action (bathroom), At = Action (watching TV), Aw = Action (warking), B = Bed rest, Cd = Change 
diapers, S = Sitting position, Sl = Sleep, Wu = Wake-up. 
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in Table 4 and Table 5, those 3 PDs were actively involved in activities including watching television or read-
ing newspapers and likewise maintained communication capabilities. These data suggest that a possibility exists 
that physical activities, as well as cognitive behavioral functions such as communication capabilities and asser-
tiveness, affect sympathetic nervous activities. 

Two PD subjects No. 4, and No. 7, their long term care level was 1 (slightly need care), showed positive correla-
tion between LF/HF and AC, and negative correlation between HF and AC during waking time. Their motivated 
activity, engaged activity, and communication ability were good. Wandering around and night-time awakening 
was not observed. 

PD subject No. 1, her long term care need level was level 2 (need some care), showed good motivated activity, 
engaged activity, and communication ability. Wandering around and night-time awakening was not observed. 
However, this condition was observed in similar situations as in PD subjects No. 4 and No. 7. Never the less, PD 
subject No. 1 did not show any correlation between LF/HF and AC. 

Long term care level of PD subjects No. 4 and No. 7 were evaluated as level 1, but long term care level of PD 
subject No. 1 was level 2. Two PD subjects No. 2 and No. 8 showed negative correlations between LF/HF and 
AC during waking time. Their long term care level was 4 severe, and engaged activity was not good. PD subject 
No. 3, her long term care need level was level 4, showed wandering around. Her increased AC was caused by 
the wandering, therefore it was not considered a factor influencing a negative correlation among the LF/HF and 
AC. 

Considering all the data, “motivated activity, engaged activity, communication ability, no wandering around, 
and no night-time awakening, indicated less need for care”, influencing the correlation between LF/HF and AC, 
HF and AC. With these data, it was considered that it was necessary to investigate the relationship between au-
tonomic nervous activity and activity of patients with dementia and their care needs level. 

As shown in Table 3, fifteen out of 16 HPs and 4 out of 9 PDs showed significantly higher LF/HF when 
awake than asleep. It was considered that limited physical activities influenced the result because PDs spent long 
hours lying in bed or watching TV while they were awake. One PD showing significantly higher HF while 
awake spent more time confined to bed. He also took naps for 20 minutes and woke up once in the middle of 
night. This showed that HF was higher during waking hours than sleeping due to habits of lying in bed and tak-
ing naps. The researchers found that the HF was higher during sleep than during bed rest and nap times during 
the day. 

As shown in Table 1, since 2 out of these 3 PDs became psychologically stable by taking regular strength 
tranquilizers or minor tranquilizers, positive correlations between LF/HF and AC was observed. Two PDs indi-
cating negative correlations between LF/HF and AC during awakening needed to be highly cared for because 
their physical activities were limited. The PD with positive correlation between LF/HF and AC, was explained 
by the taking of antipsychotic drugs after lunch. These medications affected her behavior.  

In the PD subject No.5, using data from Figure 4, positive correlation between LF/HF and AC, and negative 
correlation between HF and AC were evident only in the PD during sleeping time. This PD length of sleep was 
9.5 hours without mid-arousal. Also considered from data shown in Table 1, this PD took Etizolam 0.5 mg, and 
Brotizolam 0.25 mg at 18:30. Etizolam effect on heart rate has been reported to be almost unprecedented (heart 
rate values remained within normal ranges) [32]. In addition, there is a report on the effect of decreased heart 
rate when Brotizolamis used [33]. However, there were no problems with heart rate exhibited. In healthy people, 
it was reported that a decrease in the heart rate was observed [34] from the time of awaking to the time of sleep-
ing. However, there was no observed decrease in the heart rate in this PD. It is because there is no change in the 
amount of physical activity. It was shown that the PD had body movements during sleep, positive correlation 
LF/HF and AC, negative correlation to the HF and AC were observed. 

Similarly, in regard to the PD who was without correlation during awakening, her behavior was affected by 
the antipsychotic medications taken after dinner. In addition, PDs were using tranquilizers in order to restrain 
BPSD, as the tranquilizers effect was to suppress sympathetic nervous activities [35] [36]. Since they were not 
fully capable of moving their bodies and were taking medication, sympathetic nervous activities were consi-
dered to be restrained.    

As indicated in Table 2, the data showed that four PDs did not show positive correlations between LF/HF and 
AC during waking hours, while 2 PDs revealed a negative correlation. Nevertheless, from the analysis of their 
behavioral observations and HRV, it was confirmed that their LF/HF increased while undergoing rehabilitation 
or communicating with others. Thus, these results suggested that activities in the institution affected autonomic 
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nervous activity in subjects although they had limited physical activities. 
As shown in Table 4, combined results of behavioral observation, actigrapy and HRV analyses suggested that 

PDs showed positive correlations between LF/HF and AC in a wakeful state. Compared to those who showed no 
positive correlation, they did not require much nursing care. 

PD subject No. 3 showed the longest arousal time during sleep. This resulted from her TV viewing from 
23:00 until 1:30 in the morning. There was no significant correlation between LF/HF and AC, and HF and AC 
(Table 4), Table 6 indicating that there was no physical activity during TV watching. 

Six PDs did not show a positive correlation with the LF/HF and AC during waking time. Their situation was 
that they were all sitting or had bed rest at that time. They had no activities such as watching TV or reading 
newspapers. Their physical and mental activities were small and therefore unremarkable, so that their heart rates 
did not increase. LF/HF did not show high values, which indicated that there was no mental activity, such as 
watching TV or reading newspapers. 

As shown in Table 3, fifteen out of 16 HPs indicated significantly higher values of LF/HF when awake than 
when asleep. One HP, however, showed no significant difference in the mean value of LF/HF between them. 
Although she didn’t leave her bed, she woke up twice in the middle of night. The value of LF/HF in a wakeful 
state only increased shortly after she got up. She was an office worker and rarely did exercises.  

5. Limitations of the Study 
The researchers had 23 PDs as subjects, however, 15 PDs discontinued their participation; some removed their 
actigraphs and electrodes from the Holter Electrocardiographic Monitor. Because the target subjects were PDs, 
some failed to maintain the use of the actigraph, and had to drop out. Furthermore, because older persons often 
suffer from diseases that affect the autonomic nervous system such as diabetes mellitus or cardiac diseases, they 
were not included. In addition, healthy elderly persons were difficult to recruit considering the required activities 
of the research protocol. In both PD and normal patient cases, there were more data for women than men, which 
made it difficult to examine the influence of gender.   

Although zero crossing modes were used to measure the amount of activities with the actigraph, it might be 
necessary to measure a proportional integral mode [37]. In setting the actigraph to zero crossing mode (the me-
thod used to evaluate the quality of sleep), the threshold AC count was kept low, which calculated the number of 
slight movements that patients made in their sleep to judge the quality and time of sleep onset and awakening. 
As a result, it was difficult to measure the patients’ activity during the daytime. While this study only reported 
data from 9 PDs it was realized that continued research on the characteristic of autonomic nervous responses be 
encouraged in order to obtain accumulated data as evidence. 

6. Conclusion 
The characteristics of autonomic nervous activity of institutionalized PDs and HPs were as follows: the mean 
value of LF/HF in a wakeful state was significantly lower for PDs than HPs. Combined results of behavioral 
observation, actigrapy and HRV analyses suggested that PDs showed positive correlations between LF/HF and 
AC in a wakeful state. Compared to those who showed no positive correlation, they did not require much nurs-
ing care. Furthermore, those PDs were actively involved in activities including watching TV or reading news-
papers and also maintained communication capabilities. Findings suggested that there is a possibility that not 
only physical activities but also cognitive behavioral functions such as communication capabilities and asser-
tiveness affect the sympathetic nervous activities of persons living with Alzheimer’s disease. 
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