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Abstract

Environmental stimulation is expected to have a positive impact on night sleep, psychological or functional states in dementia. The objective of this pilot study
was to examine the effects of environmental stimulation consisting of sounds with high-frequency components, aromas, and light exposure from organic light-emitting
diodes (OLEDs) to create comfortable living spaces for persons with dementia. Subjects (n =6) were recruited from elderly persons admitted to a single nursing home
in Akita Prefecture, Japan, between August and September 2020. The night-time sleep state, the rest-activity rhythm, and the light exposure of the subjects living in
environments with or without environmental stimulation consisting of sounds with high-frequency components, aromas, and light exposure from OLEDs were measured
for 46.3 consecutive days using wrist activate devices under free-living conditions in a nursing home. In a period of environmental stimulation depending on the presence
or absence of sounds with high-frequency components, reduction of the fragmented rest-activity rhythms was significantly observed in the subjects (p < 0.05). However,
changes in the night-time sleep state had no significant difference during the study period. In conclusion, these preliminary results suggest that future examinations are
warranted not only to inform effective or comfortable living conditions for elderly persons with dementia but also to improve the disruption of rest-activity rhythms in
persons with dementia.

and daily activity functioning [5] in persons with dementia.
Light therapy studies examining patients with dementia have
reported that exposure to a 1,000-1x blue-enriched light every
morning at 08:30 h for 30 min contributes to an improvement
in daytime sleepiness, sleep disturbance, and depression after

Introduction

Environmental stimulation, including light exposure,
sounds, and aromas, is thought to have a positive influence
on sleep-wake patterns [1,2], psychological behaviors [3,4]
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one week when evaluated using the Epworth Sleepiness Scale
and Montgomery—Asberg Depression Rating Scale [1]. Similar
to the objective of the present study, a pilot study comparing
regular ward lighting (5,500 K, 333 1x) and experimental lighting
(14,000 K, 381 Ix) in dayrooms showed that the experimental
lighting was well received and that a 23% reduction in sleep
latency (time in bed until the first 20 min of sleep) and a 6.6%
increase in sleep efficiency were observed in persons with
dementia [2]. Moreover, some environmental intervention
studies have suggested that the utilization of sound or aroma
stimulation in a nursing home can contribute to a reduction
in agitation in residents with dementia [3] and significant
improvements in Behavioral and Psychological Symptoms
of Dementia (BPSD), as scored using the Neuropsychiatric
Inventory (NPI). So far, the available information on daily
environmental interventions does not suggest any serious
adverse events and implies a mild sedative in persons with
dementia. However, the effects of environmental stimulation
on Rest-Activity Rhythm (RAR) parameters in persons with
dementia have not been well documented.

Therefore, we aimed to clarify the effects of environmental
stimulation  combining sound with high-frequency
components, aromas, and light exposure from organic light-
emitting diodes (OLEDs) to create comfortable living spaces
for persons with dementia. The hypothesis of our initial
small, preliminary study was that environmental stimulation
consisting of sounds with high-frequency components,
aromas and light exposure from OLEDs might help to reduce
fragmented RAR in residents with dementia. In addition, we
examined the influence of the presence or absence of sounds
with high-frequency components among the environmental
stimuli during the study period.

Methods
Subjects

The study was conducted between August and September
2020. All institutionalized elderly persons with dementia
(n = 8) living in a single nursing home (Community-Care
Ouchi) in Akita Prefecture, Japan, were enrolled. The Clinical
Dementia Rating (CDR) was applied to assess the severity of
dementia in each participant and the results were classified as
follows: CDRO, no dementia; CDRO.5, possible dementia; CDR1,
mild dementia; CDR2, moderate dementia; and CDR3, severe
dementia [6,7]. The inclusion criteria for the present study
were as follows: (i) presence of dementia as diagnosed by a
medical doctor specializing in geriatrics based on the resident’s
medical records and the results of a Structured Clinical
Interview for Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition [8], (ii) no use of a benzodiazepine for
sleep disturbances within the study period, and (iii) absence
of substance-related disorders and mental retardation. The
exclusion criteria were as follows: (i) difficulty wearing the
wrist device continuously because of skin irritation, (ii) absence
of complete data collection throughout the study period, or (iii)
study dropout because of a worsening of the subject’s physical
condition.
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This study was approved by the ethics committee of Akita
University and was performed by the Declaration of Helsinki
II. To ensure that the experiment’s protocol conformed with
international ethical standards, the ethics and methods
of previously reported biological rhythm research studies
were adopted [9]. After the agreement was obtained from
all the subjects, demographic data including age, sex, and
independence of daily activities was collected from the facility’s
records.

Intervention

Light stimulation was performed using OLEDs. We fixed
a board of 64 OLEDs’ panels (single panel size [WxHxD],
92.4x92.4x4.3 mm; weight, 42 g; OLE-P0909-G2B, Pioneer)
to the wall of the facility’s dayroom (the space where all the
residents gathered during the daytime; 63.07 m? of floor space),
as shown in Figure 1. The maximum luminosity (cd/m2) of a
single panel was 2,000 cd/m?>. The color temperature (K) ranged
from 2,000 K to 6,000 K between 06:00h and 12:00h and from
6,000 K to 2,000 K between 12:00h and 22:00h and was altered
using a programmable system. Additionally, a single bedside
lighting device was installed in each participant’s living space.

For aroma stimulation, two aromas were automatically
diffused in the dayroom using two diffusers (Air FLOW,
COMMONS Co., Ltd.). Essential oil fragrances consisting of
100% rosemary camphor oil and 100% lemon oil were emitted
in the morning (05:00-08:00 h), while 100% lavender oil and
100% sweet orange oil were emitted in the evening (18:00-
21:00h). High-resolution sound stimulation with 96 kHz
sampling frequency was performed during the day using a
sound system (KooNe, Victor Entertainment Corp.) comprised
of a set-top box (STB), a four-channel amplifier (size [WxHxD],
255x96x289 mm), and four ceiling-mounted speakers (size
[WxHxD], 241.2x37x55.2 mm). Natural environmental sounds,
including the sounds of birds, natural streams, and the wind in
trees, were used for sound stimulation. The sound stimulation
was broadcasted 24-h daily.

Figure 1: light exposure from OLEDs’ board set up in dayrooms’ floor space of 63.07

m2,

020
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Experimental procedure

The subjects took part in a total of 5 study phases (1,112
h or 46.3 d in total) consisting of a baseline period without
stimulation (Baseline), intervention phase I consisting of a
combination of light, sound, and aroma stimulation (Phase I),
intervention phase II consisting of a combination of light and
aroma stimulation (Phase II), intervention phase III consisting
of a combination of light, sound, and aroma stimulation
(Phase III), and finally a follow-up period without stimulation
(Follow-up). The Baseline period lasted 167 h (approximately
6.9 d), Phase I lasted 176h (approximately 7.3 d), Phase II
lasted 153 h (approximately 6.4 d), Phase III lasted 448 h
(approximately 18.7 d), and the Follow-up period lasted 168 h
(7 d). The subjects followed their ordinary daily life activities
while living in these environmental settings.

Outcome measurements

The Actiwatch Spectrum Plus (AW-SP; Philips Respironics,
Inc.) was used to assess changes in sleep parameters during the
night, RAR variables, and the illuminance (Ix) of the white or
blue light to which each participant was exposed and for how
long. The subjects were instructed to wear an AW-SP device on
the non-dominant wrist throughout the study period without
removal. The collected AW-SP data, including the activity
counts and night-time sleep parameters, were estimated using
Actiware version 6.09 (Philips Respironics, Inc.). The collected
sleep parameters consisted of the average Sleep Efficiency (SE)
(%), the average walking time (AT) (min), and the average
total sleep time (TST) (min) during each phase. Nonparametric
RAR variables were also calculated using the AW-SP data. The
RAR variables consisted of Internal Stability (IS), intra-daily
variability (IV), and Relative Amplitude (RA) [10,11]. The IS
variable reflects RAR synchronization in response to stable
environmental stimuli and ranges in value from zero for
normal distribution noise to one for complete synchronization.
The IV variable reflects the fragmented state of the RAR and
ranges in value from zero for non-fragmented RAR to two for
fragmented RAR. Lastly, the RA variable reflects the relative
proportion between the most active 10-h span (M10) and the
least active 5-h span (L5) over the average 24-h profile and
ranges in value from zero for a low amplitude to one for a high
amplitude. Furthermore, the light exposure during the study
period was recorded for each participant as the average white-
light exposure (in Ix) from OLEDs between 06:00h and 22:00h
over the average 24-h profile and the average blue-light
exposure (in 1x) between 06:00h and 22:00h over the average
24-h profile. We also computed additional light variables
including the mean white-light levels per one-minute interval
(in Ix), the minutes spent over 1000 Ix (in min) and the minutes
spent over 2000 Ix (in min) between 06:00h and 22:00h during
each phase. The values reported in Shochat Martin, et al.’s
study [12] were used as references.

Statistical analysis

The normal distributions of all the variables including
the sleep parameters (SE, AT, and TST), the RAR variables
(IS, IV, RA, L5, and M10), and the light variables (average
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white- or blue-light exposure, mean white-light levels per
one-minute interval, and minutes spent over 1000 Ix or over
2000 Ix) were first confirmed using the Shapiro-Wilk test.
The sleep parameters, RAR variables, and light variables were
compared using repeated analysis of variance (rep. ANOVA)
with the Tukey honestly significant difference test used as a
post hoc test. Finally, activity plots and light plots were created
for each study phase to obtain an overall view of the average
24-h profile, thereby enabling objective comparisons of RAR
and light exposure and the discernment of any changes. SPSS
Version 24.0 for Windows (SPSS Inc., Chicago. IL, USA) was
used for the analysis, and the level of significance was set at
p = 0.05.

Results

The final sample included 6 residents with dementia. The
average (standard deviation [SD]) age, sex ratio (female/male)
and average (SD) CDR score were 83.7 (4.5) years, 4/2, and 1.3
(0.9), respectively (CDR0.5, n = 1; CDR1, n = 4; CDR3, n = 1).
Table 1 shows the sleep measurements, RAR variables, and
light variables. A rep. ANOVA showed that IS and IV, among
the RAR variables, and the minutes spent over 1000 Ix and
2000 Ix differed significantly among the study phases (IS: F
[4, 20] = 4.15, p = 0.013; IV: F [4, 20] = 5.32, p = 0.004; min
> 1000 Ix: F [4, 20] = 14.2, p = 0.00001; min > 2000 Ix: F [4,
20] = 6.0, p = 0.002). According to multiple comparisons using
the Tukey honestly significant difference test, the IS during
Phase III was significantly lower than that during Phase II
(p = 0.012) or the Follow-up period (p = 0.033), while the IVs
during Phase I (p = 0.002) and during Phase III (p = 0.043)
were significantly lower than that during the Baseline period.
Regarding the light variables, the amount of time spent over
1000 Ix during Phase III was significantly longer than that
spent during the other phases (p < 0.05), and the amount of
time spent over 2000 1x was significantly longer during Phase
IIT than during the Baseline, Phase II, and Follow-up periods
(p < 0.05). However, all the sleep parameters and the RAR
variables, with the exception of IS and IV, as well as the other
light variables (white-light exposure and mean light exposure
per one-minute interval) did not differ significantly according
to the study phase (p > 0.05). In addition, Figure 2 shows the
24-h activity plots for each phase, and Figure 3 shows the
light-exposure plots divided into white- or blue-light over the
24-h profile for each phase.

Discussion

The result demonstrated that in a period intervened by
environmental stimulation of sounds with high-frequency
components, aromas and light exposure from OLEDs, a
significant reduction in fragmented RAR can be observed
depending on the presence or absence of sounds with high-
frequency components. Additionally, RAR synchronization in
response to stable environmental stimuli differed significantly
from the type of environmental intervention. However,
improvements in sleep parameters were not observed during
the study period.

Of the three environmental stimuli examined in the present
study, the 24-h white or blue light exposure (in Ix) did not
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Table 1: Result of repeated ANOVA and multiple comparison test among phases.
Phase | Phase Il

Baseline Phase llI Follow-up F (4,

P value
Mean SD Mean SD Mean SD Mean SD Mean SD 20)
WL(Ix) 17874.5 8015.4 16837.7 11387.0 11296.7 5899.6 11853.5 4236.4 12705.7 11619.0 1.3 0.30
BL(Ix) 2958.0 1557.7 2567.3 2042.9 2900.8 22384 2749.8 12155 2771.0 2115.9 0.3 0.89
Minutes
>1000Ix  281.5 182.7 * 264.7 173.8 1 203.5 1195 £ 612.3 2276  *ti§ 222.0 194.4 § 142 0.00001
(min)
Minutes
>2000Ix 1473 85.0 * 156.0 120.6 103.3 62.3 T 272.5 104.2 *tt 104.7 114.9 I 60 0.002
(min)
Mean WL
per min 295.4 131.0 275.5 184.6 191.8 99.9 197.6 70.6 211.9 193.8 1.2 0.34
(1x)
SE ave.
%) 78.5 6.4 79.6 6.9 80.5 7.2 79.9 8.0 79.2 9.3 0.4 0.79
AT ave.
(min) 107.4 447 97.5 48.6 100.7 52.3 100.9 48.9 103.5 65.0 0.3 0.73
T?;ian\;e. 451.0 34.1 457.3 32.0 467.4 419 448.8 36.2 442.0 349 1.2 0.32
IS 0.50 0.14 0.47 0.13 0.53 0.12 * 0.40 0.10 *+ 0.51 0.12 T 41 0.013
v 1.77 0.28 *xt 1.48 0.30 *x 1.65 0.37 1.57 0.27 t 1.61 0.30 5.3 0.004
RA 0.54 0.19 0.56 0.20 0.59 0.22 0.60 0.20 0.60 0.21 1.9 0.15
L5 (count) 1572.4 775.3 1578.8 861.1 1455.4 802.1 1421.2 779.5 1413.2 917.6 1.1 0.38
(c'\(f::t) 6139.8  3370.1 6610.5 3809.3 68059 4213.6 6704.3 3754.6 6413.5 3233.0 0.6 0.50

*p<0.05* p<0.01;1p<0.051p<0.05 §p < 0.05 Tukey's honestly significant difference test.

Baseline, no stimulation; Phase I: light + aroma + sound; Phase II: light + aroma; Phase llI: light + aroma + sound; Follow-up, no stimulation.

SD: Standard Deviation; rep. ANOVA: repeated Analysis of Variance; WL: the average White-Light exposure (Ix) at the period of 06:00h to 22:00h over the average 24-hour
profile; BL: the average Blue-Light exposure (Ix) at the period of 06:00h to 22:00h over the average 24-hour profile; Minutes > 1000 Ix, minutes over 1000 Ix at the period of
06:00h to 22:00h; Minutes > 2000 Ix, minutes over 2000 Ix at the period of 06:00h to 22:00h; Mean WL per min, mean white-light levels per one-minute at the period of 06:00h
to 22:00h in each phase; SE ave.: average Sleep Efficiency during the night; AT ave.: average Awaking Time during the night; TST ave.: average Total Sleep Time during the
night; IS: Interdaily Stability; IV: Intradaily Variability; RA: Relative Amplitude; M10: Most active 10-hour span over the average 24-hour profile; L5: the Least Active 5-hour span

over the average 24-hour profile.
Table 1 showed F statistic and P value of the rep. ANOVA among phases.

differ significantly among the study phases (Table 1 and Figure
3), and the results for RAR and light exposure suggest that
light exposure from OLEDs did not influence the RAR in the
subjects in response to a lack of light-exposure in the present
experimental setting. Similar to our study’s methodology,
Shochat, et al.’s study (2000) examined 77 institutionalized
elderly individuals (mean+SD age, 85.8+7.3 years; 58 women
and 19 men; no dementia, n = 3; mild dementia, n = 9; moderate
dementia, n = 10; severe dementia, n = 44) and reported that
light levels with more minutes spent over 1,000 Ix or over
2,000 Ix (mean+SD light exposure during the daytime, 485+761
Ix; range, 43 to 3,565 1x) were significantly associated with
the number of night-time awakenings (coefficient = -0.006,
p = 0.015) when their data was examined using a multiple
regression model (i.e., higher light levels predicted fewer
awakenings during the night regardless of dementia severity).
Moreover, a multiple regression model comparing light levels
and circadian rhythms of activity suggested that the times (in
min) spent exposed to light stimuli over 1000 1x and over 2000
Ix were significant predictors (>1000 Ix: coefficient = 0.016, p =
0.007; >2000 Ix: coefficient = 0.016, p = 0.007) of the acrophase
of activity, as reflected by the timing of the peak activity during
the day. Although these findings cannot be directly compared
with the results for light variables in the present study because
of differences in the experimental settings (i.e., differences in
environmental stimuli or experimental durations) and the use
of different circadian variables (e.g., RAR variables), our mean

light level per one-minute interval (mean+SD light exposure
per one-minute interval: 295.4+131.0 1x during the Baseline
period, 275.5+184.6 1x during Phase I, 191.8+99.9 Ix during
Phase II, 197.6+70.6 Ix during Phase III, and 211.9+193.8 Ix
during Follow-up period) was substantially lower throughout
all the phases (Table 1). The minutes of light exposure over
1000 Ix and over 2000 Ix also differed significantly among
the study phases, although these values were dependent on
the duration of each phase (Baseline period, 6.9 d; Phase I,
7.3 d; Phase II, 6.4 d; Phase III, 18.7 d; Follow-up period, 7 d)
(Table 1). Furthermore, some studies examining illumination
levels have reported that even a relatively low light intensity of
180 Ix can influence the circadian pacemaker in humans [13],
and institutionalized elderly persons with mild or moderate
dementia spent a median of 9 min exposed to light over 1000
Ix, while those with severe dementia spent only 1 min exposed
to light over 1000 Ix [14]. Thus, these findings warrant further
investigation of illumination levels in care facilities.

Based on the above findings regarding light exposure and
persons with dementia, a comparison of the phases in the
present study supports the hypothesis that fragmented RAR
can be reduced by environmental stimulation with sounds
with high-frequency components and aromas. Although the
presently available information is insufficient to support a
causal relationship between circadian variables and general
effects of sounds with high-frequency sounds and aromas,
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Figure 2: Activity-plots over 24-hour profile for each phase.
Each error bar means the standard error of the mean (SEM) depending on the hourly average AC. The number of horizontal axis demonstrates along the axis of time from

00:00h to 23:5%h (e.g. the number of 1 shows 00:00h to 00:59h and the number of 21 means 20:00h to 20:59h) for each phase.
AC, activity counts; Baseline, no stimulation; Phase |, light + aroma + sound; Phase I, light + aroma; Phase I, light + aroma + sound; Follow-up, no stimulation.
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Figure 3: Plots of white-light or blue-light exposure over 24-hour profile for each phase
Each error bar means the standard error of the mean (SEM) depending on the hourly average luminance (Ix). The number of horizontal axis demonstrates along the axis of

time from 00:00h to 23:59h (e.g. the number of 1 shows 00:00h to 00:59h and the number of 21 means 20:00h to 20:59h) for each phase. Baseline, no stimulation; Phase |,
light + aroma + sound; Phase Il, light + aroma; Phase I, light + aroma + sound; Follow-up, no stimulation.

some studies of elderly persons with dementia have reported
the following effects: in a review of randomized controlled trials
(RCTs) examining aromatherapy for persons with dementia
[15], the results from one RCT study examining 72 patients
with dementia revealed a significant effect of 4 weeks of
aromatherapy on neuropsychiatric symptoms as indexed in The

NPI total score (effect, -15.8; 95% confidence interval, -24.37
to -7.22, p = 0.004) [16]. Concerning the relationship between
neuropsychiatric symptoms in persons with dementia and RAR
variables, our previous study with 77 subjects (49 residents
with dementia, 28 residents without dementia) recruited from
five facilities reported that an increase in fragmented RAR
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was significantly associated with behavioral and psychological
symptoms (as evaluated using the dementia behavior
disturbance [DBD] scale) among nursing home residents (fixed
effect of multi-level models, coefficient [standard error, SE] =
39.73 [16.28], p = 0.02) [17]. In the present study, a significant
decrease in fragmented RAR was found between The baseline
period and Phase I (and between the Baseline period and Phase
I11), whereas a tendency for subjects to experience an increase
in IV when shifting from Phase I (exposure to light, aroma, and
sound stimuli) to Phase II (exposure to light and aroma stimuli
only) was also observed (Table 1, Figure 2).

Interestingly, these results suggest a new perspective on
the associations among environmental stimuli, RAR variables,
and neuropsychiatric symptoms in persons with dementia
and raise the possibility that sounds with high-frequency
components might contribute to a reduction in fragmented
RAR among institutionalized elderly persons with mild or
moderate dementia. Limited information is available regarding
the mechanism or the effects of sounds with high-frequency
components in humans; a basic study reported that changes
during sound stress of the circadian rhythm, which is its basic
mechanism to the RAR patterns, were significantly observed
in the heart rate variability (HRV) changes [18], but a paucity
of material is available on a correlation between the circadian
rhythm or the RAR mechanism and sound stimulation.
According to literature related to the effect of sound
stimulation, sound levels (auditory threshold 8,000Hz) were
associated with the number of apneas and hypopneas per hour
of sleep, the oxygen desaturation index, and decreased oxygen
saturation in 43 patients aged 34 to 74 years with Obstructive
Sleep Apnea (0SA) [19], as well as a decrease in agitation in
institutionalized elderly persons with dementia [20]. However,
the effect of sounds with high-frequency components on RAR
patterns and sleep states in persons with dementia remains
unclear, although studies are in progress to characterize these
concerns. In relation to changes in RAR synchronization (e.g.,
IS value in Table 1) in persons with dementia, Smagula, et
al. (2019) conducted a systematic review and reported that
nursing-home residents with dementia have lower IS values
(reflecting less stability across days) and that the stability of
RAR in persons with dementia can be characterized as a state
of flux, depending on environmental changes [21].

The limitations of our pilot study were the small number
of persons with dementia, the absence of a control cohort, and
the inclusion of subjects from a single facility only. Sufficient
information for psychological or behavioral symptoms (such as
hallucination, depression, agitation, et al.) in dementia cannot
be also obtained from the pilot study, but further examinations
regarding the BPSD as associated with sleep-wake patterns in
dementia [22] need to be carried out. As well, future research
should examine patients with or without dementia from
multiple facilities to confirm if environmental stimulation
(especially, the presence or absence of sounds with high-
frequency components sound) alters rest-activity rhythms in
dementia.
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Conclusion

The results of our preliminary study suggest that an
environmental approach utilizing sounds with high-frequency
components at the basis of exposure to light, aroma, and
sound stimuli could enable a decrease in fragmented RAR
among institutionalized elderly persons with mild to moderate
dementia. In addition, unstable RAR in institutionalized elderly
persons with mild to moderate dementia might be associated
with variations in environmental conditions, including light,
aroma, and sound stimuli.
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