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Abstract

Although there are limited means of delaying the cognitive decline in patients
with dementia, aromatherapy contributes to alleviating the pain manifested
through peripheral symptoms and psychological expression of dementia as
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part of dementia control. However, there are no studies that comprehensively
verify the stress reduction effect, cognitive function, vital signs, etc. in the el-
derly requiring long-term care. In this study, we focused on Himekuromoji
(Lindera lancea ), which grows naturally in Japan and has no verification cas-
es and decided to verify the possibility of aromatherapy using that essential
oil. As a result, olfactory stimulation by Lindera lancea aroma stabilizes the
mood and emotions of the client and suppressed the rise in blood pressure. In
sentiment analysis, four emotions were quantified using a wearable device.
Although the effects of worker emotions on labor productivity have already
been elucidated using the same device as in this study, emotional quantifica-
tion by aromatherapy intervention is unprecedented. There were no signifi-
cant differences in the four emotions depending on the intervention period
and test section, but we were able to capture changes in emotions due to dif-
ferences in recreational activities. In addition, it is considered that the client
was able to spend about 30% of the activity time in a relaxed manner. It was
expected that this aromatherapy as complementary and alternative medicine
could contribute to the good emotional control of all the people involved. The
COVID 19 pandemic has led to restrictions on human-to-human interaction,
so the importance of emotional control represented by stress control is in-
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creasing for all humankind. Therefore, it was expected that this aromatherapy
as complementary and alternative medicine could contribute to the good
emotional control of all the people involved.
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1. Introduction

According to the World Alzheimer Report 2015, the number of people with de-
mentia worldwide in 2015 was estimated to be 46.8 million. The estimated pre-
valence was lowest in Central Europe at 4.6% and highest in North Africa and
the Middle East at 8.7%. Compared to 2009, it increased in Asia and Africa and
decreased in Europe and North America. Globally, the number of people with
dementia is estimated to double every 20 years, increasing to 74.7 million in
2030 and to 131.5 million in 2050. This data is 12% - 13% higher than the 2009
estimate [1].

Against these backgrounds, complementary (alternative) therapies have been
used not only for general use but also for the prevention of dementia and have
been used for more general health problems in the last 10 years [2]. Comple-
mentary therapies include music therapy, animal-assisted therapy, and reminis-
cence therapy, including aromatherapy [3]. Although there are limited means of
delaying the cognitive decline in patients with dementia, aromatherapy contri-
butes to alleviating the pain manifested through peripheral symptoms and psy-
chological expression of dementia as a part of dementia control [4] [5]. In Eu-
rope, Australia, and North America, the use of complementary medicine is im-
portant and expanding in medicine [6], and aromatherapy is less invasive than
other therapies and is nursing in hospitals and hospice. It has become one of the
major complementary medicines practiced by teachers and other healthcare
professionals [7].

In the first place, aromatherapy is a field of phytotherapy that utilizes the
whole plant or a part of the plant for medicinal purposes. The use of essential
oils extracted from plants such as fragrant peppermint, sweet marjoram, and
rose is aimed at alleviating health problems and improving the overall quality
of life [8].

There are various types of essential oils, and it is thought that each has various
effects. For example, it has been reported to have a relaxing effect that can pro-
mote sleep, relieve pain, and relieve depressive symptoms [2], because essential
oils have a calming and stress-relieving effect.

For healthy clients, rosemary and lavender essential oils have been reported to
affect cognitive function and mood [9], and reports have found the usefulness of
aromatherapy as a non-pharmacotherapy for Alzheimer’s patients [3]. However,

there are no studies that comprehensively verify the stress reduction effect, cog-
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nitive function, vital signs, etc. in the elderly requiring long-term care. There-
fore, in this study, we focused on Himekuromoji (Lindera lancea), which grows
naturally in Japan and has no verification cases, and decided to verify the possi-
bility of aromatherapy using the essential oil of Lindera lancea. Specifically, in
addition to the evaluation of stress reduction effect, cognitive function, and vital
signs, emotion analysis using a wearable device was performed on elderly people

requiring long-term care, and the effects were comprehensively verified.

2. Research Methods
2.1. Clients and Intervention Study Schedule

The clients of the study were selected from among the users requiring nursing
care at the A Day Service Center located in Tamba City, Hyogo Prefecture, who
had consented to participate in the study and were taking sleeping pills and
tranquilizers. In addition, 10 people (1 male, 9 females, average age 82.4 + 5.6
years) who could participate in recreational activities in the facility and passed
the Lindera lancea Aroma Blend Oil Patch Test. Among the users of the day ser-
vice center, those who can participate in recreation throughout the test period
were selected as the clients of this study (Table 1).

In this study, a single-blind, single-case study (ABAB design) was adopted,
and 10 clients had 2 control periods without aromatherapy intervention and 2
aromatherapy periods with aromatherapy intervention (hereinafter referred to

as aromatherapy periods). This was repeated twice a week (Figure 1). A 12-day

Table 1. Basic attributes of clients.

No. sex age height weight . daily life nursing care

(cm) (kg) independence level level

1 female 85 139.0 47.2 Al* IITa¥ 3%
2 female 72 149.0 47.1 Al IIa 2
3 female 73 158.0 35.6 B1 ITa 3
4 female 88 138.0 36.6 A2 I 1
5 female 87 129.0 429 12 IIla 3
6 female 86 139.0 42.0 A2 IIb 3
7 male 81 165.0 74.9 Al I 2
8 female 82 157.0 54.6 B2 IIb 3
9 female 86 143.2 37.8 ]2 IIb 2
10 female 84 135.0 299 A2 Ila 3
average 82.4 145.2 44.9 2.5
SD 5.6 11.6 12.7 0.7

z: Ministry of Health, Labor and Welfare, Japan (J indicates self-reliance, A indicates bedridden, and B in-
dicates bedridden). y: Ministry of Health, Labor and Welfare, Japan (independence degree of daily living for
the demented elderly, I indicates independence in daily life, IT indicates that it interferes with daily life, and
III indicates that it interferes with daily life. x: Ministry of Health, Labor and Welfare, Japan (between 1 and
5 based on assessment of care requirements).
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Figure 1. Flowchart of evaluations.

washout period was provided after the end of the first aroma period and before
the start of the second control period to eliminate the carry-over effect during
the aroma period [10]. During the control period, only Furnas oil was applied
over the shoulder as a placebo.

During each period, recreational activities were carried out twice a week (ori-
gami for the first and third times, coloring for the second and fourth times), and

the activities during the control period and the aroma period were the same.

2.2. Essential Oils Used and Intervention Methods

The essential oil of Lindera lancea, Kadono Corporation Hyogo, Japan, was used
for this study. The plants collected on June 30, 2019 were extracted by steam dis-
tillation on the day of collection.

The qualitative analysis of the essential oil was performed using a Gas chro-
matography-mass spectrometry (GC-MS, Shimadzu Corporation, Kyoto Japan,
QP-2010 Ultra) equipped with DB-5MS Ultra Inert column (30 m x 0.25 mm id,
0.25 pm film thickness; Agilent Technologies, Inc., Santa Clara, CA, USA). From
the essential oil analysis, 34 compounds were identified by comparing mass
spectra with those in the library data (NIST14 and FENSC3). Carvone (23.9%),
Linalool (18.2%), Limonene (12.2%), cis-Dihydrocarvone (8.1%), Eucalyptol
(7.6%) and trans-Dihydrocarvone (5.1%) was extracted as high-content compo-
nents.

The blended oil obtained by diluting this essential oil with furnas oil to 1%
was used for aromatherapy. The dilution concentration was set to 1% with ref-
erence to the standard of use for the elderly by the Japan Aroma Environment
Association. Furnas oil is the carrier oil derived from coconut oil and is a satu-
rated fatty acid that is difficult to oxidize. In addition, because the size of the
molecule is extremely small, it penetrates deep into the skin, but it is eventually
decomposed into water and carbon dioxide in the liver, so it hardly accumulates
within the body [11].

For the intervention, a fragrance bath with a diffuser is common, but as a me-
thod of keeping the exposure amount of the fragrance component constant and

allowing more active ingredients to be absorbed through the body, aromathera-
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py by application to the shoulder was adopted. About 1 ml of both Furnas oil
and Lindera lancea blend oil was applied to the shoulders three times by the ca-

regiver’s procedure. The time of work to apply on the shoulder was 2:00 pm.

2.3. Evaluation Methods

To evaluate the effects of aromatherapy intervention, we investigated 1) the de-
gree of stress; 2) the degree of cognitive function; 3) vital signs (pulse, diastolic

blood pressure, systolic blood pressure); and 4) emotional changes.

2.3.1. Degree of Stress

To evaluate the degree of stress, salivary cortisol concentration was investigated
as an index. Cortisol is a hormone secreted from the adrenal cortex and is one of
the main glucocorticoids. It is involved in stress, and when it is overstressed, the
amount of cortisol secreted increases, and the reactions were sensitive. There-
fore, it was called a stress hormone too.

Cortisol levels are known to fluctuate with collection time [12], and the
client’s saliva was collected at 2:00 pm on the first day of each test period and
immediately after the activity was completed. Saliva was collected using a collec-
tion kit (Saliva Collection Aid + Cryovial, Yanaihara Institute Inc. Shizuoka, Ja-
pan), and after collection, it was immediately stored a —4°C or lower and usedfor
analysis.

The analysis was performed using the EIA kit (Cortisol (Sakiva) EIA Kit, Ya-
naihara Institute Inc. Shizuoka, Japan). The saliva sample was centrifuged at

3000 rpm for 10 minutes and then subjected to EIA measurement [13].

2.3.2. Degree of Cognitive Function

To evaluate the degree of cognitive function, we used MMSE-] (Nihon Bunka
Kagakusha Corporation Tokyo, Japan.2006.), which is the Japanese version of
MMSE (Mini-Mental State Examinaton; Folstein, Folstein, and McHugh, 1975).
We investigated the cognitive function of the clients. The cognitive function
survey has conducted a total of 5 times before the intervention, after the end of
the first control period, after the end of the second aroma period, before the start
of the second control period, and after the end of the second aroma period. The

evaluation was made by three people: a nurse, a caregiver, and a life supporter.

2.3.3.Vital Signs (Pulse, Systolic Blood Pressure, Diastolic Blood
Pressure)

As vital signs, pulse, systolic blood pressure, and diastolic blood pressure were
measured before and after recreational activities performed during each test pe-
riod. An upper arm sphygmomanometer (HCR-7601T, OMRON Corporation
Kyoto, Japan) was used for the measurement.

2.3.4. Emotional Changes

A wristband-type wearable device (SilmeeTMW20, TDK Corporation Tokyo,
Japan) was worn on the client’s left wrist to investigate emotional changes. The
size of the device is small (20.5 x 65.0 x 12.5 mm, 29.5 g), and it is difficult for
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the client to be invasive. The device extracts two emotional indexes, Arousal and
Valence, as emotional data every 5 seconds, and plots them in Cartesian coordi-
nates to classify them into four types of emotions: Happy, Angry, Relaxed, and
Sad. Measurements of emotional changes were performed during recreational

activities conducted during each test period.

2.3.5. Statistical Analysis

This study was conducted as a single-blind, single-case study. The intervention
period was a total of four periods, two control periods and an aroma period, but
the analysis other than the cognitive function survey was basically divided into
the first and second times for comparison.

For the cognitive function survey, multiple comparisons (Steel-Dwass me-
thod) were performed 5 times from before the intervention at the end of all in-
terventions, and for stress and vital signs, the difference before and after the ac-
tivity during each intervention period. The Wilcoxon signed-rank sum test was
performed for emotions, and the Wilcoxon signed-rank sum test was performed
on the difference between the control period and the aroma period during each
intervention period (p < 0.05). For statistical processing, statistical software Ex-
cel Statistics 7.0 for Windows (Esumi Corporation Tokyo, Japan, 2019 versions)

was used.

2.3.6. Research Ethics

As an ethical consideration, the director of the research facility and the clients
and their families (substitutes) were fully explained in writing and verbally about
the purpose of this study and the survey items.

We strictly observed the Helsinki Declaration of 2015 (revised in 2013), ex-
plained the purpose and outline of this study to them and obtained informed
consent from them beforehand. In addition to these, UMIN registration was
performed during clinical research (UMIN000041961).

The approval of the 135th Clinical Trial Ethics Review Committee of Kyushu
University was obtained for the implementation of this study (20202006).

3. Results

3.1. Salivary Cortisol Concentration

Figure 2 shows changes in salivary cortisol concentration before and after recre-
ational activities. There was no significant difference between the control period
and the aroma period before and after the recreational activity in both the first
and second intervention periods. Looking at the mean * standard deviation, the
first intervention showed an 11% decrease from 0.19 + 0.09 pg/dL before activity
to 0.17 + 0.08 pg/dL after activity during the control period. The aroma period
decreased by 6% from 0.16 + 0.08 pg/dL before the activity to 0.15 + 0.07 pg/dL.
Looking at the second intervention period, there was a 43% increase from 0.21
+ 0.13 pg/dL before the activity to 0.30 = 0.33 pg/dL after the activity during the
control period. On the other hand, before the activity during the aroma period,
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Figure 2. Procedure for determining salivary cortisol secretion. ns shows that there is no
significant difference before and after recreational activities by Wilcoxon signed-rank
sum test.

it increased from 0.20 £ 0.10 pg/dL to 0.20 + 0.12 pg/dL after the activity, but the

rate of increase was 3%, which was almost the same.

3.2. Cognitive Function

The results of cognitive function (MMSE-]) are shown in Figure 3. There were
no significant differences from pre-intervention over all study periods. The
mean + standard deviation was 14.8 £ 7.0 points before the intervention, 15.1 £
7.8 points after the end of the first control period, and 15.0 + 8.3 points after the
end of the first aroma period, showing almost no change. However, 12 days after
the end of the aroma period, the score increased to 18.3 * 8.0 points. After the
end of the second control period, it decreased by about 3 points to 15.4 + 7.4
points. However, after the end of the second aroma period, it was 16.5 + 8.6
points, an increase of about 1.0 point, and finally it increased by about 1.7 points

from before the intervention.

3.3. Vital Signs

Figure 4 shows the change in pulse rate before and after the activity for each in-
tervention period. In each intervention period, there was no significant change
in pulse rate before and after the activity in both the control period and the aro-
ma period. The mean + SD showed that the intervention period, and the test
section were generally between 70 and 80 times/min.

As vital signs for each intervention period, changes in systolic blood pressure
before and after activity are shown in Figure 5. The first intervention period was
not significantly different from the control period. The second aroma period was
132.7 + 14.4 mmHG to 107.5 + 15.2 mmHG, and the fourth was 130.6 + 13.9
mmHG to 112.6 + 18.1 mmHG, showing a significant decrease in systolic blood
pressure after activity (p < 0.05).

During the second intervention period, there was a significant decrease in
systolic blood pressure after the second activity during the control period and
after the non-second activity during the aroma period (p < 0.05). Systolic blood
pressure tended to decrease after activity, regardless of the intervention period

or study interval, but the aroma period was more pronounced.
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Figure 3. Transition of cognitive function. ns shows that there is no significant difference
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Figure 4. Changes in pulse rate. (a) First intervention period; (b) Second intervention pe-
riod. ns shows that there is no significant difference before and after the activity by Wil-
coxon signed-rank sum test.

Subsequently, Figure 6 shows the changes in diastolic blood pressure before
and after the activity for each intervention period. During the first intervention
period, there was no significant difference between before and after the activity
in the control period. The second aroma period was 68.9 £ 9.6 mmHG to 59.7 +
7.0 mmHG, and the fourth was 67.0 £ 9.4 mmHG to 61.1 + 7.7 mmHG, showing

a significant decrease in systolic blood pressure after activity (p < 0.05).
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Figure 5. Transition of systolic blood pressure. (a) First intervention period; (b) Second
intervention period. ns shows that there is no significant difference before and after the
activity by Wilcoxon signed-rank sum test. * Is significantly different at the 5% level.
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During the second intervention period, there was a significant decrease in
systolic blood pressure after the second activity during the control period and
after the third and fourth activities during the aroma period (p < 0.05). The
number of activity times that showed a significant difference was about 70
mmHG before the activity, but after the activity it decreased to about 60 mmHG
by about 10 mmHG.

From these facts, it was found that aromatherapy using essential oil of Zindera

lancea tends to lower blood pressure in systole and diastole.

3.4. Emotional Changes

Figure 7 shows the changes in emotions during an activity during each inter-
vention period. For the emotion analysis, the ratio of 4 emotions of the clients
recorded every 5 seconds during the activity was calculated, and the average
value of 10 clients was graphed. Multiple comparisons were made for each emo-
tion in each session, but no significant difference was shown in any intervention
period or test segment.

Looking at each emotion for each intervention period, the lowest value of
“happy” in the first intervention period was 7% in the first aroma period, and
the highest value was 29% in the fourth control period. The lowest value of “an-
gry” was 12% at the 4th aroma period, and the highest value was 64% at the 1st

D happy Oangry Erelaxed Osad
[ ]10%

24%

4% 4%

49% 49%

44%
49%

24% 42%

1] 28%

22% |

40%4 59%

(a)

@ happy Oangry Hrelaxed Osad

13%

33%

25%

19%
10%

61%

" 13%

3%

24%

1%

36%

15% 5518% 16% :._: 1
,v\& (b‘& \k‘\“\ ASD '1«“& o \b‘\x\\
N N o o\ Q & >
«© Q© & o e e o
of o P &° 2© o

30% 42%,/ |
20% 4 j

0, 1 -1 0, —
1802' 13% Po% 10% iM%

RIRCPR NIRRT S

\‘0\ \‘o\ \‘0\ \‘0\ ‘(\’b ‘b\

oF o o of 2© ,‘)‘o“\
(b)

Figure 7. Transition of emotions. (a) First intervention period; (b) Second intervention

period. Emotions were not significantly different in all test intervals.
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aroma period, the lowest value of “relaxed” was 15% at the 1st aroma period,
and the highest value was 56% at the 4th aroma period. The lowest value of sad
was 4% for the second control period and the second aroma period, and the
highest value was 16% for the third aroma period. Regardless of the test section,
the values of “angry” for the first and third activities tended to be high.

Looking at the second intervention period, the lowest value of “happy” was
10% at the third control period, and the highest value was 40% at the fourth
aroma period. The lowest value of angry was 16% for the second aroma period,
and the highest value was 61% for the third control period. The lowest value of
relaxed was 10% at the third control period, and the highest value was 37% at the
fourth aroma period. The lowest value of sad was 5% at the 4th aroma period,
and the highest value was 19% at the 3rd control period.

In the second intervention period as well as in the first activity, the value of
angry in the first and third activities tended to be higher, but the relaxed value

was about 30% in all activity periods during the aroma period.

4. Discussions

There have been many studies that have verified the stress-reducing effect of
aromatherapy using various essential oils. For example, changes in salivary cor-
tisol by aroma massage with a mixed oil of lavender and geranium in healthy
clients [14] and verification of salivary amylase activity by an aromatic bath us-
ing chamomile in healthy university students [15], etc., but none of them
showed a significant effect of reducing stress by aroma intervention.

In this study as well, there was no significant difference between the interven-
tion period and the test interval, but the aromatherapy intervention reduced the
post-active salivary cortisol concentration during the first intervention period.
During the second intervention period, the concentration increased in both
groups, but the rate than the increase was lower in the aromatherapy interven-
tion group than in the control period, indicating that stress could be reduced
(Figure 2).

On the other hand, the reason why the cortisol concentration did not decrease
significantly was that the recreation performed at the time of collection was
“origami”, and the proportion of angry was high in the emotional analysis
(Figure 7). It is possible that the activity was highly stressful for the person. In
the future, it will be necessary to verify by changing the content of recreation.

Changes in cognitive function were not significantly different from all surveys
compared to before the intervention but were highest after the end of the first
intervention period and immediately after the 12-day washout period. Finally,
after the end of the aroma period of the second intervention period, an im-
provement of 1.7 points was observed compared to before the intervention
(Figure 3). In a study of elderly people sprayed with rosemary camphor and
lemon essential oil, and lavender and orange sweet essential oil with a diffuser,
cognitive function improved in the order of control period, aroma period, and

washout period [16], a similar tendency was observed during this study.
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According to previous studies, the limbic system, where the scent is transmit-
ted, is the region where the hippocampus and amygdala are located. The mechan-
ism has been shown to attenuate sympathetic nerve activity by aroma stimula-
tion to the hypothalamus, enhance parasympathetic nerve activity, and reduce stress
and anxiety [17]. Although this study involved biweekly interventions, longer-term
interventions were considered necessary to verify cognitive function.

Looking at the pulse of vital signs, there was no significant difference between
the intervention period and the test interval. It is considered that this is because
the recreational activities carried out in this study were origami and coloring
books, which did not involve exercise or movement, and therefore, did not im-
pose a physical load (Figure 4). Blood pressure was significantly reduced after
many activities during the aroma intervention period in both systole and dias-
tole (Figure 5 and Figure 6).

Although the conditions are different, there was a study in which a scent such
as lavender essential oil was inhaled in patients with coronary artery disease before
and after percutaneous coronary angioplasty. As a result of inhalation before and
after surgery, it has been reported that postoperative anxiety and resting blood
pressure were significantly lower in the intervention group than in the control
group [18]. Inhalation of lavender essential oil for patients with coronary artery
bypass grafting has been reported to have an improving effect on systolic blood
pressure 2 - 3 days after surgery [19]. Furthermore, there was a report that blood
pressure was significantly reduced by percutaneous absorption of a mixed oil of
bergamot oil and lavender oil, which indicated a decrease in autonomic nervous
arousal [20].

As in this study, there is no case of introducing aromatherapy by Lindera Jan-
cea to elderly people requiring nursing care, but olfactory stimulation by Lindera
lancea aroma stabilizes the mood and emotions of the client and suppresses the
rise in blood pressure or considered to have decreased [21].

In sentiment analysis, four emotions were quantified using a wearable device.
Although the effects of worker emotions on labor productivity have already been
elucidated using the same device as in this study, emotional quantification by
aromatherapy intervention is unprecedented. In this study, there were no signif-
icant differences in the four emotions depending on the intervention period and
test section, but we were able to capture changes in emotions due to differences
in recreational activities (Figure 7). In addition, among the emotions during the
aroma period during the second intervention period, relaxed did not fluctuate
due to differences in recreational activities, and it is considered that the client
was able to spend about 30% of the activity time in a relaxed manner.

It is known that when people work, they are affected by environmental factors
such as surrounding sounds, lights, and scents [22], but they utilize aromathe-
rapy as one of the therapeutic environmental factors of occupational therapy.
This can be expected to change the mood and emotions of the client, as well as

the motivation to perform work, and as a result, have a positive effect on the
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client’s work behavior and daily activities [21]. In this study, emotional changes
are considered to be influenced in many parts by the content of recreational ac-
tivities, but we selected activities that give positive emotions to the clients by
quantifying emotions, and further intervened in aromatherapy. Thereby, it is
thought to function as a more effective complementary alternative therapy.

Since the global pandemic began in earnest in 2021, the COVID 19 pandemic
has led to restrictions on human-to-human interaction, so the importance of
emotional control represented by stress control is increasing for all humankind
[23] [24] [25] [26] [27]. Therefore, it was expected that this aromatherapy as
complementary and alternative medicine could contribute to the good emotional

control of all the people involved.

5. Limitation

Since this study limits aromas, it is necessary to compare them with the effects of
other aroma oils. In addition, since the number of N subjects and the number of
controls are not large, it was considered necessary to conduct research with

more subjects.
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