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Abstract

It has been reported that Japanese people sleep for an average of 7 hours and 22 minutes per
night, with those in their 40s and 50s sleeping the least. This is much less than in other developed
countries. Aging has also been reported to decrease the total sleep time and sleep latency as well
as increase wake after sleep onset (WASO). Crocetin is a carotenoid with antioxidant activity. It
has been reported that 14 consecutive days of crocetin intake increases delta power during sleep
and decreases WASO. However, the benefits of short-term ingestion have not been clarified. In this
double-blind, randomized crossover study, we examined the effects of crocetin-containing edible
films consumed for seven consecutive days on the sleep quality of healthy Japanese subjects
working in management positions who were aged 45 years or older.

The study participants comprised 20 subjects (12 males and 8 females; mean age 50.4 +
4.8 years; body mass index (BMI) 22.5 + 2.7). An electroencephalography (EEG) measuring
device (InSomnograf®) was used to measure sleep objectively and a questionnaire, OSA Sleep
Questionnaire MA version (OSA-MA) was used to assess sleep subjectively upon waking. The
crocetin group demonstrated significantly higher values of OSA-MA Factor 3 (frequent dreaming)
than the placebo group (placebo: 46.8 + 6.9; crocetin: 49.5 + 7.4). No differences were observed
for the other four factors. No differences were observed in the sleep parameters determined with
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InSomnograf®.

Our findings suggest a new effect of crocetin on sleep quality of frequent dreaming.

Introduction

It has been reported that as many as one in five Japanese
people (and one in three people over 60 years old) currently
suffer fromasleepdisorder[1,2].Ithasbeen epidemiologically
proven that sleep disorders and the resulting sleep debt are
closely related to mood disorders, metabolic syndromes,
dementia, and even cancer [3-6]. According to the Gender Data
Portal (2021) of the Organization for Economic Cooperation
and Development (OECD), the average sleep duration of
Japanese people is 7 hours 22 minutes, the lowest among
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member countries [7]. Japanese people in their 40s and 50s
sleep the least; 58% of those in their 40s and 79% of those in
their 50s slept fewer than 7 hours, according to the Ministry
of Health, Labor and Welfare's 2021 Health Status Survey
report [8]. Various types of sleep problems have also been
reported, with 12% of those in their 40s and 50s reporting
difficulties falling asleep, 16% reporting frequent wake
after sleep onset (WASO), 14% reporting early awakenings,
12% reporting dissatisfaction with their sleep quality, and
18% reporting excessive daytime sleepiness. Only 9% of
respondents had no problems [8].
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Age-related changes to sleep patterns are widely known
and have been demonstrated to decrease the total sleep time,
prolong the sleep latency, fragment sleep (e.g., an increased
number of WASO), increase the proportion of non-REM in
sleep stages N; and N, and decrease the proportion of REM
and non-REM in sleep stage N3 [9]. These changes gradually
decline as the basal metabolism declines and, with the
exception of the prolonged sleep latency, are said to plateau
around the age of 60 [10]. The total sleep time has been
demonstrated to decrease by an average of 10-12 minutes
every 10 years of age. The WASO time has been demonstrated
to increase by an average of 9.7 minutes every 10 years of
age [10,11]. The prolonged sleep latency does not change
significantly between the ages of 30 and 50, whereas it
inclines significantly after the age of 50 [12]. Sleep efficiency
is reported to decrease by 2.1% with every 10 years of age,
with a particularly marked drop from 91.4 + 4.2% to 80.6% *
7.9% between the 50s and 60s [11,13].

According to the 2021 Basic Survey on Wage Structure
conducted by the Ministry of Health, Labour and Welfare of
Japan, the average age of managers is 47 for section managers
and49-52fordepartmentheads, withnosignificantdifference
between the sexes [14]. A study on the male employees of
a Japanese electrical equipment manufacturing company
in the 1990s, which was based on a subjective assessment,
observed that workers in their 50s had significantly worse
WASO and early awakenings than workers in their 20s to 40s.
No sleep problems specific to managers were identified [15].
Promotions to management positions have been reported to
temporarily worsen mental health [16]. In a Pittsburgh Sleep
Questionnaire Index (PSQI) survey of public employees, the
percentage of employees with a total PSQI score of 5.5 or
higher was lowest in managerial positions (section chiefs and
above) and increased with a move down through the ranks of
middle management (assistant section chiefs, section chiefs,
etc.) and general positions [17]. Only a few subjective studies
have focused on the sleeping status and habits of Japanese
managers, and objective studies of sleep, especially for
managers, are largely unknown.

Crocetin is a carotenoid compound of the Gardenia genus
used in traditional Chinese medicine and as a natural colorant.
It is a pharmacologically active substance [18]. Crocetin is
known to have a strong antioxidant activity. In a randomized,
double-blind crossover study of crocetin intake in healthy
adult men with mild sleep disturbances, the number of WASO
decreased after 14 consecutive days of crocetin intake, as
measured by sleep monitoring with actigraphy [18]. In
another randomized, double-blind crossover study of healthy
adults with mild sleep complaints, 14 consecutive days of
crocetin significantly increased the delta power during sleep,
as measured by single-channel electroencephalography [19].
These studies revealed that crocetin intake could improve
sleep quality. However, crocetin was administered for 14
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consecutive days in these studies; the short-term benefit has
not been clear. The subjects were also normal subjects with
mild sleep disturbances, and the benefit to normal subjects
who do not complain about sleep has not been clarified.

In this study, we investigated the effects of the ingestion
of an edible film containing crocetin for seven consecutive
days on the sleep of healthy Japanese adult males and
females aged between 45 and 70 who were under the stress
of Japanese middle-aged managers. To clarify the effects of
the ingestion of an edible film containing crocetin for seven
consecutive days on sleep, we objectively measured sleep
by analyzing the bioelectrical potentials including EEG and
subjectively evaluated sleep using questionnaires at bedtime
and upon waking.

Materials and methods
Study design

This study was an exploratory, placebo-controlled,
randomized, double-blind crossover study. A total of 20 study
participants were enrolled using embedded enrollment and
the subjects were assigned into two groups (Group X and
Group Y) (Figure 1). The subjects were assigned by S.F. in
the International Institute for Integrative Sleep Medicine,
University of Tsukuba, which was unrelated to the study.
Key introductions were performed after the analysis was
completed. The study was conducted on selected subjects,
accordingtotheresearch schedule (Table 1).Selected subjects
were asked to perform a mild sleep control (sleeping within
2 hours before or after their habitual bedtime and waking
within 2 hours before or after their habitual waking time)
from day 1 (Saturday) of the study until the completion of
the study. The control was verified using a sleep diary. As
a baseline, an objective evaluation of sleep was conducted
by measuring electroencephalography (EEG) and other
bioelectrical potentials from bedtime to waking time from
day 3 to day 7 (Monday to Friday). A questionnaire was
administered at bedtime to determine whether there were
any behaviors that affected sleep significantly, and another
(OSA-MA) upon waking to evaluate sleep subjectively. Group
X (10 subjects) received 7 days of a placebo edible film
immediately before bedtime in intervention 1 (days 8-14),
followed by a 7-day washout period (days 15-21); an edible
film containing 7.5 mg crocetin was then administered
for 7 days immediately before bedtime in intervention 2
(days 22-28). Group Y (10 subjects) received 7 days of an
edible film containing 7.5 mg crocetin immediately before
bedtime in intervention 1 (days 8-14), followed by a 7-day
washout period (days 15-21); a placebo edible film was
then administered for 7 days immediately before bedtime in
intervention 2 (days 22-28). Sleep was objectively evaluated
by measuring EEG and other bioelectrical potentials from
bedtime to waking time for 5 days during the two intake
periods (days 10-14 and 24-28 (Monday through Friday))
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Applicants

[Enrclment]
(n=23)

Exclusion criteria
- Suspicion of SAS (n=1)

Randomized

- Pre-existing medical conditions (n = 1)
- No sleep control is available (n =1)

(n=20)
I
1 1
. Group X Group Y
[Allocation] (n = 10) (n = 10)
| 1
Baseline
7 days
(Group X n=10, Group Y n=10)
| 1
Placebo Crocetin
7 days 7 days
(n=10) {n=10)
[Followup] 1 1
Wash out
7 days
(Group X n=10, Group Y n=10)
| 1
Crocetin Placebo
7 days 7 days
(n=10) {n=10)
L 1 ) Exclusion criteria
| - Drop out (n = 0)
: Full date sets subjects
Analysis
[Analysis] (n = 20)

Figure 1: Study design. Randomization and screening of subjects. SAS: Sleep Apnea Syndrome.

Table 1: Study schedule.

Baseline Intervention 1
Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Day of the week Sa. Su. Mo. Tu. We. Th. Fr. Sa. Su. Mo. Tu. We. Th. Fr.
Sleep control o o o o o o o o o o o o o o
Sleep electroencephalography o o o o o o o o o o
OSA-MA o o o o o o o o o o
Placebo o o o o o o o
Group X .
Crocetin
Placebo
Group Y .
Crocetin o o o o o o o
Wash out Intervention 2
Days 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Day of the week Sa. Su. Mo. Tu. We. Th. Fr. Sa. Su. Mo. Tu. We. Th. Fr.
Sleep control o o o o o o o o o o o o o o
Sleep electroencephalography o o o o o
OSA-MA o o o o o
Placebo
Group X .
Crocetin o o o o o o o
Placebo o o o ) o o o
Group Y -
Crocetin
OSA-MA: Oguri-Shirakawa-Azumi sleep inventory MA version

and subjectively evaluated using the questionnaires (the
bedtime questionnaire and OSA-MA) administered at
bedtime and upon waking. The test food of edible film
containing 7.5 mg crocetin and other ingredients including
pullulan, gardenia pigment, glycerin, microcrystalline
cellulose, sweeteners (xylitol, aspartame, L-phenylalanine
compound, acesulfame K), flavorings, and glycerin fatty acid
esters. The placebo films were prepared in such a way that

https://doi.org/10.29328/journal.afns.1001054

they did not differ in nutritional composition from the test
food and were not distinguishable by color, odor, or flavor.
These test foods were produced by Tsukioka Film Pharma
Co. Ltd. (Gifu, Japan).

Ethical considerations and study protocol registration

This study was conducted in compliance with the
Ethical Guidelines for Life Sciences and Medical Research

www.foodscijournal.com m



Improvements in the Subjective Sleep of Japanese Middle-aged Managers from the Consumption of an Edible Film Containing Crocetin

Involving Human Subjects, the Declaration of Helsinki, and
the regulations of each medical institution. This study was
ethically reviewed by the Ethics Committee of the Chiyoda
Para Medical Care Clinic (approval date: August 19, 2022;
approval number: 22081906). After the ethical review was
completed, the protocol of this study was registered in the
University Hospital Medical Information Network Center
Clinical Trial Registration (UMIN-CTR) system (registration
number: UMIN000048733).

Subject selection

Subjects were recruited from Calbee Inc. if they met the
following recruitment criteria: they were aged between
45 and 70 years old, worked as managerial staff (section
manager or above), and consented to participate.

The exclusion criteria were as follows: those who were
taking any medication, or who may have been required to
take medication (e.g., antiallergic drugs, sleep aids, etc.)
that could have affected the study, for one month prior to
the start of the consumption of the test food and during
the study period; those who regularly used specific health
foods, functional foods, supplements, or other foods more
than three times a week that could have affected the study,
including those who were unable to limit their intake during
the study period; those with a history or current experience
of serious diseases of the heart, liver, kidneys, digestive
organs, etc.; those with suspected chronic or acute serious
infectious diseases; those scheduled for a vaccination during
the study period; those who were pregnant or planning to
become pregnant, or who were breastfeeding; those who
habitually drank alcohol more than three times a week
and more than 180 mL sake or equivalent (beer: 500 mL;
whiskey: 60 mL; shochu (Japanese liquor similar to vodka):
108 mL); those with extremely irregular eating habits; those
with a body mass index (BMI) of 30 or greater; those planning
significant lifestyle changes during the study period; those
whose sleep may have been disturbed by external factors
(e.g., family members or pets); those who were allergic
to the test food; those who were currently participating in
clinical research on other drugs or health foods, or who were
scheduled to participate in other clinical research programs
within one month after the completion of the research or
after consenting to participate in such research; and those
who were judged to be inappropriate for participation in this
study by the principal investigator.

K6 questionnaires (K6)

K6 is a questionnaire that was developed by R C Kessler, et
al. with support from the U.S. government's National Center
for Health Statistics in the National Health Interview Survey
(NHIS) [20]. Its equivalence in a Japanese version has been
confirmed and is primarily used for mental health screening
purposes [21]. The questionnaire asks respondents to answer
six questions regarding psychological stress (depression and
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anxiety) occurring in the past 30 days using a 5-point method.
Each question receives a score from 0 to 4. Of a total of 24
points, 5 or more points are equivalent to a psychological
stress reaction, 9 or more points are equivalent to a mood/
anxiety disorder, and 13 or more points are equivalent
to a severe mental disorder [21]. We administered this
questionnaire approximately one month prior to the start of
the study to determine the daily psychological stress state of
our subjects and collected the responses.

Epworth Sleepiness Scale (ESS)

The Epworth Sleepiness Scale (ESS) is a self-assessment
method developed by M W Johns for excessive daytime
sleepiness. The Japanese version has been verified for
authenticity and validity [22,23]. Respondents are asked to
choose from four options in eight situations. Each question
is assigned a score from 0 to 3. Of a total of 24 points, a score
of 5 or greater indicates mild daytime sleepiness and a score
of 11 or greater indicates excessive daytime sleepiness. This
assessment was administered approximately one month
prior to the start of our study to determine the daytime
sleepiness of the subjects and to exclude potential suffering
from obstructive sleep apnea syndrome.

Athens Insomnia Scale (AIS)

The Athens Insomnia Scale (AIS) is a universal self-
assessment instrument for insomnia that was developed by
the World Project on Sleep and Health, led by the World Health
Organization (WHO). It was later validated for its authenticity
and validity [24,25]. The AIS consists of eight questions
(sleep onset, WASO, final awakenings, total sleep time,
sleep quality, well-being, functional capacity, and daytime
sleepiness). The survey asks respondents to select from a
choice of four options those that have been experienced at
least three times in the past month. Each question is assigned
a score of 0~3. Of a total of 24 points, a score of 4 or greater
is considered to be indicative of insomnia, and a score of 6
or greater is considered to be highly likely to be insomnia.
To ascertain whether or not the subjects in our study had
a tendency towards insomnia, we administered the survey
approximately one month prior to the start of the study.

Sleep diary/bedtime questionnaire

Sleep diaries were produced in an open-ended format and
included the following items: bedtime, time of sleep onset,
time and duration of WASO, time of last awakening, time one
gets up, and sleep duration. The survey was administered
every morning from day 1 to day 28 to determine the bedtime
and waking time of each subject. The subjects completed the
questionnaire immediately after waking up.

The bedtime questionnaire was a multiple-choice
instrument that included the following items: presence or
absence of daytime sleepiness or fatigue, presence or absence
of naps, duration of naps, presence or absence of exercise
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longer than 30 minutes, start time of the exercise, presence
or absence and frequency of going out, duration of going out,
means of transportation when going out, whether or not
participants had dinner, start time of dinner, time required
for dinner, presence or absence of alcohol consumption,
caffeine consumption before or after dinner, whether or
not participants had baths, whether or not participants
required sleep aids or insomnia medication, and whether
or not participants consumed cold remedies that rendered
them drowsy. A total of 15 days were administered (day 3 to
day 7, day 10 to day 14, and day 24 to day 28) to determine
whether or not the behaviors of the subjects affected their
sleep (Table 1). The subjects completed this questionnaire
approximately 15 minutes before bedtime.

Sleep electroencephalography (InSomnograf®)

S'UIMIN's portable EEG device, InSomnograf® is
equipmentthatmeasuresthebioelectrical potentialsincluding
EEG, electromyography (EMG), and electrooculography
(EOG) with 5 electrodes, and the sleep stage of each 30
seconds (epoch) during sleep is determined according to
AASM scoring manual. It has an 86.9% correlation with
polysomnography (PSG) [26]. Parameters related to sleep
quality and quantity, which were calculated from the results
of the sleep staging (hypnogram), were used in the analysis.
These were light-off time, light-on time, total recording time,
time of sleep onset, time of last awakening, median sleep
time, time spent lying down after last awakening, sleep
latency, REM sleep latency, not-scored total time, N, total
time, N, occurrence rate (%), N, total time, N, occurrence
rate (%), N, total time, N, occurrence rate (%), REM sleep
total time, REM sleep occurrence rate (%), total sleep time,
WASO total time, and sleep efficiency (%). A total of 15 days
were administered (day 3 to day 7, day 10 to day 14, and
day 24 to day 28) to determine the sleep parameters of the
subjects (Table 1). The subjects wore the device immediately
before bedtime to conduct the EEG measurements.

Oguri-Shirakawa-Azumi sleep inventory MA version
(OSA-MA)

The Oguri-Shirakawa-Azumi sleep inventory MA version
(OSA-MA) is a questionnaire that assesses subjective sleep
quality during waking hours for middle-aged and older
adults who do not have sufficient time to complete the form
or who do not respond appropriately to items with many
choices [27]. The questionnaire consists of 16 items covering
5 factors. These are Factor 1 (sleepiness on rising), Factor
2 (initiation and maintenance of sleep), Factor 3 (frequent
dreaming), Factor 4 (refreshing), and Factor 5 (sleep length).
The OSA Sleep Questionnaire MA version has been subjected
to standardization procedures and is sufficiently reliable and
reproducible. It was administered for a total of 15 days (day
3 to day 7, day 10 to day 14, and day 24 to day 28) to allow
subjects to subjectively assess their sleep (Table 1). Subjects
recorded their responses immediately upon waking.
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Statistical analysis

GraphPad Prism 8, version 8.4 was used for the statistical
analysis. Unpaired t-tests were used for the subject
characteristics; Mann-Whitney U tests were used for the K6,
ESS, and AIS pre-questionnaires. One-way repeated ANOVA
with post hoc Bonferroni tests was used for the analyses of
the sleep parameters and OSA-MA. The significance level was
set at less than 5%.

Results
Subject screening and pre-survey

In total, 23 individuals volunteered to participate in the
study. Three were excluded due to suspected sleep apnea
syndrome (SAS), a pre-existing medical history, and difficulty
in sleep control (Figure 1). After screening, 20 subjects (12
males and 8 females; mean age 50.4 + 4.8 years; BMI 22.5 +
2.7) were randomly assigned into two groups (Table 2).In the
pre-test questionnaire, the K6 score indicating depression
was 3.1 * 2.2; the Epworth Sleepiness Scale score, a self-
reported method to assess daytime sleepiness, was 10.1 *
3.6; and the Athens Insomnia Scale, which determines the
tendency toward insomnia, was 5.0 * 3.1. All 20 participants
completed the study (Table 3).

Subjective sleep assessment

The OSA-MA sleep survey resulted in a response rate
of 99.3% (298/300). In Factor 3 (frequent dreaming), the
crocetin group demonstrated a significant improvement
compared with the placebo group (placebo: 46.8 + 6.9;
crocetin: 49.5 + 7.4) (Table 4). There were no differences in
Factors 1 (sleepiness onrising), 2 (initiation and maintenance
of sleep), 4 (refreshing), and 5 (sleep length).

Sleep electroencephalography

The rate of compliance for sleep electroencephalography
measurements was 93.6% (281/300). None of the
parameters related to sleep quality and quantity including

Table 2: Characteristics of subjects.

All subjects Group X Group Y p value
N 20 (12M, 8F) 10 (5M,5F) 10 (7M,3F)
Age (year) 504 +4.8 52.3+4.3 48.4+4.7 0.071
Height (cm) 168.2+9.2 168.5 £ 10.3 167.9+8.5 0.889
Weight (kg) 64.2 +13.1 63.6 + 12.1 64.8 +14.6 0.844
BMI (kg/m?) 225+27 222+2A1 22.7+32 0.669

Values are means # standard deviations (SD). Statistics vs. Group by T-test. BMI;
is body mass index.

Table 3: Results of a preliminary questionnaire for subjects.

All subjects Group X Group Y p value
K6 (score) 3.1+22 3.7+21 24+23 0.216
ESS (score) 10.1+3.6 109+3.7 9.2+36 0.322
AIS (score) 5.0+3.1 5.8+3.3 42+29 0.264

Values are means + SD, n = 20. Statistics vs. Group by Mann-Whitney U test.
K6: Kessler Psychological Distress Scale; ESS: Epworth Sleepiness Scale; AlS:
Athens Insomnia Scale.
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Table 4: Results of OSA-MA scores.

Baseline Placebo Crocetin
OSAT1 (Sleepiness on rising) 424 +83 449+84 444 +£83
OSA2 (Intention and maintenance of sleep) 436+74 451+6.4 461174
OSAS (Frequent dreaming) 498+ 7.1 46.8£6.9 495+74*
OSA4 (Refreshing) 442 +8.1 455+7.8 454+76
OSAS5 (Sleep length) 41.7+85 43.8 +6.6 429+738
OSA total score 221.2+29.4 2258 +22.4 228.1+26.8
Values are means + SD. Statistics vs. Placebo film by way of repeated ANOVA host hoc bonferroni test, * p < 0.05. OSA-MA: Oguri-Shirakawa-Azumi sleep inventory MA
version.

Table 5: Results of sleep measurement by InNSomnograf®.

Baseline Placebo Crocetin
Time in bed (min: sec) 386:22 + 34:53 373:35 + 50:41 378:04 + 38:46
Total sleep time (min: sec) 353:58 + 32:02 343:20 £+ 47:44 348:28 + 34:54
Sleep latency (min: sec) 07:29 + 04:34 07:46 + 05:34 08:17 £ 04:14
Wake After Sleep Onset (min: sec) 24:49 + 13:29 22:29 + 10:25 21:52 + 08:45
Non-REM Stage 1 (min : sec) 18:42 + 12:29 17:59 + 13:38 18:26 + 14:28
Non REM Stage 2 (min : sec) 189:38 + 24:53 183:39 £ 37:21 183:32 £ 32:00
Non REM Stage 3 (min : sec) 48:51 + 23:58 49:41 + 28:19 47:04 + 27:50
REM (min : sec) 93:33 £ 13:36 89:04 £ 19:16 91:30 £ 19:29
REM latency (min: sec) 65:16 + 21:20 68:27 + 13:34 68:24 + 15:25

Sleep efficiency (%) 91.6+3.9 91.9+3.3 92.0+2.2

Non REM Stage 1 (%) 52+32 51+33 52+37

Non REM Stage 2 (%) 53.6+54 53.5+8.6 522+6.9

Non REM Stage 3 (%) 13.8+6.6 14.8+8.3 13.6+7.9

REM (%) 26.4+36 258+5.0 26.5+5.7

Values are means + SD, n = 20. Statistics vs. Placebo group by way of repeated ANOVA host hoc bonferroni test, * p < 0.05. REM: Rapid Eye Movement.

total sleep time, sleep efficiency, median sleep time, time of
last awakening, time spent lying down after last awakening,
time of WASO, total time and occurrence rate of N, total time
and occurrence rate of REM sleep, sleep latency, a number
of awakening responses, and REM sleep latency differed
between the crocetin and placebo groups (Table 5).

Discussion

An improvementin sleep quality (frequent dreaming) was
observed in Japanese middle-aged managers who consumed
an edible film containing crocetin for seven consecutive days.
Thus, crocetin was demonstrated to have a potential effect
on sleep quality, even when administered over a short period
of time.

The subjects (50.4 + 4.8 years old) were characterized by
an AIS score of 5.0 + 3.1 and an ESS score of 10.1 * 3.6 prior
to the study initiation, which was below the cut-off values
(AIS = 6; ESS = 13) (Table 3). In a large cohort study of 1,666
corporate employees (649 males and 1,017 females; 45.33 +
12.20 years), the mean AIS score was reported to be 5.0 + 3.6
and the mean ESS score was 7.84 + 4.55; thus, we considered
the subjects in our study to be approximately average [28].
The K6 score was 3.1 + 2.2, which was also below the cut-
off (= 5). In a previous study of 122 male managers (49.4
5.42 years), the K6 score was reported to be 2.9 * 3.1 and
in a previous study of 168 female managers, the K6 score
was reported to be 4.85 * 4.36 [29,30]. The subjects in the
present study were approximately at the same level as those
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subjects; therefore, our subjects were considered to be
representative of the general population. In a study using
male workers, it was reported that the work hours of non-
managers in Japan had decreased, whereas the workload
of managers had increased due to work style changes [31].
Female managers have reported a higher exposure to stress
than their male counterparts, both at work and at home
[32]. Although managers exhibit higher occupational stress
than non-managers, they have been demonstrated to have
lower psychological distress. This may, in part, be due to the
influence of compensation or rewards from work [30]. For
the same reason, the subjects in this study demonstrated
an average K6 score and were also considered to have an
average score on the AIS.

The results of objective sleep measurement using
InSomnograf® revealed no significant differences in
sleep parameters such as WASO, sleep efficiency, and the
occurrence rates of various sleep stages (Table 5). The
percentage of Japanese people in their 40s and 50s who sleep
fewer than 7 hours has been reported to be 58% for those in
their 40s and 79% for those in their 50s [8]. The percentages
of those who sleep fewer than 6 hours have been reported to
be 26% for those in their 40s and 38% for those in their 50s.
The subjects in this study averaged approximately 6:20 hours
lying down and 5:50 hours for the total sleep time, which was
approximately the same as or less than the national average.
Aging is known to decrease the total sleep time, increase the
number of WASO, decrease sleep efficiency, and decrease the
occurrence rates of REM sleep and non-REM in sleep stage N3
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[11]. A marked decrease in sleep efficiency is known to occur
in people in their 50s and 60s, from 91.4% + 4.2% for those in
their 50s to 80.6% * 7.9% for those in their 60s [13]. Against
this general trend, the sleep efficiency of the subjects in this
study (aged 45-63) was approximately 92%, a higher value
that indicated no significant decline due to aging (Table 5).
Previous studies with crocetin tested those with mild sleep
complaints and those with a PSQI of 6 or higher; a decrease in
WASO and an increase in delta power were observed [18,19].
By screening people who are dissatisfied with their sleep
and using them as test subjects, changes in sleep parameters
including WASO, may be observed.

Sleep latency does not significantly vary in age groups
from the 20s to the 50s; it has been reported to be 15.9 +
9.6 minutes in the 50s. In the present study, it averaged
fewer than 10 minutes [13], which may suggest the tendency
of sleep deprivation. The ratio of REM sleep is reported to
be approximately 20% in the 50s; it was slightly higher in
this study, at just over 25% [10]. The occurrence rate of
stage N3 non-REM sleep was in line with the average, with
the subjects averaging 13.8%; just under 10% has been
reported as the average [10]. Stress has been reported to
be a possible contributor to an increased rate of REM sleep.
Other studies have suggested that stress may also contribute
to prolonged sleep latency and increased WASO. In turn, poor
sleep quality itself may be a stressor [33]. The magnitude of
the effect of stress on sleep is not clear. In the case of this
study, occupational stress may have played a role in the high
percentage of REM sleep. It is possible that the effect of aging
on REM sleep is limited, as no effect was demonstrated on the
K6 scores, sleep latency, or WASO. Further investigation of
the correlation with stress specific to managers is necessary.

After seven consecutive days of ingestion of an edible
film containing crocetin, an improvement in sleep quality
(frequent dreaming) was observed (Table 4). A previous
study demonstrated an improvement in OSA-MA Factor 3
(frequent dreaming) with food intake; a four-week study
of 3,5-dihydroxy-4-methoxybenzyl alcohol (DHMBA)-
containing supernatant extracted from the soft tissue of
the Pacific oyster (Crassostrea gigas) [34]. The mechanism
of action was reported to be the inhibition of arousal due to
the lowering effect of plasma corticosterone concentration
derived from the reduction in reactive oxygen species in the
brain [35]. Antioxidant effects such asactivation of superoxide
dismutase (SOD) and glutathione peroxidase (GPx) as well
as a scavenging activity against hydroxyl radicals have
also been reported for crocetin [36]. In vivo, crocetin has
been suggested to cross theblood-brain barrier and blood-
retinal barrier; its effectiveness in improving eyestrain in
humans has been also reported. The correlation between
workload and oxidative stress is known; evaluations using
the Effort-Reward Imbalance Model have demonstrated
that occupational stress and oxidative stress are positively

https://doi.org/10.29328/journal.afns.1001054
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correlated [37,38]. Increases in lectin-like oxidized low-
density lipoprotein receptor-1 (LOX-1) and lipid peroxides
in the blood have been reported in animal models [39,40].
In this study, crocetin may have crossed the blood-brain
barrier in our subjects, contributing to the scavenging of
reactive oxygen species in the brain. This antioxidant effect
may have reduced plasma corticosterone levels and inhibited
arousal, resulting in an improved OSA-MA Factor 3 (frequent
dreaming).

It has been suggested that crocin, a water-soluble
derivative of crocetin, induces sleep by indirectly inhibiting
the wake-regulating function of histamine. In vivo, crocin has
been found to exist as crocetin; the functionality of crocetin
may increase delta power by inhibiting histamine. Other
elements affected with crocin were also observed in OSA-
MA Factors 1 (sleepiness on waking) and 4 (recovery from
fatigue), all of which suggested the possibility of an increased
depth of non-REM sleep [19]. Delta power is one biomarker
of non-REM sleep depth; the activation of delta power is
thought to result from adenosine acting on the cholinergic
nuclei of the basal forebrain, reducing the cholinergic tone
that inhibits nerve firing [41]. The detailed mechanism of
the action of crocetin on delta power remains unclear. In
the present study, there were no significant differences in
OSA-MA Factors 1 (sleepiness on waking) and 4 (recovery
from fatigue), nor in the duration and percentages of non-
REM sleeps measured by InSomnograf® (Tables 4,5). One
difference from prior research is that those studies were
conducted using subjects with mild sleep complaints and
a PSQI of 6 or higher. In addition to the depth of non-REM
sleep, delta power has been used as a biomarker for sleep
requirement (sleepiness) and is related to sleep debt. It is
hoped that the future screening and testing of subjects taking
sleep debt into account will elucidate the mechanism by
which crocetin causes changes in delta power [42,43].

The following points are limitations of this study. The
study was conducted on Japanese middle-aged and older
adults (45 and 70 years old). The number of subjects was 20,
and the subjects' areas of residence and occupations were
rather limited. The subjects were a group that did not have
sleep anxiety. The subjects' oxidative stress status was not
measured. In order to provide more generalized evidence for
the effects of crocetin in the future, we believe that a large-
scale study with more than 100 subjects is needed, covering
a wide range of ages, residential areas, and occupations.
In addition, monitoring the oxidative stress status of the
subjects and comparing the results of the studies in groups
with and without sleep disorders would play a major role in
understanding the effects of crocetin.

Conclusion

In this study, an improvement in sleep quality (frequent
dreaming) was observed in Japanese middle-aged managers
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who consumed an edible film containing crocetin for seven
consecutive days. Its application as an active ingredient in
sleep supplements will be expanded in the future.
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