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Abstract: Background: Sleep difficulty is common in the current society. Poor sleep
has a significant influence on health, social interactions and even mortality; therefore,
maintaining good sleep is of prime importance. Cannabidiol (CBD), a cannabis-derived
compound, is known for its medical significance with many positive effects in humans,
including decreasing anxiety and improving sleep for those with sleep disorders. Objective:
However, whether CBD skin absorption results in similar effects is unknown. Therefore,
examining CBD-coated fabric as a pillow cover to improve sleep quality in duty shift
nurses is the purpose of this paper. Methods: This study recruited 55 duty shift nurses
as participants to evaluate sleep patterns and quality using the Pittsburgh Sleep Quality
Index (PSQI) and a consumer-grade tracker (Fitbit Charge 3). Data were collected over
three phases: a one-week baseline period, a two-week intervention period using a CBD-
coated pillow cover and a one-week follow-up period, referred to as the post-intervention
phase, during which the use of CBD-coated pillow cover was continued. Results: Of
the 55 participants, 10 were men (18.2%) and 45 were women (81.8%). At baseline, all
participants exhibited poor sleep quality (PSQI > 5). However, after three weeks of using
CBD-coated pillow covers, subjective sleep quality significantly improved, with 7.3%
of participants achieving PSQI scores <5. Additionally, slight changes in sleep patterns
were observed, with increases in both light sleep and deep sleep durations. Light sleep
duration increased from a baseline of 196.21 & 65.28 to 206.57 &= 59.15 min two weeks after
intervention (p = 0.337). Similarly, deep sleep duration showed a modest increase from
61.97 £ 21.01 min to 64.35 £ 22.19 min (p = 0.288). Furthermore, a significant reduction
in anxiety levels was reported (p < 0.005). Conclusions: Using a CBD-coated pillow
cover was found to enhance sleep duration in healthy individuals experiencing poor sleep.
Consequently, for adults struggling with sleep difficulties, incorporating a CBD-coated
pillow cover may serve as an effective aid in improving sleep quality.

Keywords: cannabidiol (CBD); pillowcase; non-rapid eye movement (NREM); sleep
quality; nurses
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1. Introduction

Poor sleep affects up to one-third of the global population and is considered a public
health epidemic [1]. Various causes, such as strenuous workloads for professional achieve-
ment, may contribute to poor sleep, which has a high impact on health, family life and even
mortality [2]. The maintenance of optimal sleep quality is an important issue, especially for
individuals working rotating shifts or permanent night shifts, who experience transient or
chronic sleep disturbance or even sleep deprivation [3]. Nurses working in rotating shifts
or permanent night shifts have reported transient or chronic sleep disorders [4]. In night
shift workers, sleep is usually initiated 1 h (SD = 30-60 min) after the termination of the
shift [5,6]. Sleep is reduced by 2—4 h, with longer sleep latency and sleep fragmentation [7,8].
After a night shift, sleep loss mainly involves stage 2 and rapid eye movement (REM) sleep,
whereas slow-wave sleep (SWS) stages 3 and 4 remain unaffected [9]. Day sleep after
night work is short; hence, a late afternoon nap of >1 h before the subsequent night shift
is added [10]. Night work is also characterized by increased subjective, behavioral and
physiological sleepiness [11,12]. The effects are particularly severe in the early morning and
often involve incidents of involuntary sleep. It usually takes two nights of sleep periods to
recover from the last night shift back to the normal low sleepiness level. The increased sleep
deprivation may be associated with an increased risk of accidents and errors and a feeling of
fatigue [13,14]. In the morning shift, the sleep pattern before a shift appears to be even more
disturbed compared to the night shift. EEG studies show that sleep duration is reduced by
2—4 h, with mainly stage 2 and REM being affected, whereas slow-wave sleep (SWS) stages
3 and 4 remain unaffected. Subjective complaints about morning shifts include difficulty in
awakening, non-spontaneous awakening and a feeling of not being refreshed by sleep [7].
The ability to tolerate and adjust to shift work varies significantly between individuals,
being influenced by factors such as chronotype (preferred time of activity), health status,
sleep habits and social characteristics [14]. Shift system features, including the length of
the shift, speed and direction of rotation and time of changeover, affect the adaptation
to shift work. Some studies suggest that a schedule consisting of four consecutive night
shifts, a clockwise rotation (morning-afternoon-night) and an end time around 07:00 may
optimize performance and minimize sleep disruptions. Usually, 1-2 days are needed to
adjust to a change in the shift, with a longer interval being better. Previous studies showed
that employees preferred a 21-day schedule of fixed shifts, which resulted in better health,
morale and performance and lower personnel turnover compared to the company aver-
age [15,16]. This type of fixed rotating shift over one month is adopted by most hospital
shift systems. Good shift-work adaptors usually have better daytime sleep before a night
shift, fewer social and family disruptions and greater alertness during the night shift than
poor shift-work adaptors [17]. To enhance shift-work adaptation, countermeasures are still
needed at work and in activity—rest schedules [14]. In addition to calmness before and
during the resting time, which is necessary for better sleep-in shift nurses, it is crucial to
address the challenges faced by nurses working in such conditions. This study aims to
explore alternative approaches to mitigating the effects of sleep deprivation and improving
recovery, which is of paramount importance in promoting the health and well-being of
shift-working nurses.

Cannabidiol (CBD) is a biologically active compound found in the Cannabis plant. CBD
has been known previously to reduce pain and alleviate a range of neurological conditions,
including severe seizures, depression, anxiety and neuroprotection. In a crossover trial,
CBD was found to extend sleep duration [18,19]. Several studies have highlighted that
CBD may have dose-dependent side effects and potential addiction-related risks when
used orally. However, controlled use of CBD appears to be challenging but generally well
tolerated, with only a few patients reporting mild side effects, such as fatigue, mild sedation,
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increased inappropriate sexual behavior and dry eyes, which may be linked to dosage. A
clinical trial (NCT02548559) demonstrated the efficacy of a 4-week treatment with CBD,
showing favorable results with limited side effects [18,20,21]. Several studies suggest that
CBD holds therapeutic potential for managing anxiety, insomnia and epilepsy. However,
the optimal oral use of CBD remains a challenge and requires further investigation to
better understand its safety and therapeutic potential; as an alternative approach to address
this challenge, we examined the effects of a pillow cover made with CBD-coated fabric
on sleep in nurses undertaking shift work. By offering an alternative to traditional CBD
consumption methods, such as oral ingestion or vaping, the CBD-coated pillow may
minimize potential side effects while still delivering therapeutic benefits. This innovative
approach could provide a safer and more effective means of utilizing CBD to improve sleep
quality, particularly for individuals with insomnia or those exposed to shift-work-related
sleep disturbances.

2. Materials and Methods
2.1. Study Design and Procedure

This pilot study recruited 55 members of medical staff from hospitals affiliated with
the China Medical University (Figure 1). The participants were asked to wear a consumer
tracker, a Fitbit active sleep watch (Fitbit Charge 3), on their wrists to record active sleep
patterns and sleep quality during a baseline in the first week while using a pillow with a
CBD-coated cover in the second week, during follow-up for one week and finally during a
post-test at the end of the overall study (week 4). The study period was a total of four weeks.
Participants maintained their habitual activity and sleep schedule. Sleep quality (both
subjective and objective) was assessed using the Pittsburgh Sleep Quality Index (PSQI) and
Fitbit Charge 3. In addition, the Epworth Sleepiness Scale (ESS) and Hospital Anxiety and
Depression Scale (HADS) were applied to rate related changes, such as pre- or baseline test
and post-intervention drowsiness and mood (Figures 2 and 3).
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Figure 1. Flowchart showing the inclusion and exclusion criteria.
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Figure 2. Flowchart illustrating the study design of CBD-coated pillow cover.
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Figure 3. Flowchart showing the methodology of CBD-coated pillow intervention.

2.2. Sample Size

Participants were recruited from the China Medical University Hospital, located in
Taichung City. The sample of 55 subjects included 45 women (81.8%) and 10 men (18.2).
Participants aged 21~49 with poor sleep quality (PSQI score >5) were recruited (Figure 1).
Most participants were aged between 20~ and 40 years, with groups aged 21-30 years
(49.1%) and 3140 years (36.4%) comprising the majority. The work patterns of the subjects
in the past three months were mainly fixed day shifts (58.2%), with 12 individuals (21.8%)
working rotating shifts. During the second phase, participants used a pillow with a CBD-
coated cover for approximately two weeks, continuing one week to the post-experiment

period (Figures 2 and 3).
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2.3. Measures

Pre- and post-test sleep quality was measured using the PSQI. In addition, participants
wore a Fitbit Charge 3 bracelet for 28 days to capture the total sleep time, light sleep per
day, deep sleep, REM, wakefulness after sleep onset (WASO) and wake-up time and to
calculate sleep efficiency and sleep distribution percentages (Figure 2). The total score of
the PSQI is 0-21 points; the higher the score, the worse the sleep quality, with a cut-off of
>5 points indicating poor sleep quality. Data on demographic parameters, including age,
seX, education, marital status and work, the use of hypnotics and exercise habits, were also
recorded. Sleep patterns and sleep quality were assessed.

2.3.1. Sleep

Sleep patterns were measured using Fitbit Charge 3. Participants wore the tracker for
four weeks continuously, except when taking a shower (Figure 2). Data on sleep patterns
included the number of minutes and percentage of total sleep time, awake time, light
sleep, deep sleep, REM sleep and WASO. Fitbit Charge 3 has been shown to be accurate in
measuring sleep [22] and mobility [23].

2.3.2. Sleep Quality

The PSQI was used to assess the habitual sleep of adults at baseline and after inter-
vention over a two-week interval in the fourth week (Figure 2). It consists of nineteen
self-rated questions that yield seven components: subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication
and daytime dysfunction. A global PSQI score is obtained by summing the scores for
the components, with a range of 0-21. A higher score indicates worse sleep quality. A
post hoc score of >5 is the cut-off point to discriminate between a “good” sleeper and a
“poor” sleeper. The overall Cronbach’s alpha, the global PSQI for internal consistency and
reliability, ranged from 0.77 to 0.83 [24,25]. The sensitivity and specificity of the PSQI was
80-89.6% and 86.5-86.6%, respectively [24-26].

2.4. Data Analysis

To assess the effectiveness of the CBD-coated pillow cover in sleep quality, inferential
statistics were employed. First, the Shapiro-Wilk test was used to test the normality of each
variable. Descriptive statistics were then calculated and presented as means + standard de-
viations, medians, interquartile ranges, frequencies, percentages. Based on the distribution
of the data, appropriate inferential statistics were selected. McNemar change tests were
used for categorical data to compare sleep quality before and after pillow cover use. For
normally distributed data, paired-sample t-tests and time series analysis were conducted.
For non-normally distributed data, Wilcoxon signed-rank tests were utilized. Furthermore,
to explore the factors associated with changes in sleep outcomes following the intervention,
stepwise multiple regression analyses were conducted. All tests were two-sided, with a
significance level of p < 0.05.

3. Results

The sample of 55 subjects included 45 (81.8%) women. The participants’” ages were
mostly in the range between 20 and 40 years (85.5%). The work pattern of the participants
in the previous three months was mainly fixed day shifts (58.2%), with 12 individuals
(21.8%) working rotating shifts. Ten participants took hypnotics, and fifteen had an exercise
habit (Table 1). The sleep quality of all participants was poor (PSQI > 5), with a median
score of 9.0 (interquartile range: 6.0, 12.0) at baseline (Table 2). The global PSQI decreased to
7.0 (6.0, 9.0) two weeks after intervention (Table 2). Four participants showed improvement
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in sleep (p < 0.1) (Table 3). They slept about 6 h a night, with 86.3 sleep efficiency and 48.1%
of the sleep being light sleep and 15.8% deep sleep (Table 4). The total study period was
28 days, which consisted of pre-test in the first week, using a pillow with a CBD-coated
cover in the second week, a follow-up for one week and finally a post-test at the end of the
overall study (week 4). The sleep quality in four participants improved to 7.3% (Table 3).
The Subjective Sleep Quality score remained consistent in terms of the median at 1.0 (1.0,
2.0) between baseline and post-intervention, as measured by PSQI. Changes in scores for
the drowsiness and HADS subscales for anxiety and depression were analyzed using paired
t-tests (Table 2). The CBD intervention resulted in statistically significant improvements
across all measures (all p < 0.05).

Table 1. Demographic characteristics of the subjects (N = 55; missing values: 0).

N %
Gender
Female 45 81.8
Male 10 18.2
Age (years)
21-30 27 49.1
3140 20 36.4
>40 8 14.5
Marital status
Unmarried 41 74.5
Married 14 255
Workplace
Surgical ward 6 10.9
Internal medicine ward 11 20.0
Acute/intensive care unit 8 14.6
Other 30 54.5
Work style in the past one year
Fixed day shifts 30 54.5
Fixed evening shift 5 9.1
Fixed night shift 2 3.6
Rotating shift 18 32.7
Work style in the last three months
Fixed day shifts 32 58.2
Fixed evening shift 7 12.7
Fixed night shift 4 7.3
Rotating shift 12 21.8
Taking adjunct sleeping medications
No 45 81.8
Yes 10 18.2
Exercise
No 40 72.8
Yes 15 27.3
Smoking habits
No 53 96.3
Yes 2 3.6

Table 2. The total score at baseline and two weeks after intervention (N = 55; missing values: 0).

Measurements Baseline Two Weeks After Intervention s/t 4
PSQI
Global score ! 9.0 (6.0,12.0) 7.0 (6.0,9.0) 382 <0.001

Subjective sleep quality 2 1.0 (1.0, 2.0) 1.0 (1.0, 2.0) 315.5 <0.001
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Table 2. Cont.

Measurements Baseline Two Weeks After Intervention s/t P
Sleep latency 3 3.0 (2.0, 5.0) 2.0 (1.0, 3.0) 315.5 <0.001
Sleep hours (hours) 6.5 (5.5, 6.5) 6.5 (5.5, 6.5) 315.5 <0.001
Sleep efficiency (%) 81.3(73.7,91.7) 81.3 (70.3, 87.5) 95.5 0.333
Sleep disturbance 4 10.0 (7.0, 13.0) 5.0 (3.0, 10.0) 421.5 <0.001
Sleeping pills were used 5 0.0 (0.0, 1.0) 0.0 (0.0, 0.0) 315.5 <0.001
Daytime dysfunction 6 2.0 (1.0, 3.0) 1.0 (0.0, 2.0) 314 <0.001
ESS 8.18 £ 3.78 5.76 £ 3.80 4.42 <0.001

HADS

Anxiety 10.50 =4.43 742 +£4.14 5.68 <0.001
Depression 7.62 +£3.71 6.38 +4.34 3.11 0.003

Due to the skewed distribution of the PSQI global score and its component scores, data are presented as median
(first quartile, third quartile), and Wilcoxon signed-rank tests are reported. For the normally distributed ESS and
HADS scores, data are presented as mean =+ standard deviation, and paired t-tests are performed. . The overall
total score represents the total score for PSQI, 0-21 points; the higher the score, the worse the sleep quality; if the
score is >5 points, sleep quality is classified as poor. 2. The subjective sleep quality score ranges from 0 to 3 points:
very good (0), fair (1), somewhat poor (2) and very poor (3). 3. The total score for sleep latency ranges from 0 to
6 points; the higher the score, the worse the sleep quality. . The total score for sleep disturbance ranges from
0 to 27 points; the higher the score, the more factors that interfere with sleep, and the worse the sleep quality.
5. Sleeping drug use scores range from 0 to 3: never (0), less than once a week (1), once or twice a week (2) and
more than three times a week (3). ©. The total score for daytime dysfunction ranges from 0 to 6, with higher scores
indicating poor sleep quality, which in turn affects daytime life/activities.

Table 3. Sleep quality determined using the PSQI at baseline and two weeks after intervention.

Baseline Two Weeks After Intervention
Measurements n % n % x2 j4
Sleep quality (PSQI global score) 44.08 <0.001
Good (<5) 0 0.0 4 7.3
Poor (>5) 55 100.0 51 92.7
Subjective sleep quality 10.93 0.091
Very good 1 1.8 4 7.3
Fair 27 49.1 31 56.4
Poor 17 30.9 19 345
Very poor 10 18.2 1 1.8
Sleep latency 15.20 0.019
<15 min 12 21.8 23 41.8
16-30 min 20 36.4 20 36.4
31-60 min 15 27.3 10 18.2
>60 min 8 14.5 2 3.6
Sleep hours 2.23 0.898
>7h 7 12.7 5 9.1
6-69h 27 49.1 24 43.6
5-59h 18 32.7 22 40
<49h 3 5.5 4 7.3
Sleep efficiency 5.79 0.447
>85% 24 43.6 17 30.9
75-84% 16 29.1 20 36.4
65-74% 8 145 12 21.8
<65% 7 12.7 6 10.9
Medication use 10.17 0.118
None 37 67.3 46 83.6
<1 time/week 9 16.4 4 7.3
1-2 times/week min 2 3.6 0 0
>3 times/week 7 12.7 5 9.1
Daytime dysfunction 12.67 0.049
None 7 12.7 16 29.1
<1 time/week 27 49.1 32 58.2
1-2 times/week 16 29.1 7 12.7

>3 times/week 5 9.1 0 0
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Table 4. Sleep hours and sleep distribution at baseline and two weeks after intervention (Fitbit data).

Measurements Baseline Two Weeks ‘After s/t p
Intervention

Sleep hours
TST (min) 362.29 4+ 63.72 365.18 + 63.71 0.60 0.550
WASO (min)  60.1 (46.8, 76.5) 58.3 (46.0, 69.0) —178.5 0.085
REM (min) 75.22 +26.9 75.69 + 27.2 0.41 0.686
LS (min) 196.21 + 65.28 206.57 + 59.15 0.97 0.337
DS (min) 61.97 +21.01 64.35 £+ 22.19 1.07 0.288

Sleep

distribution
SE (%) 86.3 (83.7, 87.8) 86.8 (85.1, 87.9) 121.5 0.245
WASO (%) 13.7 (12.2,16.3) 13.2 (12.1, 14.9) —157.5 0.130
REM (%) 17.33 + 5.66 17.48 + 5.14 0.52 0.607
LS (%) 48.1 (42.1, 54.6) 49.3 (454, 55.3) 2235 0.030
DS (%) 15.8 (11.7,17.9) 15.0 (12.2,18.2) —58.5 0.578

Due to the skewed distribution of WASO (min), SE (%), WASO (%), LS (%) and DS (%), data are presented as
median (first quartile, third quartile), and Wilcoxon signed-rank tests are reported. For the remaining variables
with normal distributions, data are presented as mean =+ standard deviation, and paired t-tests are performed.
TST: total sleep time. WASO: wakefulness after sleep onset. REM: rapid eye movement sleep. LS: light sleep.
DS: deep sleep. SE: sleep efficiency.

3.1. Sleep Quality (Subjective)

The 55 participants had an average overall score of 9.0 for subjective sleep quality at
baseline. After three weeks of intervention, the overall sleep quality score decreased to
7.0 (p < 0.001; Table 2); the sleep quality of 100% of the participants was poor (PSQI > 5;
Table 3). The total number of sleep hours (minutes) at baseline 362.29 + 63.72 increased
to 365.18 £ 63.71 two weeks after intervention, and participants had longer sleep latency
mostly due to the following reasons: inability to fall asleep within minutes; getting up to
use the toilet; not easy to fall asleep again after waking up in the middle of the night; and
the influence of a hot or cold environment. Table 3 shows that three weeks after using the
CBD-coated pillow cover, subjective sleep quality (PSQI < 5) improved in four participants
(7.3%; X2 =10.93, p = 0.091).

3.2. Sleep Quality (Objective)

Table 4 shows the CBD-coated pillow cover intervention from baseline (7 days) to
2 weeks after intervention with CBD-coated pillow cover and with one week of follow-up,
for a total of 28 days. The results of statistical tests did not find a significant difference
in sleep structure time but found a difference in sleep structure distribution. There was
a slight increase in light sleep duration from baseline 196.21 £ 65.28 to 206.57 + 59.15,
p = 0.337 after the intervention (Table 4). Deep sleep time increased slightly from 61.97 min
a night at baseline to 64.35 min a night during the intervention.

3.3. Mood and Lethargy

Table 2 shows the ESS scores for the total 21 days of the intervention using the CBD-
coated pillow cover, from baseline (7 days) to two weeks of follow-up with CBD-coated pil-
low cover and one week after CBD intervention. The total scores for drowsiness and HADS
(depression and anxiety) were compared using a paired t-test. Compared to improved
sleep quality, the CBD intervention significantly reduced anxiety (p < 0.005). Reduced
anxiety levels may contribute to improved sleep quality, as anxiety often interferes with the
ability to fall asleep and maintain restful sleep. A reduction in depressive symptoms could
also support better sleep quality, as depression often impacts sleep patterns negatively
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(e.g., difficulty initiating or maintaining sleep) [27], making the pillow an effective tool for
improving overall mental and sleep health.

3.4. Factors Influencing Intervention Efficacy

The impact of the intervention seemed to be related to whether the participants had
an exercise habit; if they had an exercise habit, the impact of the CBD intervention on their
sleep was objectively less insensitive, but if they did not have an exercise habit, it showed a
more obvious or negative effect on sleep quality. Of those without an exercise habit, the
overall objective sleep efficiency trend improved in 20 (36.4%) individuals, and the trend
worsened or did not change in 20 participants.

To elucidate the factors associated with post-intervention changes in sleep outcomes,
stepwise multiple regression analyses were performed. The dependent variables included
changes in the global Pittsburgh Sleep Quality Index (PSQI) score (APSQI), Hospital Anxiety
and Depression Scale (HADS), anxiety subscale score (AHADS-A), HADS depression
subscale score (AHADS-D) and light sleep percentage (ALS%). The following potential
predictors were incorporated into the models: sex, age, marital status, work schedule
during the preceding year and three months, use of adjunctive sleep medications and
exercise habits. Notably, exercise habits did not emerge as a significant predictor in these
regression models.

We found significant predictors for APSQI, AHADS-D and ALS%, while no significant
predictors emerged for the change in anxiety score (AHADS-A). Males were associated with
a significantly greater decrease in global PSQI score (APSQI = 2.23, p = 0.037), indicating
greater improvement in sleep quality compared to females. Males were associated with
a significantly greater decrease in HADS depression subscale score (AHADS-D = 1.98,
p = 0.044), indicating greater improvement in depression compared to females. Participants
working fixed night shifts in the past 3 months had a significantly greater decrease in global
PSQI scores compared to those working fixed day shifts (§ = 2.98, p = 0.049). Being in the
31-40 age group was associated with a greater increase in light sleep percentage compared
to the 21-30 age group (ALS% = —3.18, p =.044). Taking adjunct sleeping medications was
associated with a decrease in light sleep percentage (ALS% = —3.55, p = 0.028).

4. Discussion

Sleep is a vital process, especially for shift workers such as nurses. CBD shows
promise for improving sleep quality, potentially through its interaction with the skin’s
endocannabinoid system (ECS), which facilitates absorption and localized therapeutic
effects [28].

Daytime sleep after night work is typically short, prompting the addition of late
afternoon naps before subsequent night shifts. [29]. Cannabidiol has been considered by
many studies to be safe for short-term use. It has a neuroprotective role in Alzheimer’s and
Parkinson’s diseases, anti-inflammatory and antioxidant properties, making it valuable
for treating various diseases [30,31]. Therefore, it has the potential to be an important
part of the treatment for insomnia patients. After three weeks of CBD-coated pillow
cover intervention, the global score (overall sleep quality) decreased from a median of
9.0 (6.0, 12.0) at baseline to 7.0 (6.0, 9.0) after intervention. A lower global score suggests
an improvement in sleep quality. The subjective sleep quality score remained consistent
in terms of the median at 1.0 (1.0, 2.0) between baseline and after intervention, which
indicated improvement in subjective sleep quality, albeit less pronounced. These observed
improvements may be partly attributed to the transdermal absorption of CBD, which allows
localized and systemic interactions with cannabinoid receptors, potentially influencing
relaxation and sleep patterns [32]. Three weeks after using a CBD-coated pillow cover,
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four participants showed 7.3% improvement in sleep quality. However, in the case of
objective sleep quality, there was no significant difference in sleep structure over time,
but there was a slight increase in both light sleep and deep sleep duration after using the
CBD-coated pillow cover. In the case of mood and lethargy, the total scores for drowsiness
and mood (depression and anxiety) were measured over the course of the intervention.
CBD'’s transdermal absorption through prolonged contact may facilitate localized anti-
inflammatory and anxiolytic effects, which could explain the reduction in anxiety and
mood improvements observed during the intervention [33]. Compared to improved sleep
quality, the CBD intervention significantly reduced anxiety (p < 0.005). Reduced anxiety
levels may contribute to improved sleep quality, as anxiety often interferes with the ability
to fall asleep and maintain restful sleep. A reduction in depressive symptoms could also
support better sleep quality, as depression often impacts sleep patterns negatively (e.g.,
difficulty initiating or maintaining sleep), making the pillow an effective tool for improving
overall mental and sleep health.

The participants were classified into two groups based on objective sleep trends: those
with an overall improvement in sleep trends and those with unchanged or deteriorated
trends. In the comparisons of the basic attributes of these two groups, gender, age, work
style and sleeping drug use, smoking and drinking histories did not show significant
differences (p > 0.05). Only exercise habits showed a significant difference (p = 0.03).
Specifically, 36.4% of the participants who did not have an exercise habit showed an overall
improvement in objective sleep efficiency trends after using a CBD-coated pillow cover,
while 63.6% showed either a worsened trend or no change. This suggests that the impacts
of the CBD intervention on sleep quality may be less pronounced for individuals with
an exercise habit, while those without an exercise habit may experience more significant
changes, either positive or negative, in sleep quality.

The CBD-coated pillow cover demonstrated improvements in sleep quality, mood and
anxiety, highlighting its potential as a non-invasive intervention for shift workers. Through
transdermal absorption, CBD may exert both localized and systemic effects, promoting
relaxation and enhancing sleep. Its therapeutic benefits may be particularly valuable for
individuals with sleep disturbances associated with stress or anxiety disorders. Addition-
ally, CBD interventions appear to be more effective in individuals who do not engage in
regular physical activity, as exercise itself serves as a natural regulator of sleep. However,
individual responses to CBD may vary due to differences in metabolism, skin absorption
and baseline sleep conditions, resulting in varying degrees of effectiveness. These findings
underscore the need for personalized dosing strategies and optimized delivery methods to
maximize therapeutic outcomes. Further research is essential to refine CBD-based sleep
interventions and tailor treatment approaches to specific patient populations.

Limitations

This study only tracked and measured the sleep status of individuals using a CBD-
coated pillow cover for two weeks; the follow-up effects still need to be tracked continually.
In addition, this study did not control for other factors that could affect sleep. It only
considered the normal work and rest time of the cases. However, its effects may vary based
on individual exercise habits. Further research is needed to explore the potential of CBD in
enhancing sleep quality. The small percentage of participants (7.3%) showing significant
improvement may suggest that a larger sample size would be needed to detect stronger
effects. A longer intervention period might be necessary to see more substantial changes in
subjective sleep quality.
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5. Conclusions

The use of pillow covers coated with CBD enhanced the sleep duration of healthy
adults with poor sleep, leading to an increase in duration in the form of deep sleep from
baseline to two weeks after intervention. This study also found that the CBD intervention
significantly reduced anxiety (p < 0.005). Therefore, the findings regarding sleep quality,
including light sleep and deep sleep, especially the slight increase in light sleep duration,
cannot be extended to other cases of poor sleep quality.

Author Contributions: Conceptualization, ].-C.Y. and W.-L.M.; Data curation, M.A.; Formal analysis,
C.-I.L.; Methodology, S.-H.H. and W.-C.L.; Resources, S.-H.H. and W.-C.L.; Writing—Original draft,
M.A., C.-L.H,, J.-C.Y. and W.-L.M.; Writing—Review and editing, S.-H.H., W.-C.L. and W.-L. M. All
authors have read and agreed to the published version of the manuscript.

Funding: This study was financially supported through the following grants: National Health and
Research Institutes grant: NHRI-EX109-10705BI and NHRI-EX113-11105BI; National Science and
Technology Council (NSTC) grant: 111-2314-B-468-012-MY3, 112-2320-B-039-005, 111-2622-B-039-004,
112-2622-B-039-010, 112-2314-B-894-001, 113-2320-B-039-002, 113-2320-B-039-061-MY3, 113-2314-B-894-001;
and China Medical University grant: CMU109-MF-26, CMU113-MF-94, DMR-111-118, DMR-112-098,
DMR-113-117, DMR-113-081, DMR-114-111. Asia University Hospital grant: AUH-11351001.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the internal review board of China Medical University (CMU 110-REC
2-075 on 3 June 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: This work is especially grateful to SONG BEAM International Co., Ltd. for
technical and material support.

Conlflicts of Interest: Author Shih-Hao Huang was employed by the company SONG BEAM Inter-
national Co., Ltd. The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential conflict of interest.
SONG BEAM International Co., Ltd. provided CBD-coated pillow cover for the study. The remaining
authors have no conflicts of interest in this work. All authors certify that they have no affiliations
with or involvement with any organization or entity with any financial interest (such as honoraria;
educational grant; participation in speaker bureau; membership, employment, consultancies, stock
ownership, or other equity interest; and expert testimony or patent-licensing arrangement) or non-
financial interest (such as personal or professional relationship, affiliation, knowledge or beliefs) in
the subject matter or the materials discussed in the manuscript.

References

1.

Chaabane, S.; Chaabna, K.; Khawaja, S.; Aboughanem, J.; Mittal, D.; Mamtani, R.; Cheema, S. Sleep disorders and associated
factors among medical students in the Middle East and North Africa: A systematic review and meta-analysis. Sci. Rep. 2024, 14,
4656. [CrossRef]

Binjabr, M.A.; Alalawi, 1.S.; Alzahrani, R.A.; Albalawi, O.S.; Hamzah, R.H.; Ibrahim, Y.S.; Buali, F.; Husni, M.; BaHammam, A.S;
Vitiello, M.V,; et al. The Worldwide Prevalence of Sleep Problems Among Medical Students by Problem, Country, and COVID-19
Status: A Systematic Review, Meta-analysis, and Meta-regression of 109 Studies Involving 59,427 Participants. Curr. Sleep Med.
Rep. 2023, 9, 161-179. [CrossRef]

Zverev, Y.P.; Misiri, H.E. Perceived effects of rotating shift work on nurses’ sleep quality and duration. Malawi Med. . 2009, 21,
19-21. [CrossRef] [PubMed]

Akerstedt, T.; Hume, K.; Minors, D.; Waterhouse, J. The meaning of good sleep: A longitudinal study of polysomnography and
subjective sleep quality. ]. Sleep Res. 1994, 3, 152-158. [CrossRef] [PubMed]

Folkard, S.; Akerstedt, T.; Macdonald, I.; Tucker, P.; Spencer, M.B. Beyond the three-process model of alertness: Estimating phase,
time on shift, and successive night effects. J. Biol. Rhythm. 1999, 14, 577-587. [CrossRef]


https://doi.org/10.1038/s41598-024-53818-2
https://doi.org/10.1007/s40675-023-00258-5
https://doi.org/10.4314/mmj.v21i1.10984
https://www.ncbi.nlm.nih.gov/pubmed/19780473
https://doi.org/10.1111/j.1365-2869.1994.tb00122.x
https://www.ncbi.nlm.nih.gov/pubmed/10607120
https://doi.org/10.1177/074873099129000911

Healthcare 2025, 13, 585 12 of 13

10.
11.
12.
13.
14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ingre, M.; Kecklund, G.; Akerstedt, T.; Soderstrém, M.; Kecklund, L. Sleep length as a function of morning shift-start time
in irregular shift schedules for train drivers: Self-rated health and individual differences. Chronobiol. Int. 2008, 25, 349-358.
[CrossRef] [PubMed]

Akerstedt, T.; Kecklund, G.; Knutsson, A. Spectral analysis of sleep electroencephalography in rotating three-shift work. Scand. J.
Work Environ. Health 1991, 17, 330-336. [CrossRef]

Chang, C.J.; Wang, S.Y.; Liu, H.W. The effect of shift system on sleep quality, sleep quantity, psychological disturbance, and family
function of workers in Taiwan. Gaoxiong Yi Xue Ke Xue Za Zhi 1993, 9, 410-417.

Tilley, A.J.; Wilkinson, R.T.; Warren, P.S.; Watson, B.; Drud, M. The sleep and performance of shift workers. Hum. Factors 1982, 24,
629-641. [CrossRef]

Akerstedt, T.; Torsvall, L. Napping in shift work. Sleep 1985, 8, 105-109. [CrossRef]

Akerstedt, T. Sleepiness as a consequence of shift work. Sleep 1988, 11, 17-34. [CrossRef] [PubMed]

Akerstedt, T.; Kecklund, G.; Knutsson, A. Manifest sleepiness and the spectral content of the EEG during shift work. Sleep 1991,
14, 221-225. [CrossRef] [PubMed]

Wang, C.-h.; Lee, PH.; Jeng, C.; Kao, C.C.; Yang, C.Y,; Tsai, ].-C. A study of fatigue/stamina, healthy lifestyle and health-related
quality of life among nurses. New Taipei ]. Nurs. 2006, 8, 7-16.

Berger, A.M.; Hobbs, B.B. Impact of shift work on the health and safety of nurses and patients. Clin. J. Oncol. Nurs. 2006, 10,
465-471. [CrossRef]

Akerstedt, T. Shift work and disturbed sleep/wakefulness. Sleep Med. Rev. 1998, 2, 117-128. [CrossRef]

Czeisler, C.A.; Moore-Ede, M.C.; Coleman, R.H. Rotating shift work schedules that disrupt sleep are improved by applying
circadian principles. Science 1982, 217, 460-463. [CrossRef]

Chung, M.H.; Chang, EM.; Yang, C.C.; Kuo, T.B.; Hsu, N. Sleep quality and morningness-eveningness of shift nurses. J. Clin.
Nurs. 2009, 18, 279-284. [CrossRef]

Shannon, S.; Lewis, N.; Lee, H.; Hughes, S. Cannabidiol in Anxiety and Sleep: A Large Case Series. Perm. ]. 2019, 23, 18-41.
[CrossRef]

Atalay, S.; Jarocka-Karpowicz, I.; Skrzydlewska, E. Antioxidative and Anti-Inflammatory Properties of Cannabidiol. Antioxidants
2019, 9, 21. [CrossRef]

Swenson, K.S.; Gomez Wulschner, L.E.; Hoelscher, V.M.; Folts, L.; Korth, K.M.; Oh, W.C.; Bates, E.A. Fetal cannabidiol (CBD)
exposure alters thermal pain sensitivity, problem-solving, and prefrontal cortex excitability. Mol. Psychiatry 2023, 28, 3397-3413.
[CrossRef]

Dahlgren, M.K.; Lambros, A.M.; Smith, R.T.; Sagar, K.A.; El-Abboud, C.; Gruber, S.A. Clinical and cognitive improvement
following full-spectrum, high-cannabidiol treatment for anxiety: Open-label data from a two-stage, phase 2 clinical trial. Commun.
Med. 2022, 2, 139. [CrossRef]

Haghayegh, S.; Khoshnevis, S.; Smolensky, M.H.; Diller, K.R.; Castriotta, R.J. Accuracy of Wristband Fitbit Models in Assessing
Sleep: Systematic Review and Meta-Analysis. J. Med. Internet Res. 2019, 21, €16273. [CrossRef] [PubMed]

Straiton, N.; Alharbi, M.; Bauman, A.; Neubeck, L.; Gullick, J.; Bhindi, R.; Gallagher, R. The validity and reliability of consumer-
grade activity trackers in older, community-dwelling adults: A systematic review. Maturitas 2018, 112, 85-93. [CrossRef]
Buysse, D.J.; Reynolds, C.E, 3rd; Monk, T.H.; Berman, S.R.; Kupfer, D.]J. The Pittsburgh Sleep Quality Index: A new instrument
for psychiatric practice and research. Psychiatry Res. 1989, 28, 193-213. [CrossRef] [PubMed]

Doi, Y.; Minowa, M.; Uchiyama, M.; Okawa, M.; Kim, K.; Shibui, K.; Kamei, Y. Psychometric assessment of subjective sleep
quality using the Japanese version of the Pittsburgh Sleep Quality Index (PSQI-J) in psychiatric disordered and control subjects.
Psychiatry Res. 2000, 97, 165-172. [CrossRef] [PubMed]

Abrams, D.I; Jay, C.A.; Shade, S.B.; Vizoso, H.; Reda, H.; Press, S.; Kelly, M.E.; Rowbotham, M.C.; Petersen, K.L. Cannabis in
painful HIV-associated sensory neuropathy: A randomized placebo-controlled trial. Neurology 2007, 68, 515-521. [CrossRef]
Oh, C.M.; Kim, H.Y;; Na, HK.; Cho, K.H.; Chu, M.K. The Effect of Anxiety and Depression on Sleep Quality of Individuals with
High Risk for Insomnia: A Population-Based Study. Front. Neurol. 2019, 10, 849. [CrossRef]

Toth, K.F,; Addm, D.; Bir6, T.; Oléh, A. Cannabinoid Signaling in the Skin: Therapeutic Potential of the “C(ut)annabinoid” System.
Molecules 2019, 24, 918. [CrossRef]

Kaliyaperumal, D.; Elango, Y.; Alagesan, M.; Santhanakrishanan, I. Effects of Sleep Deprivation on the Cognitive Performance of
Nurses Working in Shift. J. Clin. Diagn. Res. 2017, 11, cc01-cc03. [CrossRef]

Patricio, F.; Morales-Andrade, A.A.; Patricio-Martinez, A.; Limén, L.D. Cannabidiol as a Therapeutic Target: Evidence of its
Neuroprotective and Neuromodulatory Function in Parkinson’s Disease. Front. Pharmacol. 2020, 11, 595635. [CrossRef]

Bhunia, S.; Kolishetti, N.; Arias, A.Y.; Vashist, A.; Nair, M. Cannabidiol for neurodegenerative disorders: A comprehensive review.
Front. Pharmacol. 2022, 13,989717. [CrossRef] [PubMed]


https://doi.org/10.1080/07420520802110704
https://www.ncbi.nlm.nih.gov/pubmed/18533329
https://doi.org/10.5271/sjweh.1694
https://doi.org/10.1177/001872088202400601
https://doi.org/10.1093/sleep/8.2.105
https://doi.org/10.1093/sleep/11.1.17
https://www.ncbi.nlm.nih.gov/pubmed/3283910
https://doi.org/10.1093/sleep/14.3.221
https://www.ncbi.nlm.nih.gov/pubmed/1896723
https://doi.org/10.1188/06.CJON.465-471
https://doi.org/10.1016/S1087-0792(98)90004-1
https://doi.org/10.1126/science.7089576
https://doi.org/10.1111/j.1365-2702.2007.02160.x
https://doi.org/10.7812/TPP/18-041
https://doi.org/10.3390/antiox9010021
https://doi.org/10.1038/s41380-023-02130-y
https://doi.org/10.1038/s43856-022-00202-8
https://doi.org/10.2196/16273
https://www.ncbi.nlm.nih.gov/pubmed/31778122
https://doi.org/10.1016/j.maturitas.2018.03.016
https://doi.org/10.1016/0165-1781(89)90047-4
https://www.ncbi.nlm.nih.gov/pubmed/2748771
https://doi.org/10.1016/S0165-1781(00)00232-8
https://www.ncbi.nlm.nih.gov/pubmed/11166088
https://doi.org/10.1212/01.wnl.0000253187.66183.9c
https://doi.org/10.3389/fneur.2019.00849
https://doi.org/10.3390/molecules24050918
https://doi.org/10.7860/JCDR/2017/26029.10324
https://doi.org/10.3389/fphar.2020.595635
https://doi.org/10.3389/fphar.2022.989717
https://www.ncbi.nlm.nih.gov/pubmed/36386183

Healthcare 2025, 13, 585 13 of 13

32. Russo, E.B. Taming THC: Potential cannabis synergy and phytocannabinoid-terpenoid entourage effects. Br. ]. Pharmacol. 2011,
163, 1344-1364. [CrossRef] [PubMed]

33. Baswan, S.M.,; Klosner, A.E.; Glynn, K.; Rajgopal, A.; Malik, K.; Yim, S.; Stern, N. Therapeutic Potential of Cannabidiol (CBD) for
Skin Health and Disorders. Clin. Cosmet. Investig. Dermatol. 2020, 13, 927-942. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/j.1476-5381.2011.01238.x
https://www.ncbi.nlm.nih.gov/pubmed/21749363
https://doi.org/10.2147/CCID.S286411
https://www.ncbi.nlm.nih.gov/pubmed/33335413

	Introduction 
	Materials and Methods 
	Study Design and Procedure 
	Sample Size 
	Measures 
	Sleep 
	Sleep Quality 

	Data Analysis 

	Results 
	Sleep Quality (Subjective) 
	Sleep Quality (Objective) 
	Mood and Lethargy 
	Factors Influencing Intervention Efficacy 

	Discussion 
	Conclusions 
	References

