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Objective: To investigate the feasibility and patient acceptance of applying blue light
glasses to treat delayed sleep-wake phase disorder (DSWPD).

Methods: Fifteen patients with DSWPD were collected as the observation group and 15 healthy
people as the control group. The patients wore blue light glasses with a continuous radiation
wavelength of about 470 nm for 1h to 2h during the period from 06:30 to 09:00 in the morning after
waking up, respectively. Assessment of Hamilton Anxiety Scale 14 items (HAMA14), Hamilton
Depression Rating Scale 24 items (HAMD24), Pittsburgh Sleep Quality Index (PSQI), Epworth
Sleepiness Scale (ESS), Morningness—Eveningness Questionnaire (MEQ), and Insomnia Severity
Index (ISI) scores before and after 1 week of treatment. Pearson correlation was used to analyze the
correlation between the efficacy of patients with sleep-wake phase delay disorder and HAMA14,
HAMD?24, PSQI, ISL, ESS, MEQ, SL (sleep time), TST (total sleep time), TTiB (total time in bed),
SQ (sleep quality), TOA (total arousal time), WASO (wake after sleep onset), AAT (average
arousal time), and SE (sleep efficiency percent). Multi-factor logistic regression analysis of factors
influencing the efficacy of patients with sleep-wake phase delay disorder.

Results: After treatment, PSQI-G scores, number of nighttime awakenings and time of awakening
recorded in the sleep diary decreased significantly in the observation group (P < 0.05), and
subjective sleep quality and MEQ scores increased (P < 0.05). MEQ score shifted from “moderate
night type” to “intermediate type”, sleep-wake phase tended to shift forward. The total PSQI score
and Pittsburgh Sleep Quality Index Global (PSQI-G) score were significantly lower in the control
group after treatment (P < 0.05). By Pearson correlation analysis, the efficacy of patients with sleep-
wake phase delay disorder was significantly correlated with HAMA 14, HAMD24, PSQI, ISI, ESS,
MEQ, SL, TST, TTiB, SQ, TOA, WASO, AAT, and SE. Multifactorial logistic regression analysis
revealed that the factors influencing the efficacy of patients with sleep-wake phase delay disorder
were PSQI, ISI, ESS, MEQ, SL, TST, TTiB, SQ, TOA, WASO, AAT, and SE.

Conclusion: Blue light therapy has a positive effect on improving subjective sleep quality,
reducing the number of nocturnal awakenings and the duration of nocturnal awakenings, improving
daytime function, and shifting the sleep phase forward in patients with DSWPD. Blue light therapy
improves subjective sleep quality and daytime function the following day in normal individuals.
Keywords: blue light, sleep-wake phase delay disorder, DSWPD, sleep quality

Introduction

Delayed sleep-wake phase disorder (DSWPD) is classified as a circadian sleep
disorder in the International Classification of Sleep Disorders." Patients with
DSWPD have a significant delay in the main sleep period relative to the sleep-
wake time required for subjective expectations or social life, have difficulty falling
asleep and staying awake, and symptoms last for at least 3 months, along with
difficulty falling asleep, difficulty waking up, daytime sleepiness, poor energy, and
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are often comorbid with depression.” DSWPD is prevalent
in adolescents and young adults, with a prevalence of 7%
to 16%.*> Because most patients with DSWPD present
with difficulty sleeping, they are often misdiagnosed as
insomniacs by clinicians.® Previous data show that about
10% of recurrent insomnia patients in the sleep clinic are
DSWPD.’

The main points of treatment for DSWPD are to cor-
rect disturbed circadian rhythms, improve sleep quality,
increase sleep duration and improve daytime function.
The main treatment methods currently include chronother-
apy, pharmacotherapy and phototherapy.®>® Among them,
chronotherapy and pharmacotherapy are used to regulate
circadian rhythms and induce earlier sleep phases through
behavioral control or medications, respectively,'® but they
are difficult to be widely used in clinical practice due to
inconsistent treatment criteria, numerous side effects and
lack of controlled trials to support their efficacy.'
Traditional light therapy mainly applies light box for treat-
ment, the treatment process requires the patient to stay in
a limited space for at least 30 minutes, site constraints and
poor patient acceptance become the difficulty of wide-
spread clinical application.'? Blue light has the strongest
inhibitory effect on endogenous melatonin secretion and
has the most significant effect on the phase change of
biological clock."® It has been found that blue light is
effective in regulating circadian rhythms, requiring less
time as well as lower light irradiance, and the light inten-
sity from the eyes is 110 LUX when blue light glasses are
properly worn.'*!'> On this basis, we propose a hypothesis
that portable blue light glasses may be available to treat
DSWPD. To confirm this, DSWPD patients were asked to
wear circadian-rhythm-regulating LED blue light glass
with a wavelength of 460-480 nm. And we analyzed the
records of patients’ sleep logs before and after treatment
and the results of acceptance.

Materials and Methods

Subjects
Fifteen patients with DSWPD who attended the neurology
department of our hospital from June 2017 to

October 2017 were selected as the observation group,
and 15 sleep-normal individuals were selected as the con-
trol group. The study was approved by the ethics commit-
tee of The First Hospital of Hebei Medical University
(No. 20190583). Simultaneously, the study was consistent
with the Declaration of Helsinki.

Inclusion criteria: 1. Patients’ age ranged from 16 to 60
years old; 2. Subjective scale evaluation included the
following: PSQI'® <10 points, HAMA,,'” <7 points,
HAMD,,'® <7 points, ISI'” <7 points, MEQ®® scores
were <41 points; 3. Patients were able to wear
a actigraphy for 2 weeks and record a sleep diary; in
addition, all subjects met the diagnostic criteria for
DSWPD in the ICSD-3. The inclusion criteria for the
normal control group was MEQ score:42—58, and the rest
of the criteria were the same as items 2 and 3 of the
inclusion criteria for DSWPD patients.

Exclusion criteria: 1. Patients aged <16 years or >60
years; 2. Patients with combined cognitive dysfunction
with a Mini-Mental State Evaluation Scale (MMSE)?!
score >26; 3. Patients with combined severe underlying
diseases of the heart, respiratory system, or tumors; 4.
Patients with long-term bed rest, malnutrition, electrolyte
disturbances, and anemia; 5. Patients who have been

clearly diagnosed with other types of sleep disorders.

Study Design and Conduct

Age, sex, body mass index (BMI), and occupation were
recorded separately for the 2 groups. All enrolled patients
signed an informed consent form and were approved by
the ethics committee. Both groups wore glasses (brand
model PEGASI intelligent sleep glasses, PG16K02) that
emitted approximately 470 nm blue light continuously
for 1 h between 06:30 and 09:00 in the morning (1-2
h after waking up), limiting light exposure after 16:00 in
the afternoon and avoiding bright light exposure at night,
and instructing them to follow their natural resting time.
The treatment was continued for 1 week. HAMA 4,
HAMD,,4, PSQI, ISI, ESS and MEQ scores were col-
lected 1 week before and 1 week after the start of treat-
ment in both groups Figure 1, and sleep diary and
actigraphy sleep data were recorded at the same time.
Among them, the sleep diary took the sleep latency (SL),
total sleep time (TST), total time in bed (TTiB), sleep
efficiency (SE), sleep quality (1 point for very poor, 2
points for poor or moderate, 3 points for good or very
good, and 4 points for excellent), time of awakenings
(TOA) and wakefulness after sleep onset (WASO), and
average awakening time (AAT) as monitoring indexes.

Statistical Analysis

The frequency and composition ratios were used to
describe the distribution of the count data; the quantitative
data of the normal distribution were described using the
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Figure | Schematic diagram study design. Sleep logs recording: Day |-7 in week | is before blue light treatment, Day 8—14 in week 2 is during blue light treatment.

mean + standard deviation, and the paired z-test was used
for the comparison before and after the test. The statistical
test was a two-sided test with a test level of p=0.05. SPSS
21.0 software was used for statistical analysis.

Results

In this study, the age of the 15 DSWPD patients was 29.73
+8.98 years, 26.75% were male, and their BMI was 22.72
+2.95 kg/m?>. The age of the 15 controls was 34.9£10.80
years, 46.71% were male, and the BMI was 22.75+2.76 kg/
m?. There was no statistically significant difference in the
comparison of general information such as age, gender,
BMI, and occupation between the two groups (P > 0.05).

Changes in Sleep and Mood Before and

After Blue Light Treatment

Mood and Sleep Quality

The total PSQI score (3.50+2.03 vs 3.00+1.97) was signifi-
cantly lower before and after blue light treatment in the usual
control group (P=0.033); the PSQI-G score (0.81+0.83 vs 0.50
+0.63) was also significantly lower (P=0.025) Table 1.
DSWPD patients had significantly lower PSQI-G scores
before and after blue light treatment (P = 0.020). The MEQ
scores of DSWPD patients increased significantly before and
after the application of blue light therapy, which was statisti-
cally significant (P = 0.002); the mean MEQ score of DSWPD
patients shifted from 38.07 to 47.33 after treatment Table 2.

Sleep Diary
The mean time spent in bed before and after blue light
treatment increased in the control group, with

a statistically significant difference (P = 0.018). Table 3.
Compared with before treatment, DSWPD patients had
increased sleep quality scores after blue light treatment,
with a statistically significant difference (P = 0.033). On
the other hand, TOA and WASO were significantly

reduced after blue light treatment in DSWPD patients
Table 4. The mean time to fall asleep 7 d after initiation
was earlier than the mean time to fall asleep 7 d before
treatment, and the mean sleep-wake phase of patients
tended to shift somewhat forward. Figure 2A The mean
time to sleep for patients was 11:19 (PM) for 7 consecu-
tive d before treatment and 11:03 (PM) for 7 consecutive
d after the start of treatment, and the mean time to sleep
shifted by 16 min after treatment. Figure 2B

Actigraphy

Mean TTiB increased before and after blue light treatment
in controls, with a statistically significant difference (P =
0.004) Table 5. No statistical difference in SL, SE, TTiB,
TST, WASO, TOA and AAT data after blue light treatment
in DSWPD patients Table 6.

Table | Comparison of Relative Data of Sleep Quality and
Emotion Questionnaire Before and After Treatment in Control
Group (Score, Mean+SD)

Before After Difference P t

HAMA 4 1.94+1.77 1.63£1.85 —0.31+0.87 0.166 | 2.049
HAMD,4 1.38+1.46 0.81+1.47 —0.56%1.15 0.071 3.809
PSQI 3.50+2.03 3.00+1.97 —0.50+0.82 0.033 6.000

PSQI-A 0.81+0.54 0.81+0.54 0 1.000 | 0.000

PSQI-B 0.88+0.806 0.69£0.79 —0.19+0.40 0.083 3.462

PSQI-C 0.38+0.50 0.31£0.48 —0.06+0.25 0317 1.000

PSQI-D 0.06+0.25 0.1310.34 0.06+0.25 0317 1.000

PSQI-E 0.56+0.51 0.56+0.51 0 1.000

PSQI-F 0 0 0 1.000

PSQI-G 0.81+0.83 0.50+0.63 —0.311.25 0.025 6.818
ISI 2.06+2.49 1.50£2.13 —0.56x1.41 0.140 2.537
ESS 2.75+1.48 3.06+1.88 0.31£1.25 0.380 1.000
MEQ 58.25+11.51 57.56x10.71 —0.69+4.06 0.301 0.458

Abbreviations: HAMAI4, Hamilton Anxiety Scale |4, HAMD24, Hamilton
Depression Scale 24; PSQI, Pittsburgh sleep quality index; ISI, Insomnia severity
index; ESS, Epworth Sleepiness Scale; MEQ, Morningness Eveningness
Questionnaire.
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Table 2 Comparison of Relative Data of Sleep Quality and Emotion Questionnaire Before and After Treatment in Observation Group

(Score, Mean%SD)

Before After Difference P t
HAMA 4 2.33 +1.68 1.80 £1.52 0.53 +1.25 0.120 2.748
HAMD,4 2.40 £1.92 2.27 =1.10 0.13 +1.85 1.000 0.078
PSQI 6.47 £1.77 5.13 £2.10 1.33 £2.74 0.081 3.544
PSQI-A 1.40 £0.51 1.20 +£0.68 0.20 +0.56 0.180 1.909
PSQI-B 1.87 £0.99 1.40 £0.91 0.47 +0.92 0.070 3.898
PSQI-C 0.87 £0.92 0.67+ 0.62 0.20 +0.68 0.257 1.313
PSQI-D 0.60 +0.51 0.60 +0.51 0.00 +0.65 1.000 0.000
PSQI-E 0.53 +£0.52 0.07 +£0.26 —0.07 +0.59 0.655 0.189
PSQI-F 0 0.60 +0.51 —0.07 +0.26 0317 1.000
PSQI-G 1.13+0.64 0.07 +£0.26 0.47 +0.64 0.020 7.977
ISI 5.07+2.05 4.33 £2.58 0.73 £1.62 0.102 3.058
ESS 4.60+3.80 3.47 £1.41 1.13 £3.98 0.324 1.216
MEQ 38.07+£9.00 47.33+8.14 —9.2749.65 0.002 13.840

Abbreviations: HAMA14, Hamilton Anxiety Scale 14; HAMD24, Hamilton Depression Scale 24; PSQI, Pittsburgh sleep quality index; ISI, Insomnia severity index; ESS,

Epworth Sleepiness Scale; MEQ, Morningness Eveningness Questionnaire.

Table 3 Comparison of Sleep Diary Data Before and After Treatment in Normal Control Group (Mean+SD)

Before After Difference P t
SL (min) 21.45£19.15 17.5248.99 —3.926+14.35 0.291 1.198
TST (min) 442.50+43.07 451.31+48.64 8.82+45.12 0.446 06l1
TTiB (min) 432.99+24.45 465.92+36.05 32.93+13.92 0.018 22.380
SE (%) 92.76+5.44 93.78+4.39 1.018+1.80 0.577 1.422
SQ (score) 2.65+0.38 2.76+0.39 0.09+0.27 0.248 1.452
TOA (time) 1.34+0.89 1.13£1.02 —0.21+0.67 0.241 1.488
WASO (min) 9.4616.14 8.33+6.67 —1.1315.14 0.392 0.778

Abbreviations: SL, Sleep Time; TST, Total Sleep Time; TTiB, Total Time in Bed; SE, Sleep efficiency percent; SQ, Sleep Quality; TOA, Total Arousal Time; WASO, Wake

After Sleep Onset.

Table 4 Comparison of Sleep Diary Data Before and After Treatment in Observation Group (Mean%SD)

Before After Difference P
SL (min) 33.36+25.47 21.37 (11.91) 11.984+24.92 0.084 3.469
TST (mim) 416.95+39.65 426.56 +67.07 —9.61 £57.61 0.529 0418
TTiB (min) 480.04+25.93 477.68+38.14 2.36 £37.29 0.810 0.060
SE (%) 86.8516.68 88.85+9.34 2.00+2.96 0.504 0.823
SQ (score) 2.47+0.45 2.78 £0.33 -0.31 £0.46 0.033 6.839
TOA (time) 0.85+0.65 0.61 £0.72 0.25 +0.39 0.028 5.975
WASO (min) 9.39+8.44 6.00 £7.17 3.39 +6.05 0.044 4.705

Abbreviations: SL, Sleep Time; TST, Total Sleep Time; TTiB, Total Time in Bed, SE, Sleep efficiency percent; SQ, Sleep Quality; TOA, Total Arousal Time; WASO, Wake

After Sleep Onset.

Correlation Analysis Between the Efficacy
of Patients with Delayed Sleep-Wake

Phase Disorder and Sleep Indicators
By Pearson correlation analysis, there were significant cor-
relations between the efficacy of patients with sleep-wake

phase delay disorder and HAMA14, HAMD?24, PSQ]I, ISI,
ESS, MEQ, SL, TST, TTiB, sleep quality, TOA, WASO,
AAT, and SE (r=0.183, 0.243, 0.183, 0.137, 0.321, —0.203,
0.198, 0.167, 0.317, 0.278, 0.196, 0.287, 0.298, 0.149, all
p <0.001).
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Figure 2 Average sleeping time of patients with DSWPD before and after blue light treatment were compared; (A) linear trend of average sleeping time before and after
treatment; (B) average sleeping time before (11:19) and after (11:03) treatment.

Multifactorial Logistic Regression Analysis of
Factors Influencing the Efficacy of Patients
with Sleep-Wake Phase Delay Disorder

After correcting for age, gender, BMI, and occupation,

a multifactorial logistic regression analysis was performed

with clinical efficacy as the dependent variable (1=ineffective,

O=effective), and HAMA14, HAMD24, PSQI, ISI, ESS,
MEQ, SL, TST, TTiB, SQ, TOA, WASO, AAT, and SE as

independent variables, and found that The factors influencing

the efficacy of patients with sleep-wake phase delay disorder
were PSQI, ISI, ESS, MEQ, SL, TST, TTiB, sleep quality,
TOA, WASO, AAT, and SE, as shown in Table 7.

Table 5 Comparison of Relative Data of Actigraphy Before and After Treatment in Control Group (Mean%SD)

Before After Difference P t
SL (min) 4.3743.39 6.7545.31 2.38+6.40 0.158 2.204
SE (min) 84.6416.22 83.1415.99 —1.499+6.66 0.569 0.807
TTiB (min) 464.88+32.17 482.30+36.99 17.41+20.23 0.004 11.851
TST (min) 392.77434.02 402.00+51.67 9.23+30.01 0.238 1.512
WAS (min) 67.72+28.42 73.54£23.61 5.82+30.16 0.569 0.597
TOA (time) 22.69+8.41 22.7245.63 0.03£7.62 0.605 0.000
AAT (min) 2.89+0.53 3.22+0.69 0.32+0.82 0313 2.460

Abbreviations: SL, Sleep Time; SE, Sleep efficiency percent; TTiB, Total Time in Bed; TST, Total Sleep Time; WASO, Wake After Sleep Onset; TOA, Total Arousal Time;

AAT, Average Arousal Time.

Table 6 Comparison of Relative Data of Actigraphy Before and After Treatment in Observation Group (Mean+SD)

Before After Difference P t
SL (min) 6.29+5.21 5.69 1£5.00 0.82+7.95 0.707 0.148
SE (min) 85.4415.73 84.33 +6.83 1.274£9.59 0.778 0.247
TTiB (min) 465.861+44.59 462.94+50.14 2.62+29.01 0.741 0.114
TST (min) 397.80+44.91 389.86+48.40 8.38+59.95 0.925 0.274
WASO (min) 58.55+25.30 67.39+33.19 —9.35+43.19 0.807 0610
TOA (time) 20.87+9.48 20.82 +6.65 0.16 £9.43 0.330 0.004
AAT (min) 2.86 £0.78 3.18 £0.86 —0.39 +1.25 0.261 1.381

Abbreviations: SL, Sleep Time; SE, Sleep efficiency percent; TTiB, Total Time in Bed; TST, Total Sleep Time; WASO, Wake After Sleep Onset; TOA, Total Arousal Time;

AAT, Average Arousal Time.
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Table 7 Multifactorial Logistic Regression Analysis of Factors

Influencing the Efficacy of Patients with Sleep-Wake Phase Delay

Disorder

Regression Standard Error Wald 2 P OR value (95%Cl)

Coefficient
HAMA 4 0.091 0.023 0.812 0.623 1.102 (0.922-1.451)
HAMD,,4 0.783 0411 3.812 0.061 2.179 (0.992-4.233)
PSQI 1.738 0.492 13.192 <0.001 5.212 (2.091-12.133)
ISI 0.103 0.313 9.712 <0.001 3.502 (3.102—4.115)
ESS 1.047 0.158 17.568 <0.001 2.762 (1.698—4.283)
MEQ —0.441 0.173 4.192 0.015 1.712 (1.031-2.109)
SL 1.042 0.282 4.383 0.023 2.354 (1.538-5.879)
TST 1.887 0.116 4.193 <0.001 6.928 (2.012-19.873)
TTiB 1.803 0.862 14.393 <0.001 5.672 (4.092-11.289)
SQ 1.703 0.579 8319 0.004 5.765 (1.987-17.654)
TOA 0.478 0.159 10.298 <0.001 1.791 (1.209-2.213)
WASO 1.276 0.332 12.187 <0.001 3.287 (1.765-5.982)
AAT 2.065 0.768 6.876 0.007 7.917 (1.689-34.292)
SE 1.762 0.463 14.287 <0.001 5.387 (2.176-12.098)

Abbreviations: HAMA[4, Hamilton Anxiety Scale |4; HAMD24, Hamilton Depression Scale 24; PSQI, Pittsburgh sleep quality index; ISI, Insomnia severity index; ESS,
Epworth Sleepiness Scale; MEQ, Morningness Eveningness Questionnaire; SL, Sleep Time; TTiB, Total Time in Bed; SQ, Sleep Quality; TST, Total Sleep Time; WASO, Wake
After Sleep Onset; TOA, Total Arousal Time; AAT, Average Arousal Time; SE, Sleep efficiency percent.

The Experience of Participants with Blue
Light Glasses

77.6% (23/30) of the subjects were willing to continue using
blue light glasses in the future, 16.7% (5/30) were neutral, and
6.7% (2/30) did not want to continue using them because they
did not benefit significantly from their use. 90% (27/30) of the
patients thought that blue light glasses were light to wear, easy
to operate, and could be learned quickly. 23.3% (7/30) of the
patients felt that the comfort of the glasses was poor.

Discussion

Although the pathogenesis of DSWPD is uncertain, there is an
accumulation of evidence that the human biological clock
regulation center is located in the suprachiasmatic nuclei
(SCN) of the anterior hypothalamus.*> The SCN contains
autonomous oscillating cells with a cycle of about 24 hours,
and these cells sense the shift of the external circadian light
environment by receiving optic nerve impulses from the retina,
and maintain their own circadian rhythm synchronized with
the natural cycle, known as the “circadian pacemaker”.>* Light
is the strongest synchronizer of human circadian rhythms, with
morning light exposure advancing circadian rhythms and
nighttime light exposure delaying them.*** Previous studies
have found that DSWPD patients have more light exposure at
night (22:00 pm to 2:00 am) and less light exposure in the
morning (8:00 to 9:00 am and 10:00 to 12:00 am) compared to
normal sleepers,”® and this is how light therapy works. It has

been reported that giving DSWPD patients light at an intensity
of 2000-2500 LUX in the morning (6:00-9:00 am) while
limiting their bright light exposure at night shifted their sleep-
wake phase forward.”** Further studies found that light in the
wavelength range of 420nm to 500nm has a significant effect
on the circadian thythm of the human body, and that short
wavelength light near 460nm (blue light) has the strongest
inhibitory effect on endogenous melatonin secretion at the
same light intensity, and also has the most significant effect
on the phase change of biological clock, wakefulness and pupil
light reflection, which is called the “action spectrum”.'*'><7
However, the specific light duration, intensity and spectrum are
not elaborated, and there are no such therapeutic products in
China, nor are there any reports of clinical application.

In this study, after excluding the effects of drugs and
behavioral therapies, the beneficial blue light with
a wavelength of 470 nm was used, which did not cause visual
damage to the subjects, mainly because the exposure time to
blue light was very short, which was not enough to cause any
damage to the eyes.?® In the other hand, blue light had a more
pronounced effect on the body’s circadian rhythm.® In our
study, DSWPD patients and controls in the study were treated
with 470 nm blue light glasses for 1 h in the morning between
06:30 and 09:00 am, respectively, and light was restricted after
16:00 pm and bright light was avoided at night. After 1 week of
treatment, subjects in both groups showed benefits in subjec-
tive nighttime sleep quality and daytime function the
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following day. After blue light treatment, DWSPD patients had
fewer nocturnal awakenings and shorter awakening time, and
changed from “moderate night type” before treatment to “inter-
mediate type” after treatment; the mean time to sleep shifted 16
min after 7 d of treatment compared with that before treatment,
suggesting that the sleep-wake phase of the patients was shifted
forward to a certain extent. These findings are consistent with
this study that morning blue light therapy can support a sleep
advancement program by phasing in circadian rhythms as well
as sleep duration.”’

In addition to the side effects of conventional therapy, the
light treatment process restricts the patient to a limited space
for a certain period of time, and this restriction further leads
to poor patient acceptance.30 In this survey, most of the
subjects showed that they could receive blue light glasses
because the glasses were easy to carry and hardly interfered
with their regular life. In addition, patients wearing blue
light glasses hardly noticed side effects such as eye fatigue,
nausea, agitation, mania and migraine. In general, patients
have a positive attitude towards blue light glasses and are
willing to continue using them.

Light therapy has been used abroad for the treatment of
sleep disorders, dementia, dermatological disorders, mental
and emotional disorders, and the therapeutic effects have
been confirmed by research.>' >* However, the research and
use of light therapy in China is still relatively small, especially
for the clinical application of sleep-wake phase disorder dis-
eases which needs further development and in-depth research.
There are some limitations in this study. The study sample was
very small because the patients were recruited from one hospi-
tal. In addition, this study covered only a short 2-week trial
period, and it remains unclear whether blue light has long-term
efficacy in the treatment of patients with DSWPD.
Furthermore, if some patients wearing glasses wake up earlier
in the morning, leading to the possibility that they are exposed
to more morning light, this may affect the advancement of the
phase, and it is difficult to distinguish the effect between blue
glasses or morning light. These issues need to be considered as
much as possible in further studies.

In summary, wearing blue light glasses can effectively
treat DSWPD patients. During the two weeks of treatment,
no adverse effects of blue light were observed. Blue light
therapy improved the subjective sleep quality, reduced the
number and duration of night awakenings, and showed higher
acceptance of blue light glasses for DSWPD. Together, these
results demonstrate that blue light glasses are clinically feasi-
ble and have good user compliance and acceptance as a new
type of light therapy.
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