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SLEEP AND CIRCADIAN RHYTHM 

Circadian rhythm is the biological clock that regulates several 
physiological functions of the body, including the sleep-wake cy-
cle, immunity, hormone secretion, and temperature. The circadi-
an rhythm consists of a self-sustaining cycle, lasting for approxi-
mately 24 hours, generated by a “master clock” in the hypothalamic 
suprachiasmatic nucleus (SCN). This cycle is entrained daily by 
zeitgeber (time giver) signals, such as light, diet, and exercise 
[1-3]. Light exposure plays the most important role in synchro-
nizing our internal clock. In humans, light is perceived not only 
by rods and cones but also by a subset of intrinsically photosen-
sitive retinal ganglion cells (ipRGCs). Axons of the ipRGCs syn-
apse at the hypothalamus and other subcortical regions [4,5]. 
Non-visual input is transmitted by the ipRGCs to the circadian 
clock in the SCN. The ipRGCs express the photopigment mela-
nopsin, which is sensitive to short-wavelength light. Therefore, 
ipRGCs synchronize the circadian clock to the 24-hour light-dark 
cycle, and regulate sleep, alertness, pupillary size, and various other 
physiological functions [6,7]. 

Light is transmitted from the retina to the SCN through the 
aforementioned pathway, which also inhibits the production of 
melatonin in the pineal gland [8]. Melatonin is mainly produced 

Current and Future Perspectives  
on Light Therapy Using Wearable Devices

Jiye Lee, Jooyoung Lee, and Seog Ju Kim
Department of Psychiatry, Sungkyunkwan University School of Medicine, Samsung Medical Center, Seoul, Korea

Circadian rhythm is the internal clock that regulates physiological functions, including the sleep-wake cycle. Advancements in technology and 
lifestyle have negatively impacted the circadian rhythm, resulting in numerous sleep disorders. Because light is the most important “zeigeber” 
for synchronizing the circadian system, light therapy is effective for circadian rhythm sleep disorders. We compared light therapy glasses with 
a traditional light therapy box, summarized the characteristics of various light therapy glasses, and proposed future applications of wearable 
sleep technologies in light therapy.

Keywords: Light therapy; Wearable devices; Circadian rhythm

Received: August 21, 2021   Revised: September 5, 2021   Accepted: September 6, 2021
Corresponding author: Seog Ju Kim, MD, PhD, Department of Psychiatry, Sungkyunkwan University School of Medicine, Samsung Medical Center, 81 Irwon-ro, 
Gangnam-gu, Seoul 06351, Korea. 
Tel: 82-2-3410-3589, Fax: 82-2-3410-0050, E-mail: ksj7126@skku.edu
cc  This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-
nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

REVIEW ARTICLE

eISSN 2635-9162  /  https://chronobiologyinmedicine.org
Chronobiol Med 2021;3(3):92-96  /  https://doi.org/10.33069/cim.2021.0019

CIM

at night, and promotes sleep by switching the biological day (state 
of arousal and increased energy intake and consumption) to the 
biological night (e.g., sleep, low temperature, and energy conser-
vation) [9]. Simultaneously, cortisol production increases, reach-
ing a maximum at 30 minutes after awakening, which is called 
the cortisol awakening response. Both sleep-wake and light-dark 
cycles, as well as the quantity and quality of sleep, affect cortisol 
secretion [10]. 

EFFECTS OF MODERN LIFE 
ON THE CIRCADIAN RHYTHM 

Advancements in technology have allowed people to work at 
any time of the day, travel across time zones, and use electronic 
devices, such as television, computer, and cellular phones. Al-
though such changes have made life more comfortable, they have 
harmful effects on the sleep pattern, duration, and quality [11]. 
Approximately 20% of the population work outside of traditional 
working hours [12] and have various schedules, such as early work-
ing hours, 12-hour work shifts, and night work. Such schedules 
lead to excessive sleepiness and sleep disruption [13]. In addition, 
flexible work schedules are associated with reduced sleep quality 
[14]. Jetlag is an important problem for aircrew and travelers [15]. 
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Adolescents spend a large amount of time during the day and at 
bedtime using electronic devices; excessive use of electronic me-
dia not only reduces sleep duration and quality but also negatively 
affects daily functioning and mood [16,17].

Additionally, lifestyle factors are closely related to sleep hygiene. 
Reduced physical activity and a sedentary lifestyle (e.g., sitting or 
reclining with low energy expenditure) increase the risks of in-
somnia and sleep disturbance. Dietary changes (e.g., high-fat di-
ets), overweight, and obesity are also related to sleep deprivation 
and disturbance [11]. Caffeine is widely used to relieve daytime 
sleepiness; however, it leads to poor sleep habits and quality [18]. 

LIGHT THERAPY IN SLEEP DISORDERS 

Because light is a critical factor in regulating sleep and wake-
fulness, it has been used for the treatment of sleep disorders. Light 
therapy is effective for sleep disorders, particularly circadian 
rhythm sleep disorders (CRSDs) and insomnia [19]. The effects 
of light therapy depend on the duration and time of exposure, 
intensity, and wavelength of light [20,21].

CRSDs are characterized by dysfunction of the circadian rhythm 
(e.g., delayed and advanced sleep phase disorders) or desynchro-
nization of the circadian rhythm and external environment (e.g., 
shift work and jet lag sleep-wake disorders) [22]. In delayed sleep 
phase disorder (DSPD), sleep onset occurs much later than the 
desired sleep time. DSPD patients experience sleep-onset insom-
nia and excessive sleepiness in the morning [23], due to internal 
(e.g., longer circadian cycle or impaired ability to compensate for 
phase advances) and external (e.g., schoolwork) factors that lead 
to progressively increasing delays in sleep onset [24]. Such patients 
benefit from light therapy in the morning, shortly after awaken-
ing, to advance the sleep onset. They are recommended to avoid 
exposure to bright artificial light in the evening, before bedtime. 
Early-morning light therapy, coupled with light restriction in the 
evening, successfully advances the circadian rhythm in DSPD pa-
tients [25,26]. In contrast, advanced sleep phase disorder (ASPD) 
is characterized by sleep onset that occurs earlier than the desired 
bedtime [27]. ASPD patients experience excessive sleepiness in 
the evening and complain of early morning awakening, due to a 
short endogenous circadian period or reduced capability for phase 
delay shifts [23]. ASPD is treated with timed light exposure in the 
evening, just prior to bedtime, which delays the sleep-wake cycle. 
Evening light therapy delays the sleep-wake cycle and improves 
early-morning awakening insomnia [28-30]. ASPD patients are 
recommended to avoid exposure to bright light in the morning 
hours, after awakening, to prevent undesirable phase advance 
shifts [31]. ASPD predominantly affects the older population [32]; 
evening light therapy is a good alternative to medications, such as 
hypnotics, for the treatment of ASPD.

Jetlag is a type of CRSD that occurs after transmeridian jet travel 
and is characterized by insomnia, excessive daytime sleepiness, 
malaise, and somatic symptoms. A day is required to resynchro-
nize the circadian rhythm for each time zone crossed [33]. Criti-

cally timed bright light exposure reduces the symptoms of jetlag. 
Bright light synchronizes the circadian rhythm and enhances the 
light signals to the brain, which are appropriate for the environ-
ment. Therefore, bright light synchronizes the body’s circadian 
rhythm to the external surroundings [34]. The method of light ex-
posure used for the treatment of jet lag depends on the direction 
of flight (westward or eastward) and number of time zones crossed. 
Jetlag after westward flights (e.g., London to New York) can be 
avoided by staying awake during day and sleeping at night. Con-
versely, to prevent jetlag during travel from New York to London, 
an individual would have to stay awake and avoid sunlight during 
the day, and be exposed to sunlight during the afternoon [35]. 

Shift work is associated with several problems, including acci-
dents, cardiovascular and gastrointestinal diseases, cancer, and 
depression [36-38]. A significant proportion of shift workers de-
velop shift work disorder, characterized by excessive sleepiness 
and insomnia [39]. The treatment of shift work disorder depends 
on the type of work, e.g., night shift workers may be treated with 
exposure to bright light during the night shift (4,000–7,000 lux 
for 4 hours) to enhance sleep and performance [40]. Intermittent 
light exposure (15 minutes×4 times) at night, along with avoid-
ance of light using sunglasses during morning, improves alert-
ness and performance during the night shift and allows sufficient 
daytime sleep after work [41]. Most studies of light therapy have 
mainly focused on night shift workers, even though many early 
morning and rotational shift workers also experience shift work 
disorders. Further studies are required to determine the optimal 
light therapy for these individuals [23].

COMPARISON BETWEEN LIGHT 
THERAPY USING A TRADITIONAL 
BOX OR GLASSES 

Recently, light therapy glasses have been developed as substi-
tutes for the traditional light box. Light therapy glasses are simi-
lar to regular eyeglasses, except that they cast specific intensity 
and wavelengths of light beam to eyes or faces. Some devices are 
band-type glasses emitting light downward from sources in the 
glasses frame. Others are similar to the regular eyeglasses, which 
have regular glasses frame or lens. Light may be emitted from low-
er part of frame or lens itself. 

Only a few studies have compared a traditional light therapy 
box with light therapy glasses. Light therapy devices emit light of 
different wavelengths and intensity, which have varying effects on 
physiology and behavior. A traditional light therapy box emits a 
polychromatic white light; whereas light therapy glasses emit a 
blue-enriched white light or monochromatic blue light. Although 
both modalities demonstrate similar benefits, several studies have 
reported that blue-enriched light is more effective [42]. Com-
pared to the standard white light, blue-enriched light improves 
subjective sleepiness, alertness, and performance [43,44]. There-
fore, blue-enriched light glasses have stronger effects, as compared 
to the traditional light therapy box. Because users are seated at a 
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distance, a light box emits light of at least 10,000 lux, which is very 
bright and intrusive. In comparison, light therapy glasses emit 
light of 500–2,000 lux, which allows users to simultaneously con-
tinue their daily activities without irritation [45].

The light therapy boxes are large and bulky, which makes out-
door use inconvenient. The users are required to remain station-
ary and view the box for a few minutes every morning, which in-
terferes with their daily routine. Light therapy glasses are portable 
and allow freedom of movement during the intervention. While 
wearing the glasses, patients are able to continue their daily activi-
ties (e.g., eat breakfast, brush their teeth, read a book, watch tele-
vision, exercise, drive, and work on the computer) [46]. 

The light therapy box can be tilted to adjust the angle [47], which 
is unnecessary for the wearable light therapy glasses. The light 
therapy glasses have a longer battery life compared to the light 
therapy box. Furthermore, the box only provides a timer func-
tion; whereas the glasses can be synchronized with mobile appli-
cations to collect personalized data. In summary, light therapy glass-
es, despite being more expensive, have many advantages over the 
traditional light therapy box. 

FEATURES OF LIGHT THERAPY GLASSES 

Light therapy glasses have been used to treat seasonal affective 
disorder, CRSDs, and jetlag. Users wear the glasses for around 30 
min in the morning or after lunch, which provides benefits simi-
lar to those of a short nap [48]. All glasses filter ultraviolet and 
infrared light to avoid ocular damage. There are many unique 
features of commercially available light therapy glasses. Using in-
formation provided on the manufacturer’s website, we compared 
the features of different light therapy glasses (Table 1) [49-55].

Light therapy glasses emit different light spectrums. Luminette 
3 (Lucimed SA) and Pocket Sky (Active Wearables GmbH) emit 
blue-enriched white light that peaks at 468–470 nm. Propeaq 
(Chrono Eyewear BV) emits a 468-nm monochromatic blue 
light. Ayo (Novalogy Inc.) and Sula (Sula Health Ltd.) emit blue-
turquoise light, at approximately 470–480 nm. Re-timer (Re-Tim-
er Pty Ltd.) and Pegasi II (Shenzhen Qianhai Icecold IT Co., 
Ltd.) emit light with a greater green component than blue (blue-
green light, 500 nm). The optimal source for light therapy is un-
clear. The effectiveness of blue monochromatic light has been es-

tablished. Because retinal ganglion cells that contain the blue 
light-sensitive photopigment project to the SCN, exposure to 
monochromatic blue light (460 nm) is more effective than green 
light (555 nm) at phase-resetting the circadian system [56]. How-
ever, further studies are required to determine the efficacy of dif-
ferent wavelengths.

Some light therapy glasses connect to a mobile application to 
provide a user-friendly experience, including Luminette 3 (My-
Luminette), Pegasi II (PEGASI), Propeaq (Propeaq, Propeaq shift 
work), Ayo (goAYO), and Sula (SULA). The goAYO application 
provides several programs (energy, sleep, and travel programs) 
that can be used depending on the specific requirements. For ex-
ample, the energy program allows users to revitalize after a night 
of insufficient sleep or after lunch. The sleep program helps users 
to phase-shift the circadian rhythm. The travel program was de-
signed to provide the optimal duration of light therapy to treat 
jetlag [57].

Some wearables, such as Pegasi II, Propeaq, and Sula, filter 
harmful blue light. Users are recommended to wear these glasses 
before bedtime. Treatment with morning bright light and short-
wavelength filter glasses in the evening improves sleepiness, morn-
ing mood, and night awakenings [58]. Light avoidance during 
evening is associated with increased total sleep time [59]. 

The beam of most glasses, including Luminette 3, Pegasi II, 
Ayo, Propeaq, and Pocket Sky, is angled downward, simulating 
the angle formed by sunlight and allowing the users to focus their 
vision at their will. The light-emitting diode (LED) of Re-timer 
and Sula is placed below the level of the eyes to avoid blockage 
by the eyebrows.

The light therapy glasses have different weights. Re-timer (75 g) 
and Luminette 3 (50 g) weigh more than other glasses. Propeaq 
(41 g), Pegasi II (36 g), and Ayo (31 g) have weights similar to those 
of regular sunglasses (30–40 g), and Pocket Sky (12 g) has the low-
est weight. Light-weight glasses are easier to wear during work.

Glasses without charging cases provide battery life of about a 
week (Propeaq: 5 days; Pegasi II: 7 days; Sula: 7 days; Re-timer: 8 
days; and Luminette 3: 10 days). Glasses with charging cases pro-
vide a longer battery life. Ayo can be charged wirelessly, and pro-
vides a battery life of 26 days. Pocket Sky provides a battery life of 
14 days, with its charging case. Because light therapy glasses are 
designed to be portable, a long battery life is necessary for them. 

Table 1. Features of light therapy glasses
Device Light spectrum Session duration (min) Mobile application Weight (g) Battery life (d)

Luminette 3 [49] White (blue-enriched) 20–45 O (MyLuminette) 50 10
Pegasi II [50] Blue-green 30 O (PEGASI) 36   7
Re-timer [51] Blue-green 30–60 X 75   8
Propeaq [53] Monochromatic blue 30 O (Propeaq, 

Propeaq Shiftwork)
41   5

Ayo [52] Blue-turquoise 20 O (goAYO) 31 26
Pocket Sky [54] White (blue-enriched) 20 X 12 14
Sula [55] Blue-turquoise 30 O (SULA) N/A   7
N/A, not available
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Many light therapy glasses with different features are commer-
cially available. These glasses vary in terms of wavelength of light 
beams, associated mobile applications, design, weight, battery life, 
and cost-effectiveness. 

FUTURE WEARABLE SLEEP 
TECHNOLOGIES FOR LIGHT THERAPY 

There is growing interest in the use of wearable technologies for 
sleep disorders [60]. Among the current devices, wrist-worn de-
vices are most commonly used, and include first-generation wear-
ables, which use an accelerometer-type sensor to collect motion-
based data (e.g., Jawbone UP, Fitbit Ultra, and Fitbit Flex), and 
new-generation wearables. New-generation wearables, including 
smart watches (e.g., E4 wristband, Fitbit Sense, Vivoactive 4, and 
Galaxy Watch 3), record bio-signals (such as electrocardiography, 
heart rate and variability thereof, respiratory rate, oxygen satura-
tion, skin temperature, and skin conductance), as well as provide 
information about sleep duration, stage, and quality. More impor-
tantly, wrist wearables can provide information regarding circa-
dian rhythm of individuals, by assessing the time and duration of 
individual’s diurnal activity, rest or light exposure. Additionally, 
ambulatory electrophysiology requires the use of wearable de-
vices to measure sleep on electroencephalography. There are few 
data on the validity and clinical use of wearable devices. Given the 
improvements in the validity, accuracy, and utility of these devic-
es, wearable sleep technologies will contribute to our understand-
ing of sleep patterns and quality. Technological developments in 
wearable devices have improved light therapy for CRSD patients. 
Based on personal data obtained from the wearable devices, light 
therapy is customized for the patients. Installation of light sen-
sors on the wrist-worn devices would extend their application to 
phase-shifts in the circadian rhythm [61,62]. Furthermore, virtual 
and augmented reality devices would allow better evaluation of 
sleep disorders and response to light therapy. Ultimately, wearable 
sleep technologies are expected to improve the treatment of sleep 
disorders significantly. 
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