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Key points: 

➢ For optimal sleep, the timing of sleep must be synchronized with the timing of circadian clock. 

➢ The negative effect of nocturnal use of electronic devices on sleep physiology is induced by the 

emission of blue light of short-spectrum wavelength 

Introduction: 

Over the past few decades, the decline in average 

duration of sleep and its quality has imparted negative 

consequences on overall health. Statistics from all over 

the globe on the excessive use of electronics with its 

adversities on human well-being demands a thorough 

work up. Use of electronic devices in our daily routine 

has increased in form of study, reading, communicating, 

entertainment and leisure.  

For optimal sleep, the timing of sleep must be 

synchronized with the timing of circadian clock. The 

emission of short wavelength enriched light from 

electronic devices reduce and delay the phase Rapid 

Eye Movement (REM) sleep, therefore, affecting next 

day alertness, sleep facilitating hormone melatonin 

suppression and phase-shift in the biological clock. 

Exposure to electric light in the evening and before sleep 

fuels the aforementioned phenomenon harvesting 

adverse effects on health, performance and quality of 

life. 

Study Method and Protocols: 

Twelve healthy young adults with mean age of (24 ± 

2.87y; six males and six females) were recruited for 14 

days in patient study protocol1. Participants were 

qualified for this study after their physical and mental 

health screening and examination. They were directed to 

follow a fixed sleep time pattern of 8hrs, i-e 10:00PM-

6:00PM for 14 days before admission. This Randomized 

crossover protocol design investigated a comparison 

between two conditions, (1) reading a light emitting (LE) 

eBook in a dim room light for 4 hours before going to 

sleep in five consecutive evenings and (2) reading from 

printed book under the same conditions. 

This 4hrs reading session was scheduled between 

6:00PM to 10:00PM with a 15 minutes break during 8:45-

9:00PM in which participants were allowed to stop 

reading and do some other activities. LE-eBooks were 

adjusted at maximum brightness on a stand at fixed 

angle placed at 30-45cm distance from their eyes. The 

reading content had no pictures, illustrations, graphics 

etc. and was considered “interesting” for the participants. 

Light readings were also recorded during each session. 

LE-eBook was adjusted accordingly to maintain the light 

reading according to the fixed range.  

This study was aimed to evaluate the effect of two 

aforementioned reading conditions on circadian timing, 

melatonin suppression, polysomnographic (PSG) 

recordings of sleep and next morning alertness. 

Plasma melatonin levels, sleep latency (time interval 

between full wakefulness to sleep onset) via PSG 

recordings on 4th and 5th nights, Total Sleep Time 

(TST), sleep efficiency (defined as ratio of total sleep 

time (TST) to time in bed (TIB)2 and 

Electroencephalogram (EEG) recordings were assessed 

to determine the effect of electric light on sleep of the 

participants. 

 

 



Effect of LE-eBook on Melatonin levels: 

Participants reading from LE-eBook showed significant 

reduction in evening plasma melatonin levels whereas 

those reading with books manifested no suppression, as 

measured during fifth night. Dim light melatonin onset 

was also delayed > 1.5hr (22:31 ± 0:42) on the following 

day in LE-eBook readers as compared to book reader 

participants (21:01 ± 0:49). 

Effect on Sleep: 

A delay of 10 minutes to fall asleep was noted in 

participants in LE-eBook condition than in the print-book 

readers, (mean SD 25.65 ± 18.78 min vs. 15.75 ± 13.09 

min respectively). A significant decrease in Rapid Eye 

Movement (REM) sleep (109.04 ± 26.25 min vs. 120.86 

± 25.32 min) was observed after reading from LE-eBook 

in contrast to participants which opted for printed-book 

reading. However, no difference was noted in TST, sleep 

efficiency and the duration of non-REM sleep in stated 

conditions. 

Effect on morning sleepiness and acute evening 

alertness: 

Participants reading LE-eBook on previous evening felt 

sleepier the next morning and took more time to fully 

wake up and attain the optimum level of alertness as 

compared to those reading from the printed book. 

Participants under LE e-Book conditions also reported 

decreased sleepiness in the evening time and found 

themselves as less sleepy before bedtime, with EEG 

measures showing less power in delta/theta frequency 

ranges. 

Results: 

Study participants reading LE-eBook before bed time 

manifested reduced subjective sleepiness, less power in 

delta/theta EEG activity and suppression in evening 

levels of melatonin, a sleep-inducing hormone released 

from the pineal gland as compared to printed book 

readers. Participants under LE-eBook conditions before 

bedtime were observed with increased sleep latency, 

impaired morning alertness and delayed REM sleep 

tendency. These findings indicate that using electric light 

before bedtime hours can have profound biological 

effects which can adversely affect sleep, performance 

and behaviors. 

Discussion: 

The negative effect of nocturnal use of electronic devices 

on sleep physiology is induced by the emission of blue 

light of short-spectrum wavelength (peak at 452nm) as 

compared to white light of broad-spectrum wavelength 

(peak at 612nm). In humans, exposure to short-

wavelength monochromatic light in the evening affects 

circadian altering more as compared to long-wavelength 

monochromatic light3,4. Study results, depicting 1.5hr 

delay in melatonin onset leading to endogenous 

circadian phase shift after using LE-eBooks before 

bedtime can be linked as a risk factor towards increasing 

incidence of sleep phase disorders and sleep onset 

insomnia5. Such short-wavelength light induced 

misalignment in the biological clock can be an etiological 

factor for sleep deficiency conditions6. 

The results of this study somehow correlate with the 

findings of similar studies of chronic melatonin 

suppression due to night shift work, leading to increased 

susceptibility of breast, colorectal cancers and advanced 

prostate cancers7,8.  

The decreased sleepiness before bedtime and 

prolonged sleep latency in LE-eBook users is likely due 

to acute alerting effect of light and melatonin suppression 

induced by exposure to LE-eBook condition which 

constitutes circadian phase delay. Participant’s plasma 

melatonin suppression was determined on fifth day of 

reading in both conditions. Melatonin suppression due to 

electric light exposure in the evening can result in 

alertness as shown in studies9.  

Morning sleepiness in individuals, using LE-eBook prior 

to bedtime, is likely due to difference in sleep timings as 

well as circadian phase delay.  Although sleep latency 

was increased in LE-eBook conditions, the duration of 

sleep was same in both groups which was set 8hrs 

according to the designed protocol. Difference reported 

in REM sleep in both conditions can also lead to morning 

sleepiness and lack of attention on the next day. REM 

sleep constitutes the latter portion of sleep, near to wake 



time10. REM sleep was reduced in participants in the LE-

eBook conditions. Since most spontaneous awakenings 

happen to be in REM sleep11, this reduction in REM 

sleep due to LE-eBook condition could have imparted 

sleepiness upon awakening. Reading from LE-eBooks in 

the evening impacted delay in the circadian clock, 

thereby, manifesting morning sleepiness. This phase 

delay in circadian clock is somehow related to reduce the 

accumulation and alter the timing of REM sleep phase, 

leading to delay in the circadian rhythm of REM sleep 

propensity, thus disturbing the sleep cycle of LE-eBook 

users. 

Conclusion: 

Studies and surveys from different parts of the world 

report increase in use of electronic devices (mobile 

phones, tabs, laptops) in our daily routine. Portability, 

easy access to information and reduction in human work 

load are some of appealing factors for the use of 

technology in our daily life. The findings of this study 

indicate that use of light emitting-eBook reading devices 

before bedtime in comparison of printed reading books 

can impact the physiology of sleep negatively leading to 

disturbances in general health status and performance. 

Keeping in view excessive use of electronic devices, 

rigorous research is warranted to analyze their adverse 

effect of human health. 
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