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In recent years, the widespread use of digital devices has been associated with increased exposure to blue light among adoles-
cents, particularly during evening and nighttime hours. During the digital age, adolescents have been experiencing frequent
exposure to artificial blue light as a result of increased use of electronic devices such as smartphones, tablets, and computers.
Accordingly, this literature review examines current scientific evidence investigating associations between prolonged nighttime
blue light exposure and disruptions to circadian rhythm regulation, the endogenous biological systems governing sleep-wake
cycles. Moreover, this review synthesizes findings from various peer-reviewed studies, examining the physiological effects
of blue light exposure on melatonin suppression and subsequent alterations in sleep timing and quality, including conditions
such as insomnia and delayed sleep-wake phase disorder. The objectives of this review are to identify biological mechanisms
underlying circadian disruption due to blue light exposure, to assess populations particularly vulnerable to these effects including
adolescents and young adults, and to evaluate behavioral and technological interventions that may mitigate potential harm.
Based on the comprehensive analysis of current literature, the review concludes that nighttime exposure to blue light can result in
measurable and detrimental impacts on circadian regulation. These findings highlight the importance of continued research and
evidence-based approaches to understanding how nighttime light exposure may influence circadian health and sleep patterns.
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Introduction

In today’s world, adolescents have experienced a substantial
increase in daily exposure to digital screens through activi-
ties such as completing school assignments, using social me-
dia, playing video games, and consuming online entertain-
ment. According to a 2024 report by the Centers for Dis-
ease Control and Prevention, teens average more than eight
hours of screen time per day, with a significant portion of this
occurring during the evening and nighttime hours!. This in-
crease in late-night screen use has raised growing concerns
regarding exposure to blue light and its potential adverse ef-
fects on sleep health, especially among teenagers who are al-
ready experiencing natural shifts in their circadian rhythm dur-
ing puberty?. Blue light is a high-energy visible light com-
monly emitted by LED-based digital devices, including smart-
phones, tablets, and laptops. Research has demonstrated that
exposure to blue light under controlled experimental condi-
tions—typically with illuminance levels ranging from 30-100
lux, peak wavelengths around 460 nm, melanopic EDI of
20-50, viewing distances of ~50 cm, and durations of 30—120
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minutes before bedtime—can be associated with suppressed
melatonin secretion®. However, these studies often differ in
light dose, timing, and spectrum, and results may not gen-
eralize to all real-world screen use. Reduced melatonin pro-
duction has been correlated with delayed sleep onset and dis-
rupted circadian rhythms, which may result in shorter sleep
duration and poorer sleep quality. These effects are particu-
larly concerning for adolescents because this developmental
stage requires consistent and sufficient sleep to support cogni-
tive, emotional, and physical health. Studies have linked cir-
cadian disruption and irregular sleep patterns in teenagers to
outcomes such as decreased academic performance, impaired
emotional regulation, and an increased risk of conditions in-
cluding anxiety, depression, and metabolic disorders.

Given the increasing reliance on digital technology and the
biological sensitivity of the adolescent circadian system, it
is important to better understand how nighttime blue light
exposure affects sleep health in this population. While nu-
merous studies have documented the effects of blue light on
melatonin suppression and sleep disruption, there is still lim-
ited research specifically addressing the combined influence of
behavioral, environmental, and individual differences among
adolescents. Additionally, interventions to mitigate blue light
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exposure have not been consistently evaluated in adolescent
populations. This literature review examines the physiologi-
cal mechanisms through which blue light influences circadian
functioning and evaluates current strategies aimed at reduc-
ing the negative effects of nighttime device use. Understand-
ing these relationships is essential for promoting healthy sleep
patterns among adolescents in an increasingly digital environ-
ment.

Methodology

This review was conducted using a systematic search of peer-
reviewed literature across several academic databases, includ-
ing PubMed, Google Scholar, The World Health Organiza-
tion, and National Institutes of Health. Furthermore, searches
were performed between a large period of time to cover long-
term effects ranging from the early 2000s to 2023. Key-
words included combinations such as “blue light exposure
and circadian rhythm,” “screen time and melatonin suppres-
sion,” and “digital devices and sleep disruption.” Reference
lists of selected articles were also reviewed to identify ad-
ditional relevant studies. Moreover, studies were included if
they were peer-reviewed empirical research examining the ef-
fects of device-related blue light exposure on circadian rhythm
regulation, melatonin production, or sleep outcomes. Obser-
vational studies were considered, particularly those involving
adolescents or young adults. Articles were excluded if they
were editorials, opinion pieces, or non-peer-reviewed sources.
Finally, titles and abstracts were initially screened to remove
irrelevant studies, followed by full-text evaluation based on
the inclusion criteria. Duplicate records were removed prior
to screening. Relevant data, including study design, partici-
pant demographics, exposure conditions, and reported sleep
or circadian outcomes, were extracted and synthesized quali-
tatively due to variations in methodology across studies.

Understanding the Circadian Rhythm

The circadian rhythm is a biological process that regulates the
sleep-wake cycle and repeats roughly every 24 hours. This in-
ternal clock is regulated by the suprachiasmatic nucleus (SCN)
in the anterior hypothalamus. This structure is responsible
for interpreting light cues from the environment and synchro-
nizes physiological and behavioral processes such as sleep-
wake patterns, body temperature, and hormone secretions.

At the systems level, the SCN of the hypothalamus serves
as the master circadian peacemaker, synchronizing physiolog-
ical and behavioral rhythms to the external light-dark cycle®.
In addition to this, there are many peripheral clocks—present in
tissues such as the liver, heart, and kidneys—that maintain their
own oscillations and can be entrained by Zeitgeber cues such
as food intake, physical activity, hormonal signals, and tem-

perature. Together, the SCN and peripheral clocks coordinate
to ensure temporal harmony across the organism.

At the molecular level, the circadian system is driven by
a complex network of transcriptional-translational feedback
loops involving the core clock genes and proteins. This
system includes Circadian Locomotor Output Cycles Kaput
(CLOCK) and Brain and Muscle ARNT-Like 1 (BMALI).
These proteins function as transcriptional activators, which
heterodimerize forming the CLOCK-BMALI1 complex, bind-
ing to E-box (enhancer box) elements within the promoter re-
gions of various target genes, including Periods (PER1, PER2,
and PER3), and Cryptochromes (CRY1, CRY2), which con-
trol rhythmic gene expression throughout the body. Upon ac-
tivation, the PER and CRY genes are transcribed and trans-
lated in the cytoplasm. The resulting PER and CRY pro-
teins gradually accumulate and form complexes that translo-
cate into the nucleus, where they inhibit the transcriptional
activity of the CLOCK-BMALI complex, causing them to
repress their own expression. This creates a negative feed-
back loop that serves as the foundation of the 24 hour circa-
dian rhythm. In addition to this primary loop, there are sec-
ondary regulatory loops involving REV-ERBs (REV-ERBo
and REV-ERBf) and RORs (Retinoic acid-related Orphan
Receptors). These nuclear receptors compete for binding to
ROR response elements (ROREs) in promoter region of the
BMALI1 gene—where REV-ERBs act as repressors and RORs
are activators—providing an additional layer of transcriptional
control that stabilizes and fine-tunes the circadian oscillation?.

This intricate system ensures that internal biological pro-
cesses remain in sync with the external world, driving the
rhythmic expression of thousands of downstream genes, in-
fluencing functions like metabolism, body temperature, and
hormone secretion®.

While this system is endogenously generated, it is also en-
trainable, meaning it can be adjusted or synchronized by envi-
ronmental signals known as zeitgebers. The most influential of
these is light. Specialized retinal cells called intrinsically pho-
tosensitive retinal ganglion cells (ipRGCs) contain the pho-
topigment melanopsin and send signals to the SCN via the
retinohypothalamic tract (RHT). This pathway is critical for
regulating sleep timing and melatonin secretion in response to
light.

Unlike classical photoreceptors, ipRGC’s contain the pho-
topigment melanopsin, which makes them uniquely sensitive
to ambient light, especially within the blue wavelength spec-
trum (~450-495 nm). Moreover, morning light exposure typ-
ically advances the circadian phase (shifting the rhythm ear-
lier), while evening light delays it. For example, light expo-
sure during the night leads to increased expression of PER1
and PER2 genes in the SCN neurons, effectively resetting the
clock®. Additionally, the RHT is highly specialized and cru-
cial for non-image forming visual functions such as regulating
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pupil constriction and suppressing melatonin production in re-
sponse to the night.
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Figure. 1 This diagram shows the CLOCK-BMALI1 complex ac-
tivating PER/CRY transcription, whose proteins inhibit CLOCK-
BMALL to drive circadian rhythms.

Melatonin is a hormone which serves as an important out-
put signal from the circadian rhythm, providing information
regarding the time of day to the rest of the body. Moreover,
melatonin binds to melatonin receptors (MT1 and MT2) in
the brain and peripheral tissues, promoting sleep initiation and
regulating other rhythmic processes like immune activity and
glucose metabolism®. Furthermore, the timing of melatonin
secretion, especially under dim light conditions (called dim
light melatonin onset), is a key marker to determining an in-
dividual’s internal clock phase. In adolescents, evening ex-
posure to blue-light-emitting screens can suppress melatonin,
delaying sleep onset and reducing sleep quality. In order to
maintain robust circadian rhythms, melatonin must be secreted
consistently each night.

Disruption of this process through irregular light exposure
or erratic sleep schedules can weaken circadian signaling and
reduce sleep quality. Therefore, melatonin serves as both a
marker and a mediator of circadian phase, and its regularity
is essential for synchronizing internal rhythms to the external
world. The circadian rthythm is a genetically controlled system
anchored by the SCN and primarily regulated by light, which
synchronizes the body’s sleep-wake cycle with the external
light-dark cycle.

This process helps regulate sleep, wakefulness, hormone re-
lease, body temperature, and other bodily functions. Mela-
tonin also acts as a hormonal signal that helps communicate
nighttime to the body. Understanding this system provides
insight into how disruptions to circadian rhythms can affect
health and behavior, highlighted in later topics.
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Figure. 2 This diagram shows how melanopsin-containing retinal
ganglion cells detect light and transmit signals via the retinohypotha-
lamic tract to the suprachiasmatic nucleus (SCN) to regulate circa-
dian rhythms.

Biological Impacts of Blue Light: Mechanisms of Disrup-
tion

The widespread use of artificial lighting and digital screens
has led to increased exposure to blue light—short-wavelength
light between 450-495nm. However, excessive and poorly
timed exposure, especially during the evening and nighttime
hours can negatively affect sleep and circadian rhythms, par-
ticularly in adolescents'. This disruption is largely driven by
artificial light at night (ALAN), particularly blue light emitted
from LED lighting and electronic devices, which suppresses
melatonin secretion, delays the circadian clock, and impairs
sleep quality®. Blue light exerts its biological effects primar-
ily through the RHT. This pathway is activated primarily by
ipRGCs, which contain the photopigment melanopsin and are
highly sensitive to blue light’. Even low-intensity blue light
in the evening causes these cells to send stimulating signals
to the SCN, which can delay the circadian clock and suppress
melatonin production. This false photic input overrides natu-
ral darkness cues, causing the circadian system to delay sleep
onset, contributing to circadian misalignment®?.

One of the most direct negative effects of blue light ex-
posure is disrupted sleep timing, primarily through the sup-
pression of melatonin. Normally, melatonin levels rise in the
evening to signal the body to prepare for rest. However, expo-
sure to blue light before bedtime significantly reduces or de-
lays this production, interfering with the body’s natural sleep
signals'!. A study by Gooley et al. showed that even ambient
room light in the evening could suppress melatonin by more
than 50% and delay its onset by over 1.5 hours. This disrup-
tion is linked to shorter sleep duration, delayed sleep onset,
and more fragmented sleep in adolescents and young adults.

Blue light also affects sleep architecture. Recent studies in-
dicate that exposure in the evening can reduce the proportion
of REM sleep and slow-waves sleep (deep sleep), which are
important for emotional regulation, memory consolidation,
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Figure. 3 A cross-section of the retinal system shows how incom-
ing light, entering from the left, passes through the layers of retinal
tissue. Photoreceptor cells (rods and cones) detect light and forward
signals to bipolar cells, which then relay information through net-
works that include amacrine cells and ganglion cells. The ganglion
cells bundle their output into the optic nerve, transmitting visual in-
formation to the brain. In addition to this pathway, a small group
of specialized retinal ganglion cells, containing the unique photopig-
ment melanopsin, can directly sense light themselves and generate
signals independently '0.

and cellular repair'2. Even when individuals fall asleep after
evening exposure, their sleep quality may be poorer, leading
to daytime fatigue and cognitive impairments.

On a molecular level, blue light affects the expression of
clock genes that regulate daily rhythms in the body. Exposure
to blue light at night can alter the oscillation of genes such as
PERI1, PER2, and CRY1, which are vital for maintaining in-
ternal timekeeping !3. A change in clock gene expression con-
tributes to circadian misalignment, where internal biological
processes such as temperature regulation, hormone secretion,
and metabolism no longer operate in their optimal times.

Finally, chronic nighttime exposure to blue light has been
associated with a variety of health disturbances. For example,
altered circadian timing can affect serotonin regulation and
has been linked to a number of mood disorders including de-
pression, anxiety, and seasonal affective disorder 14 Addition-
ally, circadian misalignment caused by blue light can lead to
metabolic dysfunction, impairing glucose metabolism and in-
creasing the risk for obesity and type 2 diabetes !°. Disrupted
sleep and clock gene expression can also weaken immune re-
sponses, increasing vulnerability to infection'®. These im-
pacts continue to grow in concern given the widespread and
continuous use of smartphones, tablets, and LED lighting in
evening environments. In summary, blue light exposure, es-
pecially at night, has been repeatedly shown to be associated
with measurable changes in circadian timing and sleep out-
comes in observational studies. Therefore, reducing blue light
exposure during nighttime hours should be a public health pri-

ority, particularly for adolescents and individuals with sleep
or mood vulnerabilities. However, much of the current evi-
dence remains short-term or correlational, and therefore can-
not definitively establish long-term causal pathways between
screen-related blue light exposure and complex health out-
comes. Future longitudinal and experimental studies are nec-
essary to determine whether these associations translate into
sustained physiological or clinical consequences.
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Figure. 4 Showcases physiological melatonin levels of a 24 hour
day. As light exposure in the evening decreases, melatonin produc-
tion begins to increase, peaking in the late night hour.

Why Teens Are at Risk: Adolescent Vulnerability

As teenagers continue to grow they undergo a transitional de-
velopment period marked by significant biological and cog-
nitive changes that make them susceptible to various internal
and external risks.

Moreover, adolescent vulnerability is rooted in neurobio-
logical development followed by emotional sensitivity and
emerging mental health disorders, all of which contribute to
increased likelihood of risky behaviors!”. Research shows
that the prefrontal cortex, which is responsible for functions
such as decision-making, impulse control, and long-term plan-
ning, continues to mature into the mid-20s, indicating that
many teenagers have yet to reach full development of their
pre-frontal cortex. Another reason why adolescents are more
at risk is that during puberty teenagers typically experience
a natural delay in the timing of melatonin release, pushing
teenagers to feel sleepy later in the evening '%1°.

This delay is biologically normal, however it can become
problematic when compounded by external light exposure.
As mentioned before, blue light, especially from screens like
phones or laptops, has a potent effect on melatonin suppres-
sion, thereby delaying sleep even further and reducing total
sleep time. Furthermore, since adolescents are already bio-
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Figure. 5 This graph shows the delayed production of melatonin in
teens compared to adults !,

logically predisposed to stay up later, blue light exposure at
night may drastically shift their internal clocks, leading to
chronic sleep deprivation. Additionally, the adolescent en-
docrine system undergoes dramatic shifts not only influencing
mood and behavior but also the timing and sensitivity of the
sleep-wake cycle. Hagenauer et al. found that these hormonal
changes affect the way teens respond to light, making their
circadian systems more sensitive to light-induced melatonin
suppression than adults or children. Even relatively low lev-
els of blue light at night can have disproportionate effects on
sleep timing and quality in teens, contributing to difficulties
in falling asleep and maintaining restful sleep’. In addition
to hormonal changes, behavioral and social factors further ex-
acerbate the risk. Teenagers are heavy users of digital media,
often spending hours on screens in the late evening. Studies
show that over 90% of adolescents use electronic devices be-
fore bed, greatly increasing blue light exposure during a criti-
cal time for melatonin production®.

Additionally, the social nature of adolescence means that
teens are more likely to engage with peers online late at night,
prioritizing social interactions over healthy sleep habits. Their
lack of awareness or concern about sleep hygiene, combined
with peer-driven screen habits, may further increase the like-
lihood of circadian disruption.

The consequences of this disruption extend beyond sleep
loss. Adolescents who experience circadian misalignment and
sleep deprivation have been found in population studies to
show statistical associations with mood instability, anxiety,
depression, and cognitive difficulties?!. TImportantly, sleep
disruption itself should not be interpreted as equivalent to a
psychiatric diagnosis. Rather, disrupted sleep patterns may
function as risk markers or contributing factors within broader
biopsychosocial models of mental health. Most adolescents
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Figure. 6 Models a variation in device usage throughout the day
and underscores the increase in melatonin production during evening
hours. This highlights the relationship that blue light emission can

have on melatonin production 10,

experiencing circadian disruption will not develop clinical
psychiatric disorders, and multiple environmental, genetic,
and psychological variables influence mental health outcomes.
Twenge et al. reported that high levels of screen use and dis-
rupted sleep are strongly associated with increased rates of de-
pressive symptoms and suicidal ideation among teens 2. Fur-
thermore, The World Health Organization notes that depres-
sion is a leading cause of illness and disability among ado-
lescents, with suicide being the fourth leading cause of death
among 15-19 year olds worldwide?®. Taken together, these
findings suggest that adolescents’ biological and behavioral
vulnerabilities may increase the probability that evening blue
light exposure contributes to disrupted sleep and associated
mental health risks. Ultimately, adolescents are especially sus-
ceptible to the circadian-disrupting effects of blue light due
to their delayed melatonin secretion, increased screen expo-
sure, heightened biological sensitivity to light, and behavioral
tendencies that neglect healthy sleep routines. These factors,
individually and collectively, increase the likelihood that blue
light exposure can negatively affect sleep health and overall
well-being, though individual outcomes vary.

Sleepless Nights:
Glow

Disorders Triggered by Screen-Time

The disruptive effects of blue light on the circadian rhythm
are well-established. However, understanding how this disrup-
tion may contribute to the development of clinical sleep distur-
bances remains an area of ongoing research. As digital screens
increasingly dominate evening routines, we are witnessing a
parallel rise in sleep disorders like Delayed Sleep Phase Dis-
order (DSPD), insomnia, and sleep-onset latency. These con-
ditions are associated with chronic circadian misalignment, to
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which evening blue light exposure may contribute.

The most directly associated disorder is DSPD, a circadian
rhythm sleep disorder characterized by a consistent delay in
sleep onset and wake times. In adolescents especially, evening
blue light exposure reinforces a delayed phase already pre-
disposed by pubertal changes in circadian timing. Moreover,
screen use at night not only shifts melatonin secretion later
but also may reinforce delayed sleep timing !>, Studies have
shown that adolescents who frequently use devices before bed
are at higher risk of developing persistent DSPD patterns. The
reason for this is due to a combination of biological and envi-
ronmental factors. First, during puberty, there is a natural shift
in the timing of melatonin secretion, resulting in a delayed
circadian phase that makes teens biologically inclined to fall
asleep and wake up later?*. This innate delay is compounded
by evening exposure to blue light from screens, which fur-
ther suppresses melatonin and pushes the circadian clock even
later by activating intrinsically photosensitive retinal ganglion
cells that signal the brain’s clock, the SCN23. As this exposure
continues night after night, it can reinforce a later sleep timing.
The problem is intensified by the continuous demands of early
school start times, which are misaligned with teens’ shifted
internal clocks. This results in chronic sleep restriction, ex-
cessive daytime sleepiness, and potential cognitive and emo-
tional difficulties including reduced academic performance,
mood swings, and an increased likelihood of engaging in risk-
taking behaviors. These factors together explain why adoles-
cents who frequently use screens at night are more likely to
experience delayed sleep patterns consistent with DSPD.

Another sleep disorder closely associated with circadian
misalignment is insomnia. Although this disorder is typi-
cally considered multifactorial, insomnia is now increasingly
understood as linked to disruptions in circadian timing, in-
cluding evening light exposure. The suppression of mela-
tonin caused by evening blue light exposure may contribute
to delayed sleep onset, shorter total sleep time, and increased
difficulty falling or staying asleep'!'*. Chang et al. suc-
cessfully demonstrated that just five nights of using light-
emitting eReaders before bed delayed circadian timing, sup-
pressed REM sleep, and impaired next-day alertness, ulti-
mately highlighting the rapid impact of screen-induced mis-
alignment. Similarly, Czeisler and Gooley emphasized that
nighttime light exposure interferes with the brain’s internal
clock in the SCN, contributing to a mismatch between bio-
logical and social sleep-wake demands. Over time, this phys-
iological misalignment is reinforced by behavioral condition-
ing. Moreover, many individuals begin to associate screens
and evening media use with stimulation rather than rest, also
known as a phenomenon called conditional arousal?®. The
repetitive nature of late-night screen use activates cognitive
and emotional centers in the brain, elevating arousal levels
and making it increasingly difficult to transition into sleep,

especially in adolescents and young adults®?’. This learned
hyperarousal may contribute to difficulties with sleep initi-
ation and maintenance, consistent with insomnia symptoms.
Furthermore, studies using actigraphy and polysomnography
have confirmed that individuals with high screen time before
bed exhibit fragmented sleep and reduced sleep efficiency 2.

More Than Just Tired: Mental and Social Toll of Blue
Light - Psychological, Physiological, and Social Conse-
quences

Although blue light exposure during evening hours is highly
emphasized in research for its negative impact on sleep, its
influence extends far beyond simple fatigue. Research has in-
creasingly demonstrated that prolonged evening exposure to
blue light can disrupt psychological well-being, social inter-
actions, as well as the human body’s physiology.

The suppression of melatonin caused by late-night blue
light exposure directly contributes to sleep disturbances,
which in turn are associated with heightened risks of anxi-
ety and depression. Moreover, poor sleep quality exacerbates
emotional instability and reduces resilience to stress, creating
a feedback loop in which disrupted circadian rhythms inten-
sify negative mood states. Consequently, blue light exposure
does not just delay rest—it may contribute to poorer emotional
regulation over time. Individuals not only feel less rested but
also experience diminished emotional stability, which can im-
pair their ability to manage daily stressors effectively.

In addition to individual psychological effects, blue light
has social correlates. The continuous use of digital devices
often prolongs wakefulness and encourages late-night social
media engagement, which are linked to social jetlag and dis-
connection from in-person relationships?®. These negative
effects further lead to consequences when it comes to so-
cial interaction as sleep-deprived individuals tend to with-
draw socially, misinterpret emotional cues, and demonstrate
lower empathy. These patterns may contribute to feelings
of social disconnection, though evidence for long-term re-
placement of face-to-face relationships is limited’. Over-
all, evening blue light exposure may indirectly affect social
functioning by exacerbating fatigue and emotional dysregula-
tion. Moreover, these misalignment can impact academic and
cognitive performance®'. When sleep is shortened or frag-
mented due to late-night device use, memory consolidation
and executive function are compromised>?. Students exposed
to high levels of nighttime screen use often show decreased
attention spans, slower problem-solving abilities, and reduced
academic achievement>!. Thus, the cognitive toll of blue light
is not limited to individual well-being but extends to declines
in educational areas as well.

Adding onto its mental and social effects, blue light ex-
posure has significant physiological consequences. Suppres-
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sion of melatonin caused by nighttime blue light delays the
onset of sleep and shortens overall sleep duration, contribut-
ing to chronic sleep deprivation!!. Additionally, over time
insufficient and irregular sleep has been associated with im-
paired immune function, as circadian rhythms normally reg-
ulate the timing of immune responses. Furthermore, circa-
dian misalignment disrupts the body’s metabolic processes,
increasing risks for obesity, type 2 diabetes, and cardiovas-
cular disease 3. Another major physiological consequence in-
volves the endocrine system. Disrupted circadian cycles al-
ter the secretion of key hormones such as cortisol, which nor-
mally peaks in the morning to promote alertness and declines
at night to prepare for rest3*. When blue light exposure delays
circadian timing, cortisol rhythms are shifted, which can lead
to elevated stress responses and daytime fatigue. Addition-
ally, disruption of the hypothalamic-pituitary-adrenal (HPA)
axis may also contribute to long-term metabolic and cardio-
vascular risks.

While blue light exposure is frequently discussed as a pri-
mary mechanism influencing sleep disruption, several poten-
tial confounding factors must also be considered when in-
terpreting the literature. Evening screen use often occurs
alongside stimulating digital content, emotional engagement
through social media, academic stress, or gaming activity, all
of which may independently delay sleep onset. Additionally,
sedentary behavior, reduced physical activity, irregular sleep
schedules, caffeine consumption, and baseline mental health
conditions may contribute to both increased screen use and
sleep disturbances. As a result, it can be difficult to isolate the
specific contribution of blue light exposure itself from broader
behavioral and environmental influences associated with dig-
ital device use. Many observational studies therefore capture
complex behavioral patterns rather than purely physiological
light exposure effects.

Overall, blue light exposure is associated with a range
of psychological, social, cognitive, and physiological out-
comes. Through its disruption of circadian rhythms, it con-
tributes to mood instability, diminished academic perfor-
mance, and weakened social connections along with a num-
ber of metabolic issues. These findings highlight the impor-
tance of considering evidence-based emotional, cognitive, and
physiological consequences of circadian disruption in today’s
technology-driven society.

Preventive Measures and Interventions

Because blue light exposure disrupts circadian rhythms and
contributes to adverse physiological, psychological, and so-
cial outcomes, the development of effective preventive mea-
sures and interventions has been a focus of recent research,
though results are sometimes mixed. One widely studied ap-
proach involves the use of blue-light filtering interventions>.

For instance, blue-light blocking glasses and screen filters can
reduce evening melatonin suppression and may improve sleep
quality when compared to unfiltered device use3®. Similarly,
software-based solutions, such as “night mode” applications,
gradually shift screen color temperature toward warmer tones,
which has been associated with reduced circadian disruption
without sacrificing usability, though user adherence and de-
vice settings influence outcome.

On top of interventions in technology, behavioral modi-
fications play an equally important role as part of a multi-
faceted approach. Establishing “screen curfews,” or reduc-
ing device exposure in the hours leading up to bedtime, has
been linked with improved sleep duration and reduced sleep
latency. Moreover, the adoption of consistent sleep-wake rou-
tines reinforces the body’s natural circadian signals, which can
help counteract irregular patterns caused by late-night screen
use?’.

Another method of intervention involves natural light expo-
sure may enhance circadian entrainment and improve mood
and alertness throughout the day. Complementarily, dim
evening lighting helps signal the onset of melatonin secretion,
creating an optimal contrast between day and night light con-
ditions 8.

Lastly, public health education is a crucial preventative
measure. Awareness campaigns in schools, workplaces, and
healthcare environments can encourage healthy digital behav-
iors, such as limiting nighttime device use and prioritizing
daylight exposure. By integrating technological tools and
adopting healthier habits regarding technology use, individ-
uals may reduce the physiological, psychological, and social
consequences of circadian disruption caused by evening blue
light exposure, though effectiveness is not guaranteed and de-
pends on adherence and contextual factors.

Limitations and Future Directions

Several limitations should be acknowledged when interpret-
ing the literature reviewed in this article. First, a substantial
portion of the evidence base relies on observational studies.
While these studies demonstrate associations between evening
light exposure and changes in melatonin secretion or sleep
timing, they do not establish long-term causal relationships
with chronic health outcomes.

Second, many studies measure screen use rather than direct
light exposure, making it difficult to quantify the precise dose,
wavelength composition, and duration of blue light experi-
enced in real-world environments. Variability in device bright-
ness, viewing distance, ambient lighting, and screen content
further complicates measurement accuracy.

Third, confounding behavioral variables such as social me-
dia engagement, emotional stimulation, stress, sedentary ac-
tivity, and pre-existing sleep habits may independently influ-
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ence sleep patterns and mental health outcomes. These factors
can make it difficult to isolate blue light exposure as the pri-
mary explanatory variable in observational studies.

Future research would benefit from longitudinal designs
that track adolescents over extended periods while directly
measuring light exposure using wearable sensors. Future work
should also further investigate how behavioral factors includ-
ing digital content engagement, psychological arousal, and
nighttime routines interact with light exposure to influence
circadian physiology. Improved measurement of real-world
exposure conditions will also be essential for strengthening
public health recommendations.

Conclusion

The circadian rhythm functions as a fundamental biological
regulator, orchestrating sleep-wake cycles, hormonal release,
and overall physiological balance. At the core of this system
lies the suprachiasmatic nucleus, which synchronizes internal
processes to external light-dark cues transmitted through the
retinohypothalamic tract. Melatonin secretion, in particular,
provides a key hormonal signal for the onset of rest, making it
sensitive to disruption by artificial light. As modern societies
grow increasingly dependent on digital technologies, exces-
sive exposure to blue light has been identified in many studies
as a potential contributor to circadian disruption, particularly
among adolescents who frequently use digital devices in the
evening.

The consequences of this disruption extend beyond sleep
timing alone in some contexts. On a psychological level, cir-
cadian misalignment has been associated with mood instabil-
ity, reduced academic and cognitive performance, and dimin-
ished quality of social interactions. Physiologically, it has
been discussed in the literature as a potential contributor to
metabolic disorders, cardiovascular disease, and impaired im-
mune function, though evidence varies in strength across stud-
ies and populations. Together, these findings suggest that cir-
cadian health is not merely a biological issue but one with
profound mental, social, and public health implications.

Fortunately, evidence-based preventive measures have been
explored as possible strategies to reduce circadian disrup-
tion. Technological interventions such as blue-light filters,
alongside behavioral strategies like digital curfews, consis-
tent sleep-wake routines, and morning light exposure, have
shown potential benefits in some studies, although effective-
ness can depend on study design, adherence, and individ-
ual differences. Public education may also support healthier
digital habits by increasing awareness of nighttime light ex-
posure and sleep hygiene. Although numerous studies doc-
ument links between evening light exposure and sleep tim-
ing, the evidence base is heterogeneous. Many studies rely
on observational data or self-reported measures of screen use,

whereas real-world observational studies frequently measure
self-reported screen use, which introduces variability in ex-
posure intensity, duration, and content. Consequently, the lit-
erature should be interpreted as a collection of converging but
methodologically diverse findings rather than a single uniform
body of evidence pointing in one direction. Evaluating study
design, exposure conditions, and population differences is
therefore essential when assessing the strength of conclusions
regarding blue light and circadian health. Taken together, this
literature highlights growing evidence that evening blue light
exposure may influence circadian timing, sleep patterns, and
related behavioral outcomes. However, findings vary across
observational study designs. In addition, adolescents are not
uniformly affected, as individual differences in behavior, en-
vironment, and biological sensitivity may influence outcomes.
Further research is needed to clarify long-term effects, im-
prove measurement of real-world exposure conditions, and
better understand how technological and behavioral interven-
tions function across diverse populations. Viewed collectively,
these findings frame circadian disruption from nighttime light
exposure as an evidence-informed public health concern rather
than a definitive causal pathway.
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