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Melatonin is a vital hormone for maintaining the body's sleep state. Melatonin supplements can be
taken by individuals who have difficulty maintaining a consistent sleep schedule. From the National
Institute of Health, a 2017-2018 survey was conducted and found that 2.1% of adults take
melatonin to help them. Good sleep practices must be committed before taking melatonin
supplements, since supplements can be the last resort. One of the most important sleep practices
is to limit screen time two hours before bedtime. The light from the phone screen is a technology
called light-emitting diode (LED) that contains blue light. Excess exposure to blue light is very
concerning for our eye health, such as eyestrain, and affects the sleep-wake cycle. This study reviews
35 articles about the effect of blue light from any sources, mainly mobile devices, on our melatonin
secretion. It also tackles the hazardous factors of blue light and which type of people will be affected
thoroughly by this problem. A wide variety of search engines and databases, such as PubMed and

Google Scholar, were used to find certain articles that related to this study’s aim.
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Introduction

Melatonin is a vital neurohormone that regulates human circadian rhythms and the sleep-
wake cycle, with its supplementary use rising in recent years [1]. Good sleep hygiene, such
as limiting screen time before bedtime, is essential to promote natural melatonin
production [2]. Smartphone screens and electronic devices rely heavily on light-emitting
diode (LED) technology, which emits high-energy blue light that causes eye strain and
disrupts natural sleep architecture [3]. Systematic reviews evaluating these physiological
responses adhere to standardized reporting guidelines, such as the PRISMA statement, to
assess how photic interventions impact human health [4]. Experimental studies
consistently demonstrate that exposure to blue-enriched white LED lighting at night leads to
significant melatonin suppression and altered sleepiness [5].
Light travels in electromagnetic waves that vary in length across a broad spectrum, ranging
Copyright: © 2026 The Author(s). from long radio waves to short, high-energy gamma rays [3]. Within this spectrum, the
Licensed undera CreativeCommons  human eye perceives a narrow band known as visible light [3]. Light energy is inversely
Attribution (CC BY) 4.0 International . . .
P proportional to its wavelength; thus, longer wavelengths transmit less energy, whereas
icense. Users are free to share and
adapt the material by giving an shorter wavelengths carry higher energy [3]. Blue light is characterized by short wavelengths
appropriate credit to the original spanning 400 to 500 nm [3]. Artificial LED technology, household bulbs, and electronic
author(s). . . . .
screens serve as primary evening sources [3]. Although the cornea and crystalline lens filter
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out damaging ultraviolet rays, they offer minimal protection against short-wavelength blue
light [3].

Despite its potential for ocular strain, daytime blue light exposure is essential for
maintaining circadian rhythmicity and coordinating 24-hour biological processes [1, 2].
Central to this system is the suprachiasmatic nucleus (SCN), located within the
hypothalamus, which acts as the master circadian pacemaker [5]. The SCN uses photic
cues to coordinate physiological rhythms and signal the pineal gland to release melatonin
during darkness [1, 5]. Peak melatonin concentrations typically occur during the night to
promote sleep initiation and quality [1, 2]. However, when blue light stimulates the eye prior
to sleep, it signals daytime conditions to the SCN, acutely suppressing nocturnal melatonin
secretion and disrupting normal sleep hygiene [2, 3, 5].

Methodology

Inclusion and exclusion criteria

The review included studies that measured human melatonin levels before sleep when
participants were exposed to blue light. The review included only English-language studies
published between January 2018 and November 2025. The review focused on quantitative
studies that measured melatonin levels in picograms per milliliter (pg/mL) and Dim Light
Melatonin Onset (DLMO).

The review excluded studies that used animal or cell samples through title and abstract
screening. The review excluded studies from full-text screening if they failed to measure
melatonin levels or presented incomplete results or lacked methodological transparency.
The studies were also excluded for unclear designs and insufficient statistical methods. All
duplicate studies were removed.

Source of databases

This review was conducted using database searches in PubMed, Cochrane, and additional
search platforms, including Google Scholar and MDPI, to gather as many relevant articles as
possible.

Search strategy

All related keywords discussing the impact of blue light on melatonin levels and sleep were
included in the search. To discover pertinent research, the search method used the "OR"
operator to mix blue light with related phrases. The "AND" operator was used to combine the
three key terms to locate research that examined how blue light affects melatonin and sleep
patterns.

Study selection

Eight duplicate studies were detected by Mendeley Reference Manager software and were
subsequently eliminated from the study (Figure 2). After removing duplicates, the studies
were assessed using predefined inclusion and exclusion criteria. The screening process
consisted of two phases, which started with title and abstract evaluation, followed by
complete text assessment for eligibility determination. The review process followed PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [4].


https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-021-01626-4
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Identification of new studies via databases and registers
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L) Not mention statistical

method used

Total studies included in review
(n=135)

Figure 1. shows the step-by-step process from the identification of articles, screening,
eligibility, to inclusion of articles as outlined in this PRISMA flow diagram [4].

Findings and Discussion

Neurobiological Mechanism of Light-Induced Melatonin
Suppression

Melatonin is a primary neurohormone synthesized and secreted by the pineal gland in
response to darkness [5, 13, 14]. It serves as a master physiological signal for regulating the
human circadian system, sleep onset, and sleep-wake architecture [5, 13, 14]. Under
normal physiological conditions, ambient light enters the eye and stimulates specialized
photoreceptors known as intrinsically photosensitive retinal ganglion cells (ipRGCs), which
express the photopigment melanopsin [6, 7, 13, 18]. These ipRGCs transmit photic signals
directly to the suprachiasmatic nucleus (SCN)—the central circadian pacemaker in the
hypothalamus via the retino-hypothalamic tract [6, 7, 13, 18].

Blue light, characterized by short wavelengths ranging from 400 to 500 nm [18, 32], falls
directly within the peak spectral sensitivity zone of melanopsin (~480 nm) [32].
Consequently, exposure to short-wavelength light rapidly inhibits SCN signaling to the
pineal gland, suppressing the production of nocturnal melatonin [6, 18]. Because modern
light-emitting diode (LED) technologies and electronic screens (e.g., smartphones, tablets,
laptops) emit high quantities of short-wavelength blue light, pre-sleep exposure artificially
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signals daytime conditions to the circadian clock, leading to acute melatonin suppression,
delayed Dim Light Melatonin Onset (DLMO), and elevated nighttime alertness[8, 10, 11, 18].

Impact of Light Sources, Wavelengths, and Intensity

The extent of nocturnal melatonin suppression is heavily dictated by the spectral
composition, intensity (lux), and duration of the light source [9, 14, 15, 29].

LED vs. Alternative Light Sources

Studies evaluating continuous LED ceiling fixtures and electronic screens consistently
report greater suppression of endogenous melatonin and phase delays compared to
alternative sources such as Organic Light-Emitting Diodes (OLED) or violet-excitation LEDs,
which exhibit reduced blue-peak emissions [20, 21, 23, 35].

I[Iluminance and Duration

Higher light intensity (e.g., bright light >50 Ix up to 5,000 lx) significantly intensifies melatonin
suppression [18, 29, 31]. Furthermore, exposure durations exceeding 30 to 60 minutes
produce substantial decreases in circulating or salivary melatonin levels [6, 30], reaching
maximum suppressive effects at exposure durations of 2 hours or more [9, 14, 15, 16].

Spectral Shift

Comparative trials confirm that high Correlated Color Temperature (CCT) lighting—rich in
blue wavelengths—suppresses melatonin significantly more than low CCT warm lighting or
longer red wavelengths (~620 nm) [9, 16, 19, 30, 32].

Susceptibility Across Vulnerable Populations

Sensitivity to blue-light-induced circadian disruptionis not uniform across all demographics
[5,9,13,33].

Children and Adolescents

Pediatric and adolescent populations demonstrate significantly higher sensitivity to evening
blue light compared to adults [5, 9, 29, 31, 32]. Children possess larger pupil diameters and
clearer crystalline lenses, allowing greater transmission of short-wavelength light to the
retina [5, 31]. Studies indicate that even low-to-moderate light intensities cause up to
double the rate of melatonin suppression in children compared to adults, leading to
pronounced delays in sleep onset [5, 29, 31].

Special Clinical Demographics

Pregnant Women

Shifted hormone profiles make circadian regularity crucial during pregnancy . Nighttime blue
light suppression can disrupt maternal sleep quality, whereas targeted light interventions
help preserve normal evening melatonin onset [13].

Circadian and Psychiatric Conditions
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While individuals with mood disorders (such as euthymic bipolar | disorder) exhibit
suppression patterns similar to healthy controls [33], individuals suffering from sleep
disorders show significant sleep quality improvements and advanced DLMO when exposed
to blue-depleted or pre-sleep dim light environments [39].

Efficacy of Blue-Light Mitigation Strategies

To counteract the adverse circadian effects of evening light, several optical and digital
interventions have been evaluated [7, 10, 13, 18, 19, 24, 28].

Blue-Blocking Lenses

Wearing amber or blue-blocking glasses 2 to 3 hours before bedtime effectively blocks
wavelengths <530 nm[7, 13, 18, 24]. This practice preserves nocturnal melatonin secretion,
advances DLMO, and shortens subjective sleep latency[7, 13, 18, 24].

Software Filters and Dark Modes

Utilizing built-in digital night modes or blue-blocking software on smartphones and tablets
reduces overall blue-peakintensity [10, 18, 19, 28]. While software filters reduce the severity
of suppression compared to unfiltered screen exposure, complete restriction of screen
usage remains the most effective approach for optimal sleep hygiene [10, 11, 25].

Circadian-Friendly Environmental Lighting

Transitioning to dim, low-CCT lighting or blue-depleted hospital and home environments in
the late evening minimizes circadian disruption and promotes natural melatonin secretion
prior to sleep [27, 38, 39].

Table 1 provides a synthesized overview of the empirical evidence evaluating the effects of
blue-light exposure on evening melatonin levels and sleep metrics across diverse
populations



Table 1. Summary of included studies evaluating the effect of pre-sleep blue-light exposure on melatonin levels and sleep parameters.

Study

Mean age + SD (years)
number of participants

(n)

Intervention
(bluelight source)

Study design

Statistical tool

Outcome

Lee et al, 2018 [5]

Adult: 41.7 + 4.4 years
Children: 8.9 £+ 2.2 years

Light-emitting diode (LED)
ceiling light

Randomised Controlled
Trial (RCT) design

SPSS 23.0

Light-induced melatonin
suppression in children is
greater than in adults.

n=44
Tomoaki Kozaki, 2018 [6] 21.6 + 1.5years Three conditions include Experimental, within- SPSS 22.0, ANOVA Melatonin suppression
dim light, 100-Hz flickering subject (repeated was significant for both
n=11(male) blue light, and non- measures)design flickering and non-
flickering blue light flickering blue light after 30
min, while non-flickering
light caused faster
suppression initially.
Knufinkeet al, 2018 [7] 23.27 £+ 3.63 years With light restriction Within-subject crossover ANOVA Blocking short-wavelength
condition (LR), wear design light in the evening can
n =15 (male and female) amber-lens glasses, and significantly shorten
no light restriction subjective sleep onset
condition (nLR), wear non- latency.
vision-adjusting
transparent glasses.
Chinoy et al, 2018 [8] 25.7 + 3.0 years Unrestricted LE-tablet Randomized Controlled SASversion 9.3 Evening use of LE-tablets
computer use versus Trial (RCT) and crossover can induce delays in self-
n =9 (male and female) evening reading from design selected bedtimes and
printed materials suppress melatonin
secretion.
Nagare et al., 2018 [9] Adults: 46 + 5.2 years Overhead LED lighting Randomised Controlled ANOVA Adolescents exhibit greater
Adolescents: 16.5 + 1.9 (BevelLED2.0,2200-6000K) Trial (RCT) design melatonin suppression
years after exposure to the 5600
K intervention compared to
n=24 the 2700 K intervention,
unlike adults.
Sarah R. Schmid, 2021 [10] 21.7 +1.91 years Three conditions: Within-subject, cross-over SPSS 27.0 Evening melatonin levels
smartphones without blue- design increased after
n =33 (male) light filter, smartphones smartphone exposure

with blue-light filter, and
printed books.

(both with and without
filter) compared to reading
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https://pmc.ncbi.nlm.nih.gov/articles/PMC6295443/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6194675/
https://onlinelibrary.wiley.com/doi/10.1080/17461391.2018.1544278
https://pubmed.ncbi.nlm.nih.gov/29845764/
https://pubmed.ncbi.nlm.nih.gov/31191119/
https://pubmed.ncbi.nlm.nih.gov/34842631/

Device: Samsung Galaxy a book.
A50 enterprise edition

Hohn et al., 2021 [11] 21.93 +2.17 years Three conditions: Within-subject, crossover SPSS 26.0, R-Studio 3.6.1, Higher melatonin levels
Smartphones without a design ANOVA when using No Filter

n =14 male

blue light filter,
smartphones with a blue
light filter, and printed
material

compared to both the Filter
and Book conditions after
30 minutes of light
exposure. Before sleep, the
melatonin level is higher in
the Book condition than in
the Filter condition.

He et al, 2022 [12] 25 + 2.26 years Four experimental lighting Within subjects design Minitab 17 Higher illuminance was
conditions [L2 (1440 Lx, correlated with increased
n =8 (male and female) 3300 K), L3 (1440 lx, subjective work alertness
5300 K), L4 (70 lx, 3300 K), and higher sleep efficiency.
L5 (70 lx, 5300 K)],
plus the baseline (L1
-dark
, 41X, 5300 K at eye
level)
Liset et al., 2022 [13] 30.5+4.0years Intervention group: blue- Randomized controlled SPSS 25.0 Wearing blue-blocking
blocking glasses (Uvex trial (RCT)design glasses 3 hours before
n = 47 healthy nulliparous Skyper S1933X) blocking bedtime advanced
pregnant women 99% of wavelengths < 530 melatonin onset and
nm. Control group: grey increased evening
glasses  (Uvex  Skyper melatonin levels,

S$1905) blocking = 50% of
wavelengths < 530 nm.

indicating a positive effect
on the circadian system.

Arrona-Palacios et al, 2023 64.30 £+ 5.25 years

Self-selected lighting

Within subject design

MANOVA, paired t-test

Older people who are

[14] conditions for the first 4-6 h exposed to ordinary room
n =13 (male and female) of the day and in dim light light during melatonin
until  their  scheduled phase assessment
bedtime appeared to suppress
melatonin.
Gou et al., 2024 [15] 23.58 £ 0.7 years four lighting conditions (m- between-subject design ANOVA, paired t-test Higher m-EDI lighting

n =24 (12 male and 12
female)

EDI: EL1, 200 lux; EL2, 20
lux; ELS, 40 lux; EL4, 10 lux)

exposure enhances the
suppression of melatonin.

Sanchez-Cano et al, 2025 30.08 + 12.91 years Two selected LEDs (blue Randomized crossover SPSS 24.0 Blue light significantly
[16] and red) design suppresses melatonin
Pharmacomoles
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https://www.mdpi.com/2624-5175/3/1/5
https://www.researchgate.net/publication/362037664_Impact_of_advance_light_exposure_on_assembly-line_workers%27_subjective_work_alertness_and_sleep_quality#:~:text=The%20subjective%20work%20alertness%20and,than%20those%20in%20the%20morning
https://pmc.ncbi.nlm.nih.gov/articles/PMC8728098/
https://www.researchgate.net/publication/371851604_The_Timing_of_the_Melatonin_Onset_and_Phase_Angle_to_Sleep_Onset_in_Older_Adults_after_Uncontrolled_vs_Controlled_Lighting_Conditions
https://www.sciencedirect.com/science/article/abs/pii/S0360132324011582
https://www.mdpi.com/2075-1729/15/5/715

n =12 (male and female)

secretion after 2 h of

exposure

Yang et al, 2018 [17] 20 = 3.4 years Three light conditions: Randomized crossover SPSSver20.0, ANOVA Intermittent light was as
intermittent bright lighting, design effective as continuous
n =15 (male and female) continuous bright lighting, bright light in its acute
and continuous dim light. effects in negatively
impacting subsequent
sleep.

Mortazavi et al, 2018 [18] 23.58 + 8.78 years First night - no filter Randomized Controlled ANOVA Blue light suppresses the
Other 2 nights - blue and Trial (RCT) secretion of melatonin
n =43 (male and female) amber filters more than the longer
wavelengths of the visible

light spectrum.
Nagare et al, 2018 [19] 22.5+ 3.7 years Four lighting conditions: Within-subjects Repeated measures Night Shift (both CCTs)
Night shift high CCT experimental study ANOVA, two-tailed paired caused significant
n = 12 (7 male and 5 (5997K)from iPad full Student’s t-test melatonin suppression

female)

brightness, Night shift low
CCT (2837 K) from iPad full
brightness, blue light
goggles (40 lux at 470 nm),
orange goggles (< 525 nm)

and did not differ between
high vs low CCT. Blue Light
Goggles caused the
highest suppression.

Ishihara et al, 2021 [20]

25.7+0.65 years

n =10 (males)

3 conditions: LED (1000 Lx),
OLED (1000 lx), dim (10 )
light conditions

Randomized crossover
repeated-measures study

ANOVA

Total urinary 6-
sulfatoxymelatonin
(urinary metonin) did not
differ between the light
conditions (p =0.923)

Mitsui et al, 2024 [21] 26.3 + 5.9 years Violet- and blue-excitation  Randomized Controlled SPSSver27.0 Melatonin suppression
LEDs Trial (RCT) exposed to violet-
excitation LEDs was
smaller than in those
exposed to blue-excitation
n =15 (male) LEDs.
Hanifin et al, 2019 [22] 22.1 +1.8 years Blue-enriched (17,000K) Randomized Controlled SAS 9.0, ANOVA Blue-enriched light caused
polychromatic fluorescent Trial (RCT) significantly greater
n =20 (male and female) light and standard (4000K) suppression of melatonin
polychromatic fluorescent than standard light.
light
Park et al, 2020 [23] 26.9+5.7 years Three different light Randomized crossover SPSSver18.0 Melatonin onset was
conditions (OLED, LED, study significantly delayed under

Pharmacomoles

Published By: BJ Scientific Open Learning (BJSOL) LLC. USA


https://www.mdpi.com/1660-4601/15/3/524
https://pmc.ncbi.nlm.nih.gov/articles/PMC6280115/pdf/JBPE-8-375.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC6561503/
https://pubmed.ncbi.nlm.nih.gov/34117328/
https://pubmed.ncbi.nlm.nih.gov/37707296/
https://pubmed.ncbi.nlm.nih.gov/30296404/
https://pubmed.ncbi.nlm.nih.gov/32657060/

n =24 (male and female)

and dim light)

LED compared to dim light,
but did not differ under
OLED.

Barrau et al, 2019 [24] 27.9+5.8 years Non-filtering lenses, Cross-over randomized MANOVA Low levels of light at night
selective filter, and dark- clinical study (LAN) are sufficient to
n =56 orange lenses decrease melatonin
production.
Kater et al, 2022 [25] 21.19+1.42 years Blue light exposure, blue Randomized within design  ANOVA Regarding sleep, sleep

n =79 (women)

light filter, and no use of
smartphones in bed

quality was found to be
lower when using blue light
than in the control
condition.

Constantino et al, 2025 Median age of 66.5 years Blue-enriched light and Randomized crossover SPSSver29.0, ANOVA Evening light exposure was
[26] control light design significantly reduced
n =36 (male and female) melatonin levels.
Vethe et al., 2020 [27] 23.0 £ 3.1 years 3lightconditions: dim light, Randomized crossover R  statistical package Melatoninwas less
blue-depleted light design (version  3.5.2), linear suppressedintheblue-
environment (LE), standard mixed model depleted LE (15%)
n = 12 (5 male and 7 light environment (LE), compared with the normal
female) LE (45%; p =0.011). Dim
light melatonin onset was
phase-advanced more
after residing in the blue-
depleted LE than after the
normal LE (p = 0.008).
Makateb et al, 2023 [28] n=280 Blue-light filter software Randomized controlled SPSSver21.0 The amount of melatonin
and sham treatment trial (RCT) decreased significantly in
(placebo) the intervention group

compared to the control.

Hartstein et al., 2022 [29] 4.2 +£0.5years

n =36

510 5,000 lux light

Within-subject
experimental design

Paired t-test, independent
t-test

Higher intensity (5,000 lux)
resulted in more melatonin
suppression (p = 0.046).

Hartstein et al., 2025 [30] 4.86 £ 0.9 years

n =10 (5 male and 5
female)

high CCT light (5000 K), low
CCT light (2700 K), dim light
(<10 lux)

within-subjects crossover
design

Paired t-test

Low CCT and high CCT
light at 20 lux resulted in
significantly lower salivary
melatonin levels after 30
and 50 minutes of
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https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02005513/full?highlightAbstract=suppression%7Csuppress%7Cblue%7Cmelatonin%7Clight
https://www.sciencedirect.com/science/article/pii/S1389945722009856?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/39821044/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7953207/
https://pubmed.ncbi.nlm.nih.gov/37302816/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8933063/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11922671/

exposure compared todim
light levels (<10 lux).

Akacem et al., 2018 [31]

4.3 +1.1years

Bright light ~1000 lux

Within-subject  repeated

Paired t-test, SPSS

Bright light suppressed

containing blue light, dim measures experimental melatonin by 87.6 = 10.0%.
n=10 light <15 lux study Suppression lasted = 50
minutes after light

exposure ended.

Najjar et al., 2024 [32] 7-14 years Blue-enriched LED light within-subjects crossover Linear mixed-effects Blue light suppressed

(~480 nm peak), Red light design models (LMM) melatonin significantly
n=19 (~620 nm) more than red light in
children.

Ritter et al, 2020 [33] 39.6 £ 9.6 years (control) Blue light, red light, dark ANOVA, t tests,repeated- No differences in
43.3 £ 10.9 years (bipolar | condition measures analyses of melatonin suppression
disorder) covariance ANCOVA, between euthymic patients

univariate ANCOVA with bipolar | disorder and
n = 90 (57 controls, 33 healthy controls.
bipolar I disorder)
Blume et al, 2022 [34] 23.2 + 2.8 years Two light conditions only Within-subject, ANOVA Suppression of melatonin

differing in the melanopic randomized, crossover by =14% in the high-
effects (123 vs. 59 Ix design compared to the low-
n=29 melanopic EDI) melanopic condition.
Jo etal, 2021 [35] 27.5+5.1years Three light conditions Randomized controlled SPSS ver 18.0, Friedman Exposure to light in the
(OLED, LED, and dim light)  trial (RCT) test, ANOVA evening can suppress
n =24 (male and female) melatonin late at night and
disrupt deep sleep, and
worse when under LED.
Maeda-Nishino et al.,, 2025 10-12years old Partial blue-light blocking Randomized, crossover Two-way repeated No change between blue-
[36] glasses JINS Screen Lens design measures ANOVA light blocking glasses
n =39 male schoolchildren Heavy (40% blue-light cut), compared to standard
standard clear lenses clear lenses
Maeda-Nishino et al., 2025 24.2 + 3.9 years BLB group: blue-light- Randomized controlled Repeated-measures Prolonged blue-light
[37] blocking (BLB) contact study ANOVA reduction for 4 weeks did
n=38 lenses reduced blue light not significantly alter
by 90% melatonin levels or DLMO.
Control group: regular,
clear lens
West et al., 2019 [38] n=43 2 lighting: naturalistic Quasi-randomized Control SAS In the IU group, melatonin
lighting (IlU), standard Trial plasma levels were
indoor lighting (CU) increased at discharge

compared to inclusion (p =
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https://pmc.ncbi.nlm.nih.gov/articles/PMC5835497/
https://pubmed.ncbi.nlm.nih.gov/38241677/
https://pubmed.ncbi.nlm.nih.gov/32096617/
https://pubmed.ncbi.nlm.nih.gov/35998110/
https://pubmed.ncbi.nlm.nih.gov/33993687/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12574898/
https://pubmed.ncbi.nlm.nih.gov/32719581/
https://pubmed.ncbi.nlm.nih.gov/30662336/

0.030) and evolved
rhythmicity (p = 0.007). In
the CU group, melatonin
plasma levels were similar
between discharge and
inclusion, and no
rhythmicity evolved.

Yoon et al., 2024 [39]

40.0 = 10.2 years

n = 40 who had a sleep
disorder

Control: standard lighting

LT group:

colored
blue light

dim warm-
light minimizing

randomized, open-label,
two-arm clinical trial

Independent t-test, paired
t-test, chi-squared test, R
software version 4.1.1

The LT group exhibited
significant improvements
in an advanced Dim Light
Melatonin Onset
compared to the control
group (approximately 30
minutes).
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Discussion

After reviewing approximately 35 articles on the effect of blue-light exposure before sleep, it
has been proven that it affects the circadian rhythm by suppressing melatonin levels,
leading to increased alertness. This hypothesis has been accepted and proven across
multiple studies that have tested it on various factors, including light conditions, duration of
light exposure, age, and health conditions.
Melatonin is also known as a sleep hormone and plays a crucial role in regulating the sleep-
wake cycle. Itis released by the pineal gland in response to darkness [5,13,14]. The light will
enter the retina, and melanopsin-containing intrinsically photosensitive retinal ganglion
cells (ipRGCs) will deliver the environmental information to the suprachiasmatic nucleus
(SCN) via the retinohypothalamic track [6,7,13,18].
Statistical methods that are often used among the studies to evaluate the melatonin
concentration level are repeated-measures ANOVA [5-7,9-12,14-19,21-25,28-30,33-39]. In
the studies, various factors contributed to the variability of melatonin data. For example, the
duration of exposure, the light conditions, and the participant group. Generally, these
studies that utilized this approach present their data in the form of mean + SD, F-values, p-
value, and a graph plotto visualize the changes in melatonin level [5-7,9-12,14-19,21-25,28-
30,33-39]. Therefore, Repeated-measures ANOVA is the most suitable statistical approach
as it allows researchers to evaluate the significant variation in melatonin levels across
multiple conditions.
Furthermore, multiple studies have used the paired t-test as the primary statistical
approach or conducted post-hoc after ANOVA and MANOVA. These studies utilized a paired
t-test to analyze two variables of the same subject under different conditions
[14,15,19,29,30,31,33,39]. Other than that, Independent t-tests were applied when
comparing two different groups, as in research conducted by Hartstein et al. (2022), which
evaluated melatonin suppression under different lux levels between separate participant
groups [29].
Moreover, some of the studies where the data are not normally distributed, carried out non-
parametric statistical approaches, such as the Friedman and Wilcoxon test [6,7,8,10,39].
Other than that, some studies used MANOVA when the dependent variable involved is more
than one [14,24]. In addition, Welch’s test was implemented by a study to evaluate and
compare the melatonin levels and light conditions [5]. Several studies used Linear Mixed
Models (LMM) where the data involved repeated measurement [10,16,27,32]. Pearson
correlation was also used in the study to test the relationship between light intensity and
melatonin suppression [10,16]. Additionally, a study by Ritter et al, (2020) used ANCOVA to
compare the data on melatonin suppression between healthy individuals and bipolar
disorder patients [33].
Nowadays, using electronic devices is a part of our daily life. Several studies reported that
blue light or blue-enriched light can be emitted through electronic devices and lamps, for
example, mobile phones, laptops, e-book devices, and LED screens or lamps. The study's
findings reported that the usage of these devices that emit a bright light during the evening
or near bedtime leads to a decrease in melatonin concentration level [8,10,11]. Thus,
several studies suggested that wearing blue-blocking filter screens and blue-blocking
glasses helps in reducing the probability of melatonin suppression [10,16].
Another pointis regarding the light condition when the tests were carried out; the hypothesis
remained consistent across multiple studies, stating that exposure to blue-enriched light
(short wavelength) leads to significant suppression of melatonin [9,17-19]. A few studies
reported that the intensity and brightness of light also play a vital role in affecting the
melatonin suppression. Bright light above 50 lux has been proven to greatly reduce the level
of melatonin of participants [18,29]. On top of that, duration of exposure is also one of the
factors that are being considered in these studies, pointing out that the melatonin
suppression was significant after 60 to 90 minutes and reached a plateau for durations
above 2 hours [9,14,15].
Another notable findings from these studies were age factors, as children and adolescents
show a higher suppression of melatonin than adults when subjected to the same light
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conditions [5,9]. Suppression of melatonin in children is said to be double the amount from
adults, as the reason behind it is that children have an earlier melatonin onset. However, the
study did not thoroughly explain the main reason behind the hypothesis and required further
testing and reasoning [5]. Furthermore, in pregnant women, studies found that wearing blue-
blocking glasses in the evening helps prevent nocturnal melatonin suppression [13]. These
findings are valuable as they suggest reducing blue light exposure, therefore improving the
health and sleep patterns of pregnant women. In contrast, a study tested on participants
with bipolar disorder and the finding shows that the suppression of melatonin is the same
as healthy people [33].

In conclusion, the data gathered from the articles clearly support the idea that blue light
exposure suppresses melatonin, particularly in the evening and before bedtime. Thus,
melatonin suppression causes wakefulness and disrupts the body's natural wake-sleep
cycle. In order to maintain healthy sleep patterns and quality, it is advised to minimize the
use of electronic devices and exposure to blue light.

Conclusion

Allin all, the reviewed studies consistently exhibit similar findings, which evening exposure
to blue light or short-wavelength light could suppress melatonin and elevate alertness. This
review comprises studies that investigate various independent variables, including light
intensities, exposure durations, age groups, device types, and the presence of illnesses
such as bipolar disorder. This review also found that blue-blocking glasses and screen filters
can reduce the effect of melatonin suppression. Additionally, appropriate and reliable
statistical methods such as various versions of SPSS, ANOVA, and MANOVA are used to
analyze their findings. One of the limitations of this study that could be improved is the
variation in study designs, as reviewed articles used different methodologies and
participants’ conditions. Furthermore, many studies had small sample sizes, which may
limit their reliability.

Conflict of interest
The authors declare no conflict of interest.
Funding

The authors received no any financial support for this publication.

15


https://pmc.ncbi.nlm.nih.gov/articles/PMC6295443/
https://pubmed.ncbi.nlm.nih.gov/31191119/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6295443/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8728098/
https://pubmed.ncbi.nlm.nih.gov/32096617/

References:

1. Reynolds S. Use of melatonin supplements rising among adults. National Institutes of Health
(NIH). 2022. https://www.nih.gov/news-events/nih-research-matters/use-melatonin-
supplements-rising-among-adults

2. BlumbergD. Melatonin and your sleep: Is it safe, what are the side effects and how does it work?
UC Davis Health. 2025. https://health.ucdavis.edu/blog/cultivating-health/melatonin-and-
your-sleep-is-it-safe-what-are-the-side-effects-and-how-does-it-work/2025/02

3. Stanborough RJ. What is Blue Light, and How Does it Impact Our Health? Healthline. 2021.
https://www.healthline.com/health/what-is-blue-light#what-is-it

4. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an Updated Guideline for Reporting Systematic Reviews. Syst Rev. 2021;10(1):89.
https://doi.org/10.1186/s13643-021-01626-4

5. Lee S, Matsumori K, Nishimura K, Nishimura Y, Ikeda VY, Eto T, et al. Melatonin suppression and
sleepiness in children exposed to blue-enriched white LED lighting at night. Physiol Rep.
2018;6(24):€13942. https://doi.org/10.14814/phy2.13942

6. Kozaki T, Hidaka Y, Takakura J, Kusano Y. Suppression of salivary melatonin secretion under
100-Hz flickering and non-flickering blue light. J Physiol Anthropol. 2018;37(1):24.
https://doi.org/10.1186/s40101-018-0185-1

7. Knufinke M, Fittkau-Koch L, Mgst EIS, Kompier MAJ, Nieuwenhuys A. Restricting short-
wavelength light in the evening to improve sleep in recreational athletes — A pilot study. Eur J
Sport Sci. 2019;19(6):728-35. https://doi.org/10.1080/17461391.2018.1544271

8. Chinoy ED, Duffy JF, Czeisler CA. Unrestricted evening use of light-emitting tablet computers
delays self-selected bedtime and disrupts circadian timing and alertness. Physiol Rep.
2018;6(10):e13692. https://doi.org/10.14814/phy2.13692

9. Nagare R, Plitnick B, Figueiro M. Effect of exposure duration and light spectra on nighttime
melatonin suppression in adolescents and adults. Light Res Technol. 2019;51(4):530-43.
https://doi.org/10.1177/1477153518775462

10. Schmid SR, Hohn C, Bothe K, Plamberger CP, Angerer M, Pletzer B, et al. How Smart Is It to Go
to Bed with the Phone? The Impact of Short-Wavelength Light and Affective States on Sleep and
Circadian Rhythms. Clocks Sleep. 2021;3(4):558-80.
https://doi.org/10.3390/clockssleep3040040

11.H6hn C, Schmid SR, Plamberger CP, Bothe K, Angerer M, Gruber G, et al. Preliminary Results:
The Impact of Smartphone Use and Short-Wavelength Light during the Evening on Circadian
Rhythm, Sleep and Alertness. Clocks Sleep. 2021;3(1):66-86.
https://doi.org/10.3390/clockssleep3010005

12.He S, Yan Y. Impact of advance light exposure on assembly-line workers’ subjective work
alertness and sleep quality. Light Res Technol. 2023;55(2):105-28.
https://doi.org/10.1177/14771535221111663

13. Liset R, Granli J, Henriksen RE, Henriksen TEG, Nilsen RM, Pallesen S. A randomized controlled
trial on the effect of blue-blocking glasses compared to partial blue-blockers on melatonin
profile among nulliparous women in third trimester of the pregnancy. Neurobiol Sleep Circadian
Rhythms. 2022;12:100074. https://doi.org/10.1016/j.nbscr.2021.100074

14. Arrona-Palacios A, Lee JH, Czeisler CA, Duffy JF. The Timing of the Melatonin Onset and Phase
Angle to Sleep Onset in Older Adults after Uncontrolled vs. Controlled Lighting Conditions.
Clocks Sleep. 2023;5(3):350-7. https://doi.org/10.3390/clockssleep5030026

15.GouZ,Gou B, Chen D, Gao X, LiaoW, WangY, et al. The effect of pre-sleep lighting on melatonin,
sleep and alertness of the crews in the enclosed cabins in the evening with the cumulative effect
of light. Build Environ. 2024;267:112316. https://doi.org/10.1016/].buildenv.2024.112316

16.Sanchez-Cano A, Luesma-Bartolomé MJ, Solanas E, Orduna-Hospital E. Comparative Effects of
Red and Blue LED Light on Melatonin Levels During Three-Hour Exposure in Healthy Adults. Life.

Pharmacomoles 16

Published By: BJ Scientific Open Learning (BJSOL) LLC. USA —


https://www.nih.gov/news-events/nih-research-matters/use-melatonin-supplements-rising-among-adults
https://www.nih.gov/news-events/nih-research-matters/use-melatonin-supplements-rising-among-adults
https://health.ucdavis.edu/blog/cultivating-health/melatonin-and-your-sleep-is-it-safe-what-are-the-side-effects-and-how-does-it-work/2025/02
https://health.ucdavis.edu/blog/cultivating-health/melatonin-and-your-sleep-is-it-safe-what-are-the-side-effects-and-how-does-it-work/2025/02
https://www.healthline.com/health/what-is-blue-light#what-is-it
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.14814/phy2.13942
https://www.google.com/search?q=https://doi.org/10.1186/s40101-018-0185-1
https://www.google.com/search?q=https://doi.org/10.1080/17461391.2018.1544271
https://www.google.com/search?q=https://doi.org/10.14814/phy2.13692
https://www.google.com/search?q=https://doi.org/10.1177/1477153518775462
https://doi.org/10.3390/clockssleep3040040
https://doi.org/10.3390/clockssleep3010005
https://www.google.com/search?q=https://doi.org/10.1177/14771535221111663
https://doi.org/10.1016/j.nbscr.2021.100074
https://www.google.com/search?q=https://doi.org/10.3390/clockssleep5030026
https://doi.org/10.1016/j.buildenv.2024.112316

2025;15(5):715. https://doi.org/10.3390/life15050715

17.Yang M, Ma N, Zhu Y, Su YC, Chen Q, Hsiao FC, et al. The Acute Effects of Intermittent Light
Exposure in the Evening on Alertness and Subsequent Sleep Architecture. Int J Environ Res
Public Health. 2018;15(3):524. https://doi.org/10.3390/ijerph15030524

18. Mortazavi SAR, Parhoodeh S, Hosseini MA, Arabi H, Malakooti H, Nematollahi S, et al. Blocking
Short-Wavelength Component of the Visible Light Emitted by Smartphones’ Screens Improves
Human Sleep Quality. J Biomed Phys Eng. 2018;8(4):375-80.
https://doi.org/10.31661/jbpe.v8i4.1033

19. Nagare R, Plitnick B, Figueiro M. Does the iPad Night Shift mode reduce melatonin suppression?
Light Res Technol. 2019;51(3):373-83. https://doi.org/10.1177/1477153517748181

20.Ishihara A, Park |, Suzuki Y, Yajima K, Cui H, Yanagisawa M, et al. Metabolic responses to
polychromatic LED and OLED light at night. Sci Rep. 2021;11(1):12402.
https://doi.org/10.1038/s41598-021-91828-6

21.Mitsui K, Saeki K, Sun M, Yamagami Y, Tai Y, Obayashi K. Effects of a violet-excitation light-
emitting diode on melatonin secretion and sleepiness: preliminary findings from a randomized
controlled trial. J Clin Sleep Med. 2024;20(1):101-9. https://doi.org/10.5664/jcsm.10776

22.Hanifin JP, Lockley SW, Cecil K, West K, Jablonski M, Warfield B, et al. Randomized trial of
polychromatic blue-enriched light for circadian phase shifting, melatonin suppression, and
alerting responses. Physiol Behav. 2019;198:57-66.
https://doi.org/10.1016/j.physbeh.2018.10.004

23.Park HR, Choi SJ, Jo H, Cho JW, Joo EY. Effects of Evening Exposure to Light from Organic Light-
Emitting Diodes on Melatonin and Sleep. J Clin Neurol. 2020;16(3):401-10.
https://doi.org/10.3988/jcn.2020.16.3.401

24.Berrau C, Elbaz M, Poletto E, Leger D. A Highly Selective Filter of Circadian Light Improves Sleep
Quality and Limits the Melatonin Suppression Induced by Light at Night. Invest Ophthalmol Vis
Sci. 2019;60(12):3745-53. https://doi.org/10.1167/iovs.19-27271

25. Kater MJ, Schlarb A. Evaluating the Impact of Social Media Usage and Blue Light on Pre-Sleep
Arousal and Sleep among Young Women. Sleep Med. 2022;100:S296.
https://doi.org/10.1016/j.sleep.2022.05.795

26.Barroggi Constantino D, Lederle KA, Middleton B, Revell VL, Sletten TL, Williams P, et al. The
bright and dark side of blue-enriched light on sleep and activity in older adults. GeroScience.
2025;47. https://doi.org/10.1007/s11357-024-01481-9

27.Vethe D, Scott J, Engstram M, Salvesen &, Sand T, Olsen A, et al. The evening light environment
in hospitals can be designed to produce less disruptive effects on the circadian system and
improve sleep. Sleep. 2021;44(3):zsaa194. https://doi.org/10.1093/sleep/zsaa194

28. Makateb A, Rashidinia A, Khosravifard K, Dabaghi P. Investigating the effects of a blue-blocking
software on the daily rhythm of sleep, melatonin, cortisol, positive and negative emotions.
Chronobiol Int. 2023;40(7):913-9. https://doi.org/10.1080/07420528.2023.2223838

29. Hartstein LE, Behn CD, Akacem LD, Stack N, Wright KP, LeBourgeois MK. High sensitivity of
melatonin suppression response to evening light in preschool-aged children. J Pineal Res.
2022;72(2):€12780. https://doi.org/10.1111/jpi. 12780

30. Hartstein LE, Wright KP, Behn CD, Stowe SR, LeBourgeois MK. The Circadian Response to
Evening Light Spectra in Early Childhood: Preliminary Insights. J Biol Rhythms. 2025;40(2):181-
93. https://doi.org/10.1177/07487304241299554

31.Akacem LD, Wright KP, LeBourgeois MK. Sensitivity of the circadian system to evening bright
light in preschool-age children. Physiol Rep. 2018;6(5):e13617.
https://doi.org/10.14814/phy2.13617

32.Najjar RP, Prayag AS, Gronfier C. Melatonin suppression by light involves different retinal
photoreceptors in young and older adults. J Pineal Res. 2024;76(1):e12932.
https://doi.org/10.1111/jpi.12932

33. Ritter P, Wieland F, Skene DJ, Pfennig A, Weiss M, Bauer M, et al. Melatonin suppression by

Pharmacomoles 17

Published By: BJ Scientific Open Learning (BJSOL) LLC. USA —


https://www.google.com/search?q=https://doi.org/10.3390/life15050715
https://doi.org/10.3390/ijerph15030524
https://www.google.com/search?q=https://doi.org/10.31661/jbpe.v8i4.1033
https://www.google.com/search?q=https://doi.org/10.1177/1477153517748181
https://doi.org/10.1038/s41598-021-91828-6
https://doi.org/10.5664/jcsm.10776
https://doi.org/10.1016/j.physbeh.2018.10.004
https://www.google.com/search?q=https://doi.org/10.3988/jcn.2020.16.3.401
https://www.google.com/search?q=https://doi.org/10.1167/iovs.19-27271
https://www.google.com/search?q=https://doi.org/10.1016/j.sleep.2022.05.795
https://www.google.com/search?q=https://doi.org/10.1007/s11357-024-01481-9
https://doi.org/10.1093/sleep/zsaa194
https://www.google.com/search?q=https://doi.org/10.1080/07420528.2023.2223838
https://doi.org/10.1111/jpi.12780
https://www.google.com/search?q=https://doi.org/10.1177/07487304241299554
https://doi.org/10.14814/phy2.13617
https://www.google.com/search?q=https://doi.org/10.1111/jpi.12932

melanopsin-weighted light in patients with bipolar | disorder compared to healthy controls. J
Psychiatry Neurosci. 2020;45(2):79-87. https://doi.org/10.1503/jpn.190038

34.Blume C, Niedernhuber M, Spitschan M, Slawik HC, Meyer MP, Bekinschtein TA, et al. Melatonin
suppression does not automatically alter sleepiness, vigilance, sensory processing, or sleep.
Sleep. 2022;45(11):zsac170. https://doi.org/10.1093/sleep/zsac170

35.Jo H, Park HR, Choi SJ, Lee SY, Kim SJ, Joo EY. Effects of Organic Light-Emitting Diodes on
Circadian Rhythm and Sleep. Psychiatry Investig. 2021;18(5):471-7.
https://doi.org/10.30773/pi.2020.0401

36. Maeda-Nishino NJ, Yoshimoto R, Ono T, Chiba S, Nishino S. Partial blue light blocking glasses
at night advanced sleep phase and reduced daytime irritability, disruptive behavior and
improved morning mood, but did not alter salivary melatonin secretion in Japanese male
schoolchildren. PLOS One. 2025;20(10):e0332877.
https://doi.org/10.1371/journal.pone.0332877

37.Domagalik A, Oginska H, Beldzik E, Fafrowicz M, Pokrywka M, Chaniecki P, et al. Long-Term
Reduction of Short-Wavelength Light Affects Sustained Attention and Visuospatial Working
Memory With No Evidence for a Change in Circadian Rhythmicity. Front Neurosci. 2020;14:655.
https://doi.org/10.3389/fnins.2020.00655

38.West AS, Sennels HP, Simonsen SA, Schansted M, Zielinski AH, Hansen NC, et al. The Effects of
Naturalistic Light on Diurnal Plasma Melatonin and Serum Cortisol Levels in Stroke Patients
during Admission for Rehabilitation: A Randomized Controlled Trial. Int J Med Sci.
2019;16(1):125-34. https://doi.org/10.7150/ijms.28652

39.YoonJ,Heo SJ, Lee H, SULEG, Han T, Kwon YJ. Assessing the Feasibility and Efficacy of Pre-Sleep
Dim Light Therapy for Adults with Insomnia: A Pilot Study. Medicina. 2024;60(4):632.
https://doi.org/10.3390/medicina60040632

Publisher’s Note: The views, data, claims, and opinions expressed in this article are solely those of the authors and do
not necessarily reflect the official policy or position or endorsement of the publisher, editors, reviewers, or their affiliated
organizations. No legal liability is assumed by the publisher, editors, or reviewers for the accuracy or practical use of the
data disclosed. The publication of this material does not make the publisher, editorial team, or reviewers responsible for
any damages incurred due to the information described in this article

Pharmacomoles 18
Published By: BJ Scientific Open Learning (BJSOL) LLC. USA


https://www.google.com/search?q=https://doi.org/10.1503/jpn.190038
https://doi.org/10.1093/sleep/zsac170
https://www.google.com/search?q=https://doi.org/10.30773/pi.2020.0401
https://doi.org/10.1371/journal.pone.0332877
https://doi.org/10.3389/fnins.2020.00655
https://www.google.com/search?q=https://doi.org/10.7150/ijms.28652
https://doi.org/10.3390/medicina60040632


  ±


  ±


  ±


  ±


  ±


  ±


  ±


  ±


  ±


  ±


  ±


  ±

