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Abstract
Light, as the most important zeitgeber, exerts significant regulatory effects on
circadian rhythms and sleep in organisms. Existing research has found that
greater daytime light exposure, particularly high-intensity morning light, signif-
icantly promotes nighttime sleep in individuals, though this optimizing effect
is modulated by light parameters and individual characteristics. Daytime light
can indirectly influence sleep by phase-advancing or phase-delaying the organ-
ism’s biological rhythms; however, whether daylight exposure directly affects
sleep by modulating sleep homeostatic pressure remains unclear. Future re-
search could investigate the interactive effects of daylight levels and timing on
sleep, and construct healthy human-centric lighting models for specific popula-
tions such as long-term indoor office workers, shift workers, or individuals with
sleep disorders.
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Abstract
As the most critical Zeitgeber, ambient light exerts significant regulatory ef-
fects on circadian rhythms and sleep. Previous research has demonstrated that
greater daytime light exposure, particularly high-intensity morning light, sub-
stantially improves nocturnal sleep quality. However, this optimization effect is
moderated by various light parameters and individual characteristics. Daytime
illumination can indirectly influence sleep by advancing or delaying circadian
phase, while whether it directly affects sleep through modulation of sleep home-
ostatic pressure remains unclear. Future studies should investigate the interac-
tive effects of light intensity and timing on sleep, and develop health-oriented
lighting models tailored for specific populations such as indoor office workers,
shift workers, and individuals with sleep disorders.

Keywords: daytime light, sleep, healthy lighting, mechanism, circadian
rhythm

Sleep plays a vital role in individual growth and development. However, sleep
problems—including chronic sleep restriction, insomnia, and poor sleep efficiency
—are becoming increasingly prevalent and showing a trend toward younger age
groups. Meta-analyses indicate that sleep disturbances are widespread in China
[?, ?, ?], particularly during the COVID-19 pandemic [?, ?, ?, ?]. Poor sleep
is closely associated with various physical and mental health issues, including
mood disorders [?, ?], hypertension [?, ?], and diabetes [?, ?]. Therefore, im-
proving sleep quality holds significant social value for enhancing national health
and well-being.

As an indispensable environmental factor, light is ubiquitous in daily life. Serv-
ing as the most important Zeitgeber for all mammals, ambient light regulates
circadian rhythms and influences sleep [?, ?, ?, ?, ?]. Prolonged exposure to
insufficient or inappropriate lighting can lead to circadian disruption, poor sleep
quality, and affective disorders [?, ?, ?]. Consequently, researchers have increas-
ingly focused on the relationship between daytime light exposure and nocturnal
sleep. Findings from these studies can inform the design of “Human Centric
Lighting”(HCL) environments that optimize visual performance while enhanc-
ing sleep quality and psychological well-being, representing an effective and
important intervention strategy. This review systematically examines the ef-
fects of daytime light on nocturnal sleep, moderating factors, and underlying
mechanisms from the perspective of light’s circadian effects.

1. The Circadian Effects of Light
While light enables vision through visual neural pathways, it also significantly
activates psychological functions—including alertness [?, ?, ?], cognitive perfor-
mance [?, ?, ?], and mood [?, ?, ?, ?, ?]—via a unique class of photorecep-
tors in the mammalian retina: intrinsically photosensitive retinal ganglion cells
(ipRGCs). Simultaneously, light regulates hormone secretion [?, ?], circadian
rhythms, and sleep [?, ?, ?, ?, ?]. These effects are collectively termed non-
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image forming (NIF) functions of light [?, ?]. Among them, light’s regulation
of circadian rhythms and sleep is specifically referred to as its circadian effect.

2. Light’s Regulation of Circadian Rhythms
Human sleep-wake cycles represent a prominent manifestation of circadian be-
havioral patterns [?, ?], and light—as a crucial Zeitgeber—exerts substantial
influence on these cycles [?, ?]. The suprachiasmatic nucleus (SCN) in the hy-
pothalamus serves as the primary pacemaker of the circadian system, receiving
light signals via ipRGCs to regulate individual biological rhythms.

From a circadian perspective, research suggests two primary effects of light on
human physiology: acute melatonin suppression and circadian phase shifting
[?, ?]. The resetting effect of light on circadian rhythms depends critically on
exposure timing. Morning light exposure can advance circadian phase [?, ?,
?]. For instance, an early study found that three days of morning bright light
exposure (8:30–13:30, 6000–13000 lx) advanced participants’circadian phase by
approximately 1.2 hours [?, ?]. A recent study demonstrated that an optimized
dynamic lighting pattern in office settings during daytime (8:00–18:00)—with
minimum 500 lx in the morning, gradually increasing to 1000 lx at noon, and
decreasing to no more than 2500 lx in the afternoon—significantly advanced
melatonin onset compared to conventional office lighting [?, ?]. Conversely,
evening light exposure delays circadian phase [?, ?, ?, ?]. Dumont and Carrier
(1997) found that evening light exposure (18:30–23:30, 6000–13000 lx) delayed
circadian phase by approximately 1.6 hours, while another study showed that
6.7 hours of ~10000 lx light at night delayed melatonin phase by about 3.6
hours [?, ?]. These findings indicate that light, as a key Zeitgeber, can advance
or delay circadian phase, thereby indirectly influencing sleep-wake patterns.

3. Light’s Effects on Sleep
Studies examining light-sleep relationships typically assess sleep through both
objective and subjective measures. Subjective sleep is evaluated via sleep diaries
and questionnaires, while objective sleep is monitored using wrist actigraphy or
the gold-standard polysomnography (PSG). Subjective parameters include sleep
onset time, sleep latency, sleep efficiency, total sleep time, and sleep midpoint.
PSG provides additional micro-level parameters such as sleep spindle count,
slow-wave sleep (SWS) duration, rapid eye movement sleep (REMS) latency,
and other sleep architecture features. Biochemical markers closely related to
sleepiness and alertness, such as melatonin and cortisol concentrations, also
serve as objective sleep indicators. The non-visual effects of light exhibit clear
time-of-day dependencies, leading researchers to investigate light-sleep relation-
ships separately for daytime and nighttime exposure.
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3.1 Effects of Nighttime Light on Sleep

The rapid development of artificial lighting has disrupted the natural“rise with
the sun, rest at sunset”pattern, making light pollution increasingly common.
Combined with widespread evening use of electronic displays, this poses signif-
icant risks to sleep health. Research consistently demonstrates that nighttime
light exposure negatively impacts sleep, including prolonged sleep latency, re-
duced deep sleep duration, and increased sleep fragmentation [?, ?, ?, ?]. One
early study found that brighter evening light and longer exposure duration were
associated with longer sleep preparation time [?, ?]. Similarly, a laboratory
study using PSG to monitor sleep under dim light exposure (40 lx) through-
out the night revealed that, compared to near-darkness conditions, participants
exhibited significantly increased Stage N1 sleep and wake episodes, along with
reduced slow-wave sleep [?, ?]. As mentioned previously, ipRGCs are most
sensitive to short-wavelength blue light, and evening exposure to blue or blue-
enriched white light causes greater sleep disruption. A recent study examined
the effects of one-hour pre-sleep exposure (21:30–22:30) to composite white light
with different blue content (2000 K vs. 6000 K) at equal illuminance (160 lx)
in adolescents. Results showed that after ten days of blue-enriched light expo-
sure, adolescents experienced significantly poorer sleep quality and lower next-
morning subjective alertness compared to low-blue conditions [?, ?]. This blue
light hazard remains significant even at low intensities—two hours of pre-sleep
iPad reading (~30 lx, peak ~450 nm) versus paper book reading (~3 lx, peak 612
nm) led to significantly lower pre-sleep sleepiness, longer sleep latency, shorter
REM sleep, and higher next-day sleepiness [?, ?]. Nighttime light’s detrimental
effects on sleep are thought to occur primarily through circadian phase delay
and melatonin suppression [?, ?].

3.2.1 Correlational Studies on Daytime Light Exposure and Nighttime
Sleep

In contrast to nighttime light’s negative effects, daytime light exposure sig-
nificantly improves nocturnal sleep quality. A field study investigating the ef-
fects of daytime light intensity on mood and sleep in postmenopausal women
found that higher average daytime light intensity was negatively correlated with
subjective and objective sleep latency, subjective sleep onset difficulty, and ob-
jective wake-after-sleep-onset episodes, while being positively correlated with
reduced depressive symptoms [?, ?]. Another study revealed that 24-hour av-
erage light intensity was negatively correlated with objective sleep onset and
wake times in adolescents with evening chronotypes, while time exposed to >10
lx was positively correlated with objective sleep onset and negatively correlated
with total sleep time [?, ?]. Field research in office environments has shown
that total daylight exposure correlates positively with subjective sleep quality
[?, ?], with window-proximate workers receiving more light and reporting better
health, higher sleep quality, and longer objective sleep duration [?, ?]. A survey
conducted during the pandemic also found that greater daytime light exposure

chinarxiv.org/items/chinaxiv-202303.00203 Machine Translation

https://chinarxiv.org/items/chinaxiv-202303.00203


(indoor or outdoor) was associated with better self-reported sleep [?, ?].

Furthermore, several field studies indicate significant seasonal and time-of-day
effects on the light-sleep relationship [?, ?, ?, ?, ?]. Figueiro and Rea (2016)
compared office lighting levels and sleep between winter and summer, finding
significantly greater daytime light exposure and superior objective sleep qual-
ity (shorter latency, longer duration, higher efficiency) in summer. However,
inconsistent results exist—a survey of adults over 65 found no significant sea-
sonal differences in subjective sleep quality despite higher summer light expo-
sure [?, ?]. Regarding timing, Youngstedt et al. (2004) found that morning light
exposure (within 4 hours of waking) correlated positively with subjective and
objective sleep time and quality, and negatively with sleep latency and awaken-
ings. Figueiro et al. (2017) reported that higher circadian light (CLA) exposure
during morning hours (8:00–12:00) was associated with shorter sleep latency,
higher sleep efficiency, and better subjective sleep quality compared to lower
CLA exposure. Similarly, Gasperetti et al. (2021) found that higher morning
light exposure (4:00–9:00) predicted earlier sleep onset and wake times, while
higher evening exposure (19:00–midnight) predicted shorter subjective sleep du-
ration, with no significant associations for mid-day exposure (9:00–14:00).

Overall, field studies consistently suggest that higher daytime light intensity
or greater exposure positively predicts nocturnal sleep quality, with effects de-
pending on exposure timing—earlier and more intense morning light yields better
nighttime sleep. However, these correlational findings cannot establish causal
relationships.

3.2.2 Empirical Studies on Short-Term Daytime Light Effects on
Nighttime Sleep

To investigate causal relationships, researchers have examined daytime light ef-
fects on nighttime sleep through field and laboratory interventions (Table 1 ),
though findings remain inconsistent. An early study found no significant differ-
ences in objective sleep onset, latency, or subjective quality between morning
bright light (2000 lx) and dim light (1 lx) exposure (6:00–9:00), though bright
light advanced wake time and reduced Stage N2 and REM sleep [?, ?, ?]. A
recent field intervention with college students found that five days of morning
bright light (1000 lx, 6500K, 8:00–9:30) significantly improved sleep efficiency
and reduced fragmentation index compared to control light (300 lx, 4000K)
[?, ?]. Another study of Antarctic research station personnel during winter
found that 14 days of morning bright light intervention (8:30–9:30, 5300K) ad-
vanced sleep-wake timing and circadian phase without significantly changing
sleep efficiency or fragmentation [?, ?]. A recent intervention comparing two
melanopic equivalent daylight illuminance (mel EDI) levels (192 vs. 44 mel EDI)
during morning shifts (6:00–12:00) found no significant differences in sleep pa-
rameters, though high mel EDI shortened sleep latency and improved efficiency
compared to baseline [?, ?].
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Clinical studies have also used morning bright light to treat sleep disorders in pa-
tient populations [?, ?, ?, ?, ?]. Raikes et al. (2020) applied 30-minute morning
blue light exposure (~480 nm, 8:00–10:00) to treat sleep disturbances in brain
injury patients, finding reduced daytime sleepiness and depression, shorter sleep
latency, and improved sleep quality after six weeks. Turco et al. (2018) reported
that 15 days of morning bright light (10,000 lx for 45 minutes immediately after
waking) advanced sleep-wake timing and improved subjective sleep quality in
primary biliary cholangitis patients. However, some studies found no benefits
—Dowling et al. (2005) observed no overall sleep improvement in Alzheimer’s
patients after 10 weeks of morning bright light (>2500 lx, 9:30–10:30) compared
to controls (150–200 lx), likely due to population heterogeneity.

3.2.3 Empirical Studies on Whole-Day Light Exposure Effects on
Nighttime Sleep

Beyond short-term exposure, studies have examined prolonged artificial light
effects on sleep (Table 1). Wakamura and Tokura (2000) investigated four
days of continuous bright (6000 lx) versus dim (200 lx) light from wake to
bedtime, finding better subjective sleep experience and lower sleepiness scores
under bright light despite no differences in sleep timing or duration. Stefani et
al. (2021) compared whole-day dynamic versus static lighting in controlled lab-
oratory conditions: dynamic light gradually increased from 1 lx, 3500K to 83 lx,
5000K over 2.5 hours, maintained for 7.5 hours, then decreased to 1 lx, 2700K
before sleep, while static light remained at 87 lx, 4000K. Results showed no cog-
nitive performance improvements with dynamic light, but significantly shorter
N1 and N2 sleep latencies; static light delayed melatonin onset compared to
baseline, while dynamic light showed no such effect. A recent laboratory study
by Ru et al. (2022) found that a dynamic office lighting pattern—high-intensity
blue-enriched white light (6500K, 1650 lx) in morning (9:00–10:30) and early
afternoon (14:00–15:30), and low-intensity warm white light (300 lx, 3000K) at
midday (12:00–14:00)—significantly improved nighttime sleep quality and day-
time cognitive performance compared to static lighting (4000K, 500 lx).

Additional field studies manipulating artificial or natural lighting in real of-
fice settings have yielded mixed but ecologically valuable results. Figueiro et
al. (2020) implemented a protocol with blue light (50 lx, 455nm) in morning
(6:00–12:00), bright white light (200 lx, 6500K) at midday (12:00–13:30), and
red light (50 lx, 634nm) in afternoon (13:30–17:00), finding advanced sleep-wake
timing post-intervention. Shishegar et al. (2021) tested two dynamic lighting
schemes for older adults with identical illuminance levels (300 lx 6:00–8:00, 500
lx 8:00–12:00, gradually decreasing to 100 lx by 20:00) but different color tem-
peratures: constant 2700K versus dynamic variation (4500K–6500K during day,
2700K–3000K in evening). The dynamic color temperature condition yielded
longer objective sleep duration, higher efficiency, shorter latency, and fewer
subjective sleep complaints. However, other field interventions reported incon-
sistent results. Peeters et al. (2021) found no significant effects of dynamic high
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(318 lx, 3676K, 190 lx mel EDI) versus low (42 lx, 3264K, 22 lx mel EDI) illu-
minance in morning or afternoon sessions across winter and spring, with some
counterintuitive findings such as shorter sleep duration with morning high illu-
minance in winter. Kompier et al. (2022) compared two contrasting dynamic
patterns—“Skeleton”(bright light 7:00–10:15 and 15:45–19:00) versus “Noon”
(bright light 11:15–14:45)—finding lower subjective sleepiness in the Noon con-
dition but no significant differences in sleep parameters.

In summary, while some studies demonstrate daytime light’s beneficial effects
on sleep, findings remain inconsistent across studies, likely due to variations
in research settings, sleep measures, dynamic lighting patterns, parameter lev-
els, and participant characteristics. Laboratory studies on whole-day dynamic
lighting are limited, and optimal patterns for sleep optimization require further
investigation.

4. Moderating Factors in the Daytime Light-Sleep Rela-
tionship
4.1 Light Dose

Individual differences in total daytime light exposure affect sleep outcomes.
Field research shows that greater cumulative daytime light exposure correlates
with better subjective sleep quality [?, ?]. However, light exposure varies signif-
icantly due to geographic latitude [?, ?], season [?, ?, ?], and workplace envi-
ronments [?, ?]. Office workers experience significantly higher light exposure in
summer versus winter, with correspondingly better objective sleep quality [?, ?].
Notably, total light dose depends on both intensity and duration. While some
evidence supports morning light’s beneficial effects, differential impacts of light
exposure across different daytime periods remain unclear.

4.2 Light Level

Daytime light intensity significantly moderates its effects on sleep. Illuminance
and correlated color temperature (CCT) are key lighting attributes—higher illu-
minance and CCT (greater short-wavelength blue content) produce more pro-
nounced non-visual effects [?, ?, ?]. Experimental studies indicate that daytime
bright light exposure benefits nighttime sleep. Morning bright light (>1000 lx
vs. <7 lx) reduced nighttime awakenings [?, ?], advanced wake time, and im-
proved subjective sleep quality [?, ?] and subjective sleep experience [?, ?]. Field
studies show positive correlations between daytime light intensity and sleep
quality/duration [?, ?, ?], and negative correlations with sleep onset, latency,
difficulty falling asleep, and nocturnal awakenings [?, ?, ?]. Few studies directly
compare different CCTs, but one found that daytime blue-enriched white light
(310 lx, 17000 K) in office settings reduced subjective sleepiness and improved
sleep quality compared to standard white light (421 lx, 4000 K) [?, ?]. Since
both illuminance and CCT can be quantified as melanopic equivalent daylight
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illuminance (mel EDI), establishing the relationship between mel EDI and sleep
could provide design parameters for healthy lighting environments.

4.3 Light Timing

Exposure timing critically influences light’s effects on sleep. Morning bright light
shows more positive effects than afternoon or evening exposure [?, ?], with field
studies confirming positive correlations between morning light dose and sleep
quality [?, ?, ?]. Exposure duration also affects total light dose—office workers
average only 72 minutes daily at >1000 lx and approximately 16 minutes indoors
[?, ?, ?], potentially compromising sleep quality. Moreover, benefits accumulate
over time, with some studies detecting positive effects only after four days of
intervention [?, ?] or two weeks in patients with major depression [?, ?]. Thus,
timing, duration, and intervention length are important variables in light-sleep
models.

4.4 Light Pattern

Most indoor spaces use constant static lighting. The International Commis-
sion on Illumination (CIE) has proposed“human-centric”dynamic lighting that
adjusts illuminance and CCT throughout the day to enhance well-being [?, ?].
Dynamic patterns include artificial dynamic light, intermittent light, dawn simu-
lation, and twilight simulation [?, ?]. Dynamic lighting generally elicits stronger
non-visual effects than static lighting [?, ?], making its impact on sleep an emerg-
ing focus in engineering psychology and architectural design.

However, findings on dynamic lighting remain inconsistent. Shishegar et
al. (2021) found that dynamic CCT improved objective and subjective sleep
measures in older adults, while other studies found no benefits [?, ?, ?]. The
dynamic patterns themselves vary considerably—some follow circadian-based
changes while others use high-intensity blue-enriched light during day and low-
intensity warm light at night. Optimal dynamic patterns for sleep enhancement
require further investigation.

4.5 Individual Characteristics

Age-related differences in light sensitivity affect sleep responses. Younger in-
dividuals show greater sensitivity to short-wavelength light, with older adults
exhibiting reduced melatonin suppression [?, ?] and increased REM latency
[?, ?] under short-wavelength light. Sex also influences light effects—under high
CCT light (40 lx, 6500K), males showed increased frontal slow-wave activity
during sleep despite no sex differences in melatonin suppression [?, ?]. Genetic
factors, particularly clock genes (e.g., PER2, casein kinase 1 epsilon), affect light
sensitivity and circadian disorders [?, ?, ?]. PER2 haplotypes can reduce light
sensitivity [?, ?], while PER3 polymorphisms influence melatonin suppression
—6500K light suppressed melatonin in PER35/5 individuals but not PER34/4

individuals [?, ?].
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In summary, the magnitude of daytime light’s sleep-improving effects can be
modeled through equations incorporating light dose, intensity, timing, and du-
ration, while human-centric lighting design should account for individual char-
acteristics. Investigating these moderators may provide new insights into the
underlying mechanisms.

5. Mechanisms of Daytime Light Effects on Sleep
5.1 Physiological Mechanisms

The two-process model of sleep regulation posits that sleep-wake patterns result
from the interaction of sleep homeostatic (Process S) and circadian (Process C)
processes [?, ?]. Process S reflects sleep debt, accumulating during wakefulness
and dissipating during sleep, while Process C represents endogenous rhythmic-
ity driven by external light cues. As discussed, light can indirectly regulate
sleep by resetting circadian rhythms via the SCN [?, ?, ?, ?, ?], and dynamic
lighting can facilitate circadian adaptation to shifted sleep-wake schedules [?, ?].
Core body temperature and melatonin serve as biochemical markers of Process
C. Melatonin, a neurohormone produced by the pineal gland often called the
“sleep hormone,”begins secretion at night and plays a critical role in regulating
circadian rhythms and sleep-wake cycles [?, ?, ?]. Melatonin treatment is used
clinically for sleep disorders [?, ?, ?], and its secretion is exquisitely sensitive to
light—even low illuminance at night significantly suppresses melatonin synthesis
[?, ?, ?, ?]. Thus, light can regulate circadian rhythms and sleep-wake behavior
by activating SCN receptors and suppressing melatonin secretion [?, ?].

Beyond indirect circadian modulation, light can directly affect sleep through
melanopsin expressed in ipRGCs [?, ?]. Light signals project directly from
ipRGCs to sleep- and wakefulness-regulating brain regions including the ventro-
lateral preoptic nuclei (VLPO), subparaventricular nucleus zone (SPZ), superior
colliculus-pretectum (SC-PT), and lateral hypothalamus (LH) [?, ?, ?, ?]. Hub-
bard et al. (2013) proposed a three-process model suggesting that light’s direct
effects on sleep interact with circadian and homeostatic processes to determine
sleep timing and quality, though this model requires further validation in mam-
malian systems.

While these models explain light-sleep associations, the relationships between
specific daytime light characteristics (intensity, dose, timing) and sleep appear
more complex, particularly regarding whether daytime light effects on sleep and
circadian rhythms are synchronized or independent.

5.2 Psychological Mechanisms

Light’s alerting effect represents a key non-visual function [?, ?, ?, ?], with
dawn simulation and morning light exposure used to counteract sleep inertia
and enhance alertness and cognitive function [?, ?, ?]. Some morning light
interventions have reduced subjective daytime sleepiness [?, ?, ?]. Alertness lev-
els are closely linked to circadian rhythms and sleep [?, ?]. Studies of dynamic
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lighting found lower pre-sleep alertness under dynamic versus static conditions
[?, ?], while another study observed increased EEG spectral density associated
with alertness under control lighting (100 lx, 4000K) [?, ?, ?, ?]. Recent forced
desynchrony research showed that bright light during wakefulness increased sub-
jective sleepiness and NREM delta activity (0.5–4 Hz), indicating reduced micro-
arousals and increased sleep homeostatic pressure [?, ?, ?, ?, ?, ?, ?, ?, ?]. This
suggests daytime light may influence sleep via modulation of daytime and pre-
sleep alertness.

Mood may also mediate light’s effects on sleep. Different light intensities and
CCTs can immediately affect subjective and objective mood states, while ab-
normal lighting patterns induce negative emotions [?, ?, ?]. Mood and sleep
interact bidirectionally—positive mood predicts better sleep quality [?, ?], while
sleep disturbances can trigger mood disorders [?, ?, ?]. Figueiro et al. (2021)
found that greater daytime light exposure during the pandemic correlated with
better self-reported sleep, reduced stress/anxiety/depression, and increased pos-
itive affect. Future research should examine dynamic causal relationships among
daytime light exposure, mood, and sleep.

6. Future Directions
6.1 Whole-Day Human-Centric Dynamic Lighting Design for Circa-
dian and Sleep Optimization

Day workers spend nearly one-third of their time indoors, where lighting directly
impacts mood, productivity, and sleep health [?, ?]. Office workers have limited
opportunities for high-intensity light exposure, averaging only 72 minutes daily
at >1000 lx and about 16 minutes indoors [?, ?, ?]. Chronic low light exposure
negatively affects physical and sleep health [?, ?]. Developing healthy human-
centric lighting that optimizes daytime psychological function and nighttime
sleep represents a key research challenge. Given the time-dependent effects of
light and the rhythmic nature of daytime physiological functioning [?, ?, ?],
dynamic indoor lighting that adjusts illuminance and CCT based on circadian
timing presents a promising approach.

6.2 Mechanistic Investigations of Daytime Light Effects on Sleep

While the two-process model is well-established and light’s circadian effects are
well-documented, whether light influences sleep homeostatic processes remains
unclear. One study found that morning bright light advanced circadian phase
and wake time without affecting NREM slow-wave activity [?, ?], while another
observed that daytime bright light (250 lx) increased NREM slow-wave activity
following 40 hours of sleep restriction compared to dim light (<8 lx) [?, ?,
?, ?]. Since NREM slow-wave activity is a key marker of sleep homeostasis, it
remains unknown whether daytime light affects sleep via homeostatic regulation.
Hubbard et al.’s (2013) three-process model requires further neurobiological
validation. Future research must elucidate these mechanisms.
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6.3 Light Optimization for Sleep in Special Populations

Geographic, occupational, and individual factors create significant variations in
light exposure. Light intensity and day length decrease with latitude [?, ?], and
workers in high-latitude regions (e.g., Sweden) experience insufficient natural
light in winter, leading to sleep problems [?, ?]. Special occupational groups
—including shift workers [?, ?], underground workers [?, ?, ?], and astronauts
[?, ?]—experience vastly different light exposures, with insufficient daylight neg-
atively impacting mood, sleep, and health [?, ?, ?]. Future research should
develop tailored, healthy lighting environments for these populations to main-
tain circadian alignment, improve sleep, and enhance well-being.

6.4 Dose-Response Curve Modeling for Daytime Light Effects on
Nighttime Sleep

Quantifying complex real-world lighting conditions remains challenging [?, ?, ?].
Some studies use threshold-based algorithms (e.g., time exposed to >1000 lx) to
integrate intensity and duration [?, ?], which has been applied to dose-response
analyses of alertness and executive function [?, ?]. However, precise thresholds
for daytime light effects on sleep remain unestablished. Recent approaches use
sensitivity analyses across multiple thresholds to identify time-dependent effects
[?, ?], offering a method to quantify lighting parameters. While dose-response
curves have been developed for alertness [?, ?] and nighttime melatonin sup-
pression [?, ?], future research should develop dose-response models for daytime
light effects on sleep to inform personalized lighting design.

Conclusion
As a crucial Zeitgeber, light significantly regulates circadian rhythms and sleep.
Overall, higher daytime light levels and doses positively predict nighttime sleep
quality, though effects vary due to differences in light parameters (intensity,
timing, duration, pattern) across studies. Mechanistic understanding remains
incomplete. Light may influence sleep indirectly through circadian phase shifts
or directly via projections to sleep-wake brain regions, while effects on sleep
homeostasis are uncertain. Psychologically, light may affect sleep through alert-
ness and mood modulation. With increasing desynchronization between natural
light-dark cycles and physiological rhythms, developing population- and context-
specific human-centric lighting strategies is crucial for enhancing productivity,
optimizing sleep, and improving public health.
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Abstract: As a dominant Zeitgeber, ambient light can regulate sleep-wake
patterns in humans. Exposure to higher light levels or more light exposure
during the daytime, especially during the morning, positively predict nighttime
sleep quality, but this effect is mediated by the light parameters (e.g., light
level or spectrum), timing factors (e.g., time of day and duration), and light
pattern. On the one hand, light can indirectly influence the sleep-wake cycle by
regulating individuals’circadian rhythms through the suprachiasmatic nucleus
(SCN). On the other hand, light can directly affect sleep through the projection
of melanopsin expressed by intrinsically photosensitive retinal ganglion cells
(ipRGCs) to sleep- and wakefulness-related brain regions. However, there is
still no clear consensus on whether light can affect sleep via regulation of sleep
homeostatic process, which was another process driven the sleep-wake cycle.
Future research should pay more attention on how to create “Human centric
lighting”for those who work in the absence of daylight or need personal light to
support their mental and physical requirement.
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