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Introduction

In an era dominated by artificial lighting and indoor lifestyles, the natural patterns of light
exposure have been profoundly disrupted for many individuals. This white paper explores the
critical connections between daytime light exposure, limitation of nighttime light exposure, and
normalization of circadian rhythms, with a particular focus on their implications for mental
health symptoms and diagnoses. Circadian rhythms, the internal biological clocks that regulate
sleep-wake cycles, hormone release, and mood, are heavily influenced by light as a primary
zeitgeber (time-giver). Disruptions in these rhythms have been linked to a range of psychiatric
disorders, including depression, anxiety, bipolar disorder, and post-traumatic stress disorder
(PTSD). Drawing on empirical research, this paper aims to elucidate how optimizing light
exposure can serve as a non-pharmacological intervention to support mental health. By
examining large-scale studies and reviews, we highlight actionable strategies for clinicians,
policymakers, and individuals to foster healthier light hygiene practices.

Take good care of you ----- Dr. Darleen



Learn More at https://OrchardHumanServices.org Page |2

Executive Summary

This white paper synthesizes evidence demonstrating that increased daytime and reduced
nighttime light exposure are associated with improved circadian rhythm alignment, which, in
turn, correlates with reduced risks and symptoms of psychiatric disorders. Emergent research on
Melanopsin helps explain the importance of sleeping in total darkness for mental health and
well-being. Key findings include: (1) Greater daytime light is linked to lower incidences of
major depressive disorder, PTSD, and psychosis; (2) Excessive nighttime light exposure
exacerbates risks for depression, anxiety, bipolar disorder, and other conditions by
desynchronizing biological rthythms; (3) Interventions promoting natural light patterns show
promise in enhancing sleep quality, mood stability, and overall mental well-being. Supported by
objective data from over 85,000 participants in landmark studies, these insights underscore the
need for integrating light management into mental health protocols (Burns et al., 2023).
Recommendations include environmental adjustments, such as maximizing outdoor time during
the day and using dim or blue-light-blocking technologies at night, to normalize circadian
functions and mitigate mental health burdens.

The Role of Light in Circadian Rhythm Regulation

Circadian rhythms are endogenous oscillations that align physiological processes with the 24-
hour day-night cycle. Light exposure, particularly through the retinohypothalamic tract to the
suprachiasmatic nucleus (SCN) in the brain, is the most potent external cue for synchronizing
these rhythms (Blume et al., 2019). Daytime light, especially natural sunlight rich in blue
wavelengths, promotes alertness, suppresses melatonin production, and reinforces the diurnal
pattern. Conversely, limiting light at night preserves melatonin secretion, facilitating restorative
sleep and rhythm consolidation.

Disruptions occur when light exposure is mistimed—such as low daytime light from indoor
confinement or high nighttime light from screens and urban illumination—leading to
chronodisruption. This desynchronization affects neurotransmitter systems, including serotonin
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and dopamine, which are implicated in mood regulation (Walker et al., 2020). Chronic
misalignment has been associated with increased inflammation, altered gene expression, and
heightened vulnerability to mental health issues.

Benefits of Daytime Light Exposure for Mental Health

Adequate daytime light exposure has been shown to enhance circadian alignment, thereby
reducing mental health symptoms. For instance, access to natural daylight at home improves
sleep efficiency, circadian phase, and subjective well-being (Nagare et al., 2021). In a large
cohort study involving over 85,000 UK Biobank participants, greater daytime light was
independently linked to decreased risks for major depressive disorder, PTSD, psychosis, and
self-harm behaviors (Burns et al., 2023). These associations persist even after controlling for
confounders like demographics and lifestyle factors, suggesting a direct protective effect.

Furthermore, experimental evidence indicates that bright daytime light can phase-advance
circadian rhythms, alleviating symptoms in conditions like seasonal affective disorder (SAD) and
non-seasonal depression (Blume et al., 2019). By stabilizing sleep-wake cycles, daytime light
supports cognitive function and emotional resilience, potentially serving as an adjunct to
therapies for anxiety and mood disorders.

The Detrimental Effects of Nighttime Light Exposure

Nighttime light exposure, even at dim levels, suppresses melatonin and disrupts circadian

homeostasis, contributing to psychiatric vulnerabilities. A meta-analysis of light at night (LAN)
found associations with worsened depression and bipolar disorder symptoms (Gao et al., 2025).
In the aforementioned UK Biobank study, brighter nighttime light correlated with elevated risks
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for major depressive disorder, generalized anxiety disorder, PTSD, psychosis, and bipolar
disorder (Burns et al., 2023). Animal models further corroborate this, showing that dim light at
night induces depression-like behaviors through altered neuroplasticity during development
(Wang et al., 2025).

Urbanization and technology exacerbate LAN, leading to "social jet lag" where sleep patterns
misalign with natural cycles, amplifying mental health risks (Walker et al., 2020). Limiting
nighttime light—through blackout curtains, reduced screen time, or red-shifted lighting—can
mitigate these effects by preserving nocturnal melatonin surges.

Role of Melanopsin in Circadian Rhythm Regulation and Mental Health

Melanopsin is a photopigment expressed in a small subset of retinal ganglion cells known as
intrinsically photosensitive retinal ganglion cells (ipRGCs). These cells serve as the primary
photoreceptors for non-image-forming visual functions, detecting environmental light—
particularly short-wavelength blue light around 480 nm—and transmitting signals via the
retinohypothalamic tract to the suprachiasmatic nucleus (SCN), the master circadian clock in the
brain (Provencio et al., 2000; Berson et al., 2002). Unlike rods and cones, which primarily
support vision, melanopsin enables sustained responses to light intensity, facilitating circadian
photoentrainment, pupillary light reflex, melatonin suppression, and direct modulation of mood
and alertness.

The discovery of melanopsin has revolutionized understanding of how light influences circadian
rhythms and mental health. Optimal daytime exposure to bright, natural light activates
melanopsin-mediated pathways, promoting phase alignment of the circadian system, enhancing
alertness, and supporting emotional stability (Blume et al., 2019). Conversely, insufficient
daytime light or excessive nighttime exposure can desynchronize rhythms, leading to
chronodisruption. This misalignment is implicated in psychiatric disorders, as ipRGCs project
not only to the SCN but also to mood-regulating regions such as the prefrontal cortex and limbic
areas (LeGates et al., 2012; Fernandez et al., 2018).

Large-scale objective studies confirm that greater daytime light exposure, which engages
melanopsin, is protective against major depressive disorder, post-traumatic stress disorder, and
other conditions, while brighter nighttime light exacerbates risks (Burns et al., 2023). Animal
models further demonstrate that aberrant light patterns, mediated by melanopsin, can induce
depression-like behaviors independent of sleep disruption, highlighting direct effects on mood
circuits (LeGates et al., 2012). In humans, variations in the melanopsin gene (OPN4) have been
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linked to seasonal affective disorder, altered chronotypes, and sleep disorders, suggesting
individual differences in light sensitivity contribute to vulnerability (Lucio-Enriquez et al., 2025;
Roecklein et al., 2013).

Thus, melanopsin serves as a critical link between environmental light and mental health
outcomes. Optimizing light exposure to align with melanopsin's sensitivity—maximizing blue-
enriched daylight and minimizing blue-rich artificial light at night—offers a promising, non-
invasive strategy for normalizing circadian rhythms and alleviating symptoms of mood and
psychiatric disorders.

Normalization of Circadian Rhythms and Mental Health Outcomes

Normalizing circadian rhythms via optimized light exposure addresses the bidirectional
relationship between sleep disturbances and psychiatric disorders. Circadian dysfunction is a
core feature in many diagnoses; for example, delayed sleep phase syndrome often co-occurs with
depression (Vadnie & McClung, 2017). Interventions that increase daytime light and curb
nighttime exposure have demonstrated improvements in mood, reduced symptom severity, and
better treatment responses (Blume et al., 2019). A review of chronotherapies highlights their
efficacy in bipolar disorder, where stabilizing rhythms prevents manic episodes triggered by
light-induced shifts (Gottlieb et al., 2023).

Objective measures from wearable devices in large-scale studies confirm that balanced light
patterns predict lower psychiatric disorder prevalence, advocating for light hygiene as a
preventive strategy (Burns et al., 2023).

Recommendations and Future Directions

Clinicians should incorporate light exposure assessments into mental health evaluations,
recommending at least 30 minutes of outdoor daytime light and nighttime light restrictions. A
strict prohibition on exposure to blue light at night is critical. Policymakers could promote
building designs with ample natural light and urban planning to reduce light pollution. Future
research should explore personalized light interventions using chronotype data and longitudinal
outcomes in diverse populations.

The Impact of Daytime and Nighttime Light Exposure on Circadian Rhythm Normalization and Mental Health
© 2025 PNE Institute, LLC. All rights reserved. | (770) 686-0894 | DrDarleen@orchardhumanservices.org



Learn More at https://OrchardHumanServices.org Page |6

References

Berson, D. M., Dunn, F. A., & Takao, M. (2002). Phototransduction by retinal ganglion cells that
set the circadian clock. *Science, 295*(5557), 1070-1073.
https://doi.org/10.1126/science.1067262

Burns, A. C., Windred, D. P., Rutter, M. K., Olivier, P., Vetter, C., Saxena, R., Lane, J. M., &
Cain, S. W. (2023). Day and night light exposure are associated with psychiatric
disorders: An objective light study in >85,000 people. *Nature Mental Health, 1*(11),
853-862. https://doi.org/10.1038/s44220-023-00135-8

Blume, C., Garbazza, C., & Spitschan, M. (2019). Effects of light on human circadian rhythms,
sleep and mood. Somnologie, 23(3), 147-156. https://doi.org/10.1007/s11818-019-
00215-x

Burns, A. C., Windred, D. P., Rutter, M. K., Olivier, P., Vetter, C., Saxena, R., Lane, J. M., &
Cain, S. W. (2023). Day and night light exposure are associated with psychiatric
disorders: An objective light study in >85,000 people. Nature Mental Health, 1(11), 853—
862. https://doi.org/10.1038/s44220-023-00135-8

Fernandez, D. C., Fogerson, P. M., Lazzerini Ospri, L., Thomsen, M. B., Layne, R. M., Severin,
D., Zhan, J., Demas, J. N., Mu, Y., Leake, B., & Hattar, S. (2018). Light affects mood and
learning through distinct retina-brain pathways. *Cell, 175%(1), 71-84.e18.
https://doi.org/10.1016/j.cell.2018.08.004

Gao, X., Zhang, C., Cheng, J., Chen, Z., Wang, Z., & Meng, X. (2025). Associations between
light at night and mental health: A systematic review and meta-analysis. Science of the
Total Environment, 918, Article 170572. https://doi.org/10.1016/j.scitotenv.2025.170572

Gottlieb, J. F., Benedetti, F., Geoftroy, P. A., Henriksen, T. E. G., Lam, R. W., Moderie, C.,
Meyer, N., Muniz, A., Praschak-Rieder, N., Sheaves, B., Strother, J., Surridge, S., Swartz,
H. A., & Gottlieb, J. F. (2023). An intricate relationship between circadian rhythm
dysfunction and psychiatric disorders. Exploration of Neuroscience, 2(5), 256-274.
https://doi.org/10.37349/en.2023.00023

The Impact of Daytime and Nighttime Light Exposure on Circadian Rhythm Normalization and Mental Health
© 2025 PNE Institute, LLC. All rights reserved. | (770) 686-0894 | DrDarleen@orchardhumanservices.org



Learn More at https://OrchardHumanServices.org Page |7

LeGates, T. A., Fernandez, D. C., & Hattar, S. (2012). Light as a mood-manipulator: A review of
light therapy in affective disorders. *Annual Review of Neuroscience, 35*, 539-556.
https://doi.org/10.1146/annurev-neuro-072116-031324

Lucio-Enriquez, K. R., Rubio-Valles, M., Ramos-Jiménez, A., & Pérez-Leon, J. A. (2025).
Human melanopsin (OPN4) gene polymorphisms: A systematic review. *Frontiers in
Neuroscience, 19*, Article 1581266. https://doi.org/10.3389/tnins.2025.1581266

Nagare, R., Woo, M. J., MacNaughton, P., Plitnick, B., Tinianov, B., & Figueiro, M. (2021).
Access to daylight at home improves circadian alignment, sleep, and mental health in
healthy adults: A crossover study. International Journal of Environmental Research and
Public Health, 18(19), Article 9980. https://doi.org/10.3390/ijerph18199980

Provencio, 1., Rodriguez, I. R., Jiang, G., Hayes, W. P., Moreira, E. F., & Rollag, M. D. (2000). A
human opsin in the inner retina. *Journal of Neuroscience, 20*(2), 600—605.
https://doi.org/10.1523/INEUROSCI.20-02-00600.2000

Roecklein, K. A., Wong, P. M., Miller, M. A., Donofry, S. D., Kamarck, M. L., & Brainard, G. C.
(2013). Melanopsin, photosensitive ganglion cells, and seasonal affective disorder.
*Neuroscience & Biobehavioral Reviews, 37%(3), 229-239.
https://doi.org/10.1016/j.neubiorev.2012.12.009

Vadnie, C. A., & McClung, C. A. (2017). Circadian rhythm disturbances in mood disorders:
Insights into the role of the suprachiasmatic nucleus. Neural Plasticity, 2017, Article
5294502. https://doi.org/10.1155/2017/5294502

Walker, W. H., Walton, J. C., DeVries, A. C., & Nelson, R. J. (2020). Circadian rhythm
disruption and mental health. Translational Psychiatry, 10(1), Article 28.
https://doi.org/10.1038/s41398-020-0694-0

Wang, W., Yang, H., Zhang, S., Cao, X., Miao, D., & Pan, F. (2025). Dim light at night induces
depression-like behaviors during development by disrupting microglial pruning in the
prefrontal cortex. Translational Psychiatry, 15(1), Article 215.
https://doi.org/10.1038/s41398-025-03405-4

The Impact of Daytime and Nighttime Light Exposure on Circadian Rhythm Normalization and Mental Health
© 2025 PNE Institute, LLC. All rights reserved. | (770) 686-0894 | DrDarleen@orchardhumanservices.org



