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Abstract
Introduction:

Cortisol is a crucial stress hormone regulated by the hypothalamic-pituitary-adrenal (HPA) axis.
Its secretion is intricately linked to the central biological clock and the suprachiasmatic nucleus
in hypothalamus (Figueiro & Rea, 2010). Although the interaction between light exposure and
cortisol secretion is indicated in numerous studies, the effect of specific light on the cortisol
secretion during stress response is not yet fully understood (Petrowski et.al, 2021a). Blue light
is characterized by a short wavelength and high-energy and is present of natural sun light, and
artificial light. It is a key for regulating circadian rhythms.

Purpose of Work: This review is a comprehensive summary of mechanisms through which
different light spectra affect cortisol secretion in several contexts, such as stress reaction, sleep-
restriction, and seasonal changes, taking into consideration health implications.

Materials and methods: A comprehensive literature search was conducted in the Google
Scholar and PubMed databases from 1998 onward. The review included controlled laboratory,
longitudinal, clinical and field studies that investigated the impact of various types of light on
cortisol secretion.

Summary: The evidence indicates a stimulatory effect of exposure to blue and bright light on
cortisol secretion primarily targeting the cortisol rising phase (post-awakening) or night time,
and strengthening cortisol stress reaction. In context of sleep limitation, daytime light exposure
mitigates morning decline in cortisol. However, prolonged exposure to extremely bright white
light suppresses cortisol secretion, but only when its level is already elevated. Furthermore, the
review identifies light manipulation as a non-invasive tool for optimizing athletic performance.
Blue light exposure stimulates the anticipatory cortisol response required for activation and

cognitive readiness, whereas red light facilitates recovery and reduces pre-competitive anxiety.


https://orcid.org/0009-0009-1580-6916

Al: Al was utilized for two specific purposes in this research. Text analysis of clinical
reasoning narratives to identify linguistic patterns associated with specific logical fallacies.
Assistance in refining the academic English language of the manuscript, ensuring clarity,
consistency, and adherence to scientific writing standards. Al were used for additional
linguistic refinement of the research manuscript, ensuring proper English grammar, style, and
clarity in the presentation of results. It is important to emphasize that all Al tools were used
strictly asassistive instruments under human supervision. The final interpretation of results,
classification of errors, and conclusions were determined by human experts in clinical medicine
and formal logic. The Al tools served primarily to enhance efficiency in data processing,
pattern recognition, and linguistic refinement, rather than replacing human judgment in the

analytical process.

Keywords: Blue light, Cortisol secretion, Short wavelength of light, Blue light Stress, Cortisol
level, Sleep restriction, Circadian rhythm, Cortisol awakening response, Shift work,

Performance in sport, Quality of work environment

INTRODUCTION
Background on Cortisol and Circadian Rhythms

Cortisol, commonly known as the stress hormone is closely linked with, and follows, circadian
rhythms, which repeat every 24 hours and are a reflection of the self-regulating master clock
in the SCN aligned with the natural 24-hour light-dark cycle (Jung et.al, 2010). Cortisol
rhythms are not associated with day and night but with periods of transitions between light and
dark (Figueiro & Rea, 2010). Cortisol levels are typically lowest near habitual bedtime and
gradually increase during the night and reach peak level around wake time. (Jung et.al, 2010)
Cortisol Awakening Response (CAR) is a rapid increase in cortisol secretion within 30 to 60
minutes after awakening time (Dickmeis, 2009) Elevated CAR is supposed to take part in

anticipation of stress in available sources (Figueiro & Rea, 2010).

Blue Light
The importance of blue light as a component of sunlight in the regulation of circadian rhythms

is well documented and commonly known (M.A. St Hilaire et.al, 2022). Nowadays, increasing



screen time in society leads to greater artificial blue light exposure, particularly at night. That
issue is often being accused of disrupting circadian rhythms and causing sleep problems (Chang
et.al, 2015). Wavelengths of 400-500 nm have a strong impact on circadian cycles. Natural
sunlight contains a wide spectrum of wavelengths, including blue light, and is known to

stimulate cognitive functions, synchronizing circadian rhythms and increase alertness.

The Wavelength and the HPA Axis Response

Experimental studies using narrow-spectrum light sources have clarified the spectral
components responsible for modulating cortisol levels, which confirmed that the HPA axis
pathway is controlled in different way than the pineal gland's melatonin secretion pathway

(Figueiro & Rea, 2010). That specific research reported the following findings:

Melatonin levels decrease only in response to blue light, compared with dim and red light.

Cortisol levels respond to both blue and red light.

THE SHORT WAVELENGTH LIGHT EXPOSURE

The Impact on Cortisol Awakening Response (CAR)

Multiple studies focus on the impact of blue light on CAR. Results show that sleep limited
adolescents (4.5 h) respond to a single one-hour exposure to short wavelength blue light (470
nm, 40 Ix) applied after waking up (6:00), significantly strengthened the CAR and the total
cortisol level (AUC) compared with exposure to dim light. (Figueiro & Rea, 2012)

20 minutes after waking up, salivary CAR was notably higher following exposure to blue and
bright light compared with red light (235Ix) and dim light. (Figueiro & Rea, 2012; Petrowski
et.al, 2021b)

In conditions of sleep deprivation, in the morning, a significant decline of cortisol in saliva is
observed. However, blue light exposure sessions, not only impeded morning cortisol downfall,

but also increased its level in the afternoon. (Faraut et.al, 2020)



Increased CAR by short wavelength light may help in preparing sleep-restricted individuals for

an active day and coping with stressors. (Figueiro & Rea, 2012)

The Impact of Blue and Bright Light on Cortisol Level in The Morning (no sleep-

restricted):

Research conducted by Petrowski and associates (2021) on healthy adult men, who had saliva

cortisol level measured one hour after awakening, found that:

Exposure to bright white light (414 IX) resulted in the highest cortisol level in compared with
dim light (<2 Ix)

Exposure to blue light (201 Ix) significantly increased cortisol level comapred with both red
(235 Ix) and dim light (<2 Ix)

Results confirm hypothesis that blue and bright light has stimulatory effect on the HPA axis
during the cortisol rising phase. The stimulatory effect begins approximately 30 minutes after

light onset and persists for about 15 minutes after exposure ends (Petrowski et.al, 2021b).

The Blue Light Exposure as a Compensating Mechanism for Sleep Deprivation

Chronic sleep deprivation (less than 6 hours) leads to neurobehavioral deficits and physiological
stress, which may result in increased cardiovascular risk and chronic diseases (Léger D et.al,
2011). Repetitive exposure to blue enriched light during the day is thought to counteract

negative effects of sleep restriction (Faraut et.al, 2020).

Blue light exposure leads to stabilization and improved performance in Go/No/Go test, and
prevents decline in efficiency during the day, observed in individuals who were not exposed to
blue light (Faraut et.al, 2020).

Effect is not fully noticeable for memory tasks, which suggests that blue light exposure is

specific for tasks taking place in present time (Faraut et.al, 2020).

Blue light exposure reduces subjective sleepiness and mental tension, especially at the end of
the day, which results in improved mood (Faraut et.al, 2020).



The Silencing Effect of Extremely Bright Light on Cortisol Level

Exposure to light intensity of 10 000 Ix (instead of 1000 Ix) for prolonged duration (6-7 hours)
notably reduces cortisol levels, during both rising and declining phases of cortisol rhythm, but
only if its level was already elevated (Jung et.al, 2010). Those results support conclusion that
light intensity directly affects adrenal gland activity.

The Comparison of Different Light Spectra Influence on Cortisol Secretion

The impact exposure to other light wavelengths, such as green light (520 nm, 806 Ix), which is
also included in short wavelength light, was part of the following reasearch, focused on effect
of light on cortisol awakening response (CAR) (Petrowski et.al 2019).

Exposure to green light after awakening intensified cortisol awakening response (CAR)
compared with red light, however the difference between impact of blue and green light was
not statistically significant.

In this particular study, time of light exposure was shorter (60 minutes) than in the above
mentioned (80 minutes), and that may be a reason why the elevated cortisol level was
maintained for longer period of time, compared to other studies (Figueiro & Rea, 2012).

Those results confirm the hypothesis, that melanopsin retinal ganglion cells (MRGCs), which

affect the HPA axis, are sensitive to short wavelength light (Petrowski et.al 2019).

CORTISOL STRESS REACTION

The Correlation Between Light Wavelength and Intensity, and Cortison Stress Reaction

Stress is a common experience that occurs when an organism is exposed to stressor, or to
overstimulation by multiple stressors, followed by physiological adaptation (McEwen et.al,
1998). Most studies focus on baseline cortisol levels, however, what the impact of light

wavelength and intensity on cortisol reactivity induced by stress is also important. In the



Maastricht Stress Test (MAST) physical and psychological stress is induced, followed by
controlled light exposure (Petrowski et.al, 2021a).

Exposure to bright, white, high intensity light (1240 Ix) produced the strongest stress-induced
cortisol response effect compared with dim, red and blue light. These results indicate a key role
of light intensity in hormonal stress reaction.

Blue light (420 nm) increased cortisol activity and elevated and prolonged elevated cortisol
levels compared with red and white dim light.

Red light (635 nm) significantly reduced cortisol activity after stress induction compared with
bright white light.

The authors of this experiment hypothesize that the intense cortisol stimulation induced by
bright white light results from connection between melanopsin-expressing retinal ganglion
cells (MRGCs) and visual receptors — cone photoreceptors (Petrowski et.al, 2021a). mRGCs
are located in the retina and form part of light-detection system connected with SCN via
retinohypothalamic tract, and influence the HPA axis (Dickmeis, 2009). Although they do not
participate in vision, they are essential for accessory visual functions, including the circadian

clock regulation (Petrowski et.al, 2021b).

The Impact of Seasonal Variability of Light Exposure on Cortisol Level

People living above 56° N experience marked seasonal changes in light exposure, including
higher intensity and a higher proportion of blue wavelengths in summer, as well as, seasonal

variation of melatonin levels (with higher peaks in winter) (Adamsson et.al, 2016).

Cortisol levels, in contrast to melatonin, did not demonstrate significant seasonal variability in
this research. However, other studies have reported elevated cortisol levels during winter. In
conclusion, cortisol is supposedly more receptive to long term changes than melatonin
(Adamsson et.al, 2016).

The Light Exposure as an Adaptaion to Night Shift Work

In shift workers, who frequently experience insomnia (Hurst et.al, 2008), exposure to bright
full-spectrum light (2000 Ix) for six hours per shift, repeated over more than three weeks,
significantly shifted the timing of the cortisol awakening response, supporting adaptation of the
circadian rhythm to a night-oriented work schedule (James et.al, 2004).



The Blue Light Exposure and Immune System Disruption

As the above-mentioned studies have shown, exposure to blue light increases cortisol levels,
which deactivates the immune system response and leads to malfunction and long-term

consequences (Pascu et. al, 2019).

Another research focuses on interleukin-6 (IL-6), a pro inflammatory cytokine (Mekschrat et.
al, 2024). Exposure to blue light also resulted in an increase in IL-6 levels compared with red
light. However, due to the pro-inflammatory effects of IL-6 that counteract cortisol’s
anti-inflammatory properties, changes in sensitivity of cortisol and I1L-6 were observed under
the blue light exposure. These results suggest that different wavelengths of light can shape the
interaction between these mechanisms. The greater the cortisol rise was, the greater suppression
of IL-6, which confirms that cortisol is a factor suppressing IL-6 secretion (Del Giudice &
Gangestad, 2018). However, IL-6 can activate the HPA axis, resulting in increased cortisol
levels (Cain & Cindlowski, 2017). In summary, exposure to blue light can influence general
state of the immune system.

Another study reports that due to chronic stress increases not only cortisol levels, but also IL-6
levels, which can increase the HPA axis activity (Koutentaki et.al, 2023). The interaction
between these inflammatory regulating factors can influence the hippocampal volume
(Sudheimer et.al, 2014).

The Impact of The Light Exposure on Performance in Sport

Analyzing the impact of light on cortisol secretion is particularly significant for optimizing
athletic performance and managing competitive stress. Research indicates that athletes
experience a significant anticipatory rise in cortisol levels while awaiting competition, which
serves as a physiological preparation for rivalry (van Paridon et.al., 2017). It has been
demonstrated that a moderate increase in cortisol is associated with reduced reaction times and
better inhibition of irrelevant stimuli, thereby facilitating sports performance in accordance with
the "inverted U" theory (van Paridon et.al., 2017).

10



In light of the evidence presented in this review, manipulating light spectra may serve as a non-
invasive tool for regulating this arousal. Since exposure to blue light and bright white light
effectively stimulates the cortisol awakening response (CAR) and cognitive functions
(Petrowski et.al, 2021a), it can be applied to athletes requiring activation, especially in cases of
early morning competitions or sleep deprivation, which dampens natural reactivity. Conversely,
for athletes struggling with excessive pre-competitive anxiety or requiring post-exercise
recovery, the application of red light (635 nm) may prove crucial, as it has been shown to

significantly reduce cortisol activity following stress induction (Figueiro & Rea, 2012).

In the broader context of Quality of Life, proper light hygiene is becoming a key element of
public health. Given that chronic sleep restriction and shift work disrupt circadian rhythms,
leading to neurocognitive deficits, strategic exposure to blue light can serve a compensatory
function, improving performance in attention-demanding tasks (Go/No-Go tests) (Faraut et.al,
2020). However, it must be emphasized that non-physiological exposure to blue light in the
evening disrupts not only sleep but also immune balance through cortisol's interactions with
Interleukin-6 (IL-6) (Léger D et. al., 2011) Therefore, conscious design of the light
environment—>both in sports facilities and domestic spaces—is essential for maintaining

hormonal homeostasis and long-term well-being.

The Role of Environment and Technology on Activity of HPA Axis

Studies on the effects of blue light on cortisol levels indicate that it has profound implications

for public health and workplace environment (Léger D et.al, 2014).

Electronic readers emit predominantly short wavelength light and are commonly used before
sleep, have negative effect on circadian cycle (Chang et.al, 2015). Although their primary
impact is suppression of melatonin secretion, exposure to similar spectrum of light (452 nm)

also plays crucial role in modulating the HPA axis activity (Faraut et.al, 2020).

11



Because people spend most of their time in indoor environments with artificial light, which
intensity and spectrum is not controlled, understanding how blue light affects cortisol and stress

process, is crucial for designing appropriate lightning systems (Adamsson et.al, 2016).

Exposure to blue light is a promising method for restoring the HPA axis activity and improving
in alertness for sleep-restricted individuals, (Figueiro & Rea, 2012) such as adolescents and
shift workers, 34% of whom, according to a Statistics Canada survey, report sleep onset and

sleep maintenance difficulties (Hurst et.al, 2008).
How Blue Light Filters in Screens Affect The Impact of Blue Light on The Cortisol Levels

People tend to spend a lot of time using screens in the evening, which is known to disrupt sleep

and circadian rhythms (Komada et.al, 2015).

Exposure to a blue light deprived screen did not produced statistically significant differences
compared with the regular screen in terms of cortisol levels, however, it did reduce the

suppression of the melatonin secretion typically caused by regular screen and blue light.

These results confirm that cortisol and melatonin secretion pathways are controlled differently,
and suggest that the stimulating effect of blue light exposure on cortisol secretion is primarily

seen, when exposure occurs in the morning (Komada et.al, 2015).
Further Studies

Further research is needed to determine the specific time window during which the HPA axis
IS most sensitive to light exposure. It is also essential to identify the optimal light intensity range
for effective modulation of cortisol secretion (Petrowski et.al, 2021b).

Discussion

Results reviewed in this study strongly confirm the hypothesis, that exposure to short
wavelength — blue light and broad-spectrum, white, bright light produces a stimulatory effect
on the HPA axis. This effect is the most evident in the cortisol awakening response (CAR) and
in context of stress reaction. Studies on sleep restricted adolescents determined that morning
exposure to blue light increased CAR (Figueiro & Rea, 2012). Similarly, in studies conducted
on healthy, adult men showed that exposure to blue narrowlength light at 7:30 significantly

12



increased salivary cortisol compared with both red and dim light. Therefore, specific light
exposure in the morning may be important in activating the organism, and preparing it for daily
stressors (Petrowski et.al, 2021b).

Modulation of the cortisol stress response by bright white light exposure (1240 Ix) has been
demonstrated. It produced the strongest stimulation of cortisol secretion after MAST-induced
stress, while blue light also increased cortisol levels. Therefore, inappropriate lighting in
workplace environment may be disruptive (Petrowski et.al, 2021a).

A key and intriguing finding is that photosensitive pathways modulating melatonin and cortisol
are different. Melatonin secretion is reduced only by blue light exposure, whereas cortisol
levels are sensitive to both blue and red light exposure. This suggests that cortisol-activating
mechanisms may be mediated by a broader pathway or by autonomic tracts, independent of
SCN-driven circadian rhythms regulation, but involved in modulation of the adrenal glands
through retinohypothalamic tract, which bypasses the HPA axis (Figueiro & Rea, 2010); (Jung
et.al, 2010).

Exposure to blue light and the resulting increase in cortisol secretion may be used as a short-
term remedy for reducing negative effects of sleep deprivation. Blue light exposure was found
to stabilize cortisol stress reaction, by leveling the cortisol awakening response (CAR),
weakened by sleep deprivation, and increasing afternoon cortisol levels, which can affect one’s
quality of sleep, regeneration and life (Faraut et.al, 2020).

Blue light exposure improved cognitive functions and performance in Go/No/Go test in sleep
restricted individuals. However, this effect was not observed in long-term memory retention
test (Faraut et.al, 2010).

Exposure to various light spectra modulates circadian rhythms by affecting cortisol secretion.
Moderate white, bright light increased cortisol levels (40-414 Ix), but extremely bright light
(10 000 Ix) strongly suppressed plasma cortisol levels (Jung, 2010). This finding suggests that
designing appropriate artificial lighting is essential for coping with daily stressors.

Although laboratory exposures to blue light produce immediate changes in the HPA axis
activity, long-term seasonal changes in natural environment did not affect cortisol levels. These
findings suggest that cortisol levels are more resistant to seasonal adaptation than melatonin
levels (Adamsson et.al, 2016).

Optimizing Arousal and Cognitive Function Research confirms that a moderate anticipatory
rise in cortisol is beneficial for athletic performance, as it improves reaction time and the

inhibition of irrelevant stimuli, supporting the "inverted-U" theory of arousal. Since short-

13



wavelength (blue) and bright white light are potent stimulators of the HPA axis, they serve as
practical tools to induce this optimal psychophysiological state. This "light doping” is
particularly valuable for athletes who typically exhibit blunted anticipatory cortisol responses,
such as females, or international-level competitors. Furthermore, for sleep-restricted athletes,
blue light exposure acts as a compensatory mechanism, stabilizing performance in executive
tasks (e.g., Go/No-Go), ensuring that the cognitive demands of competition are met despite
physiological fatigue. Conversely, the finding that red light (635 nm) significantly reduces
cortisol activity after stress suggests it can prevent the debilitative effects of excessive anxiety

(choking), keeping the athlete at the peak of the performance curve.

Conclusions

In recent years, short wavelength light - blue light has received increasing attention, paralleling
growing exposure to screens and artificial lightning. (Komada et.al, 2015) The findings
summarized above provide a clear and comprehensive picture of the influence of short
wavelength light — blue light on cortisol secretion via the HPA axis. Exposure to bright white
light and blue light strongly stimulates cortisol secretion, particularly in the morning, resulting
in a strengthen cortisol awakening response (CAR), regardless of sleep-deprivation status. This
response plays crucial role in preparing organism for coping with daily stressors (Figueiro &
Rea, 2012); (Petrowski et.al, 2021b). The management of light exposure constitutes a non-
invasive ergogenic aid capable of modulating the psychophysiological readiness for sport.
Strategic exposure to blue-enriched light is recommended to stimulate the Cortisol Awakening
Response (CAR) and mimic the necessary anticipatory stress response, thereby sharpening
focus and alertness. This is crucial when competition schedules (e.g., early morning) or
individual physiology (e.g., lack of natural reactivity) do not provide sufficient activation.
Simultaneously, the use of red light or controlled high-intensity light (10,000 Ix) offers a novel
pathway for rapid recovery and anxiety management by suppressing excessive cortisol levels.
Therefore, sports facility lighting should be adaptive: stimulating blue light for warm-up zones
to enhance performance, and warmer, red-spectrum lighting in recovery areas to facilitate
homeostasis. Elevated cortisol may temporarily improve cognitive functions, under conditions
of sleep restriction. However, chronic elevation of cortisol contributes to sleep disruption,
which can reduce long-term quality of life. In summary, exposure to blue light can have both
positive and negative consequences, depending on the time of exposure. It provides positive
effects if the exposure aligns with the time when, physiologically, organisms should be exposed

14



to intense light enriched in short wavelengths. Such exposure can prepare an organism to cope
with stressors and improve alertness. When exposure happens during evening or night it can
cause sleep disruption, excessive stress, immune system and inflammation malfunctions, which
can further increase risk brain and heart issues. The notable effect is that chronic elevated
cortisol levels can lead to cerebral atrophy (Lara et.al, 2013). As a society, we should be more
aware of the influence blue light has on our metabolism and take action in providing ourselves
and work environment with proper lighting, adjusted to time of day.
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