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Humans evolved under both a light and dark night cycle.
Therefore, it is not surprising that modifying natural, cyclical

daylight and dark exposure would lead to severe health risks.

It must be emphasized that the dark periods are equally
important as the light period for proper human health and
well-being.

Cyclic daylight and dark night exposure controls the
fluctuation of the body’s production of various hormones;
this is known as the circadian rhythm with about a 24-hour
period. The human circadian system is regulated by both
environmental stimuli and endogenous (internal) clocks.
Visible light between 460 — 500 nm (Gaddy et al., 1993)
received by the human eye is one of the regulators of the
circadian response in humans (Figure 1). The photosensitive
molecule (chromophore) that receives this circadian light
is melanopsin, which is located in the neural retina in the
intrinsic photosensitive Retinal Ganglion Cells (ipRGC)
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Figure 1 — The most powerful external regulator of the circadian
response in humans is visible light, which is transmitted through
the eye. When visible light impinges on the retina (intrinsically
photosensitive Retinal Ganglion Cells), it sends a signal to the
suprachiasmatic nucleus (SCN) in the hypothalamus leading to a
cascade of hormonal changes in the pituitary, pineal, adrenal, and
thyroid glands.

Table 1
Circadian Blue Light 460 - 500 nm, Morning 6 - 10 am

Neurotransmitters

Cortisol stress response

Serotonin impulse control, carbohydrate craving

Dopamine pleasure, alertness, muscle coordination
Neurohormones

CRF stress

Gastrin Releasing Peptide  hunger

Neuropeptide Y hunger

FSH reproduction

TSH metabolism

(Berson 2003). When circadian light impinges on the retina,
it sends a signal to the suprachiasmatic nucleus (SCN)
(Brainard et al., 2001) in the hypothalamus and from the
hypothalamus, to the pituitary, pineal, adrenal, and thyroid
glands to produce a specific set of hormones. Circadian
blue-light exposure in the morning (Table 1) increases

the hormones: cortisol [for stress], serotonin [for impulse
control|, gamma amino butyric acid (GABA) [for calm] and
dopamine [for alertness] levels, and it modifies the synthesis
of follicle-stimulating hormone (FSH) [for reproduction],
gastrin-releasing peptide (GRP), neuropeptide Y (NPY)

[for hunger], and thyroid-stimulating hormone (TSH) [for
metabolism] (Brewerton et al., 1995; Roberts, 1995; Wehr et
al., 2001; Cardinali and Esquifino, 2005; Veitch et al., 2004;
Praschak-Rieder et al., 2008; Sookoian, 2007; Van Someren
and Riemersma-vander Leka, 2007; Werken et al., 2010).

The morning production of the hormones serotonin,
dopamine, and GABA are essential for mental health.
Insufficient serotonin and dopamine results in sadness,
decreased energy and libido, increased need for sleep, and
strong cravings for carbohydrates, while the deprivation of
sufficient GABA leads to anxiety. Unusual food cravings are
a result of the circadian imbalance in the hunger hormone
GRP and NPY and thyroid TSH imbalance. These symptoms
are a result of a lack of circadian blue light or daylight in the
morning. They are most common in the winter [Seasonal
Affective Disorder (SAD)] (Glickman et al., 2006) or when
crossing several time zones [Jet Lag] (Cho, 2001; Eastman

et al., 2005) and Shift Work Dysfunction (Arendt 2010)

Some hormones are made only in the dark (or red light)
(Table 2), for instance melatonin [for sleep], vasointestinal
peptide (VIP) [that lowers blood pressure|, and growth hormone
(GH) [for metabolism and repair]. Staying up at night and
sleeping during the day will disturb this nighttime dark
hormonal production. The “dark” hormones, melatonin, VIP,
and GH are primarily produced during deep delta “restorative”
sleep. The state of sleep has two components: REM (rapid
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Table 2

Circadian Dark Response - above 600 nm
No circadian blue after 10 pm

Neurotransmitters

Melatonin sleep
Vasoactive Intestinal Peptide
Growth Hormone

blood pressure
decreased body fat

eye movement) and SW (slow-wave sleep). With REM
sleep, the brain, eye, and body muscles are active and we
dream; slow-wave sleep is when the brain’s activity is slowed
down. Slow-wave sleep is further classified as delta (deep
sleep) or theta (light, drowsiness). (Table 3) During deep-
delta “restorative” sleep, stress-related hormones and blood
pressure decreases while the anti-aging growth hormone
increases. Imbalance in these dark hormones leads to high

blood pressure, and abnormal weight gain (Spiegel et al.,
2005; DiLorenzo, 2003; Arendt, 2010).

Delta (restorative sleep) cannot be attained without the
presence of the sleep hormone melatonin. Under normal
nighttime darkness, melatonin is produced between 10 p.m.
and 4 a.m. As the dawn (6 a.m. — 10 a.m.) brings exposure
to blue circadian light, melatonin is converted to serotonin.
Melatonin production is blocked if there is ocular exposure
to visible light at night instead of darkness. The slightest blue
or white visible light (2 lux blue light or 24 lux white light
that is emitted from the flicker of the bathroom light, a
night-light, computer screen, TV, or cell phones, is sufficient
to disrupt the production of melatonin and therefore interfere
with deep restorative sleep (Gooley et al.,, 2010). Even with
proper darkness, only 15% of a good night’s sleep is delta
sleep and this percentage naturally decreases with age.
Furthermore, a nap during the day will only reach about
5% total delta sleep.

Insufficient circadian blue light in the morning and/or
visible light in the evening will result in mood swings,
confusion, irritability, depression (AMA 2012; Stevens et al.,
2007) due to the lack of or decreased production of important
neurotransmitters and neurohormones. [Table 1 and 2]

It is not only mood that is disturbed by circadian rhythm
disruption but overall health. There is an increased risk for

Table 3

pg/ml
600
Th2 &
500 (Anti-pathogen)
HThi Cortisol
400 (Anti-cancer)
300 Melatonin

200
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Night
Figure 2 — The human immune response is circadian. Thl — involves
cytotoxic T-Cells and N-Killer cells. These anti-tumor cells are activated
in the evening (in the dark, in the absence of circadian blue light) by
the presence of melatonin. Th2 —involves B Cells. These anti-pathogen
cells are activated in the morning in response to circadian blue light

(480 nm) by the presence of cortisol and other neurotransmitters.
(Adapted from Cutolo, M., Maestroni, G.J. etal.,” 2005)

cancer and infectious disease if one is exposed to insuthcient
daylight in the morning or darkness in the evening. How is
this possible? This is because the human immune system is
circadian.

The human immune response consists of two major
pathways: Thl (T helper 1) [cell-mediated immunity],
which uses N-Killer (NK) cells and cytotoxic T' cells to
destroy viruses and cancer, and Th2 (T helper 2) [humoral
or antibody-mediated immunity], which enlists B cells to
produce specific antibodies to help eradicate bacteria,
parasites, and toxins (Figure 2). The Thl immune response
is most active in the evening, at least partly in response to the
nocturnal production of melatonin, while the Th2 immune
response is activated in the morning, in response to the
production of cortisol and other morning neurotransmitters.
An imbalance of Th1/Th2 immune responses can trigger
an autoimmune response. Autoimmune diseases (asthma,
rheumatoid arthritis) are more prevalent in the morning,
while light at night prevents the nocturnal melatonin
production, preventing the activation of the anti-cancer
N-Killer (NK) cells and cytotoxic T cells. Night workers
have a particular risk for breast and prostate cancer because
of the disrupted production of melatonin. Exposure to

Alertness and sleepiness may be quantitatively measured by noting the changes in the electroencephalographic (EEG) power spectrum. In

general, the lower the number (Hz) the slower the brain pattern.
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visible light at night also deregulates the circadian gene,
Per2 (Chen et al., 2005; Fu et al., 2002), which is involved
in human breast and endometrial cancer development. For
this reason, when the natural circadian immune cycle is
disrupted, there is an increase risk of cancer, autoimmune,
and infectious diseases (Roberts, 2000, 2008; Cutolo et al.,
2005; Baldwin and Barrett, 1998; Levi, 2000; Blask et al.,
2005; Blask, 2009; Dimitrov et al., 2004; Erren and Reiter,
2008; Spiegel et al., 2005; Hu et al., 2011; Maestroni, 2003).

There have been numerous clinical trials studying the

affect of appropriate and inappropriate lighting on circadian
dysfunction and human health. They involve varying
lighting regimens, including enhanced circadian blue light
in the morning to increase alertness and red light at night to
enhance sleep. For shift workers, blue-blocking glasses

in the morning were used to prevent circadian stimulation,
and enhanced daytime darkness and/or melatonin to aid in
restorative deep (delta) sleep. Dark/light control of the human
circadian response has been directly applied to treating sleep
disorders and other circadian disorders (Arendt et al., 2008;
Arendt 2010; Gooley et al., 2012; Burkhart & Phelps 2009;
Glickman et al., 2006; Kent et al., 2009; Lockley et al., 2003;
Lieverse et al., 2008; Levi & Schibler 2007; Scheer et al.,
2009; Werken et al., 2010; Pechacek et al., 2008). Modifying
diet at specific times of day has also been found to help
overcome jet lag and rebalance shift work circadian disruption
(Wurtman et al., 2003; Mendoza, 2007). For instance, eating
tyrosine- (the precursor for dopamine) containing foods
increases alertness, and eating tryptophan- (precursor of
serotonin and melatonin) containing foods enhances
serenity and sleep.

These studies are only valid if precise measurements have
been made that involve age of recipient, the definition,
spectrum, intensity, the time of day of exposure, and direction
of the light source (Portaluppi et al., 2008; Van Someren,
2011). It is particularly important that the report includes a
detailed description of the spectral properties of the light
source and the total irradiance at the action spectra of
non-visual photoreception (460-500 nm). Terms such as
“Bright Light” and “Dim Light” or continuous light (LL)
and continuous dark (DD) are biologically irrelevant and
not reproducible.

In summary, exposure to the appropriate spectrum of light
during the day and evening enhances human health and
well-being, immune response, and productivity (Figure 3).
Because of these hormonal changes, the circadian dark/light
cycle controls and modifies the sleep/wake cycle, blood
pressure, metabolism, reproduction, and the immune
response. Removal of circadian blue light exposure at night
allows for an appropriate circadian response. However,
exposure to light sources that do not match the natural solar
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Figure 3 — The circadian dark/light cycle controls hormonal
change, which modifies the sleep/wake cycle, blood pressure, sleep,

and other physiological functions.

spectrum to the time of day or evening is hazardous to
human mental and physical health.
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