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REVIEW

Inﬂuence of the modern light environment on mood
TA Bedrosian and RJ Nelson
Humans and other organisms have adapted to a consistent and predictable 24-h solar cycle, but over the past B130 years the
widespread adoption of electric light has transformed our environment. Instead of aligning behavioral and physiological processes
to the natural solar cycle, individuals respond to artiﬁcial light cycles created by social and work schedules. Urban light pollution,
night shift work, transmeridian travel, televisions and computers have dramatically altered the timing of light used to entrain
biological rhythms. In humans and other mammals, light is detected by the retina and intrinsically photosensitive retinal ganglion
cells project this information both to the circadian system and limbic brain regions. Therefore, it is possible that exposure to light at
night, which has become pervasive, may disrupt both circadian timing and mood. Notably, the rate of major depression has
increased in recent decades, in parallel with increasing exposure to light at night. Strong evidence already links circadian disruption
to major depression and other mood disorders. Emerging evidence from the past few years suggests that exposure to light at night
also negatively inﬂuences mood. In this review, we discuss evidence from recent human and rodent studies supporting the novel
hypothesis that nighttime exposure to light disrupts circadian organization and contributes to depressed mood.
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INTRODUCTION
Life on Earth has adapted to a consistent and predictable 24-h solar
cycle. To anticipate patterns in the environment, individuals
synchronize internal biological rhythms to the external world,
primarily using light information. During the past B130 years,
however, the invention and widespread adoption of electric light
has led to ‘round-the-clock’ societies. Instead of aligning with the
environment, individuals respond to artiﬁcial light cycles created by
social and work schedules. Exposure to artiﬁcial light at night (LAN)
has become pervasive (Figure 1). Virtually every individual living in
the United States and Europe experiences this unnatural light
exposure, and moreover about 20% of the population performs
shift work.1,2 Exposure to LAN may obscure entrainment of
biological processes to external conditions, potentially leading to
misalignment among physiology, behavior and the environment.
Furthermore, chronic disruption of circadian timing may have
implications beyond dysregulated biological rhythms. In mammals, circadian photoentrainment is mediated by intrinsically
photosensitive retinal ganglion cells (ipRGCs) that project light
information to the suprachiasmatic nucleus (SCN) in the hypothalamus, regulating circadian rhythms. However, ipRGCs also project
to regions involved in mood regulation, such as the prefrontal
cortex, hippocampus and amygdala,3 suggesting that unnatural
light exposure has the potential to inﬂuence mood as well.
As modern life has allowed humans to manipulate lighting easily
and has led to unnatural exposure to LAN, the prevalence of
major depressive disorder (MDD) has increased in parallel.4
Accumulating evidence from the past few years suggests that
nighttime light exposure may have serious consequences for
circadian timing and mood. In this review, we discuss evidence
from recent human and rodent studies supporting the novel
hypothesis that nighttime exposure to light disrupts circadian
organization and contributes to depressed mood.

PHOTOENTRAINMENT
Circadian rhythms are generated by the SCN, a molecular clock
located in the hypothalamus, and entrained to the external
environment primarily using light information sent directly from
the retina to the clock. A transcription–translation feedback loop
in the SCN produces endogenous rhythms of approximately 24 h,
but the gene and protein components of this cycle can be
modulated by light to maintain synchronization with the
environment. In the absence of light and dark input, the
endogenous clock becomes out of phase with the external
environment, so correctly timed light information is essential to
biological timekeeping. In mammals, the retina is the sole
mechanism of light detection, consisting of image-forming
photoreceptors, called rods and cones, and non-image-forming
photoreceptors called ipRGCs. In contrast to rods and cones,
ipRGCs are depolarized in response to light and are largely
responsible for circadian photoentrainment.5
Light detected by ipRGCs activates a unique photopigment
called melanopsin, which is maximally sensitive to blue wavelengths (B480 nm) and minimally sensitive to longer, red
wavelengths (4600 nm).6 This means that blue wavelengths exert
a more potent inﬂuence on the circadian system. Notably, in the
United States nighttime use of incandescent bulbs, which produce
light of longer yellow range wavelengths, is being replaced by
compact ﬂuorescent light bulbs, which contain the blue
wavelengths that maximally activate ipRGCs.7 Activated ipRGCs
project to the SCN directly through the retinohypothalamic tract
and indirectly through the intergeniculate leaﬂet. Information sent
via the retinohypothalamic tract reaches the SCN through a single
glutamatergic synapse. This process is similar in both nocturnal and
diurnal species; LAN triggers Fos induction in the SCN of both.8,9
The SCN projects axons to the paraventricular nucleus of the
hypothalamus (PVN) and to the thalamus (Figure 2). Thalamic
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Figure 1. Worldwide artificial light at night. Inset shows detailed view of North America. Images are composites acquired by the NASA Suomi
NPP satellite in 2012.

disrupt physiological timekeeping. For example, melatonin
regulates clock gene oscillations in the pituitary and pars
tuberalis in mice and hamsters.13,14

Figure 2. Potential pathways through which light at night (LAN) may
influence mood. HPC, hippocampus; PFC, prefrontal cortex; PVN,
paraventricular nucleus of the hypothalamus; SCG, superior cervical
ganglion; SCN, suprachiasmatic nuclei.

relays of the SCN project to regions directly involved in mood
regulation, such as the prefrontal cortex, hippocampus and
amygdala. Projections through the PVN to the pineal gland
regulate melatonin secretion, which is responsible for entraining
peripheral clocks in cells and tissues throughout the body. And
projections through the PVN to the adrenal gland regulate
glucocorticoid output. From these examples, it seems reasonable
to suggest that temporally aberrant cues in the environment
arising from artiﬁcial LAN could cause desynchronized biological
rhythms at multiple levels.
Melatonin
Pineal melatonin warrants brief discussion on its own because its
production is under direct control by light. Typically melatonin is
rhythmically secreted by the pineal gland during the night, where
it is released directly into systemic circulation, having many
different physiological roles throughout the body.10 Its secretion is
potently inhibited by light in an intensity-dependent manner.6
Evidence suggests that only 1 h of exposure to B45 photopic lux
can decrease plasma melatonin concentrations by B60% in
healthy human volunteers.11 In hamsters, light levels as low as
1.08 lx are sufﬁcient to signiﬁcantly suppress pineal melatonin
content.12 During the night, suppressed melatonin levels can
Molecular Psychiatry (2013), 751 – 757

CIRCADIAN DISRUPTION AND MOOD
A role for the circadian system in mood is already well-established.
A host of rhythm-related disturbances have been noted in
association with major depression and other mood disorders;
and on the other hand, environmental perturbations of the
circadian system provoke mood disturbances in some individuals.15–17 Any unnatural timing of light exposure, or lack of
appropriate light/dark cues in the environment, can cause
misalignment between internal biological processes and the
external environment, putatively leading to impaired mood. To
illustrate this point, there are several instances in which obscured
environmental lighting cues lead to depressed mood.
Seasonal affective disorder (SAD) is one prominent example. At
temperate latitudes, seasonal affective disorder affects nearly 10%
of the population.18 It is characterized by recurrent winter
depression, with symptoms manifesting during the short day
lengths of winter when daylight exposure is low, and symptoms
remitting during the spring and summer. Lack of sufﬁcient
daytime light is thought to cause a phase shift in the rhythm of
pineal melatonin secretion. Without bright morning light to inhibit
melatonin production, secretion persists into the daytime, leading
to desynchronization between internal timekeeping processes
and the external environment. Although melatonin concentrations
are not suppressed, as they may be with LAN exposure, there is
misalignment between the rhythm of secretion and the
environmental light cycle. The presence of an appropriate and
correctly timed melatonin signal may be more important to
circadian regulation and mood than absolute melatonin
concentrations. Morning bright light therapy, particularly blue
wavelengths, may be used to synchronize the circadian system to
the appropriate time of day.19
Evidence from animal models supports a role for day length in
mood.20 Nocturnal Siberian hamsters exposed to short, winter-like,
day lengths develop depressive-like responses in the forced swim
test and anxiety-like responses in the elevated plus maze.21 Two
& 2013 Macmillan Publishers Limited
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diurnal rodent species, fat sand rats (Psammomys obesus) and Nile
grass rats (Arvicanthis niloticus), also exhibit depression-like
behavior in the forced swim test after exposure to very short
photoperiods (5 h light/19 h dark).22,23 Bright light therapy, one
current treatment for seasonal affective disorder in human
patients, reverses some of the depressive responses in fat sand
rats.24
A complete lack of light/dark cues in the environment may also
elicit cognitive and behavioral impairments. Rodents exposed to
constant light become arrhythmic in terms of locomotor activity
and other biological rhythms, a major circadian disruption. After 3
weeks of constant light exposure, rats exhibit impaired spatial
learning and memory,25 and mice show impaired performance in
the Morris water maze and reduced hippocampal neurogenesis.26
In contrast, light deprivation in the form of constant darkness
may provoke depression-like changes in rodents too. Mice and
rats exposed to constant darkness for several weeks develop
immobility in the forced swim test, as well as other depression-like
behaviors.27 There is some evidence that constant darkness causes
neuronal damage to monoamine systems,28 including increases in
apoptosis in several brain regions. Other evidence suggests that
constant darkness increases proinﬂammatory cytokine levels in
the brain and periphery, and that the depression-like responses
are interleukin-6-dependent and mediated through the nuclear
factor-kB signaling pathway.27
These examples serve to highlight the importance of light in
regulating behavior and mood. Proper alignment among biological rhythms, behavior and the environment requires a balance in
the amount of light and dark to which an organism is exposed.
Tipping that balance in either direction can have profound
consequences for physiology and mood.
POPULATIONS EXPOSED TO LAN
Over 99% of individuals living in the United States and Europe
experience nightly light pollution.29 Streetlights illuminate the
bedroom, television and computer screens glow in the home at all
hours, and work and social demands keep the lights on. LAN can
be invasive for these individuals, but for certain populations,
exposure to LAN is even more pronounced.
For example, in industrial economies, B20% of the population
are shift workers.2 These are often factory workers, medical staff,
ﬂight attendants and others working in environments that require
bright lights during night shifts. Such bright and chronic LAN
exposure provokes several physiological changes. Exposure to
LAN of p200 lx, levels easily encountered during night shift work,
can suppress melatonin secretion and other circadian responses in
humans.30 Shift work is associated with health consequences,
including increased negative affect and feelings of helplessness.31
Also, the World Health Organization (WHO) recently cited shift
work as a probable carcinogen.32 Following this announcement,
Denmark became the ﬁrst nation to compensate women who
developed breast cancer after working night shifts.33
By the same token that night shift nurses are affected by LAN,
their patients may be similarly affected. Light readings obtained at
a Midwest hospital SICU demonstrate that lights were illuminated
at least 30 min out of every hour throughout the night, often
when no nursing or care activity was being performed.34 LAN in
this context may negatively affect patient outcome by disrupting
sleep and biological rhythms.35
Although artiﬁcial LAN is most common, natural LAN may be
experienced by individuals living at certain latitudes. During the
summer at northern latitudes near the Arctic Circle, a phenomenon referred to as ‘midnight sun’ occurs, in which the sun
remains visible throughout the night. Scandinavian countries, for
example, experience sunlight almost 24 h each day during certain
times of the year. In parts of Finland’s territory lying north of the
Arctic Circle, the sun does not set for 60 days during the summer.
& 2013 Macmillan Publishers Limited

The circadian system is not adapted to such extremes in the light
environment. At least one study has reported that the number of
violent suicides in these regions increases dramatically during
times of ‘midnight sun’, suggesting that even naturally occurring
LAN can negatively inﬂuence mood and behavior.36
In contrast, one population in the United States excluded from
many types of LAN exposure is the Old Order Amish. The Amish
do not use televisions or computers, which are a major source of
LAN exposure among the general population, and LAN exposure is
minimal. Interestingly, the Amish display greatly reduced cancer
rates compared with the general population.37 Incidence of
depression and other psychiatric disorders is also reduced.38
Of course, other lifestyle factors may contribute to better health
in this population, but the Amish represent an interesting
opportunity to understand the effects of modern lifestyle
choices on mood.
PHYSIOLOGICAL EFFECTS OF LAN
Clearly, exposure to LAN is quite pervasive in Western societies
and several mechanisms exist by which this unnaturally timed
exposure may inﬂuence mood. For one, at least in diurnal species,
LAN is likely a sleep disruptor. There is a large literature
implicating sleep disruption or deprivation in negative mood
regulation (reviewed in Tsuno et al.).39 As many as 50–90% of
depressed patients complain of poor sleep quality and B20% of
insomniacs are clinically depressed.39 A relationship exists
between disrupted sleep and depression and chronic exposure
to LAN may be one contributor. Recent rodent studies suggest,
however, that LAN can inﬂuence mood independent of sleep
disruption, and this evidence will be reviewed in detail later.
Pineal melatonin secretion is also disrupted by LAN and
accumulating evidence suggests that melatonin is related to
mood. Agomelatine, a melatonin-receptor agonist and serotonin
(5-HT2C) receptor antagonist, belongs to a new class of
melatonergic antidepressants.40,41 In rodents, melatonin
administration prevents stress-induced depressive-like behaviors
and reductions in hippocampal dendritic complexity.42 Melatonin
has positive effects on hippocampal cell proliferation43 and can
stimulate neurotrophin production in the brain—both of which
are responses associated with antidepressants.44
Direct dysregulation of circadian clock genes could also underlie
depression associated with LAN exposure. Some clock genes are
directly regulated by light. For example, Per1 expression in the
SCN is directly stimulated by acute LAN exposure.45 Disruption of
clock gene oscillations, particularly within limbic regions that
receive projections from the SCN, may contribute to altered mood.
Over time, upsetting the daily oscillation of clock genes and their
protein products may alter the function of important moodregulating systems—for example, it may alter expression and
activity of neurotransmitter receptors implicated in mood, and
clock gene variants have been associated with risk of mood
disorders in humans (reviewed by McClung16). The precise role of
clock genes in mood regulation remains undetermined, as does
the question of whether acute disruption of clock genes is
sufﬁcient to provoke altered mood regulation or whether
disruption over the long term is required.
Similarly, diurnal variations in hormone secretion may be
disrupted by LAN, particularly within the hypothalamic-pituitaryadrenal (HPA) axis. Recall that the PVN receives direct input from
the SCN, which projects to the pituitary and then the adrenal.
Cortisol, a major stress hormone released by the adrenal gland,
has been implicated in depression and atrophy of the hippocampus when levels are chronically elevated.46 In depressed patients,
the diurnal rhythm of cortisol concentrations tends to be lost, and
levels are consistently high throughout the day.47
It is possible that LAN may act at any or all of these levels to
provoke altered mood regulation. Indeed, it is likely that many
Molecular Psychiatry (2013), 751 – 757
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layers are implicated at once, causing a complex interplay of
misaligned systems. Disruption at one level could also provoke
further dysregulation at another; for example, suppressed
melatonin secretion could in turn further disrupt diurnal clock
gene oscillations throughout the body, compounding the effects
of LAN exposure.
EVIDENCE LINKING LAN TO MOOD
Humans
Several studies in shift-working populations have linked night
work to negative affect. Among US workers, regular shift work has
detrimental effects for sleep and social factors, and is associated
with high prevalence of MDD, with a higher rate among women
than men.48 The prevalence of MDD during or after night shift
work is greater than the general population prevalence, but
reﬂects the same trend of disproportionately affecting women
(22.6% of female shift workers vs 13.4% of male shift workers).48
Long-term shift work is not necessary to see these effects,
however. Among young student nurses performing night shift
work for the ﬁrst time, feelings of helplessness, loss of control,
apathy and low social support were perceived after only 3 months
of night work.31 With longer term exposure (up to 20 years of shift
work), there is an increased lifetime risk of MDD.48 One of the
proposed treatments for problems associated with night shift
work is bright light exposure during the night to phase shift the
biological clock to align with the work schedule, thus improving
alertness at work and facilitating sleep during the day.49
A limitation of this approach is the difﬁculty maintaining such
a schedule. On weekends and ‘off’ days, workers quickly revert
back to synchronize with environmental and social cues.
Although increased depressive symptoms have been welldocumented among shift workers,31 these studies are limited in
establishing an exclusive link to LAN due to the other variables
involved, such as sleep disruption and episodic (for example,
weekend) phase shifts. Jet lag is another modern change that is
thought to be related to changes in affect.50 Patients admitted for
psychiatric emergencies are more likely to exhibit depression or
mania after travel across time zones compared with those
admitted with no recent travel history, and those traveling
westbound show the most symptoms of depression.51 Even
from a biological perspective, in ﬂight attendants transmeridian
travel with short recovery time between trips is associated with
reduced temporal lobe volume that is related to cognitive
deﬁcits.52
Unfortunately, these studies are limited by the number of
variables, as both shift work and jet lag tend to disrupt sleep and
social schedules in addition to lighting exposure. It is difﬁcult to
obtain direct data linking LAN to mood in human subjects
because such studies would entail careful control of several
environmental variables over many weeks.
Animal models
Animal models allow mechanistic studies into the role of LAN in
mood regulation, without the confounding variables associated
with human studies, and allow investigation into the molecular
basis of LAN effects. A summary of results from these studies is
presented in Table 1. Our laboratory recently developed a model
of dim (5 lx) LAN exposure using Siberian hamsters. This light
intensity is similar to levels that may be easily encountered by the
average individual through the use of televisions, computers and
e-readers at night. One general limitation of rodent models,
however, is that species differ in their responsiveness to a
particular intensity. For example, melatonin is suppressed by
about 1.08 lx in Syrian hamsters, whereas 45 lx decreases
melatonin levels in humans.11,12 It is not clear how other
circadian responses to a given intensity may compare between
Molecular Psychiatry (2013), 751 – 757

different species. An alternate model is to study the effects of
housing rodents in constant light (LL) without varying light
intensity; however, rodents become arrhythmic under these
conditions, making it difﬁcult to obtain interpretable results.53
Hamsters exposed to 5 lx dim LAN, however, remain entrained to
the light–dim light cycle, at least in terms of locomotor activity.
Some changes in activity occur, however, as homecage locomotor
activity is slightly reduced during the dim light phase compared
with typical dark phase activity levels and fast Fourier transformation analysis reveals slight decrements in the strength of the
24-h rhythm. Eliminating the LAN rapidly reverses this effect.54
Entrainment of other diurnal rhythms may be inﬂuenced,
however. The daily expression patterns of PER1 and PER2
proteins in the SCN are altered with LAN exposure; in both
cases, the rhythm is weakened, but BMAL1 expression remains
intact.55 The daily ﬂuctuation in plasma cortisol concentrations is
abolished as well.55
There are two advantages to using Siberian hamsters for LAN
studies. First, they express melatonin receptors in the brain and,
unlike most inbred strains of laboratory mice, they produce
detectable levels of pineal melatonin. The extent to which
melatonin is implicated in LAN effects on mood is still unclear,
as depressive responses after exposure to LAN have been
reported in at least one melatonin-deﬁcient mouse strain.56
However, because melatonin suppression may likely occur in
humans exposed to LAN, using a melatonin-proﬁcient animal
model may increase the translational relevancy to humans.
Second, unlike humans, hamsters are nocturnal, meaning that
LAN exposure occurs during their active period, allowing us to
separate the effects of LAN and disrupted sleep. LAN does indeed
inﬂuence mood and physiology in at least one diurnal species, Nile
grass rats; however, sleep quality was not investigated in these
studies, making it difﬁcult to attribute solely the ﬁndings to LAN.57
Our studies have consistently demonstrated that dim LAN
provokes depressive-like responses in hamsters.54,58 Because of
the difference in activity levels during the dark or dim phase,
behavioral testing for activity-dependent measures must be
performed during the light phase, when activity levels are
equivalent between groups. After 4 weeks of exposure to
nightly 5 lx LAN, hamsters tested during the light phase display
more immobility in the forced swim test, typically interpreted as
behavioral despair, and reduced preference for sucrose solution,
an anhedonic-like symptom.54,58 Within 2 weeks of eliminating
LAN, however, behaviors in both of these tests resemble those of
hamsters exposed only to dark nights.54 One method of validation
for behavioral assays of depressive-like response is to measure
behavior after treatment with an antidepressant drug that is
known to be effective in humans. Although Siberian hamsters
housed in dim LAN for 4 weeks develop depressive-like symptoms
in the forced swim test, 2 weeks of treatment with the selective
serotonin reuptake inhibitor, citalopram, ameliorates the
symptoms, supporting the validity of this model.59
The complete mechanism underlying these behavioral
responses remains unknown, but we have observed stark changes
to the hippocampus, one brain structure implicated in the
pathophysiology of MDD. Depressed patients often have hippocampal atrophy60–62 and dysregulation of many hippocampalrelated systems, such as stress coping and memory (reviewed in
Nestler et al.).63 Similarly, loss of hippocampal dendritic spines and
reduced dendritic complexity are observed in animal models of
chronic stress and depression.64–66 In these models, expression of
brain-derived neurotrophic factor is typically reduced in the
hippocampus, but antidepressant drugs enhance its expression.67
Hamsters exposed to 4 weeks of dim LAN have reduced
dendritic spine density on hippocampal CA1 pyramidal neurons,
although no other changes to overall dendritic complexity or to
neurons within other hippocampal subregions are apparent, and
reduced mRNA expression of brain-derived neurotrophic factor in
& 2013 Macmillan Publishers Limited
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Table 1.

Summary of evidence from rodent studies demonstrating effects of LAN on mood and cognition
Species

Active period

Light manipulation

Findings—behavior

Findings—brain

Mouse (Swiss Webster)

Nocturnal

LL

None measured

Bedrosian et al.58

Siberian hamster

Nocturnal

5 lx dim LAN

Fujioka et al.26
Fonken et al.57

Mouse (C57bl/6)
Nile Grass Rat

Nocturnal
Diurnal

LL
5 lx dim LAN

LeGates et al.70

Mouse (B6/129 F1 hybrid)

Nocturnal

Ultradian T7 cycle

Bedrosian et al.54

Siberian hamster

Nocturnal

5 lx dim LAN

m
k
m
k
k
m
k
k
m
k
k
m

55

Siberian hamster

Nocturnal

5 lx dim LAN

Fonken et al.

56

Bedrosian et al.

FST immobility
Sucrose preference
FST immobility
Sucrose preference
Spatial learning
FST immobility
Sucrose preference
Spatial learning
FST immobility
Sucrose preference
Spatial learning
FST immobility

m FST immobility
k Sucrose preference

k HPC spine density
k HPC neurogenesis
k HPC dendritic length
ipRGCs necessary
Reversed by fluoxetine
Reversed by citalopram
k HPC Bdnf mRNA
m HPC Tnf mRNA

Abbreviations: FST, forced swim test; HPC, hippocampus; ipRGCs, intrinsically photosensitive retinal ganglion cells; LAN, light at night.

the hippocampus.54 Both of these effects are reversed after
eliminating LAN.
In addition, the hippocampus is disproportionately vulnerable
to inﬂammation compared with other brain structures because of
its high expression of receptors for proinﬂammatory cytokines
such as IL-1b and tumor necrosis factor-a.68 Neuroinﬂammation
may have a role in depressive-like behavior provoked by a variety
of types of circadian disruption. As mentioned, exposure to
constant darkness induces depression-like behavior and increased
interleukin-6 levels, which are ameliorated by blocking nuclear
factor-kB signaling. Furthermore, mice with a deletion of
interleukin-6 are resistant to the behavioral effects of exposure
to constant darkness.27 In our experiments, hamsters exposed to
dim LAN show increased tumor necrosis factor-a expression in the
hippocampus; treatment with a pharmacological inhibitor of
tumor necrosis factor-a prevents depressive responses in the
forced swim test after exposure to LAN.54 This link between
depression-like behavior provoked by circadian disruption and
neuroinﬂammation is not surprising. A role for proinﬂammatory
cytokines in the pathogenesis of depression has been
proposed and recent evidence demonstrates a direct molecular
pathway whereby disruption of circadian clock proteins enhances
expression of cytokines within the brain.69
Our results suggest that exposure to LAN alters mood by
disrupting circadian rhythms, but to answer the question of
whether unnatural light exposure on its own can directly impair
mood, a model of aberrant light exposure was used that does not
strongly inﬂuence circadian timing or sleep.70 Mice were exposed
to an ultradian cycle of 3.5 h light and 3.5 h dark (termed T7),
which lengthens the period of body temperature and locomotor
activity rhythms, but maintains diurnal ﬂuctuations in PER2
expression in the SCN and total sleep. After 2 weeks of
exposure to the ultradian light cycle, mice exhibited increased
depressive-like responses in the forced swim and sucrose
preference tests. Further, the mice had impaired learning and
memory performance accompanied by reductions in hippocampal
long-term potentiation. Much like the results we have obtained
using dim LAN, treatment with an selective serotonin reuptake
inhibitor reversed the depressive responses. These behaviors
seem to occur through ipRGC projections because mice lacking
the gene for melanopsin do not develop depressive responses
after exposure to the ultradian light cycle.
The results of this study70 led the authors to conclude that LAN
inﬂuences mood regulation directly, without disrupting circadian
rhythmicity. This is an intriguing hypothesis, particularly in light of
evidence that ipRGCs project to mood-regulating regions of the
brain, although whether these pathways are direct connections or
& 2013 Macmillan Publishers Limited

projections through the SCN remains unclear.71 However, several
technical considerations may limit the conclusions drawn from
this study. For one, time of day for behavioral testing procedures
was not described, making it unclear whether differences in
locomotor activity levels evident under the T7 cycle may have
contributed to the results. In addition, PER2 expression was
measured relative to the activity of the animal. In other words,
time points were chosen based on zeitgeiber time for control mice
in a 24-h light cycle, but based on circadian time for T7 mice. It is
not clear whether behavioral testing was similarly coupled.
Presumably, behavioral measurements were performed in both
groups at one time of day, thus uncoupling depressive-like behaviors
from the activity rhythm. Time of day effects on behavioral
performance in these tasks is well-established and particularly the
forced swim test is highly dependent on the activity level of the
animal. It is possible that the effects ascribed to the T7 cycle may
actually reﬂect testing occurring during different circadian phases
for each group. Furthermore, the mechanism through which these
changes may occur remains undetermined. Although it is tempting to speculate that unnatural timing of light exposure may
contribute to impaired mood, more investigation will be necessary
to parse out circadian effects from direct light effects.
Nevertheless, converging evidence seems to point towards
negative effects of LAN on mood regulation. An important
question arising from this collective work is how to prevent the
deleterious effects of LAN when exposure cannot be avoided. One
possibility may be to manipulate the wavelength of light
exposure. As mentioned previously, the melanopsin-expressing
ipRGCs responsible for projecting light information to the
circadian system are minimally responsive to red wavelength
light. Replacing standard bulbs with red ones where possible, or
using glasses that only transmit red wavelengths, may be an
effective preventative against the disruptive effects of LAN. We
have observed reduced effects of dim red LAN on hamster
depressive responses, compared to white or blue LAN, along with
reduced Fos activation in the SCN following red LAN exposure.72
Clearly, LAN has a variety of effects on the brain and circadian
rhythms, each potentially contributing individually or in concert
with others to regulate mood.
IMPLICATIONS AND FUTURE DIRECTIONS
The incidence of depressive disorders has increased signiﬁcantly
in recent decades,4,73,74 in parallel with the expansion in the use of
electric LAN. Particularly, urban-dwelling individuals and night
shift workers are exposed to artiﬁcial LAN on a chronic basis. For
these people, LAN may be considered as a modern circadian
Molecular Psychiatry (2013), 751 – 757
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disruptor. Given the evidence for disrupted circadian processes in
depression, excessive LAN exposure could be one factor
contributing to depressed mood among vulnerable individuals.
Artiﬁcial and unnaturally timed light from the environment could
disrupt physiological timekeeping, leading to misalignment of
various biological rhythms, or could act directly to inﬂuence
mood. Studies using animal models have been useful thus far to
identify a link between LAN and mood, but such a link in humans
remains to be demonstrated. A ﬁrst step would be to perform
thorough correlational analyses through epidemiological analysis.
Within this past decade, epidemiological work paved the way
toward identifying the relationship between LAN and breast
cancer, which is now ofﬁcially recognized by the WHO and
American Medical Association. Such studies should not only focus
on shift workers but also include individuals experiencing low
levels of LAN at home. Example studies are already beginning to
identify relationships between LAN and obesity.75 From an
historical perspective, the widespread adoption of electric light
occurred before an understanding of circadian biology. The effects
of what we now know to be a major change for circadian biology
were simply not considered. It is essential that we learn about the
effects of modern technology on the brain and health, so that we
might appropriately manage them.
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