
Chapter 8
Management of Sleep Disorders: Light Therapy

Wei-Chung Mao, Hsin-Chien Lee, and Hsi-Chung Chen

Abstract The circadian system in humans encompasses all organs, tissues and
cells. Coordination of central and peripheral clocks and synchronization of cellular
clocks within the brain regulate daily phases, neurophysiology and behavior. The
mechanism of action of the circadian system is complex, but is centered on the
paired structure of the suprachiasmatic nuclei (SCN) that serves as a pacemaker in
humans. Light adjusts the phase of the SCN oscillator to the environmental light-
dark cycle. Light therapy has been developed for clinical use and many apparatus
and parameters have been extensively studied. Bright light therapy is the treatment
of choice for seasonal affective disorder and circadian rhythm sleep disorders.
Cumulative studies support the efficacy of light therapy for some clinical conditions
which are characterized by seasonality or disrupted circadian rhythms. The benefit
of light therapy is significant and warrants further clinical studies to optimize the
treatment effect.
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8.1 Introduction

Light therapy, or phototherapy, is used as monotherpay in some sleep disorders,
especially in those related to disturbance of circadian rhythm, but has become
increasingly popular as adjunctive treatment to pharmacotherapy. Light therapy
includes the use of ultraviolet light to treat psoriasis and other skin disorders, and
full-spectrum bright light to treat seasonal affective disorder (SAD). The latter, first
introduced in the 1980s, is now a widely approved form of treatment for SAD [1, 2].

The effects of light therapy are comparable to those found in many antidepressant
pharmacotherapy trials [3]. In the last two decades, many research groups have
launched clinical trials which have resulted in light therapy being extended to other
conditions, including non-seasonal mood disorders, Alzheimer’s disease, circadian-
related sleep disorders, jet lag, eating disorders, shift-workers, and other behavioral
syndromes [3–9]. Although a meta-analysis on the efficacy of light therapy in
treating mood disorders [3] highlighted methodological limitations in some clinical
trials which included brief treatment periods, small study groups, lack of replication,
and study design issues (e.g., lux parameters for the active treatment, characteristics
of placebo control, and random assignment to treatment conditions), it nonetheless
concluded that bright light treatment and dawn stimulation for SAD, and bright light
for non-seasonal depression are efficacious [10].

This chapter focuses on the application of bright light therapy in order to
improve the understanding of its mechanisms as exploratory treatment for specific
disorders. Light plays a major role in influencing the retino-hypothalamic tract to
the suprachiasmatic nuclei (SCN), and in adjusting melatonin secretion. The SCN
is intrinsically photosensitive, communicating with the dorsomedial hypothalamic
nucleus (DMH) to regulate the circadian pattern of sleep-wakefulness, feeding,
locomotor activity, and serum corticosteroid levels [11]. The DMH receives both
direct and indirect SCN inputs and sends a predominantly GABAergic projection
to the sleep-promoting ventrolateral preoptic nucleus, and a primarily glutamate-
thyrotropin-releasing projection to the wake-promoting lateral hypothalamic area,
including orexin (hypocretin) neurons [11]. In human, the 24-h circadian rhythm
shifts through its daily phase mostly as a result of light exposure. The accumulated
amount of light exposure alters the sleep-wake cycle and regulates the autonomic
nervous system, the endocrine system, and internal homeostasis. Longer period is
found for totally blind individuals, whose circadian pacemaker cannot be entrained
by the environmental light-dark cycle. Pagani et al., hypothesized that circadian
properties between blind and sighted groups differed for physiological reasons
rather than genetic ones. Under certain circumstances these blind individuals can
become entrained to the 24-h day via nonphotic cues such as exercise, food, and
activity [12].

Light itself has a therapeutic effect on depression. The underlying mechanism
has been associated with the phase shift [13–15] and more specifically, its effect on
monoamine activity in the brain [16, 17]. Some studies manipulating these factors
directly or indirectly suggest that light therapy attenuates depression [18–20].
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Minimal adverse responses and promising treatment outcomes are encouraging for
its clinical application. Light therapy has been applied to seasonal affective disorder,
non-seasonal depression, bipolar depression, circadian rhythm sleep disorders,
shift work, and specific conditions such as bulimia nervosa, late luteal phase
dysphoric disorder (LLPDD), attention deficit hyperactivity disorder (ADHD), and
dementia. However, its use for some of these conditions warrants further studies to
demonstrate its validity and efficacy.

8.2 Mechanism of Action

Circadian rhythms include sleep-wake cycles that are endogenously driven by the
SCN in the anterior hypothalamus. Light is the most potent external influence that
can adjust the phasing of the SCN, and light therapy is mainly used to reset the
circadian system. The SCN is functionally subdivided to generate a coordinated
rhythm of neuronal and hormonal activities. Such activities incorporate photic
and nonphotic time cues that reset the circadian phase of the SCN itself, and
transmit circadian output signals to effector systems such as other brain regions and
peripheral organs [21]. Outputs include neuronal connections, endocrine signals,
body temperature rhythms, and indirect cues, provoked by oscillating behavior
(e.g., feeding-fasting rhythms generated by rest-activity cycles). The SCN acts as
a circadian pacemaker, and serves as a central station for processing top-down
coordination. It is therefore associated with synchronizing circadian rhythms within
other biological systems with daily changes in the environment (e.g., fluctuations
in light intensity and temperature) [21]. This ever-regulating process entrains the
nearly 24-h rhythm of internal activity in the SCN to the 24-h light-dark cycle given
by the Earth’s rotation (“circa diem” means “approximately a day”).

8.2.1 Ocular Mechanism

The photoperiod is the most dominant environmental Zeitgeber (time giver) for the
phase entrainment of circadian oscillators. Light enters the visual system and further
alters the phase of ‘clock’ gene expression in a subset of SCN neurons (Fig. 8.1).
The visual system consists of the eye (in particular the retina), optic nerve, optic
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Fig. 8.1 Circadian system includes neuronal and hormonal activities
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chiasma, optic tract, lateral geniculate body, optic radiation, visual cortex, and visual
association cortex, all of which enable people to see. By this system, information
from visible light is interpreted to an assembled representation of the outside world.

Mammals perceive light information mainly via the retina of the eye, where
non-image- forming photoreceptors termed photosensitive retinal ganglion cells
(pRGC), which express the photopigment melanopsin [22, 23]. Photic information
reaches the SCN directly from the retino-hypothalamic tract (RHT) and indirectly
through other retinorecipient structures, including the intergeniculate leaflet (IGL)
in the thalamic lateral geniculate nucleus (LGN) [24].

8.2.2 Suprachiasmatic Nucleus (SCN)

The SCN is located at the base of the hypothalamus. SCN neurons display
intrinsic circadian oscillations, orchestrated at the molecular level by translational
and transcriptional loops in specific ‘clock’ genes [25, 26]. The rhythm in the
SCN is conveyed to various endogenous neural systems governing physiologic
and behavioral functions [27]. It remains unclear how SCN neurons actually
communicate with their CNS target neurons. Understanding how these neurons are
functionally connected will illuminate the mechanism of circadian rhythm and its
regulation.

Based on differences in chemoarchitecture, peptide phenotype and afferent-
efferent projection pattern, the mammalian SCN consists of ventrolateral (SCNvl)
and dorsomedial (SCNdm) components [24]. There are three major afferent path-
ways to the SCN in rats: one from the outside photic input via the RHT, and two
from nonphotic inputs of the IGL (via geniculo-hypothalamic tract, GHT), and
serotonergic (5-HT) inputs from the dorsal and median raphe nucleus (DRN and
MRN, Fig. 8.2). The monosynaptic RHT fibers terminate directly on neurons in the
SCNvl that express vasoactive intestinal polypeptide (VIP). This photic signaling
pathway of the RHT mainly expresses the excitatory neurotransmitter glutamate and
the neuropeptide pituitary adenylate cyclase-activating protein (PACAP) [28]. The
RHT projects to both the SCN and IGL, while the IGL projects to the SCN via the
GHT. Thus, the GHT can indirectly involve processed light information by releasing
neuropeptide Y (NPY) and gamma-aminobutyric acid (GABA) [29]. As such, the
SCN receive two different triggers upon light stimulation of retina: one directly via
the RHT and the other indirectly via the GHT. This suggests that the pathway via
the IGL enables integration of photic and non-photic signals to entrain the SCN. In
terms of the day-night switch, it is posited that the RHT relays photic information
from the eyes to the SCN to adjust circadian timing via a glutamatergic pathway
at night, and then adjusts the biological clock by a PACAP/cAMP- dependent
mechanism during the daytime [28].

To function as a circadian pacemaker and master synchronizer, intrinsic time-
keeping signals from the SCN must be transmitted to other brain and peripheral
clocks. Efferent connections from the SCN have been identified by injecting antero-
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Fig. 8.2 Main afferent pathways to the SCN in rats. 5-HT 5-hydroxytryptamine, DRN dorsal
raphe nucleus, GABA gamma-aminobutyric acid, GHT geniculohypothalamic tract, Glu glutamate,
IGL intergeniculate leaflet, MRN median raphe nucleus, NPY neuropeptide Y, PACAP pituitary
adenylate cyclase-activating peptide, RHT retino-hypothalamic tract, SCN suprachiasmatic nuclei
(Modified from Dibner et al. [21])

and retro-grade tracers. In the hypothalamus, efferent fibers from the SCN terminate
most densely to the subparaventricular zone (SPZ or sPVZ), which is located
immediately dorsal to the SCN and extends dorsocaudally to the paraventricular
hypothalamic nucleus (PVH) [24, 30, 31]. Tracing studies suggest that the SCNvl
projects predominantly to the lateral SPZ, whereas the SCNdm projects more
densely to the medial SPZ [32]. Other SCN projections have been identified rostrally
in the preoptic area (POA), bed nucleus of the stria terminalis (BNST), and the
lateral septum (LS); and dorsally in the dorsomedial hypothalamic nucleus (DMH),
and the arcuate nucleus (ARC).

It is postulated that the SPZ functions as an amplifier of circadian output from
the SCN. In studies of fetal SCN grafts, transplanted SCN tissue can be implanted
into many brain areas to restore rhythms [33, 34]. However, cell-specific lesion
experiments show that ventral SPZ injury causes a profound reduction in the
circadian rhythms of sleep and locomotor activity, while dorsal SPZ lesions caused
greater reductions in the circadian index of body temperature [35]. Lesions of the
PVH had no significant effect on any measured circadian rhythms. These findings
suggest that the SPZ is part of the primary neuronal pathway mediating the output
of SCN-generated circadian rhythms.

The SCN also controls the autonomic nervous system (ANS); SCN neurons
that project to PVH are important target areas of biological clock output. They
also harbor the pre-autonomic neurons that control peripheral sympathetic and
parasympathetic activities [36]. A direct projection from the SCN to the PVH
mediates rhythmic control of melatonin secretion from the pineal gland, while an
indirect projection via the DMH is critical for the circadian release of corticosteroids
[37]. Metabolic activity and glucose uptake in the SCN are dependent on time
[36] as well as on expression of clock genes [38]. Kalsbeek et al. have proposed
that the SCN generates a daily rhythm in plasma melatonin concentration via the
combination of a continuous (glutamatergic) stimulation of neurons in the PVH
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that are at the root of sympathetic innervation of the pineal gland, as well as a
nocturnal withdrawal of the inhibitory (GABAergic) SCN inputs to these neurons.
In Kalsbeek’s study, activation of PVH neuronal activity induced hyperglycemia.
However, such physiological changes are time-dependent and can be caused by
GABA-antagonists only when administered during the light period. Likewise,
feeding-induced plasma glucose and insulin responses are suppressed by inhibiting
PVH neuronal activity only during the dark period. These results suggest that the
pre-autonomic neurons in the PVH are controlled by the interplay of inhibitory
(GABAergic) and excitatory (glutamatergic) inputs. At the same time, the timing
information of both sympathetic and parasympathetic pre-autonomic PVH neurons
is provided mainly by the SCN GABAergic outputs [36].

The DMH projects to brain areas involved in the regulation of the sleep-
wakefulness switch that includes a primary GABAergic projection to the ventro-
lateral preoptic nucleus (VLPO). The VLPO, located in the anterior hypothala-
mus, is thought to promote sleep via its inhibitory projections to the ascending
monoaminergic arousal system [39]. The DMH sends a predominantly gluta-
matergic projection to the lateral hypothalamus (LHA) which harbors the wake-
promoting population of orexin-expressing neurons [11]. Briefly, the DMH receives
circadian input directly from the SCN and indirectly via the SPZ, and extends to the
VLPO and LHA to regulate sleep-wakefulness cycles (Fig. 8.3). The transmission
of SCN circadian signals in the SPZ and then the DMH may allow for alteration of
circadian rhythms by other inputs, such as food availability, external temperature,
or social cues.

8.2.3 Light and Circadian Rhythms

Light synchronizes or entrains the internal clock to the 24-h period, with precision
accomplished though daily phase shifts (a move to either an earlier or a later time
of the day) resulting from light exposure [40, 41]. The effect of light on circadian
rhythms follows a so-called phase-response curve (PRC) [42] that quantifies the
phase dependence of light-induced phase shifts obtained by a PRC. The effect of
light on the direction of a phase shift depends on the time of the day, and intensity
and duration of exposure. Using this mechanism of a PRC, light can have two
conflicting effects on circadian rhythm [43]. When light exposure occurs in the
evening, it tends to phase delay with rising effects through the night. However, after
core body temperature reaches nadir, light exposure tends to have the opposite effect
of phase advance. Thus, applying bright light in the morning has an advancing effect
on patients with delayed sleep phase syndrome.

The intensity and duration of light exposure follows a dose effect on the impact
of phase shift. Bright light of 2,500 lux has been previously regarded as an intensity
threshold to suppress nighttime melatonin production in humans. As such, brighter
light and longer light exposure means greater suppression [44]. However, it is now
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Fig. 8.3 Circadian regulation of sleep-wakefulness: Solid arrows indicate prominent neuronal
projections and dashed arrows indicate relatively minor projections. 5-HT 5-hydroxytryptamine,
DMH dorsomedial hypothalamic nucleus, DRN dorsal raphe nucleus, GABA gamma-aminobutyric
acid, HA histamine, LC locus coeruleus, LHA lateral hypothalamic area, NE norepinephrine,
PVH paraventricular hypothalamic nucleus, SCN suprachiasmatic nuclei, TMN tuberomammillary
nucleus, TRH thyrotropin-releasing hormone, VLPO ventrolateral preoptic nucleus, vSPZ ventral
subparaventricular zone (Modified from Gooley and Saper [24])

suggested that low intensity (e.g. 180 lux as from an ordinary room light or even the
light from a television set) has the potential to cause phase shifts [43, 45, 46]. This
is clinically important for patients with delayed sleep phase syndrome, since even
the dim light from a computer or a TV set may be a factor that impedes sleep onset.
Given its phase-shifting properties, light is used for the management of different
conditions, such as delayed sleep phase syndrome, advanced sleep phase syndrome,
shift work, sleep maintenance insomnia, and seasonal affective disorder [47–50].
Light can be delivered using natural sources or light boxes with standard intensity
of 10,000 lux for 30 min [51]. Their efficacy also depends on the distance from the
light source to retina and duration of light exposure.

Melatonin is synthesized by the pineal gland, as well as in the retina and
gastrointestinal tract. Control of melatonin secretion relies on neural input to
pinealocytes in the pineal gland, which mainly contain adrenergic receptors, hence
beta-blockers such as propranolol and atenolol can reduce the effects of melatonin.
Melatonin secretion is similar in men and women, but gradually decreases in
magnitude with aging after adolescence [52]. Melatonin has two main effects: a
direct hypnotic effect on sleep and an effect on the circadian oscillator [53]. Light
has a dose-dependent inhibitory influence on melatonin, and the SCN has a high
density of melatonin receptors that modulates phase shifting via melatonin.
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8.2.4 Antidepressant Effect of Light Therapy

Lewy proposed the phase-shift hypothesis (PSH), which posits that the depression
seen in seasonal affective disorder (SAD) patients is as a result of a phase
delay of the endogenous circadian oscillator relative the sleep-wake cycle [15].
Corroborating this hypothesis, the circadian rhythm of body temperature, melatonin,
and cortisol secretion are known to be phase-delayed in SAD patients compared
to controls [13, 14]. Administration of bright light in the morning, but not in
the evening, is considered therapeutic because it corrects the abnormal delay in
seasonal depression. In studies on morning versus evening light exposure for the
antidepressant response of light therapy, 1-week phototherapy in early morning
was superior than either in the evening (responding rate: 53% vs. 38%), dim
light (11%), or brief light control [54]. In a another study, there was a positive
association between lowered mood in winter and winter phase delay among a
random community sample [55]. However, the degree of clinical improvement
does not appear to correlate with baseline circadian phase or the degree of phase
change associated with treatment [56–59]. These studies are therefore inconclusive
as to whether circadian phase advance mediates the therapeutic mechanism in SAD
patients. Lewy has since clarified the PSH and proposed that light treatment operates
not by advancing circadian phase per se, but by normalizing the phase angle between
sleep and circadian rhythms [60]. This revised hypothesis is supported by some
studies [18, 61], but more sophisticated approaches that focus not only on phase
shift in circadian rhythm, but also neurotransmitter activity are warranted.

The monoamine hypothesis of SAD has been another focus of interest in the past
decade. Monoamine systems includes dopaminergic (DA), noradrenergic (NE) and
serotonergic (5-HT) neurons. The treatment response to bright light was comparable
to heterocyclic antidepressants and monoamine oxidase inhibitors (MAOI) [16].
Light deprivation for 6 weeks damaged monoamine neurons, in particular those
located in the locus coeruleus (LC), and produced a depressive behavioral phenotype
in rats. It was also found that the antidepressant desipramine decreased these neural
and behavioral impacts of light deprivation [19]. These studies suggest an important
link between the antidepressant effect of light therapy for SAD, and an underlying
pathogenesis involving monoamine neurotransmitters.

Other studies suggest that the therapeutic effects of bright light in SAD may
involve a serotonergic mechanism. As early as the 1980s, atypical symptoms in SAD
patients, such as hyperphagia, carbohydrate craving or hypersomnia, were found to
be associated with a dysfunctional serotonergic system [17]. Using the paradigm of
tryptophan depletion (to deplete serotonin in humans), deficits in the brain serotonin
system were found to play a key role in the pathogenesis of SAD, and it was
hypothesized that light therapy may compensate for these underlying disturbances
[62]. Serotonergic stimulation induces phase-shifting effects, and studies have
demonstrated that tryptophan depletion did not worsen depression in untreated SAD
patients, but by contrast, induced transient depressive relapses in stable patients who
had received successful light therapy [20, 63, 64]. Sleep deprivation is a condition
of reducing sleep time and not having enough sleep. Total sleep deprivation (TSD)
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and light therapy could enhance these 5-HT effects. In another study on bipolar
depression, repeated TSD and morning light therapy were used as intervention
therapy. In this 1-week treatment study with a before/after comparison of biological
correlates, the responders (about two-thirds of the patients) showed an increase
in daytime activity, reduced nighttime sleep and phase-advance of the activity-
rest rhythm for 57 min compared to the pre-treatment baseline [18]. These results
support the hypothesis that the antidepressant effects of light are partly mediated via
serotonergic systems.

8.2.5 Side Effects of Light Therapy

The side effects of light therapy are small and usually temporary, and can be
generally remedied by reducing exposure time. The appearance of side effects
relates in part to the parameters of light exposure, including intensity, duration,
spectral content, and methods of exposure (diffuse vs. focused, direct vs. indirect,
as well as angle of incidence relative to the eyes). The most common side effects are
headache and eye/vision problems (strain, excess glare, seeing spots, blurring and
irritation) [65]. Other side effects include nausea, sedation, dizziness, irritability or
tightness in the chest. Unless the patients are in severe discomfort, these side effects
are generally well tolerated. Eye discomfort can be alleviated by sitting farther from
the lights, taking a shorter period schedule, or by installing a humidifier. Bright
light may worsen pre-existing eye problems or cause a skin rash in patients with
a skin condition, and requires caution if glaucoma, cataracts, retinal detachment or
retinopathy is reported by patients. The most profound side effect is a mood switch
to hypomania with difficulty sleeping, becoming restless or irritable, and feeling
speedy or “too high”. Nevertheless, such a change occurs quite infrequently [66].
Another rare complication of light therapy for SAD is suicidal tendencies; some
cases have been reported [67].

8.3 Practical Aspects of Bright Light Therapy

Since the introduction of artificial bright light for the treatment of winter depression
in 1984 [2], several protocols and apparatus for bright light therapy have been
developed and adopted across a variety of studies and clinical settings. Conven-
tionally, bright light therapy means the administration of visible light producing
at least 2,500 lux at eye level [68]. However, dosing and timing regimens still
need to be established for each clinical condition. Even for SAD, which has been
the most extensively studied in clinical trials, the basic protocol requires revision
to accommodate the introduction of many new devices [69]. Staring from the
apparatus, important parameters for bright light therapy such as light intensity,
length of session, treatment duration, timing, and wavelength are reviewed and
discussed in the following section.



146 W.-C. Mao et al.

8.3.1 Apparatus

The standard 60 by 120-cm fluorescent ceiling unit was used in many early studies
[51]. This light box has a plastic prismatic diffusion screen and is placed vertically
on the table about one meter from the user. It could provide approximately 2,500
lux illuminance to the eyes. Increasingly, more and more commercial products have
been launched on the market, but not all of them have been tested through well-
designed clinical trials. Some of these apparatus have not even been calibrated to
demonstrate an equivalent output level to the standard light box. In fact, lamp type,
filter, ballast frequency, radiating surface and heat emission differ among devices
and could result in various outcomes.

Besides the light box, the light visor has been introduced for its convenience of
use. With head-mounted ambulatory lighting units, the light visor provides bright
light therapy without interfering with normal activities. An earlier multicenter
clinical trial showed an antidepressant response to bright light therapy by using
light visors [70]. In this 2-week randomized clinical trial, 105 patients with SAD
received three intensities of light (60, 600, and 3,500 lux) delivered by the light
visor. All three intensities produced a similar frequency of antidepressant response.
Furthermore, Boulus and colleagues used a head-mounted light visor to demonstrate
circadian phase shifting by bright light therapy [71]. They chose 20 individuals
travelling from Zurich to New York (a westward flight across six time zones) and
provided 3,000 lux bright white light or 10 lux dim red light for 3 h on the first two
evenings after the flight. Results indicated a larger phase delay in the bright light
group. However, the information regarding the clinical efficacy of the light visor
remains scant. Thus, the use of light visors is not currently recommended [51, 68].

The light therapy room is another alternate configuration of bright light therapy
and is usually applied in hospital settings. The light room setting provides full-
spectrum light by fluorescent tubes in the ceiling and on the walls. There are white
walls and light-colored furniture in the light room. Rastad and colleague studied the
clinical efficacy in 50 patients with SAD randomized into light room therapy and
waiting-list groups [72]. After 10 days of bright light treatment in a light therapy
room, self-reported depression in subjects was reduced and the therapeutic effect
was maintained after a 1-month follow-up. Still, more experimentally controlled
studies are warranted to verify the clinical efficacy and safety of the light therapy
room in other health conditions before recommendation. Currently, light boxes
remain the mainstream device to deliver bright light therapy.

8.3.2 Intensity

In the early history of bright light therapy, 2,500 lux fluorescent illumination
measured at eye level was the standard parameter for clinical protocols [2]. An
earlier review by Terman and colleague indicated the clinical efficacy of 2,500 lux
intensity light exposure for at least 2 h daily in the treatment of SAD by analyzing
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332 patients in 25 studies [54]. Bright light therapy, with 2,500 lux illuminance,
whether administrated in the early morning, evening, or midday, was shown to
reduce depressive symptoms significantly compared to dim light controls.

Since a reciprocity between light intensity and duration has been found, a
high-intensity fluorescent lighting system with 10,000 lux illuminance, having an
irradiant dose estimated at 0.016 J/cm2, was developed and clinically tested. Studies
have shown that the clinical efficacy of 30 min of bright light treatment with
the 10,000 lux illuminance is comparable to that of 2 h treatment with 2,500 lux
illuminance recommended in earlier studies [73]. Because the 10,000 lux intensity
of light requires less time than the former 2,500 lux apparatus to achieve the
same therapeutic effect, high-intensity light therapy has been recommended as the
standard treatment dose for SAD. As regards to some other health conditions,
devices yielding a maximum illuminance of 10,000 lux have been adopted and
demonstrate clinical benefit [74–76]. In addition, bright light therapy with intensities
between 2,500 and 10,000 lux are still applied in some clinical settings [77, 78].
Although 30 min of bright light treatment with the 10,000 lux illuminance is
widely adopted nowadays, recommendations for light therapy dose levels should
be cautious since the data is changing rapidly [79].

Safety concerns for high-intensity light therapy, in particular the potential impact
on the eyes, have been raised. Indeed, side effects including headaches and eye or
vision problems have been reported, but were mild and transient and did not interfere
with treatment [65]. Gallin and colleagues performed ophthalmologic examinations
in 50 patients with SAD before and after bright light therapy for 30 min at an
illuminance level of 10,000 lux [80]. They did not detect any ocular changes after
either short-term or long-term treatment. Still, patients with pre-existing ocular
abnormalities or using photosensitizing drugs were suggested to undergo light
therapy only with ophthalmologic monitoring.

8.3.3 Length of Session and Treatment Duration

As stated above, daily light exposure for 30 min at an illuminance level of 10,000 lux
gives an equal effect to 2-h light exposure at 2,500 lux for the treatment of seasonal
affective disorder. Thus, the length of treatment session varies across studies mainly
based on the intensity of the lighting system, but also dependent on the targeted
symptoms or diseases [79].

Early studies suggested that treatment response might occur within 2–4 days,
and achieve remarkable improvement within 1–2 weeks [2]. Comparing treatment
response in bright light therapy at the first and second week, Labbate and colleagues
suggested the necessity of longer trials of bright light therapy [81]. In a recent study,
treatment durations as long as 5 weeks of 60 min 10,000 lux lighting was applied
to patients with non-seasonal depression [82]. Furthermore, long-term bright light
therapy of up to 2 years with daily light exposure is suggested for patients with mild
cognitive impairment and early dementia [83].
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8.3.4 Timing

Researchers have found that the greatest therapeutic effects are achieved when
light therapy is administered in the morning. An early meta-analysis by Terman
and colleagues showed a greater remission rate when bright light therapy was
administered for patients with SAD in the early morning [54]. Although some
researchers claimed that bright light therapy in SAD is independent of time of
day or circadian phase [59], morning light was found to produce phase advances
in melatonin rhythm [84]. Based on their findings, the administration of light
therapy is suggested to be optimal about 8.5 h after melatonin onset or 2.5 h
after the sleep midpoint to potentiate therapeutic effects. Thus, patients with
SAD might be given bright light sessions shortly after awakening. Although
some of them would oversleep and need to wake up earlier to take their light
treatment [85].

A similar strategy is applied to other health conditions, except for advanced sleep
phase syndrome. However, to ensure the timing of light exposure is appropriate for
an individual’s circadian rhythm, a simple solution is to apply the Horne-Östberg
Morningness–Eveningness Questionnaire [86]. The score of this questionnaire
correlates strongly with melatonin onset and can be used to estimate the optimal
timing for bright light therapy [51, 69].

8.3.5 Wavelength

Initially, full-spectrum lights were used in bright light therapy. However, in addition
to the intensity of light, ultraviolet and visible light could lead to ocular damage.
Unfortunately, the potential hazard of ocular damage may still occur for unclear
spectral emission of lamps. Reme and colleagues have reported irradiant doses for
several bright light therapy regimens and analyzed the potential hazards [87]. They
proposed screening out ultraviolet light and some low-wavelength visible light in a
range up to 500 nm, which may potentially damage the eyes. Recently, a prismatic
diffusion screen with ultraviolet filtering has become a standard component of
bright light treatment devices. It has been demonstrated that ultraviolet light is not
necessary for the clinical efficacy of bright light therapy in SAD [88].

Identifying optimal wavelengths for bright light therapy is important in opti-
mizing clinical efficacy. Which spectral colors of light are the most efficient for
treatment remains controversial, although shorter wavelength light has been shown
to be more effective than longer wavelengths in suppressing nocturnal melatonin
[89]. To balance the risk and benefit, filtering of wavelengths less than 450 nm
might achieve clinical efficacy and lower the blue-light hazard, which is magnified
in the range of 435–445 nm.
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An earlier study by Oren and colleagues found that green light induced greater
antidepressant effects than red light [90]. However, a later study on green light for
elderly patients with depression did not show a significant antidepressant effect [91].

Recently, technological advancements in light emitting diodes (LEDs) allow for
much narrower bandwidths of light, which enable more accurate and precise efficacy
studies of different light wavelengths. Using blue LED units producing 468 nm light
versus dimmer red light in a 3-week randomized controlled study, Glickman and
colleagues demonstrated a significant therapeutic effect in a sample of 24 patients
with seasonal depression [92]. A more recent study by Strong and colleagues
verified the effectiveness of narrow-band blue light treatment in a 3-week, parallel,
double-blind trial compared with red light [93]. They proposed that blue-light
therapy could produce results similar to those of earlier 10,000 lux full-spectrum
light studies and many medication studies.

However, although multiple blue-light devices have been developed under this
concept, they require individual testing in clinical trials. In fact, there are still scant
comparative dose-response studies to support the application of such blue-enriched
device [94].

8.3.6 Other Considerations

Although more and more bright light therapy devices are available on the market,
only some of them have been carefully evaluated in clinical trials. Besides the treat-
ment protocols, comparing devices is difficult due to the problematic specification of
lux, the dosing variable [51]. The power received from the light source could vary
if the spectral composition of the light is different. Therefore, caution is required
when choosing bright light therapy devices, and is preferable to make choices based
on clinical evidence.

Another concern stems from patient’s compliance. A study by Michalak and
colleagues identified a high drop-out rate of 31.6% among patients with SAD
[95]. Among those completing treatment, compliance to the prescribed duration
of exposure averaged 83.3% in the 4-week protocol. How to improve patient’s
compliance in clinical practice by improving the convenience of the device and
reducing adverse reactions, though not studied extensively, is indeed an important
issue.

In summary, a prescription for bright light therapy of 30–120 min of daily
exposure to a broad spectrum, ultraviolet-filtered 2,500–10,000 lux illuminance
remains the typical for bright light therapy. New devices such as light visors, light
therapy rooms and narrow-band blue light from LEDs require more evidence to
support their clinical efficacy. At this moment, the dosing regimen and protocol are
suggested to be tailored according to the needs of individual patient with various
health conditions. In the next section, the application of bright light therapy in each
clinical condition will be discussed individually.



150 W.-C. Mao et al.

8.4 Clinical Application of Bright Light Therapy

8.4.1 Seasonal Affective Disorder

Seasonal affective disorder (SAD) is a recurrent subtype of depression characterized
by a predictable onset in the fall/winter months and spontaneous remission in the
spring/summer period. Seasonal variations in affect, cognition, and drive occur
in many individuals. Once these changes meet clinical severity and fulfill the
diagnostic criteria for a major depressive episode, it can be determined whether
the seasonal pattern is specified. Specified seasonal patterns can be regarded as
patterns of Major Depressive Episode in Bipolar I Disorder, Bipolar II Disorder,
or Major Depressive Disorder, Recurrent. Major depressive episodes that occur in
a seasonal pattern are often characterized by prominent anergy, hypersomnia, over-
eating, weight gain, and craving for carbohydrates [96]. The prevalence of SAD
in the general population is 2–4% in temperate climates and increases with higher
latitudes [97]. Around 15–20% of patients with mood disorders have a seasonal
pattern [68].

The pathogenesis of SAD remains unclear. Light insensitivity [98, 99], reduced
ambient light during fall/winter [100] and disturbed monoaminergic pathways [17,
63, 101] are proposed in the pathophysiology of SAD. One leading hypothesis
for SAD is the phase shift hypothesis. Lewy et al. [102] have provided evidence
that the prototypical SAD patient is phase delayed [102]. Phase delays in the 24-h
rhythm in cortisol [13], core body temperature [13, 103] and melatonin secretion
pattern [13, 104] are also detected in SAD patients. Abnormal circadian patterns of
melatonin secretion are also considered to play a central role in the pathophysiology
and rationale for phototherapy of SAD [105]. A phase delay of melatonin secretion
takes place in SAD, as well as changes in the onset [14], duration [106, 107] and
offset [107] of melatonin secretion. These observations might partially explain the
effectiveness of bright light therapy, which suppresses extended melatonin level
production and provides a corrective phase advance in SAD patients. However, it
could be a summation of different mechanisms that underlie how light works.

Bright light therapy is the treatment of choice for SAD [104]. A work group
organized by the American Psychiatric Association (APA) Council on Research has
assessed evidence for the efficacy of light therapy in treating SAD. Their meta-
analysis reveals that a significant reduction in depression severity is associated with
bright light treatment in SAD (eight studies, with an effect size of 0.84 and 95%
confidence interval [CI] of 0.60–1.08) [3]. The effect size is comparable to those
of most antidepressant pharmacotherapy trials. In addition, a randomized controlled
study has shown that light room therapy is also effective in reducing depressive
symptoms in subjects with sub-clinical SAD [72].

There are treatment guidelines for bright light therapy in SAD patients. Some
guidelines suggest scheduling 1–2 h of 2,500–10,000 lux exposure immediately
upon awakening [102]. In contrast, others recommend conservatively in treatment
duration, i.e. not more than 30 min or a maximum of 1 h [51]. The treatment
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response begins 2–4 days after the start of light therapy and it is usually completed
within 2 weeks. If there is still no response, a trial of evening bright light
(7–9 p.m.) may be necessary since a smaller subgroup of SAD patients may be
phase advanced [108].

A further refinement of the timing of light relative to endogenous melatonin onset
has also been proposed. Terman et al. have shown that within the favored morning
interval, light administered 7.5–9.5 h after evening melatonin onset produces twice
the remission rate ( 80% vs. 40%) of light presented 9.5–11 h after melatonin
onset [84].

In a randomized controlled trial, cognitive-behavioral therapy (CBT), light
therapy and both in combination significantly improved depression severity of SAD
patients relative to the control group, but only the combination treatment had a sig-
nificantly higher remission rate than the control [109]. However, light therapy alone
had a higher 1-year recurrence rate than CBT and the combination treatment. One
substantial problem may be non-adherence. Long-term compliance of daily light
therapy during the symptomatic months each year is questionable, and self-reported
adherence is unreliable [110]. A pilot study suggests that adherence to light treat-
ment in SAD patients has a similar order of magnitude to antidepressant medication.
Therefore, evaluating adherence to light therapy and evidence-based techniques for
maximizing treatment adherence are suggested in clinical practice [95].

The treatment efficacy of SAD using novel LED devices with 1,350 lux white
light has been demonstrated in a randomized, double-blind, placebo-controlled trial
[111]. An early meta-analysis suggests that light of short-to-medium wavelengths
(blue/green/yellow) may be essential for the therapeutic effect of light on SAD
[112]. Furthermore, recent evidence supports claims that wavelengths of 470 nm
account for the documented effectiveness of light therapy. Glickman et al. [92] re-
port a placebo-controlled parallel trial of SAD comparing blue-light (blue LED units
producing 468 nm light at 398 lux) with dim red-light (red LED units producing
654 nm light at 23 lux). This 3-week study showed that narrow bandwidth blue light
outperforms dimmer red light in reversing the symptom severity of SAD [92].

In addition to better alleviation of depression symptoms, another recent ran-
domized, double-blind, placebo-controlled trial also showed that treatment with
narrow-band blue LED panels has a better response rate (60%) (Clinical Global
Impression-Improvement �2) compared to treatment with red LED panels (13%)
in SAD patients [93]. In the future, determining the potency of narrow-band
short wavelength light relative to current standard treatment and other comparable
conditions (e.g. narrow-band short wavelength light with equal photon density
compared to broad-spectrum white light) is needed.

8.4.2 Non-seasonal Depression

The early hypothesis that light therapy specifically enables SAD patients to
overcome long winter nights tends to overlook its use in non-seasonal depression
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[69]. Interestingly, in recent years, cumulative evidence tends to support the use of
light treatment alone for non-seasonal depression [113–118] or combined with an-
tidepressants [119–124]. Nonetheless, applications for other forms of non-seasonal
depression, such as antepartum depression [125, 126], postpartum depression
[127–130], and chronic depression [114], also show promise.

In fact, seasonality lies on a continuous spectrum rather than on distinct all-or-
none categories [131]. In clinical observations, recurrent or chronic depression can
occur at any time of the year but are usually exacerbated in winter. Therefore, non-
seasonal depressions also manifests some seasonality, which may be the key to the
treatment response from light therapy. In addition, depressive symptoms usually
hinder normal social activities. Long-term absence of zeitgebers that entrain the
internal clock to local time can further delay the circadian rhythm phase. Such
delays may be causes of depression by themselves regardless of the season [69]
and may explain the efficacy of light therapy for non-seasonal depression.

The APA work group has also examined the efficacy of light treatment for non-
seasonal depression, both alone and as an adjuvant to antidepressants [3]. This
meta-analysis of efficacy studies for light therapy alone in non-seasonal depres-
sion in the period 1975–2003 shows reduced significant reduction in depressive
symptoms (effect size 0.53; 95% CI D 0.37–1.08; only three studies fulfilled the
strict criteria for inclusion in the meta-analysis). In contrast, adjuvant light therapy
in non-seasonal depression does not show significant efficacy (five studies; effect
size D �0.01, 95% CI D �0.36 to 0.34). The heterogeneity of the methodology
used in these studies, i.e. light intensity, duration of daily light, color of light and
trial duration, is the major limitation in the general applicability of this negative
finding [68]. After refining the inclusion criteria and recruiting up-to-date large
studies [122, 123], a later systematic review has reversed this conclusion and offers
evidence for the efficacy of light therapy as an adjuvant treatment to antidepressants
[10]. However, most of the extracted studies poorly controlled the issue of blindness
and are still limited by small sample sizes. Overall, light therapy alone or as adjuvant
strategy for non-seasonal depression has vast potential. Future clinical trials should
evaluate the differential efficacy for heterogeneous subgroups of patients with non-
seasonal depressions.

8.4.3 Bipolar Depression

Bipolar depression is one of the most difficult psychiatric conditions to treat. A
series of studies have been conducted to investigate the mechanisms and efficacy of
chronotherapeutic interventions on bipolar depression [18, 132–135]. Neumeister
et al. suggest bright light therapy may stabilize the antidepressant effect of partial
sleep deprivation [136]. Subsequently, it was found that the combination of total
sleep deprivation and light therapy in bipolar depression causes rapid antidepressant
effects and its mechanism of action reportedly involves the phase advance of
biological rhythm [18] and the enhancement of all monoaminergic systems targeted
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by antidepressant drugs [132, 135]. Benedetti et al. [133] combined 1-week adminis-
tration of bright light therapy, three nights of total sleep deprivation, and concurrent
antidepressants and lithium salts in the treatment of drug-resistant and non -resistant
bipolar depression. Overall, 70% (23/33) of non-resistant versus 44% (12/27) of
drug-resistant patients achieved response, with 57% (13/23) of non-resistant and
17% (2/12) of drug-resistant responders becoming euthymic after 9 months. These
results suggest chronotherapeutic intervention with existing pharmacotherapy has
remarkable success in managing bipolar depression even though drug-resistant
responders are significantly more likely to relapse over the follow-up period [133].
Whether or not the maintenance regimen of light therapy helps prevent a relapse of
depression in the long-term remains unknown.

Meanwhile, treatment parameters associated with light therapy for bipolar
depression should be more carefully adjusted than those of SAD. The reported
efficacy and does-range safety in nine women with long-standing non-seasonal
bipolar I or II disorder in which mood stabilizers controlled the manic phase, but
antidepressants did not relieve the depression phase, showed that three of four
subjects treated with morning light developed mixed states [137]. To decrease
the risk of inducing mixed episodes, the time of light exposure was changed to
midday. Of the five women who received midday light therapy, two achieved full
response and two exhibited early improvement but required a dose increase to
sustain response. Obviously, this case series is a reminder of the substantial risk of
inducing mixed states by light therapy in women with bipolar depression. Initiating
treatment for a brief duration (15 min) of midday light for bipolar depression is
advised [137].

8.4.4 Circadian Rhythm Sleep Disorders

Disorders of the circadian timing system are known as circadian rhythm sleep
disorders (CRSD). According to the International Classification of Sleep Disorders,
version II (ICSD-2), the essential feature of CRSD is a persistent or recurrent pattern
of sleep disturbance due primarily to alternations in the circadian time-keeping
system or a misalignment between the endogenous circadian rhythm and exogenous
factors that affect the timing or duration of sleep. The etiology of this syndrome
is multi-factorial such that biologic, psychosocial, and environmental factors all
contribute to this syndrome [138]. In ICSD-2, CRSD is composed of six distinct
disorders, namely: (1) delayed sleep phase type (DSPT), (2) advanced sleep phase
type (ASPT), (3) irregular sleep-wake phase type, (4) free-running type, (5) jet lag
type, and (6) shift work type.

The prevalence of CRSD is unknown, especially since there are few community-
based epidemiologic studies. In Japan, a two-stage nationwide epidemiology survey
estimated the prevalence of DSPT to be 0.13% (age, 15–59 years) [139]. Another
study that combined formal diagnostic criteria with an epidemiologic sample
suggests that the prevalence of shift work type CRSD is approximately 10% in the
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night and rotating shift work population [140]. More consistently, DSPT is the most
common syndrome (71–85%) in patients with CRSD [141–143].

The light-dark cycle is the principle time cue for resetting human circadian
rhythms. In healthy subjects, the most sensitive phase of PRC to light coincides
with sleep, while the timing of the monophasic sleep-wake cycle is itself a major
determinant of light input on the pacemaker [138]. Theoretically, precisely timed
white light of suitable intensity and duration will both phase advance and phase
delay circadian rhythms according to a PRC [144, 145]. The rationale of light
therapy for CRSD is based on these patterns of human PRC to light, even though
clinical application remains empirical. In general, bright light exposure before the
core body temperature minimum causes phase delay, and bright light exposure after
core body temperature minimum causes phase advance of the circadian rhythm.
However, the minimum or optimal intensity or duration of light therapy for each
CRSD remain unknown [79].

DSPT that occurs when the circadian timing system is altered relative to the
external environment, is a representative syndrome of CRSD. Initiating insomnia
accompanied by difficulty awakening in the morning is the typical manifestation.
Although evidence is limited, a review by the American Academy of Sleep Medicine
(AASM) suggests that light therapy may be a rational and effective intervention for
DPST [146]. Practice parameters have been recommended by an earlier clinical
guideline, which was reviewed and approved by the AASM in 1999. Bright light
therapy with 2,000–2,500 lux from 6 to 9 a.m. is advised. Based on patient tolerance
and preference, either a fixed regimen (i.e. based on targeted awakening timing) or
a “nudging” technique (i.e. step-by-step phase advance of awakening timing) can be
administered. Wearing dark goggles from 4 p.m. to dusk is an optional combination
strategy [68, 79].

However, the sleep-wake cycle does not necessarily correlate with the circadian
phase in severely afflicted individuals. Early morning light may be unintentionally
given on the delayed part of the PRC and worsen the problem [147]. In addition,
non-adherence also compromises the practicality of bright light therapy for DSPT
because many individuals find it difficult to wake in time for the treatment [148].
Similarly, ASPT is a disorder wherein the patient’s sleep episode is advanced
relative to the desired clock time. This syndrome is characterized by falling asleep in
the evening and awakening earlier than desired. Effective approaches include 2,500
lux from 8 p.m. to midnight, or 4,000 lux from 8 or 9 p.m. to 11 p.m., which have
been validated in the elderly [48, 149].

Another group of CRSD where the physical environment is altered relative to
internal circadian timing is shift work and jet lag. Although rationale and simulation
studies [150–155] for this group indicate bright light therapy as a potential treatment
modality, practical application studies are limited. For shift workers, there are
insufficient field studies that evaluate the long-term effectiveness of timed bright
light therapy. Moreover, incorporating bright light treatment into the workplace
seems difficult. As for jet lag, there is even less evidence [4, 79, 156] and fewer
randomized controlled trials.
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8.4.5 Bright Light Therapy in Specific Populations

Since bright light therapy is tuned into clinical conditions with symptom seasonality
or desynchronized circadian rhythms, some specific populations may theoretically
benefit. For example, bulimia nervosa and LLPDD patients are observed to have
winter exacerbation of mood symptoms. Previous studies successfully demonstrated
the effectiveness of bright light therapy for these two disorders [74, 157, 158].

In addition to a higher rate of winter depression, individuals with adult ADHD
manifest later circadian preference [159, 160]. In the fall/winter period, a mood-
independent delay in circadian phase is noted to contribute to the core pathology
in many adults with ADHD [161]. Hence, effectiveness of light therapy for adult
ADHD is hypothesized. Empirically, a 3-week open trial has shown that light
therapy is a useful adjunct, with clinical improvement in core ADHD symptoms
regardless of depression [162].

Bright light therapy is also a viable treatment for elderly patients with
nonseasonal depression and dementia. As for nonseasonal major depressive episode,
exposing to 1-h early-morning bright light (pale blue, approximately 7,500 lux) for
3 weeks, light therapy improved mood, enhanced sleep efficiency, and increased
the upslope melatonin level gradient. Besides, continuing improvement in mood
and an attenuation of cortisol hyperexcretion after discontinuation of treatment was
observed [163]. With regard to dementia, changes in the SCN and environmental
factors in nursing homes (i.e. noise and irregular light exposure) concomitantly
contribute to a disrupted rest-activity pattern that accompanies dementia [164,
165]. In earlier studies, evidence of morning bright light therapy show inconsistent
but promising effects for behavioral and psychological symptoms of dementia
[166–169]. After prolonged duration of bright light exposure (whole day bright
light with ˙1,000 lux), a recent 5-year, randomized, controlled study presents a
modest benefit from light therapy in attenuating cognitive deterioration, depressive
symptoms, and function impairment [170]. The need for non-pharmacological
management of many clinical conditions, e.g. elderly dementia, augurs well for
bright light therapy.

8.5 Conclusions and Future Directions

Light theraphy has been developed for clinical use and many apparatus and
parameters have been extensively studied. Bright light theraphy is the treatment of
choice for SAD and CRSD. However, as for other clinical conditions, the benefit and
dosing regimen of light theraphy warrants further studies to optimize the treatment
effect. In addition, new devices such as light visors, light theraphy rooms and
narrow-band blue light from LEDs require more investigations to examine their
efficacy and saftey.
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