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I INTRODUCTION

Depressive symptoms are frequent and heterogeneous brain conditions affecting up
to 20% of the general population (Bakish, 2001; Kessler et al., 2005; Malhi and Mann, 2018).
Depression is a major public health problem being one of the three main causes of time
spent with disability (GBD 2017 Disease and Injury Incidence and Prevalence Collaborators,
2018), and with considerable economic burden (Wang et al., 2003). Until today, diagnostic
processes of major depressive disorder (MDD) largely rely on clinical evaluation with
validated criteria such as DSM-5 or CIM-11 (American Psychiatric Association, 2013; World
Health Organization, 2019). Nevertheless, a tremendous variability in symptoms may occur
within a depressive syndrome, which does not allow for relevant treatment
recommendations (Geoffroy and Gottlieb, 2020; Malhi and Mann, 2018). In this context
some authors proposed a return to fundamental dimensional pillars, approaching the core
features and natural presentations of mood disorders (Geoffroy and Gottlieb, 2020; Malhi et

al., 2018).

The “sleep” domain should be one of these dimensional pillars to consider, as it is a
core symptom of depressive syndromes occupying a primary position in the
pathophysiology, phenomenology, historical accounts, and evolution of episodes in mood
disorders (Geoffroy, 2018; Geoffroy and Gottlieb, 2020; Lee, 2019a; McClung, 2013; Palagini
et al., 2019a; Wirz-Justice and Benedetti, 2019). Indeed, sleep alterations are part of DSM-5
criteria of MDD (American Psychiatric Association, 2013). It has been reported that more
than 90% of patients suffering from depression have sleep disturbances (Pierre A. Geoffroy
et al., 2018a; Tsuno et al., 2005). Bidirectional associations have been observed between

mood episodes and these sleep disturbances (Franzen and Buysse, 2008; Geoffroy, 2018). In
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addition, sleep disturbances worsen the severity of depressive symptoms in MDD (O’Brien
et al., 2011), are associated with poorer treatment response (Pigeon et al.,, 2008), and
increased the risk of suicidal ideation and suicide attempt (Li et al., 2012; Pigeon et al.,
2012). Recently, it has been confirmed that sleep disturbances predicted suicidal behaviors
during a 3 years follow-up, independently of all psychopathologies (Geoffroy et al., 2020b).
In addition, the persistence of sleep disturbances after treatment of the depressive episode
increases the risk of relapses and recurrences (Li et al., 2012). Regarding objective markers,
studies using actigraphy reported alterations of sleep-wake cycles during depressive phases
with less activity during daytime and longer wake after sleep onset (Tazawa et al., 2019).
Studies using polysomnography (PSG) reported that patients may present several alterations
including a shortened time spent in slow wave sleep (SWS), increased rapid eye movement
(REM) sleep duration, shortened REM sleep latency, a prolongation of the first REM period,
and increased REM density (Baglioni et al., 2016; Berger and Riemann, 1993; Berger et al.,
1982; Kupfer, 1976; Kupfer et al., 1986; Kupfer and Foster, 1972; Lauer et al., 1991; Riemann
et al., 1994). Taken as a whole these PSG findings indicate that a combination of diminished
SWS duration and increased REM density may be possible biological markers for MDD

(Palagini et al., 2013; Pillai et al., 2011).

In these very heterogeneous populations of patients suffering from depressive
syndromes, some subgroups may be more specifically associated with different circadian
and sleep disturbances. Indeed, several dysfunctions of circadian, homeostatic and photic
regulation of sleep and waking have been reported (Geoffroy, 2018; Lee, 2019b; McClung,
2013; Palagini et al., 2019a; Stephenson et al., 2012; Wirz-Justice and Benedetti, 2019). In

this context sleep disturbances appear as promising biomarkers in order to improve early
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diagnosis but also medical care of MDD. Indeed, characterizing this “sleep” domain may
allow to both better treat acute episodes but also to prevent the manifestation or
recurrences of mood disorders with existing chronotherapeutics. This work aims to i) review
theoretical and fundamental data of actions in chronotherapeutics, and ii) provide practical

recommendations of chronotherapeutics use during depression.
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Il. METHODS

I1.1. Definitions

Sleep disturbances are here synonymous to sleep-wake alterations, which have been
defined as a “sleep” domain for characterizing mood disorders being a primary domain
impacted by the disorder (Geoffroy and Gottlieb, 2020). Geoffroy and Gottlieb proposed
that these primary domains should occupy an integral (primary) position in the
pathophysiology, phenomenology, historical accounts, and evolution of episodes in BD
(Geoffroy and Gottlieb, 2020). They also proposed to characterize the “sleep” domain with a
composite structure with several sub-dimensions : i) sleep physiology (quantity and quality),
ii) wake performance and quality (alertness, sleepiness and fatigue), and iii) biological

rhythms (circadian, seasonal, and menstrual rhythms) (Geoffroy and Gottlieb, 2020).

Chronotherapeutics are defined as therapeutics exerting their effects on or through
the biological timekeeping system (Gottlieb et al., 2019). We focused here on the major
chronotherapeutic classes that have emerged over the past 50 years in mood disorsers:
bright light therapy (LT), sleep deprivation or wake therapy-based treatments (SD), dark
therapy (DT), melatonin and melatonin agonists (MA), interpersonal and social rhythm
therapy (IPSRT), and cognitive behavioral therapy for insomnia (CBT-1) (Gottlieb et al., 2019).
In this review, we focused only on chronotherapeutics with antidepressant actions. So, we
did not review data about DT as no studies exist in depression and is rather contraindicated
because clinical and epidemiologic data reported associations between reduced light
exposure and depressive episodes (Pierre Alexis Geoffroy et al., 2014a; Gonzalez and Aston-

Jones, 2008; Gottlieb et al., 2019; Zhang et al., 2017).
I1.2. Literature search and strategy

We aimed to consider papers examining chronotherapeutics in mood disorder
including SAD, unipolar and bipolar disorders, with or without seasonal characteristics. We
conducted a narrative review using PubMed and Google Scholar databases up to August
2020, using the following keywords combination: ("depression” or “bipolar disorder" or
“unipolar disorder” or “seasonal affective disorder”) and (“chronotherapy” or

“chronotherapeutic” or "light therapy" or "phototherapy" or “melatonin” or “Sleep
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deprivation” or “sleep phase advance” or “dark therapy” or “Cognitive behavioral therapy

for insomnia” or “CBT-1” or “Interpersonal and social rhythm therapy” or “IPSRT”).

11.3. Study selection

Two authors (PAG, LP) reviewed the title and abstract of identified publications in
order to identify eligible studies. PAG and LP independently and then jointly selected studies
for detailed extraction of information, mostly based on the full text. The two resulting article
lists were compared and, in case of disagreement, the final decision as to inclusion was
made by consensus. A key decision was to focus on data with real-world applicability in
clinical practice. Only data published in English were included in this review. We decided to
divide literature results in five main sections for each antidepressant chronotherapeutics,
each of them in turn divided into three main sections: i) Introduction, ii) Physiological
and theoretical bases, and iii) Practical recommendations. The sections differ in the
information reviewed and proposing practical synthesis about both the scientific rational

and practical recommendations.
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lll.  RESULTS

lll.1. Light therapy

1l1.1.1. Introduction

Light therapy (LT) is an efficient antique treatment with new insights both in
chronobiology and medicine (Pierre A. Geoffroy et al., 2018b). The very first medical
descriptions reported light efficacy on mood, as for instance with Hippocrates who wrote on
the interrelation between seasonal climates and mood (melancholia and mania), and
Aretaeus of Cappadocia who prescribed, in the second century AD, that “Lethargics are to
be laid in the light, and exposed to the rays of the sun[...]”(Choukroun and Geoffroy, 2019).
While being reported for millennia, LT was established as an “EBM” treatment for Seasonal
Affective Disorder (SAD), which may affect both unipolar and bipolar disorders (BD), only
since about 30 years ago (Rosenthal et al., 1984; Wirz-Justice et al., 2004). LT then evolved
as a first-line monotherapy not only for treating seasonal depression, but also non-seasonal
depression (Al-Karawi and Jubair, 2016; Pierre A. Geoffroy et al., 2019; Perera et al., 2016;
Tao et al., 2020), both for unipolar disorders (Al-Karawi and Jubair, 2016; Golden et al.,
2005; Humpston et al., 2020; Perera et al., 2016) and BD (Lam et al., 2020; Takeshima et al.,
2020; Tseng et al.,, 2016; Wang et al.,, 2020). Of note, these recent meta-analyses
emphasized the need of further well-designed studies, such as prospective studies with
more rigorous design and consistent follow-up, especially in BD (Lam et al., 2020; Takeshima
et al., 2020; Wang et al., 2020). In addition, few studies with small samples investigated the
efficacy in perinatal depression with non-significant or non-conclusive results (Al-Karawi and

Jubair, 2016).

Page 7 of 64



LT can be used as an add-on/augmentation strategy and increases the response to
antidepressant drugs (Loving et al.,, 2002; Penders et al.,, 2016), but recent findings
confirmed also the need to change practices and recommend a first-line combination
treatment in order to maximize patients’ response rates, as a clear superiority of the
combination exist compared with antidepressants alone (Pierre A. Geoffroy et al., 2019). LT
is well tolerated in the treatment of adults with moderate to severe depression, with effect
sizes equivalent to those observed in trials using selective serotonin reuptake inhibitors
(SSRIs) (Al-Karawi and Jubair, 2016; Golden et al., 2005), as in bipolar disorder (Benedetti,
2018). A recent meta-analysis confirmed these observations to some extent, reporting no
superiority of LT versus antidepressant as monotherapies in treating depression (Pierre A.
Geoffroy et al., 2019). LT is now included in some international therapeutic guidelines for
treating depression (Malhi et al., 2015) and an historical step has been made by an
international ISBD task force who recently published practice recommendations for LT as a
first line treatment in bipolar depression (Gottlieb et al., 2019). Forthcoming therapeutic
guidelines should also fully include LT in the therapeutic armamentarium of major

depressive episodes (Geoffroy et al., 2020a).

111.1.2. Physiological and theoretical bases

LT acts at different levels that may impact mood. The first observed physiological
actions of light were on biological rhythms (LeGates et al., 2014). This was a neuroscientific
cumulative demonstration started by Wehr and colleagues in 1979, who observed that
phase shifts of circadian rhythms could have an antidepressant effect (Wehr et al., 1979),

and continued in 1980 with a report from Lewy and colleagues who observed that light
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suppresses melatonin secretion and so may impact circadian rhythms (Lewy et al., 1980).
Then Kripke and colleagues in unipolar depression (Kripke, 1981; Kripke et al., 1983) and
Lewy and colleagues in seasonal depression (Lewy et al., 1982) confirmed that
antidepressant effects of LT administered during early morning may be associated with a
phase advance or an alignment of circadian rhythms. In addition, LT was found to be also
effective when administered at midday, so presumably independently of any effects on
circadian rhythms (Sit et al., 2017). Since actions on biological rhythms may need several
days or weeks, these possible more direct effects on monoaminergic pathways may explain
the rapid antidepressant effects of LT, which is about 2-3 days (Huang et al., 2019; LeGates
et al.,, 2014; Stephenson et al., 2012). Indeed, light modulates the activation of efferent
serotonergic neurons, decreases the serotonin reuptake transporter (5-HTT) levels and
increases serotonin (5-HT) levels in mood regulatory areas such as the anterior cingulate
and prefrontal Cortex (LeGates et al., 2014; A. E. Tyrer et al., 2016; Andrea E. Tyrer et al.,
2016). Another physiological effect of light has been observed on the sleep homeostasis
process by increasing the sleep intensity (Tsai et al., 2009). In addition, LT has demonstrated
to increase alertness with such direct and rapid effect (Cajochen, 2007), including after a
night of sleep deprivation and a morning exposition to LT (Comtet et al., 2019). LT has also
demonstrated to improve sleepiness and sustained attention, among other cognitive
functions (Comtet et al., 2019; Stephenson et al., 2012). LT may so exerts antidepressant
effects thanks to several physiological effects that may combine: phase shifting of biological
rhythms, modulation of monoaminergic pathways in mood regulatory areas, action on the
sleep homeostasis by increasing sleep pressure (EEG delta activity), and enhancement
alertness. All these effects have individual variations and are dependent on the light dose

(determined by light irradiance level, duration of exposure, distance and angle from the
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light source), the light color spectrum, and on the time of day of light exposure (Bourgin and
Hubbard, 2016; Hubbard et al.,, 2013; Terman and Terman, 2005a; Wirz-Justice and
Benedetti, 2019). The Table 1 summarizes the standard protocols and parameters to use for
LT in major depressive episode, adapted from previous reviews (Geoffroy, 2020; Maruani

and Geoffroy, 2019).

111.1.3. Practical recommendations

LT can be proposed as a first-line antidepressant strategy in monotherapy, or
combination, or add-on treatment (Gottlieb et al., 2019; Loving et al., 2002; Maruani and
Geoffroy, 2019; Wirz-Justice et al., 2005). As briefly overviewed in previous sections, LT is
also effective in improving both sleep, alertness and circadian rhythms, which may be
altered in depression (Menculini et al., 2018). Consideration of these symptoms may help
guiding the prescription of LT, for which several parameters should be considered (Table 1):

light dose, color spectrum, and the time of day of light exposure (Geoffroy, 2020).

LT practical recommendations mostly derived from tests in the seasonal affective
disorder. Regarding recommendations in non-seasonal depression, a heterogeneity of study
protocols exists with no direct comparisons between them (Pierre Alexis Geoffroy et al.,
2018). Nevertheless, key parameters and features are common to all protocols, and
standard ones will be summarized here. Also, the BD benefited from a particular attention
because of the risk of manic switch with antidepressant strategies. LT is classically delivered
through a direct exposure to a light box equipped with fluorescent tubes -mostly replaced
now with LED-, a reflector or diffusing screen, and an UV filter (Maruani and Geoffroy,

2019). Other devices also exist such as glasses or visors, which seem as much as efficient but
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benefited from less studies (Comtet et al., 2019; Joffe et al., 1993; Meesters et al., 2011).
Since the dose is defined both by the Light irradiance level and the exposure duration, LT is
traditionally recommended at 10 000 Lux for 30min, or 5000 Lux for 1h, or 2500 Lux for 2h
(Eastman et al., 1998; Terman, 2007; Terman and Terman, 2005b). Early morning
administration offers greater chances for remission (Eastman et al., 1998; Terman, 2007,
Terman and Terman, 2005b). The dose is measured at a distance from the retina, so we
recommend to follow the device recommendations that take into account lighting
parameters and distance. Good devices usually propose a therapeutic distance at 30—-80 cm
from the light box. In seasonal depression, it has been observed that low-intensity blue-
enriched light (which are new LED devices) has a therapeutic effect comparable to standard
bright light (10 000 lux) in treating SAD (Meesters et al., 2011). These results are important,
and additional studies are expected, since most LT devices now proposed are equipped with
LED. Of note, light sources may have important features such as providing a sufficient level
of illumination from a broad visual field and lighting from above to avoid glare and target
inferior retinal photoreceptors, which is more effective in suppressing melatonin in humans

(Glickman et al., 2003).

First effects are observed during the first week of treatment, and may be faster in
seasonal depression and BD, with significant effects reached usually within 4 weeks
(Eastman et al., 1998; Humpston et al., 2020; Lam et al., 2016; Rosenthal et al., 1984, Sit et
al., 2017; Terman, 2007; Terman and Terman, 2005b). The combination LT and selective
serotonin reuptake inhibitors (SSRIs) lead to a faster (within a week) and better remission of
patients (Pierre A. Geoffroy et al., 2019; Lam et al., 2016). There is no consensus on the LT

duration required to be effective, with duration ranges from 3 days to 8 weeks (Gottlieb et
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al., 2019; Knapen et al., 2014; Terman and Terman, 2005b). In seasonal depression, no
differences were observed between 1 and 2 weeks of LT in overall therapy outcome, but
individuals treated with 1 week LT had a faster decline in depression score (Knapen et al.,
2014). Interestingly, a positive effect of the level of expectation on the speed of therapy

response was also observed and could account for the faster decrease (Knapen et al., 2014).

Regarding the maintenance treatment, there is a clear need for longer term
maintenance and relapse prevention studies. Regarding seasonal depressions, LT is usually
recommended to be continued until the time of usual spontaneous remission in the spring
or summer to avoid relapses (Wirz-Justice et al., 2013). Discontinuation without tapering
can be attempted starting in May, with resumption of LT in case of relapse usually effective
within days (Wirz-Justice et al., 2013). In non-seasonal depression, LT is always proposed
until full reduction of depressive symptoms and is recommended to be maintained during a

full year as for antidepressant strategies (Wirz-Justice et al., 2013).

LT appears to be well tolerated in all patients. Reported adverse effects are usually
transient and mild, being headache, glare, sleep disturbance, eyestrain, nausea and
agitation, and manic switch in patients with BD (Pierre A. Geoffroy et al., 2019; Takeshima et
al., 2020; Terman and Terman, 2005b). The extensive review in BD from the ISBD task force
reported in BD that the rate of mood polarity switch from morning light was high (>10%) in
4 studies, moderate (5 to 10%) in 1 study, low (<5%) in 4 studies, and not reported in 4 of
the 13 studies. Two studies using LT at midday reported no mood switches. The conclusion
was a global low switch rate with LT in patients with BD, and the recommendation to pre-
treat patients with BD with a mood stabilizer (anti-manic agent) and monitor closely for

hypomanic switches (Gottlieb et al., 2019). Of note, most of these studies recruited patients

Page 12 of 64



who received stable-dosed antimanic mood stabilizers and excluded individuals with current
or recent (hypo)manic episodes, mixed symptoms or rapid cycling patterns (Gottlieb et al.,
2019). Switch rates may be higher so in less stabilized patients with BD. To reduce mood
switching with LT, protocols used in studies proposed a progressive titration of LT, both at
midday or morning, with progressive increases every week by 15 min, depending on
response and tolerability, to reach a maximum of 60 min daily at 4 weeks for instance (Sit et
al.,, 2017). Slower increases can be also proposed in BD, especially in case of morning
exposure, depending on response and tolerability, and may start at 7,5 min or 10 min
(Pierre Alexis Geoffroy et al., 2018). In case of treatment-emergent hypomanic symptoms,
reducing the number of minutes of daily light exposure appear as a common efficient

strategy (Gottlieb et al., 2019).

Main contraindications are ophthalmic disorders such as cataract, macular
degeneration, glaucoma, retinitis pigmentosa; and disorders affecting the retina such as
retinopathy, diabetes, herpes, etc. Thus patients at risk of retinopathies or ophthalmic
disorders should have a pretreatment ophthalmological examination (Gallin et al., 1995;
Terman and Terman, 2005b). It is also recommended that patients with preexisting ocular
abnormalities and those using photosensitizing drugs undergo treatment only with periodic

ophthalmologic examination (Gallin et al., 1995; Terman and Terman, 2005b).

The Table 1 summarizes practical recommendations regarding standard protocols for
LT in major depressive episode, and are adapted from Maruani and Geoffroy review

(Maruani and Geoffroy, 2019).
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l1l.2. Sleep deprivation/wake therapy

111.2.1. Introduction

The therapeutic potential of sleep deprivation (SD) was discovered by the German
psychiatrist Johann Christian August Heinroth in the early 19™ who understood the
existence of numerous close bidirectional relationships between mental disorders and
sleep, and recommended sleep deprivation as a therapy for "melancholia" (for an overview
see (Steinberg and Hegerl, 2014). After almost 150 years, this was finally confirmed in later
studies who tested SD to treat depression in 1966 and in 1971 (Pflug and Tolle, 1971;
Schulte, 1966). This was the beginning of a 20 year period of clinical studies and increasing
interest. These early studies have shown a rapid antidepressant effect, typically occurring
over 24 to 36 hours with response rates of approximately 60% across a wide range of
unipolar and bipolar depressive episodes. The main limitation pointed out in that time was
the transient nature of the effect, since the majority of the improved patients experienced a
relapse after the next night of sleep with relapse rates of 83% (Benedetti and Colombo,
2011; Wu and Bunney, 1990). Despite the powerful and rapid antidepressant effect, the
method has remained for this last reason an “orphan method” for a long period.
Nevertheless, some progresses have been made within the last few years allowing to
translate this technic in clinical practice. Indeed, firstly thanks an increase in neurobiological
insights about the functioning of the biological clock as key factor in relation to SD and
mental health. Secondly, numerous studies focused on how to avoid relapses occurring after
the next night of sleep and on how to sustain antidepressant response associated with SD.
The continuous development of new clinical strategies for the chronotherapeutic treatment

Page 14 of 64



of depression and their combination with antidepressant drugs and mood stabilizers could
prolong the effect of SD on mood for weeks to months (Benedetti et al., 2014, 2001; Boland
et al.,, 2017; Colombo et al., 2000; Gottlieb et al., 2019; Ramirez-Mahaluf et al., 2020;
Riemann et al.,, 1999; Sahlem et al., 2014; Smeraldi et al., 1999). Preventing relapse has
included combination of SD with LT, with sleep phase advance, repetition of SD at short
time intervals (Benedetti and Colombo, 2011; Suzuki et al., 2018). In the last two decades,
clinical trials of SD have continued and have provided additional support for its efficacy in
the acute treatment of bipolar depression suggesting a role in treatment resistant
depression and also in suicide risk (Benedetti et al., 2014; Gottlieb et al., 2019; Sahlem et al.,
2014). A recent meta-analysis has been conducted on the efficacy of SD across all depressive
disorder subtypes (Boland et al., 2017). It has shown that the overall response rate to sleep
deprivation was 45% among studies that utilized a randomized control group and 50%
among studies that did not. A recent systematic review in BD has shown that SD-based
treatments combined with strategies to prevent relapse have around 60% of response rates,
were generally safe, had low rates of manic symptom induction (0 to 5% in over 60% of
treated subjects), and were rapid, most yielding response within 7 days (Gottlieb et al.,
2019). This literature is characterized by significant variability in administration protocols,
length of follow-up, and outcome criteria used.

Taken as a whole, SD has been recommended for the treatment of acute depressive
episodes and has been included in treatment algorithms for BD depression (Gottlieb et al.,
2019). Nevertheless, there is insufficient data to evaluate the efficacy of SD as a

maintenance treatment for unipolar and bipolar depression (Gottlieb et al., 2019).

111.2.2. Physiological and theoretical bases
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A variety of neurobiological effects have pointed toward the potential mechanisms of
how SD works. The mechanism of SD can be interpreted in the context of the pathogenic
factors of depression, i.e. alterations in sleep/wake regulation, monoaminergic
neurotransmissions, neuroplasticity, immune and endocrine systems, the activity of brain
structures, as well as circadian rhythms and sleep homeostatic processes. Based on the
observations that hyperarousal may predict a favorable SD response, the antidepressant
effect was explained using the two-process model of sleep regulation related to the
interaction of circadian and homeostatic processes (Borbély et al.,, 2016). A "two-
process model of mood regulation" based on the two-process model well established
for sleep regulation has been build up by Wirz-Justice and Van den Hoofdakker (Wirz-Justice
and Van den Hoofdakker, 1999). According to this model the therapeutic effect of SD is
postulated to be linked to changes in disturbed slow wave sleep (SWS) pressure in
depression: depressed patients may have a deficiency in building the slow-wave-
sleep pressure while SD transiently leads to an increase in sleep pressure to normal, whereas
relapse occurs after “recovery sleep” due to a return to low levels of SWS. SD leads to
increase SWS during recovery sleep, suggesting that the deficient production of SWS in
many patients with depression may be part of a pathology that can be briefly reversed by

the homeostatic processes activated by SD (Vyazovskiy, 2015).

Sleep plays a significant role in the plasticity of the brain. It affects the regulation of
many genes within the cortex and other brain structures. Glycogen synthase kinase 3B
(GSK3 — B), besides of its role in neuroplasticity processes, plays an important role in the
regulation of circadian rhythms. Benedetti et al. 2004 demonstrated a relationship between

the polymorphism of GSK3 — B gene and the antidepressant effect of Total SD (TSD) BD
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depression (Benedetti et al., 2004). It is suggested that the TSD antidepressant effect is
connected to the resetting of malfunctioning “clock” genes, and a later episode of sleep may
reactivate these irregularities and that supplemental chronotherapies and medications can
block relapse and help stabilize circadian-related improvement (for an overview see
(Bunney et al., 2015).

In addition, SD has been shown to enhance noradrenergic, dopaminergic and
serotonergic neurotransmission (for an overview see (Dopierata and Rybakowski, 2015).
There is also data indicating the effect of SD on the glutamatergic system with studies
reporting higher concentration of glutamate and glutamine in the dorsolateral prefrontal
cortex after TSD (Dopierata and Rybakowski, 2015).

Moreover, the level of thyroid hormones increases during SD. It is the result of the
stimulation of the hypothalamic-pituitary-thyroid axis. In the course of SD, the
concentration of cortisol increases considerably as a result of stimulation of the
hypothalamic-pituitary-adrenal axis. During the first half of the day after SD, cortisol is
above normal, particularly in patients with an antidepressant effect achieved, and then
returns to normal (Dopierata and Rybakowski, 2015).

Numerous neuroimaging studies have shown that the antidepressant effect of SD is
related to certain metabolic and functional changes in the brain. Patients with a good SD
effect had, before the deprivation, significantly higher metabolism within the orbital medial
prefrontal cortex and ventral anterior cingulate cortex, while in patients with depression,
there is a significant reduction in the activity of the dorsal nexus and in the dorsal medial
prefrontal cortex. After SD, the activity of these areas normalized and this normalization

was correlated with clinical improvement (Bosch et al., 2013).
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111.2.3. Practical recommendations
111.2.3.1 Total and partial sleep deprivation

The recent chronotherapeutic recommendations from the international society for
bipolar disorder (ISBD) task force recommended that SD may be considered after more
established options fail, or when they are not tolerated, or when rapid antidepressant
response is required (Gottlieb et al., 2019). SD is rather contraindicated in the acute
treatment of manic episodes but more studies are required to determine if limited SD might
play a role in the prevention of manic relapses (Gottlieb et al., 2019). Indeed different
protocols exist, and common protocols include total, partial and REM sleep deprivation.

Originally, a complete night of SD was employed resulting in a 36-hours period of
wakefulness (named total sleep deprivation, TSD). During one cycle of TSD, patients are told
to stay awake for about 36 h, from daytime until next day’s evening. Treatment usually
consists in one to six cycles. Existing studies suggest that the antidepressant effects of SD do
not occur before the end of the night awake and become clinically evident when the patient
is exposed to daytime light, after the night awake, or earlier during the night, if the TSD is
carried out in bright light. During the prolonged wake, it is suggested that the patients
remain awake without napping, in order to avoid the depressive relapse that follows
recovery sleep. It is then still debated if a short nap can block the powerful antidepressant
effects of TSD (Benedetti and Colombo, 2011).

Later studies explored the use of partial sleep deprivation (PSD) where subjects are
allowed to sleep for 4 to 5 hours, with SD either in the first half of the night, from 10PM to

2.30 AM (PSD-early) or the latter half of the night (PSD-late) from 3AM to 8AM (Giedke et
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al., 2003; Riemann et al., 1999). The introduction of PSD has led to a marked improvement
of SD tolerance because the interval of induced wakefulness is much shorter and so better
tolerated by patients. Response to PSD-late appears more evidence-based and probably
more powerful than to PSD-early (Hemmeter et al., 2010). Up to date, very few studies
have adopted a PSD-early protocol hence a recent meta-analysis pointed out that it was
impossible to perform the analysis of comparative efficacy between late and early PSD
because of lacking data (Boland et al., 2017). Based on the fact that REM sleep (rapid eye
movement sleep) is increased and advanced in the sleep EEG pattern of depressed patients,
and based on the observation that most antidepressants suppress REM sleep, it has been
suggested that REM sleep reduction is a prerequisite for the achievement of an
antidepressant effect. Firstly Vogel and colleagues addressed this question by depriving
REM sleep through selective awakenings from REM sleep over a period of 3 weeks with
patients with depression (Vogel, 1975). Interestingly they were able to achieve an
antidepressant response comparable with the tricyclic substance imipramine, which is also
known to suppress REM sleep (Vogel, 1975). By contrast, the selectively deprivation of non-
REM sleep did not show any clinical response. But in a later study from the same group (for
an overview see Vogel et al 1975), non-REM SD led to an even stronger antidepressant
effect than REM sleep deprivation. So Vogel and colleagues observed that, in both
conditions (REM and non-REM SD), a prolongation of the duration of non-REM sleep cycles
was observed and, therefore, postulated as the common underlying mechanism of action
for the antidepressant property of both treatments (Vogel, 1975). Further studies have
shown that REM SD is always accompanied by a gradual suppression of non-REM sleep and
that REM SD leads to a gradual improvement of mood, leading to suppression of slow wave

activities (SWA) observed in stage three of non-REM sleep (i.e. deep sleep). However, the
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application of REM SD under clinical conditions is difficult as it requires many nights in the
sleep laboratory. Therefore, REM SD may currently be more a matter of research for the
further detection of underlying mechanisms of SD (Hemmeter et al., 2010; Palagini et al.,

2013).

111.2.3.2 Management and combinations to use with sleep deprivation

Methods to stabilize antidepressant effect of SD and prevent relapse have been
developed and applied. These different strategies include concomitant medications,
repeated SD, combination with sleep phase advance and/or LT (triple chronotherapy).

Concomitant antidepressant medication have been shown to prevent relapses in 53%
of cases (Wu and Bunney, 1990). Total or partial, single or repeated SD has been successfully
associated with the selective serotonin reuptake inhibitors (SSRI) fluoxetine, paroxetine and
sertraline, the dopaminergic amineptine, the mixed serotonergic-noradrenergic tricyclic
antidepressants amitriptyline and clomipramine, and the noradrenergic tricyclic
nortriptyline, and with lithium (for an overview see (Benedetti and Colombo, 2011; Gottlieb
et al., 2019)). The combined effect has been hypothesized to be synergistic: SD may hastens
the antidepressant action of drugs or, conversely, drugs may sustain the transient
antidepressant effects of SD over time. Clinical trials consistently show that a stable clinical
euthymia is achieved by the majority of patients. A negative interaction has only been
reported when SD was combined with trimipramine, which shows in vitro DA antagonistic
properties (Benedetti and Colombo, 2011; Dallaspezia and Benedetti, 2015; Gottlieb et al.,
2019). Combined SD and antidepressant treatment not only improves the depressive
syndrome, it also exerts a beneficial effect on overall quality of life. A recent meta-analysis

has been conducted on this topic showing that TSD plus medications such as sertraline or
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fluoxetine compared with medications alone showed a significant decrease in depressive
symptomatology after one week and confirmed after 10 days (Ramirez-Mahaluf et al.,
2020). TSD has shown to sustain antidepressant medication effect with no differences in
tolerability or affective switch (Ramirez-Mahaluf et al., 2020).

The results of repeatedly applied SD on the course of antidepressive therapy are still
contradictory. Repetition of treatment is recommended in practice, and can lead to
increased effects. Benedetti and colleagues developed a treatment schedule based on
repeated total SD, three times a week with each SD cycle composed of a period of 36 h
awake, and on the 1st, 3rd and 5th day, patients were totally sleep deprived from 07:00 h
until 19.00 h of the following day (Benedetti and Colombo, 2011). Many other schedules for
repeated treatment have been proposed: e.g. partial SD repeated once a week for 3 weeks,
or 3 times a week, or twice a week for 2 weeks, or 3 times a week for 2 weeks , or 5 times at
5-day intervals, or 6 times at 4- to 5-day intervals; or total SD twice a week , or twice a week
for 3 weeks or for a month, or twice a week followed by partial SD twice indeed direct
comparisons are very scarce. Repeated total SD once a week has also been proposed as a
prophylactic treatment, to sustain response and prevent relapses (for an overview see
(Benedetti and Colombo, 2011; Dallaspezia and Benedetti, 2015)). Indeed, repetition of the
treatment may lead to a pattern with repeated ameliorations after SD and repeated relapse
after recovery sleep, with little net benefit at the end. The trend toward amelioration due to
incomplete relapses, when present, is expected to reverse within a few weeks after a
regular restoring of the usual 24-hour sleep-wake cycle, and in the absence of combined
treatments only a 5-10% of bipolar depressed responders achieve sustained remission from

their depressive episode (Benedetti and Colombo, 2011).
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Sleep phase advance (sleep from 5 pm to midnight) has been shown to have an
antidepressant effect with a latency of 10-14 days (Souétre et al., 1987). Based on these
results, Wehr and Wirz-Justice formulated the ‘internal coincidence model for SD and
depression’, suggesting that the avoidance of sleep during the critical period in the morning
hours may be essential for a response to sleep—wake manipulations in depression (Wehr et
al., 1979). With this strategy, authors could avoid relapses into depression in 50-75% of the
patients who responded to SD. The advantage of this combined treatment is that in more
than half of the patients an immediate improvement in depression could be achieved and
stabilized, at least over the observation period of the study (Hemmeter et al., 2010). In the
last few years sleep phase advance has been used in the context of a “triple chronotherapy”
combined with light therapy, sleep deprivation along with concomitant pharmacotherapy
(Benedetti et al., 2014; Danilenko et al., 2019; Echizenya et al., 2013; Wu et al., 2009).

Regarding LT, some studies have shown that the application of 2500 lux of bright light
in the morning after SD was able to stabilize the antidepressant response of SD and to
reduce daytime sleepiness (Dallaspezia and Benedetti, 2015). Benedetti et al. demonstrated
that history of drug resistance significantly influenced the pattern of relapses and responses
to a combined SD-bright light therapy in bipolar patients (Benedetti et al., 2005). Recently,
bright light therapy has been used in the context of triple chronotherapy combined with
sleep phase advance and sleep deprivation along with concomitant pharmacotherapy. This
combination demonstrated to produce a rapid improvement in depressive symptoms both
in unipolar and bipolar disorders (Benedetti et al., 2005; Danilenko et al., 2019; Echizenya et
al., 2013; Wu et al., 2009). This triple chronotherapy endured for as long as 9 weeks, in drug-
resistant mood disorders and suicidal symptoms in bipolar depression (Benedetti et al.,

2014).
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Regarding clinical predictive factors of response, the most robust finding concerning
the clinical prediction of SD response is the presence of a typical diurnal variation of mood
in depressed patients. This has been reported in several controlled studies (Benedetti and
Colombo, 2011; Boland et al.,, 2017; Dallaspezia and Benedetti, 2015; Hemmeter et al.,
2010). By contrast, SD in patients with an inverse diurnal variation of mood (evening low) is
usually not effective or has negative effects. Besides typical diurnal variation of mood, pre-
existing typical sleep disturbance in major depression, including difficulties in falling asleep,
frequent awakenings and early morning awakening, appears as a strong predictor of SD
response. In contrast, tiredness the day preceding SD is rather associated with SD
nonresponse. Among neurobiological predictors of SD response using sleep EEG parameters,
they are no clear consensus but patients with PSG markers of typical depression such as
short REM latency, increased REM density reduced SWS (Hemmeter et al., 2010). Indeed an
“overarousal hypothesis of depression and SD response” has been formulated and it

assumed that SD may act by reducing the hyperarousal state associated with depression.

The most common adverse effect of SD is daytime sleepiness, and patients treated
with SD should be advised not to engage in dangerous activities which require attention and
concentration like driving a car (Benedetti and Colombo, 2011; Boland et al., 2017,
Dallaspezia and Benedetti, 2015). The degree of sleepiness shows high individual variability
but considering the large literature about sleep loss and the increased risk of accidents,
however, patients should be protected from these easily avoidable risks (Bioulac et al.,
2017). Carrying out the treatment in an hospital setting, as in most reported trials, can,

however, prevent the consequences of this unavoidable adverse effect. In euthymic patients
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affected by bipolar disorder, abrupt changes in the sleep-wake rhythm can trigger mania
through a self-reinforcing mechanism of sleep loss and progressive mood improvement,
which leads to the typical increase in activity, reduced need for sleep, and eventually the full
manic syndrome spinning out of control (Geoffroy, 2018). In non-rapid-cycling patients
affected by bipolar disorder type |, very low switch rates around 3% have been observed in
reported trials. The administration of therapeutic SD in rapid-cycling bipolar patients may
causes the same switch rate into mania but switch rates are closely similar to those
observed with selective serotonin reuptake inhibitors and placebo and are lower than those
reported with tricyclic antidepressants (Benedetti and Colombo, 2011; Dallaspezia and
Benedetti, 2015).

The Table 3 and Figure 1 summarize practical recommendations regarding standard

protocols for SD in unipolar and bipolar depression.
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l1.3. Melatonin and melatoninergic agonists

111.3.1. Introduction

Endogenous melatonin, or N-acetyl-5-methoxytryptamine, is a natural mammalian
hormone identified in 1958 and secreted in the brain by the pineal gland (Claustrat et al.,
2005). Melatonin results from the conversion of serotonin to N-acetyl-serotonin and then to
melatonin and its secretion involves two enzymes: the Serotonin-N-Acetyl-Transferase
(AANAT) and the Acetyl-Serotonin-Methyl-Transferase (ASMT) (Anderson et al., 2016;
Claustrat et al., 2005). Its level of secretion is influenced by the photoperiod (dark-light
cycle) via the supra-chiasmatic nuclei and raises in the evening with a peak during the night
and is mostly undetectable during the day (Claustrat et al., 2005). The level of melatonin can
be measured mainly in the blood and the saliva. Night-time levels of melatonin are at least
10-fold higher than daytime concentrations with high inter-individual variability (Zeitzer et
al.,, 1999). Since the 1980’s, it has been suggested that patients with both unipolar and
bipolar have abnormalities of secretion of melatonin, both during the depressive phase but
also persistent during remission (Boyce and Hopwood, 2013; De Crescenzo et al., 2017,
Dolberg et al., 1998; Pierre Alexis Geoffroy et al., 2015; Hartley and Quera-Salva, 2014;
Hickie and Rogers, 2011; Lam et al., 1990; Srinivasan et al., 2006). Interestingly, melatonin
has also been recommended to treat: i) delayed sleep phase syndrome (van Geijlswijk et al.,
2010), ii) to treat chronic insomnia disorder (Baglioni et al., 2020; Buscemi et al., 2005;
Ferracioli-Oda et al., 2013; Lemoine et al., 2007; Palagini et al., 2020; Wilson et al., 2019), iii)
and to improve sleep quality on a set of objective parameters such as sleep onset latency,
the total duration of sleep and sleep efficacy (Baglioni et al.,, 2020; Ferracioli-Oda et al.,
2013). Based on these arguments, it has been proposed that melatonin might help patients

with mood disorders in several situations: sleep disturbances or low sleep quality, delayed
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sleep phase and for mood stabilization during acute or remitted phases (Pierre Alexis

Geoffroy et al., 2015).

111.3.2. Physiological and theoretical bases

Melatonin has many properties and induces circadian-related and sleep-related
responses, such as acting as a promoter of sleep and a synchronizer of circadian rhythms
(Claustrat et al., 2005; P. A. Geoffroy et al., 2019). As such, the pineal gland and the
suprachiasmatic nuclei act together in order to synchronize peripheral clocks and melatonin
is involved in signaling the ‘time of day’ and ‘time of year’ and then acts as a major
chronobiological pacemaker (Pandi-Perumal et al., 2006). Melatonin has also many other
actions, such as antioxidant, antiapoptotic, immune-enhancing and oncostatic properties
(Anderson et al., 2016; Espino et al., 2011; Pandi-Perumal et al., 2006). Patients with mood
disorders have repeatedly been shown to display less stable circadian rhythms when
compared to healthy control subjects (Bunney et al., 2015; Pierre Alexis Geoffroy et al.,
2014b; Harvey, 2008; Menculini et al., 2018). This has been postulated to be related to
altered melatonin kinetics as several studies observed that patients with mood disorders
have alterations of melatonin secretion at night (later nocturnal peak secretion and reduced
secretion amplitude) and a super-sensitive suppression of the melatonin secretion to light
(Boyce and Hopwood, 2013; De Crescenzo et al., 2017; Dolberg et al., 1998; Pierre Alexis
Geoffroy et al., 2015; Hartley and Quera-Salva, 2014; Hickie and Rogers, 2011; Lam et al,,
1990; Srinivasan et al., 2006). In 1976, the « low melatonin syndrome » was even proposed
to define the depressive episode but was not retained because of the high interindividual

variability (Wetterberg, 1994). Although the evidence is somewhat inconsistent, these

Page 26 of 64



alterations of melatonin secretions were observed both during acute depressive phase, but
also during remitted phases, leading to consider them as trait markers of BD (Milhiet et al.,
2011). Interestingly, the increase in melatonin suppression has been shown to be reversible
by lithium (K T Hallam et al., 2005) and valproate (Karen T Hallam et al., 2005). In patients
with BD, a significant association with a variant of the ASMT enzyme, relevant for melatonin
synthesis and conferring reduced enzymatic activity, has been demonstrated (Etain et al.,
2012) and associated with a poor sleep quality in carriers of the at-risk allele (P. A. Geoffroy
et al., 2014). Melatonin has also been shown to modulate monoaminergic transmission in
animal models (Chenu et al.,, 2013). Other effects of melatonin may also have
antidepressant properties, such as its action against lipopolysaccharide (LPS)-induced
neuroinflammation and oxidative stress, also implicated in depressive processes (Ali et al.,
2020). Indeed, melatonin showed to improve depressive-like behaviors in mice, to reduce
cytokines level, to reduce oxidative stress, and to normalize LPS-altered Sirt1, Nrf2, and HO-
1 expression (Ali et al., 2020). In this context, the exogeneous administration of melatonin

may help to stabilize mood, as well as sleep-wake cycle disorders, and prevent recurrences.

111.3.3. Practical recommendations
111.3.3.1 Soporific and/or chronobiotic effects

These two soporific and chronobiotic effects have been summarized and detailed in a
previous review from the French sleep society (P. A. Geoffroy et al., 2019). The first action is
named “chronobiotic” and exist even at low doses from 0,125mg to 1mg (Claustrat et al.,
2005). Exogenous melatonin can be considered as a “chronobiotic substance” since it can

change the characteristics of a rhythm (period, amplitude or phase). Indeed, exogeneous
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melatonin as endogenous melatonin, according to the time of administration, can advance
or delay the functioning of the biological clock (Claustrat et al., 2005). A biological rhythms
phase advance occurs when melatonin is administered in the afternoon (beginning and
end), with a maximal effect 4 to 5 hours before the start of the endogenous melatonin
secretion (Claustrat et al., 2005; P. A. Geoffroy et al., 2019). Guidelines about delay sleep
phase disorder recommend that melatonin should be administrated between 1.5 and 6.5
hours prior to the DLMO for four weeks (DLMO is the so-called dim light melatonin onset, in
physiological conditions endogenous melatonin starts to rise in dim light i.e. normally
between 7:30pm and 9:30pm in adults) (Sack et al., 2007). On the other hand, a biological
rhythms phase delay occurs when melatonin is administered in the morning (Claustrat et al.,

2005; P. A. Geoffroy et al., 2019).

The second action is a sleep-promoting action, named “soporific”, administered close
to bedtime (15-30 min before bedtime) and starting at 2mg for most individuals. Indeed,
melatonin has a sleep-promoting effect occurring in a dose-effect relationship, i.e.
increasing with the dose, which is not “time-dependent” as the chronobiotic effect (P. A.
Geoffroy et al., 2019). It is important to note that similar chronobiotic effects are observed
with the increase in dose of melatonin in order to increase the soporific effect (Burgess et
al., 2010). Trials with longer duration and using higher doses of melatonin demonstrated
greater effects on decreasing sleep latency and increasing total sleep time (Ferracioli-Oda et

al., 2013).

In mood disorders, a chronobiotic effect may be useful if the depressive syndrome is
associated for instance with a sleep phase delay syndrome, which is frequent (van Geijlswijk

et al., 2010). The soporific effect may be more interesting in case of altered sleep quality or

Page 28 of 64



insomnia disorders associated with depression (Baglioni et al., 2020; Buscemi et al., 2005;
Ferracioli-Oda et al., 2013; Lemoine et al., 2007). Finally, the cumulate effect of these two
actions, chronobiotic and soporific, may also help some patients with several sleep and

circadian rhythms disturbances.

111.3.3.2. Management of melatonin in depressive disorders subtypes

Exogenous melatonin exist in many forms such as tablets, capsules, orodispersible,
oral solution or spray, and with immediate release (IR) or prolonged release (PR). PR
melatonin has been developed to imitate the endogenous secretion of melatonin. No
studies directly compared the different forms of melatonin in depression. Studies examining
seasonal depressions used IR melatonin, whereas studies in unipolar and bipolar non-

seasonal depression used mostly PR melatonin (P. A. Geoffroy et al., 2019).

In patients with BD, Leibenluft and colleagues, in a randomized crossover double-blind
study against placebo, assessed the use of 10 mg of IR melatonin administered at 10 pm
over a 12-week period to 5 patients with rapid-cycles (Leibenluft et al., 1997). Authors did
not observed any efficacy of melatonin on mood or sleep parameters compared to placebo
(Leibenluft et al., 1997). Roma-Nava and colleagues carried out a randomized double-blind
study against placebo, assessed 5 mg of PR melatonin over an 8-week period of 20 patients
with BD and treated with second-generation antipsychotics (Romo-Nava et al., 2014). Of
note, the focus of this trial was to examine effects on metabolic parameters, which were
improved by melatonin compared to placebo, especially regarding diastolic blood pressure
and weight. Whereas this was not the main objective of this study, authors also did not
observe any significant effects of melatonin on depressive or manic symptoms (Romo-Nava
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et al., 2014). Livianos and colleagues carried out an interesting follow-up study with a cohort
of 14 patients with remitted BD and insomnia (Livianos et al., 2012). IR melatonin was
administered at bedtime and freely at doses ranging from 3—6 mg in combination with the
usual treatment. They observed a significant improvement of the quality and duration of
sleep, with a decrease in residual depressive symptoms (Livianos et al., 2012). The
melatonin agonist ramelteon was assessed by McElroy and collaborators who studied the
effect of 8 mg of ramelteon in 21 patients during manic phases, in combination with an anti-
manic treatment, and after 8 weeks observed significant effects in decreasing depressive
symptoms but not regarding sleep or manic symptoms against placebo (McElroy et al.,
2011). Nevertheless, in a large RCT of patients with BD type | in remission, it has also been
reported that ramelteon may induce in rare cases an affective relapse and/or the onset of
suicidal ideation (9 of 477 subjects receiving ramelteon) and did not demonstrate
preventing relapses as adjunctive maintenance therapy for BD (Mahableshwarkar et al.,

2017).

In unipolar disorder, Dolberg et al. conducted a randomized study assessing the effect
of 5-10 mg of PR melatonin combined with fluoxetine 20 mg on 10 subjects versus 9
subjects with placebo and fluoxetine at the same dose (Dolberg et al., 1998). These authors
observed an efficacy in the treatment of insomnia symptoms but no effects on depressive
symptoms. This was confirmed by a later study from Serfaty and collaborators who tested,
in a double-blind randomized controlled trial using 6-mg of PR melatonin as an adjuvant to
antidepressant treatment in 31 patients with insomnia, showed a decrease in depressive
symptoms and sleep disorders, which was not linked to melatonin but rather on its

association with antidepressant (Serfaty et al., 2010). The only clear significant study in
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unipolar depression was published by Fava and collaborators who carried out a randomized
double-blind controlled trial to assess the combined effects of buspirone at low dose of 15
mg and PR melatonin at 3 mg (Fava et al., 2012). Indeed, these authors observed that
melatonin combined with buspirone was significantly more effective than the combination

with placebo to treat the major depressive episode (Fava et al., 2012).

In seasonal affective disorder (SAD), since LT is the recommended first-line treatment
since decades, IR melatonin has been combined with LT in several trials. The first study from
Sherer and collaborators use IR melatonin at 200 micrograms administered 30 min before
morning LT and then every hour during the day with a total of 2-2.4 mg a day, to obtain an
extension of nocturnal melatonin secretion. A week of IR melatonin combined with LT had
effects on some cognitive functions but not on depressive symptoms or vigilance (Sherer et
al., 1985). Lewy and collaborators, in a double-blind RCT, compared 10 individuals with IR
melatonin 0.125 mg twice a day (circardian time (CT) 8 and 12, i.e. 3.18 pm and 7.18 pm)
and reported a significant antidepressant effect at 2 weeks (Lewy et al., 1998). SD has been
also studied with melatonin or placebo but failed to find any greater effect when combined
with melatonin in maintaining the antidepressant effects of SD (Danilenko and Putilov,
2005). The more rigorous study was made by Lewy and collaborators that considered
biological rhythms and chronotype while administering melatonin. Indeed, these authors
demonstrated that IR melatonin had an antidepressant effect on depressive symptoms if it
is administered optimally according to the patients’ profiles of delayed or advanced phases
(Lewy et al., 2006). This study compared 24 subjects treated with placebo to 44 patients
with SAD treated with IR melatonin administered by 7-8 capsules a day (each capsule

containing 0.075 or 0.1 mg according to the year of the study, for a total of 0.225 or 0.3
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mg/day) for 3 weeks (one every 2 hours as soon as they got up in the morning until 2 to 4
hours before going to bed). Some patients received melatonin capsules optimally in relation
to their phase (in order to correct a phase advance or delay) and others at an inappropriate
time. In both groups, an improvement in depressive symptoms was observed, but with a
greater effect of melatonin when optimally administered according to phase shift (Lewy et
al., 2006). This study interestingly highlights the interest to take into account the patients’
endogenous biological rhythms and their chronotype to better optimize the exact time of

melatonin intake, which could potentially improve its therapeutic effect.

Regarding prevention of relapse, Norris and collaborators studied the efficacy of
ramelteon 8mg for 24 weeks on the reduction of relapse rates in 83 patients with remitted
BD and insomnia symptoms (Norris et al., 2013). The melatonin agonist showed a significant
greater effect than placebo on the prevention of relapse for both depressive or manic
episodes (Norris et al., 2013). Despite this interesting trial in BD, long-term effects are
mostly unknown with duration of the trials from 6 days to 6 weeks (P. A. Geoffroy et al.,

2019).

Regarding tolerance in patients with mood disorders, melatonin is well tolerated.
Most frequent adverse events are headache, dizziness, nausea, drowsiness (Buscemi et al.,
2006; Gottlieb et al., 2019). No serious adverse events have been reported, except one
patient who aggravated mood disorder and committed suicide attempt and another patient
who exhibited rapid cycling whilst undergoing withdrawal of melatonin (Leibenluft et al.,

1997). Contraindications are those reported in all drug guides and are reported in Table 3.

In conclusion, for unipolar and bipolar depression, IR or PR melatonin may be

recommended in the treatment of insomnia symptoms as an adjuvant treatment, with no
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clear evidence regarding an anti-depressive effect. IR and LP melatonin have been used with
very variable doses from 3 to 10 mg and with unknown long-term effects. It is worth noting
that lower doses have not been evaluated in unipolar and bipolar non-seasonal depression.
The melatonin agonist ramelteon may help decrease by half relapse after 24 weeks among
patients with remitted BD and insomnia symptoms. It may be interesting to take into
account the patients’ endogenous biological rhythms and their chronotype to better
optimize the exact time of melatonin intake. As such, the French recommendations propose
for seasonal depression to optimize antidepressant effect by administering non-soporific
doses of IR melatonin at 0.1 mg administered in the afternoon/evening or in the morning
according to the phase shift (P. A. Geoffroy et al., 2019). According to the advanced or
delayed phase profile, it may be easier in clinical practice for treating SAD (associated with
LT which is the recommended treatment): i) to administered IR melatonin 2 to 6 hours
before bedtime in patients presenting a sleep phase delay (most frequent cases), and ii) to
administered IR melatonin in the morning for patients presenting a sleep phase advance (P.
A. Geoffroy et al., 2019). The Table 3 summarizes standard protocols for using melatonin in

seasonal and non-seasonal depressive episodes in unipolar and bipolar disorders.
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l11.4. Cognitive Behavioral Therapy for Insomnia (CBT-1) adapted for

mood disorders

111.4.1. Introduction

The cognitive behavioral therapy for insomnia (CBT-l) is the first line treatment
recommended for chronic insomnia or insomnia disorder (Baglioni et al., 2020; Palagini et
al., 2020; Riemann et al., 2017). Insomnia symptoms are frequent in unipolar and bipolar
depression, affecting 85.2% of patients with a major depressive episode according to a large
population-based study (Pierre A. Geoffroy et al., 2018a). In particular, insomnia has been
related to depression severity, to emotional hyper-reactivity, greater functional deficits,
emotional impulsivity and to increased suicidal risk in patients with mood disorders (Etain et
al., 2017; P. A. Geoffroy et al., 2015; Geoffroy et al., 2020b; O’Brien et al., 2011; Palagini et
al., 2019a)). Insomnia has been shown to increase the risk of unipolar and bipolar
depression relapses and recurrences as it is one of the most frequent residual symptoms
(Henry et al., 2015), it is also an independent risk factor for depression and a frequent early
sign occurring prior to both depressive and manic episodes (Hertenstein et al., 2019;
Palagini et al., 2019a, 2020; Pigeon et al., 2008, 2017). Recently, it has been shown that
targeting insomnia may favorably impact on the trajectory of mood disorders (Asarnow and
Manber, 2019; Bei et al., 2019; Bellivier et al., 2015; Harvey et al., 2015). It has been also
shown that the majority of individuals with mood disorders present alterations in the
circadian rhythmicity, which, have been associated with the severity of mood and insomnia
symptoms, emotional dysregulation and to increased suicidal risk (Bellivier et al., 2015;
Benard et al., 2015; Harvey, 2008; Maruani et al., 2018; Palagini et al., 2019b; Pinho et al.,

2015). These data highlighted the complexity and multiple sleep disturbances that are
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characteristic of mood disorders including insomnia, hypersomnia, delayed sleep phase,
irregular sleep wake schedule and alterations biological rhythms, reduced sleep need and
the importance of an intervention to treat sleep problems as a pathway for improving mood
and reducing impairment. As part of a program of research into insomnia and psychiatric
disorder, Harvey and colleagues have postulated that by treating these sleep disorders such
as insomnia and circadian sleep disturbances may favorably impact on the trajectory of BD
and have developed a variant of CBT-I modified for BD (CBTI-BP) (Harvey et al., 2015). The
CBTI-BP aims to improve sleep, mood and functioning in people with BD, by adding to CBT-I
elements of motivational interviewing, interpersonal, and social rhythm therapy, and
chronotherapy aiming at regularizing sleep and wake times, named daily timing CBTI-BP
(Harvey et al., 2015). The recent international ISBD task force has identified one outcome
study of CBTI-BP conducted by the developers in bipolar depression (Gottlieb et al., 2019).
Despite behaviorally based chronotherapeutic strategies that have been implemented in
most evidence-based approaches to BD, the CBTI-BP has up to date few evidence and is not
yet included in evidence-based treatment guidelines of BD. As such, the international task
force for instance, because there is some evidence that behavioral therapies targeting sleep
and social rhythms have benefits for the maintenance phase of BD, has suggested the use
of the CBTI-BP protocol in the treatment of insomnia of patients with BD during euthymic

phases (Gottlieb et al., 2019).

111.4.2. Physiological and theoretical bases

CBT-l is a multimodal approach and consists of a combination of i) cognitive therapy,

ii) behavioral interventions, such as sleep restriction and stimulus control, and iii)
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educational interventions (Morin et al., 2006). It has been proposed that dysfunctional
beliefs and attitudes about sleep contribute to disrupt sleep and to sustain the vicious cycle
of insomnia by favouring the cognitive, somatic and physiologic “hyperarousal” (Riemann et
al., 2015, 2010). CBT-l is an effective treatment for adults with chronic insomnia, with
clinically meaningful effect sizes on sleep onset latency, total sleep duration, number of
nighttime awakenings, sleep efficiency and sleep quality (Riemann et al., 2015, 2010). CBT-I
addresses sleep problems and for interrupting the vicious cycle of insomnia. Hence CBT-I
behavioral/educational interventions aim to re-regulate the homeostatic and circadian
processes of sleep increasing SWA by re-creating a sleep pressure during the day (Riemann
et al., 2015, 2010). The cognitive part works on dysfunctional beliefs and attitude about
sleep with the aim to reduce cognitive hyperarousal. Stimulus control is one of the most
effective treatment components of CBT-I and focuses on regularizing the sleep-wake cycle
and strengthening associations between the bed and sleep (Bootzin and Epstein, 2011).
Sleep restriction is also one of the most effective components (Spielman et al., 1987) and is
derived from observations that excessive time in bed perpetuates insomnia. Sleep
restriction limits the person's time in bed. Both interventions, stimulus control and sleep
restriction, aim to restore the homeostatic sleep drive (Riemann et al., 2015). Educational
interventions based on principles of sleep hygiene contributes to restore
the homeostatic drive to sleep and to re-establish circadian rhythms (Riemann et al., 2015).
CBT-I may be a particularly useful intervention to stabilize sleep and circadian rhythms in
BD. Indeed, individuals with BD display night-to-night variability in total sleep time, reduced
sleep efficiency and increased nighttime wakefulness (P. A. Geoffroy et al., 2015) that may
respond well to sleep restriction and stimulus control (Harvey et al., 2015). However CBTI-

BP has been modified in certain components such as stimulus control and sleep restriction
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to avoid sleep deprivation that is strongly linked to relapse in BD (Riemann et al., 2015).

111.4.3. Practical recommendations

As delivered by Harvey and colleagues, CBTI-BP involves 8 weekly sessions of 50-60
minutes as described by the developers (Harvey et al., 2015). Session 1 is focused on case
formulation, goal setting, motivational interviewing, and sleep and circadian education.
Case formulation should be conducted by evaluating sleep-related behaviors and their
consequences before bedtime, during the night, on waking and during the day.
Motivational interviewing (M) has been used to assess pros and cons of change, recognizing
that many sleep-incompatible/interfering behaviors might be rewarding (Miller and Rollnick,
2012). Sleep and circadian education included definitions, environmental influences
(particularly light), circadian and social rhythms (following IPSRT) and the tendency toward
delayed sleep phase. Sleep inertia should be discussed, defined and normalized (Tassi and
Muzet, 2000) while the role of sleep disturbance in mood regulation and as a prodrome of
mood episode relapse should be assessed. Subsequent sessions should be dosed on the
basis of the case formulation. The behavioral module of CBTI-BP includes five main

components.

(@) stimulus control, focuses on regularizing the sleep-wake cycle and strengthening
associations between the bed and sleep as well as regularizing daytime rhythms (e.g.,

setting regular meal and wake-up times).

(b) sleep restriction to improve sleep efficiency and consolidate sleep in order to avoid sleep

deprivation for safety, time in bed was never less than 6.5 hours.
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(c) Regularizing sleep-wake times. IPSRT principles are utilized to regularize sleep and wake
times and avoid naps in CBTI-BP. These techniques promote consistent sleepiness in the
evening and enable patients with a tendency toward eveningness to progressively advance

their bedtime by 20-30 minutes per week, hence the circadian system can adapt.

(d) Wind-down. Patients need assistance to devise a ‘wind-down’ of 30-60 minutes in which
relaxing, sleep-enhancing activities should be introduced in dim light conditions. This helps
the circadian phase advance in patients who are evening-types, and maintains entrainment
(Wyatt et al., 2006). A central issue is restricting the use of interactive electronic media
(internet, cell phones, etc). Ml and behavioral experiments should be used to facilitate

voluntarily choosing an electronic curfew.

(e) devising a wake-up routine: individualized wake-up plans draw on IPSRT principles, and
include: not hitting snooze, opening the curtains to let sunlight in, and making the bed so

the incentive to get back in is reduced.

The cognitive module included (a) altering unhelpful beliefs about sleep and (b) reducing

sleep-related anxiety, bedtime worry, rumination, and vigilance.

The module to improve daytime functioning included (a) behavioral experiments to allow
the patient to experience the energy-generating effects of activity and (b) identification of
energy-sapping and energy-generating activities, with the latter being useful for managing

daytime tiredness. Relapse prevention should be the focus for the final session.

The Table 4 summarizes practical recommendations regarding the suggested protocol
for CBT-BP that was designed for bipolar disorders, but could be used in practice for both

unipolar and bipolar depression.
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lIL.5. Interpersonal and social rhythm therapy- IPSRT
111.5.1. Introduction

The Interpersonal and social rhythm therapy (IPSRT) is a manualized treatment,
developed by Ellen Frank (Frank, 2007), that addresses interpersonal problems and
disrupted social rhythms with the intent of stabilizing underlying biologic processes (Frank
et al., 2005). Patients are educated to identify potential sources of rhythm disruption in
their lives and develop strategies to maintain regular rhythms, despite these events.
Although focus on the sleep-wake cycle is an essential component of IPSRT, this intervention
takes a more global approach to standardizing daily routines. The ISBD chronotherapeutic
task force identified 8 studies regarding the use of IPSRT in BD (Gottlieb et al., 2019).
Evidence support the efficacy of IPSRT during the recovery from a depressive episode and in
increasing time to recurrence over two years of maintenance treatment. Indirect evidence
suggests that IPSRT is comparable to active treatments such as quetiapine for acute bipolar
depression (Gottlieb et al., 2019). On this basis, Gottlieb and colleagues indicated that IPSRT
is a viable therapy for the acute treatment of bipolar depression and for the prevention of
bipolar mood episodes. IPSRT can be used as a monotherapy or can be combined with

pharmacotherapy when such treatment is indicated.

111.5.2. Physiological and theoretical bases

Goodwin and Jamison postulated the “instability model of BD” and hypothesized a
role for psychosocial stressors and for the disrupted social circadian rhythms in impairing
sleep regulation and in turn in favoring mood episodes (Goodwin and Jamison, 2007).
Subsequently it has been shown that psychosocial stressors may determine not only a

change in the circadian sleep regulation but also in other biological rhythms such as meals,
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energy, social life, activities and alertness, leading to affective episodes in predisposed
individuals. On the other hand, alterations in such biological rhythms can cause significant
psychosocial stress favoring mood episodes (Ehlers et al., 1993; Frank et al., 2015, 2000;
Harvey, 2011). The Social Zeitgebers Theory of mood disorders (Ehlers et al., 1993) offers an
explanation of Goodwin and Jamison model and of the relationship between life events,
circadian rhythms alterations and mood disorders. According to this theory, life stress leads
to mood episodes by causing disruptions in individuals' interpersonal relationship and social
role, causing a change in the stability of social circadian rhythms and in turn in biological
circadian rhythms. In particular, alterations in social cues may modify the exposure to light
and changing in light exposure can disrupt the timing of circadian rhythms then contributing
to the disruption of sleep (Ehlers et al., 1993). The IPSRT is a manualized psychotherapy
focused on the instability model of BD and on the Social Zeitgebers Theory of mood
disorders (Frank, 2007). Frank and colleagues hypothesized that at least one aspect of the
biological diathesis for BD may be related to a vulnerability of the circadian system.
Accordingly the IPSRT targets four different levels: i) the link between mood and life events,
ii) the importance of maintaining regular daily rhythms, iii) identification and management
of potential factors which may alter circadian rhythms, with particular attention to
interpersonal ones, iv) the identification and management of affective symptoms. IPSRT was
adapted for bipolar depression based on the interpersonal psychotherapy (IPT). In fact IPSRT
incorporates social rhythm theories into the framework of IPT. Authors hypothesized that in
individuals with BD and mood-stabilizing medications, recurrences might occur via three
main pathways: (i) nonadherence to medication; (ii) presence of a stressful life event; and
(iii) disruptions in social rhythms. IPSRT was so designed to target each of these potential

vulnerability factors. IPT treatment strategies focus on four specific interpersonal problem
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areas: grief (symptoms deriving from unresolved feelings about the death of an important
person of the patient), interpersonal role disputes (symptoms related to nonreciprocal
expectations in any close relationship), role transitions (symptoms are related to major life
role changes), and interpersonal deficits (symptoms deriving from important social
problems or recurrent pattern of conflicts) (Klerman and Weissman, 1994). The IPSRT added
a fifth problem area, the "loss of healthy self", to describe the symbolic loss that patients
experience as a consequence of the illness. Patients with BD often grieves with their
potentiality and role lost with the BD onset . Specifically, IPSRT aims stabilizing patients'
routines while improving the quality of their interpersonal relationships, their performance
of social roles, current mood and level of functioning and to provide them with the skills
necessary to shield them from new mood episodes. As a result, IPSRT makes patients
accept the life-long nature of their illness, increases the patient's awareness of how easily
these rhythms can be disrupted and reduces the denial commonly associated with the

disorder (Frank, 2007).

111.5.3. Practical recommendations

IPSRT from Ellen Frank manual is divided in 4 phases: initial, intermediate, preventive
and termination (Frank, 2007). All these phases aimed to address i) nonadherence to
medication ii) presence of a stressful life event and (iii) disruptions in social rhythms. During
the initial phase, beside the collection of detailed history of illness an interpersonal
approach using the Interpersonal Inventory (Il) is the main point. The rationale is to identify
an interpersonal problem related to the most recent mood episode with special attention
devoted to the detailed daily routine and to its alteration in relation to the interpersonal
problem identified. IPSRT therapists utilize the Social Rhythm Metric (SRM) to monitor and
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improve the regularity of five daily activities over 20 weeks (as an acute intervention) or
monthly (as a maintenance treatment): time of out of bed, first contact with another
person, start of daily activity, meals and time to bed (Frank, 2007). It should be useful during
the intermediate phase to identify rhythms that need to be resynchronized and will become
a rhythm stabilization form. The intermediate phase aims to develop strategies to manage
the affective disorder, to stabilize daily rhythms, to identify specific targets, recognize
sources of rhythms disruption, to manage changes in social routine, and to select and
resolve interpersonal problems. The objective is for the patient to be able to maintain
regular social rhythms despite the probable occurrence of stressors such as job changes,
vacations, and other unexpected life events. The patient should be encouraged to keep the
level of interpersonal distress at a minimum. He should also have the opportunity to discuss
how they feel about the disorder itself and express their grief and/or anger or discuss the
sense of “lost healthy self”. Techniques that are suggested for accomplishing these
interpersonal goals include the communication analysis, which allows to identify problem
areas in communication and to help the patient interact more effectively with significant
others. Role-playing allows the patient to practice in expressing emotions and self-assertion
and decision analysis helps patients to reflect on the potential risks and benefits of
alternate choices and options on specific problems (Klerman and Weissman, 1994). During
this phase, patients should be provided with guidance and training on how to maintain a
consistent medication schedule. The third “Preventive phase” should reinforce confidence
in the patient’s capability to use the skills learned in the acute phase of treatment to
maintain their current euthymic mood, level of functioning, and new social rhythms. This
phase should also help learning strategies to maintain regular social rhythms despite the

probable occurrence of stressors. The last “termination phase” aims to consolidate and
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review gains during the treatment and might last months with three to five monthly
sessions.
The Table 5 summarizes practical recommendations regarding standard protocols for

IRSPT in bipolar depression adapted from Ellen Frank manual (Frank, 2007).
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IV. Discussion

Among current chronotherapeutic options, LT ad SD showed the strongest level of
evidence in the acute treatment of unipolar and bipolar depressions. Nevertheless, data are
still lacking about their role in the prevention of depressive relapses. Melatonin could not be
recommended for acute depressive episodes without insomnia symptoms or circadian
rhythm alterations (such as the sleep phase delay syndrome). During remitted phases,
melatonin is a credible treatment option to treat residual sleep and rhythm symptoms, and
to possibly prevent mood relapses. In addition, IPSRT and CBTI-BP are very interesting
behavioral chronotherapeutics to use during remitted phases as preventive strategies for
both depressive and manic episodes. IPSRT is also recommended in acute depressive bipolar

depression.

Moreover, this review highlighted the interest to combine these chronotherapeutics
both to increase and maintain efficacy. The triple chronotherapy for instance, combining the
repetition of SD cycles (TSD or PSD) with sleep phase advance and augmented with LT in the
morning, showed interesting synergistic properties with a better maintenance of
antidepressant effects. In line with this, a recent meta-analysis, assessing any combinations
of SD followed by sleep phase manipulation and/or additional LT, confirmed after 5-7 days
that chronotherapeutics combined had greater efficacy than other antidepressant strategies
such as psychotherapy, antidepressants, exercise or LT alone (Humpston et al., 2020). They
also confirmed that chronotherapeutics combined are well-tolerated in addition of acting
rapidly against depressive symptoms (Humpston et al.,, 2020). An additional recent
systematic review and meta-analysis, about the triple chronotherapy (SD - Sleep Phase

Advance - Bright LT) in unipolar and bipolar depression, found 50% to 84% of response rates
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when associated with conventional treatment, with remission rates varying from 33,3% to
77% (D’Agostino et al., 2020). Nevertheless, there is a clear need for further studies with
more rigorous designs, as well as studies comparing different protocols.

Another important challenge for future studies would be to better consider individual
biological rhythms and so personalize the chronotherapy (Lewy et al., 2006). Precision of
this kind would enable a more accurate assessment of LT and melatonin’s actions in mood
disorders. In addition, all summarized chronotherapeutics have side actions from their
common chronobiological properties that should be better assessed to accurately evaluate
the antidepressant action. For instance, LT is also acting on the homeostasis sleep process
and has monoaminergic direct effects (Stephenson et al., 2012) and melatonin has immune-
inflammatory and antioxidant effects (Claustrat et al., 2005), which all may impact

depressive symptoms or the course of the disorder and its comorbidities.

The existing literature has several flaws that limit results interpretation. The main one
is the small number of large randomized trials, which reduces statistical power and
interpretations, as well as conclusions in subgroups of patients. The issue of the control
condition is also an important one, and it might be challenging to compare to an “inactive”
and credible control condition (Geoffroy et al., 2019). For instance in LT, the blinding of light
treatment has been subject to several different placebos, including the use of a deactivated
negative ion generator, red light and different light intensities (Benedetti, 2018; Geoffroy et
al., 2019; Lam et al., 2016). Whereas the blinding of the investigators is possible, as well as
the blinding of participants to the study hypothesis, patients benefit from recognizably
different treatments that can produce different expectations since participants cannot be

masked to all chronotherapeutics to the same degree that is possible with a drug trial and a
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placebo pill. Another important issue is the need for future studies to compare different
protocols to identify the most efficient one in different populations (Geoffroy et al., 2018).
In addition, the use of very different protocols for some chronotherapeutics limits the
comparison between studies and so the production of meta-analyses, which provide the
accepted basis for task-force recommendations by the professional societies (Gottlieb et al.,
2019; Wirz-Justice and Benedetti, 2019). Nevertheless this research agenda is possible and
very expected only because chronotherapeutics appear as efficient antidepressant
strategies that deserve their place in the first-line therapeutic armamentarium of
depression. The ISBD task force on chronotherapy and chronobiology recently published the
first practice chronotherapeutic recommendations in BD (Gottlieb et al., 2019), which is an
historical international initiative and a major step for their integration in other forthcoming
mood disorders therapeutic guidelines (Geoffroy et al., 2020a). Finally, regarding the
literature search strategy, we decided to focus on PubMed and Google Scholar databases
and did not examine other databases, so we may have missed some grey literature even if

all key publications are indexed in these databases.

This review synthetizes the knowledge about chronotherapeutics and their
physiological rationale in depressive symptoms, as well as practical recommendations
drawn from evidence-based scientific literature. Chronotherapeutics are efficient and well-
tolerated antidepressant strategies that warrant longer term maintenance and relapse
prevention studies. Finally, these chronotherapeutics in monotherapy or combination
should always be administered in association with behavioral measures for healthy sleep. A
better training of psychiatric residents and psychology graduate students about

chronobiology and chronotherapeutics may help spreading the use of these treatments.
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Finally, a simple but important take home message for the everyday clinical practice should
be to recognize the essential role for mental health of a good entrainment of the circadian

sleep-wake cycle.
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FIGURES CAPTIONS

Figure 1. Protocols for sleep deprivation in unipolar and bipolar depression

PSD: partial sleep deprivation; TSD: total sleep deprivation

Page 49 of 64



REFERENCES

Ali, T., Hao, Q., Ullah, N., Rahman, S.U., Shah, F.A., He, K., Zheng, C., Li, W., Murtaza, L, Li, Y.,
Jiang, Y., Tan, Z., Li, S., 2020. Melatonin Act as an Antidepressant via Attenuation of
Neuroinflammation by Targeting Sirt1/Nrf2/HO-1 Signaling. Front Mol Neurosci 13, 96.
https://doi.org/10.3389/fnmol.2020.00096

Al-Karawi, D., Jubair, L., 2016. Bright light therapy for nonseasonal depression: Meta-analysis of
clinical trials. J Affect Disord 198, 64-71. https://doi.org/10.1016/j.jad.2016.03.016

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition, Fifth Edition. ed. American Psychiatric Association.
https://doi.org/10.1176/appi.books.9780890425596

Anderson, G., Jacob, A., Bellivier, F., Geoffroy, P.A., 2016. Bipolar Disorder: The Role of the
Kynurenine and Melatonergic Pathways. Curr. Pharm. Des. 22, 987-1012.

Asarnow, L.D., Manber, R., 2019. Cognitive Behavioral Therapy for Insomnia in Depression. Sleep
Med Clin 14, 177-184. https://doi.org/10.1016/j.jsmc.2019.01.009

Baglioni, C., Bostanova, Z., Bacaro, V., Benz, F., Hertenstein, E., Spiegelhalder, K., Riicker, G.,
Frase, L., Riemann, D., Feige, B., 2020. A Systematic Review and Network Meta-Analysis of
Randomized Controlled Trials Evaluating the Evidence Base of Melatonin, Light Exposure, Exercise,
and Complementary and Alternative Medicine for Patients with Insomnia Disorder. J Clin Med 9.
https://doi.org/10.3390/jcm9061949

Baglioni, C., Nanovska, S., Regen, W., Spiegelhalder, K., Feige, B., Nissen, C., Reynolds, C.F.,
Riemann, D., 2016. Sleep and mental disorders: A meta-analysis of polysomnographic research.
Psychol Bull 142, 969-990. https://doi.org/10.1037/bul0000053

Bakish, D., 2001. New standard of depression treatment: remission and full recovery. J Clin
Psychiatry 62 Suppl 26, 5-9.

Bei, B., Pinnington, D.M., Shen, L., Blumfield, M., Drummond, S.P.A., Newman, L.K., Manber, R.,
2019. A scalable cognitive behavioural program to promote healthy sleep during pregnancy and

postpartum periods: protocol of a randomised controlled trial (the SEED project). BMC Pregnancy
Childbirth 19, 254. https://doi.org/10.1186/s12884-019-2390-8

Bellivier, F., Geoffroy, P.-A., Etain, B., Scott, J., 2015. Sleep- and circadian rhythm-associated
pathways as therapeutic targets in bipolar disorder. Expert Opin. Ther. Targets 1-17.
https://doi.org/10.1517/14728222.2015.1018822

Benard, V., Geoffroy, P.A., Bellivier, F., 2015. [Seasons, circadian rhythms, sleep and suicidal
behaviors vulnerability]. Encephale 41, S29-37. https://doi.org/10.1016/S0013-7006(15)30004-X

Benedetti, F., 2018. Rate of switch from bipolar depression into mania after morning light therapy: A
historical review. Psychiatry Res 261, 351-356. https://doi.org/10.1016/j.psychres.2018.01.013

Benedetti, F., Barbini, B., Campori, E., Fulgosi, M.C., Pontiggia, A., Colombo, C., 2001. Sleep phase
advance and lithium to sustain the antidepressant effect of total sleep deprivation in bipolar
depression: new findings supporting the internal coincidence model? J Psychiatr Res 35, 323-329.

Page 50 of 64



https://doi.org/10.1016/50022-3956(01)00034-6

Benedetti, F., Barbini, B., Fulgosi, M.C., Colombo, C., Dallaspezia, S., Pontiggia, A., Smeraldi, E.,
2005. Combined total sleep deprivation and light therapy in the treatment of drug-resistant bipolar
depression: acute response and long-term remission rates. J Clin Psychiatry 66, 1535-1540.

Benedetti, F., Colombo, C., 2011. Sleep deprivation in mood disorders. Neuropsychobiology 64, 141—
151. https://doi.org/10.1159/000328947

Benedetti, F., Riccaboni, R., Locatelli, C., Poletti, S., Dallaspezia, S., Colombo, C., 2014. Rapid
treatment response of suicidal symptoms to lithium, sleep deprivation, and light therapy
(chronotherapeutics) in drug-resistant bipolar depression. J Clin Psychiatry 75, 133-140.
https://doi.org/10.4088/JCP.13m08455

Benedetti, F., Serretti, A., Colombo, C., Lorenzi, C., Tubazio, V., Smeraldi, E., 2004. A glycogen
synthase kinase 3-beta promoter gene single nucleotide polymorphism is associated with age at onset
and response to total sleep deprivation in bipolar depression. Neurosci. Lett 368, 123—126.
https://doi.org/10.1016/j.neulet.2004.06.050

Berger, null, Riemann, null, 1993. Symposium: Normal and abnormal REM sleep regulation: REM
sleep in depression-an overview. J Sleep Res 2, 211-223. https://doi.org/10.1111/j.1365-
2869.1993.tb00092.x

Berger, M., Doerr, P., Lund, R., Bronisch, T., von Zerssen, D., 1982. Neuroendocrinological and
neurophysiological studies in major depressive disorders: are there biological markers for the
endogenous subtype? Biol. Psychiatry 17, 1217-1242.

Bioulac, S., Franchi, J.-A.M., Arnaud, M., Sagaspe, P., Moore, N., Salvo, F., Philip, P., 2017. Risk of
Motor Vehicle Accidents Related to Sleepiness at the Wheel: A Systematic Review and Meta-
Analysis. Sleep 40. https://doi.org/10.1093/sleep/zsx134

Boland, E.M., Rao, H., Dinges, D.F., Smith, R.V., Goel, N., Detre, J.A., Basner, M., Sheline, Y.L,
Thase, M.E., Gehrman, P.R., 2017. Meta-Analysis of the Antidepressant Effects of Acute Sleep
Deprivation. J Clin Psychiatry 78, e1020-e1034. https://doi.org/10.4088/JCP.16r11332

Bootzin, R.R., Epstein, D.R., 2011. Understanding and treating insomnia. Annu Rev Clin Psychol 7,
435-458. https://doi.org/10.1146/annurev.clinpsy.3.022806.091516

Borbély, A.A., Daan, S., Wirz-Justice, A., Deboer, T., 2016. The two-process model of sleep
regulation: a reappraisal. J Sleep Res 25, 131-143. https://doi.org/10.1111/jsr.12371

Bosch, O.G., Rihm, J.S., Scheidegger, M., Landolt, H.-P., Stampfli, P., Brakowski, J., Esposito, F.,
Rasch, B., Seifritz, E., 2013. Sleep deprivation increases dorsal nexus connectivity to the dorsolateral
prefrontal cortex in humans. Proc. Natl. Acad. Sci. U.S.A. 110, 19597-19602.
https://doi.org/10.1073/pnas.1317010110

Bourgin, P., Hubbard, J., 2016. Alerting or Somnogenic Light: Pick Your Color. PLoS Biol. 14,
€2000111. https://doi.org/10.1371/journal.pbio.2000111

Boyce, P., Hopwood, M., 2013. Manipulating melatonin in managing mood. Acta Psychiatr Scand
Suppl 16-23. https://doi.org/10.1111/acps.12175

Page 51 of 64



Bunney, B.G., Li, J.Z., Walsh, D.M., Stein, R., Vawter, M.P., Cartagena, P., Barchas, J.D.,
Schatzberg, A.F., Myers, RM., Watson, S.J., Akil, H., Bunney, W.E., 2015. Circadian dysregulation
of clock genes: clues to rapid treatments in major depressive disorder. Mol. Psychiatry 20, 48-55.
https://doi.org/10.1038/mp.2014.138

Burgess, H.J., Revell, V.L., Molina, T.A., Eastman, C.I., 2010. Human phase response curves to three
days of daily melatonin: 0.5 mg versus 3.0 mg. J. Clin. Endocrinol. Metab. 95, 3325-3331.
https://doi.org/10.1210/jc.2009-2590

Buscemi, N., Vandermeer, B., Hooton, N., Pandya, R., Tjosvold, L., Hartling, L., Baker, G., Klassen,
T.P., Vohra, S., 2005. The efficacy and safety of exogenous melatonin for primary sleep disorders. A
meta-analysis. J Gen Intern Med 20, 1151-1158. https://doi.org/10.1111/.1525-1497.2005.0243.x

Buscemi, N., Vandermeer, B., Hooton, N., Pandya, R., Tjosvold, L., Hartling, L., Vohra, S., Klassen,
T.P., Baker, G., 2006. Efficacy and safety of exogenous melatonin for secondary sleep disorders and

sleep disorders accompanying sleep restriction: meta-analysis. BMJ 332, 385-393.
https://doi.org/10.1136/bmj.38731.532766.F6

Cajochen, C., 2007. Alerting effects of light. Sleep Med Rev 11, 453—-464.
https://doi.org/10.1016/j.smrv.2007.07.009

Chenu, F., El Mansari, M., Blier, P., 2013. Electrophysiological effects of repeated administration of
agomelatine on the dopamine, norepinephrine, and serotonin systems in the rat brain.
Neuropsychopharmacology 38, 275.

Choukroun, J., Geoffroy, P.A., 2019. Light Therapy in Mood Disorders: A Brief History with
Physiological Insights. Chronobiology in Medicine 1, 3-8. https://doi.org/2019.1.1.3

Claustrat, B., Brun, J., Chazot, G., 2005. The basic physiology and pathophysiology of melatonin.
Sleep Med Rev 9, 11-24. https://doi.org/10.1016/j.smrv.2004.08.001

Colombo, C., Lucca, A., Benedetti, F., Barbini, B., Campori, E., Smeraldi, E., 2000. Total sleep
deprivation combined with lithium and light therapy in the treatment of bipolar depression: replication
of main effects and interaction. Psychiatry Res 95, 43-53.

Comtet, H., Geoffroy, P.A., Kobayashi Frisk, M., Hubbard, J., Robin-Choteau, L., Calvel, L.,
Hugueny, L., Viola, A.U., Bourgin, P., 2019. Light therapy with boxes or glasses to counteract effects
of acute sleep deprivation. Sci Rep 9, 18073. https://doi.org/10.1038/s41598-019-54311-x

D’ Agostino, A., Ferrara, P., Terzoni, S., Ostinelli, E.G., Carrara, C., Prunas, C., Gambini, O.,
Destrebecq, A., 2020. Efficacy of Triple Chronotherapy in unipolar and bipolar depression: A
systematic review of the available evidence. J Affect Disord 276, 297-304.
https://doi.org/10.1016/j.jad.2020.07.026

Dallaspezia, S., Benedetti, F., 2015. Sleep deprivation therapy for depression. Curr Top Behav
Neurosci 25, 483-502. https://doi.org/10.1007/7854_2014_363

Danilenko, K.V., Lebedinskaia, M.Y., Gadetskaia, E.V., Markov, A.A., Ivanova, Y.A., Aftanas, L.I.,
2019. A 6-day combined wake and light therapy trial for unipolar depression. J Affect Disord 259,
355-361. https://doi.org/10.1016/j.jad.2019.08.051

Danilenko, K.V, Putilov, A.A., 2005. Melatonin treatment of winter depression following total sleep

Page 52 of 64



deprivation: waking EEG and mood correlates. Neuropsychopharmacology 30, 1345-1352.
https://doi.org/10.1038/sj.npp.1300698

De Crescenzo, F., Lennox, A., Gibson, J.C., Cordey, J.H., Stockton, S., Cowen, P.J., Quested, D.J.,
2017. Melatonin as a treatment for mood disorders: a systematic review. Acta Psychiatr Scand.
https://doi.org/10.1111/acps.12755

Dolberg, O.T., Hirschmann, S., Grunhaus, L., 1998. Melatonin for the treatment of sleep disturbances
in major depressive disorder. Am J Psychiatry 155, 1119-1121.
https://doi.org/10.1176/ajp.155.8.1119

Dopierata, E., Rybakowski, J., 2015. Sleep deprivation as a method of chronotherapy in the treatment
of depression. Psychiatr. Pol. 49, 423-433. https://doi.org/10.12740/PP/30455

Eastman, C.I., Young, M.A., Fogg, L.F., Liu, L., Meaden, P.M., 1998. Bright light treatment of winter
depression: a placebo-controlled trial. Arch Gen Psychiatry 55, 883—889.

Echizenya, M., Suda, H., Takeshima, M., Inomata, Y., Shimizu, T., 2013. Total sleep deprivation
followed by sleep phase advance and bright light therapy in drug-resistant mood disorders. J Affect
Disord 144, 28-33. https://doi.org/10.1016/j.jad.2012.06.022

Ehlers, C.L., Kupfer, D.J., Frank, E., Monk, T.H., 1993. Biological rhythms and depression: The role
of zeitgebers and zeitstorers. Depression 1, 285-293. https://doi.org/10.1002/depr.3050010602

Espino, J., Pariente, J.A., Rodriguez, A.B., 2011. Role of melatonin on diabetes-related metabolic
disorders. World J Diabetes 2, 82-91. https://doi.org/10.4239/wjd.v2.i6.82

Etain, B., Dumaine, A., Bellivier, F., Pagan, C., Francelle, L., Goubran-botros, H., Moreno, S.,
Deshommes, J., Moustafa, K., Le dudal, K., Mathieu, F., Henry, C., Kahn, J.P., Launay, .M.,
Miihleisen, T.W., Cichon, S., Bourgeron, T., Leboyer, M., Jamain, S., 2012. Genetic and functional
abnormalities of the melatonin biosynthesis pathway in patients with bipolar disorder. Human
Molecular Genetics 21, 4030—4037. https://doi.org/10.1093/hmg/dds227

Etain, B., Godin, O., Boudebesse, C., Aubin, V., Azorin, J.M., Bellivier, F., Bougerol, T., Courtet, P.,
Gard, S., Kahn, J.P., Passerieux, C., FACE-BD collaborators, Leboyer, M., Henry, C., 2017. Sleep
quality and emotional reactivity cluster in bipolar disorders and impact on functioning. Eur.
Psychiatry 45, 190-197. https://doi.org/10.1016/j.eurpsy.2017.06.013

Fava, M., Targum, S.D., Nierenberg, A.A., Bleicher, L.S., Carter, T.A., Wedel, P.C., Hen, R., Gage,
F.H., Barlow, C., 2012. An exploratory study of combination buspirone and melatonin SR in major
depressive disorder (MDD): a possible role for neurogenesis in drug discovery. J Psychiatr Res 46,
1553-1563. https://doi.org/10.1016/j.jpsychires.2012.08.013

Ferracioli-Oda, E., Qawasmi, A., Bloch, M.H., 2013. Meta-analysis: melatonin for the treatment of
primary sleep disorders. PLoS ONE 8, e63773. https://doi.org/10.1371/journal.pone.0063773

Frank, E., 2007. Treating Bipolar Disorder: A Clinician’s Guide to Interpersonal and Social Rhythm
Therapy. Guilford Press.

Frank, E., Kupfer, D.J., Thase, M.E., Mallinger, A.G., Swartz, H.A., Fagiolini, A.M., Grochocinski,
V., Houck, P., Scott, J., Thompson, W., Monk, T., 2005. Two-year outcomes for interpersonal and
social rhythm therapy in individuals with bipolar I disorder. Arch. Gen. Psychiatry 62, 996-1004.

Page 53 of 64



https://doi.org/10.1001/archpsyc.62.9.996

Frank, E., Nimgaonkar, V.L., Phillips, M.L., Kupfer, D.J., 2015. All the world’s a (clinical) stage:
rethinking bipolar disorder from a longitudinal perspective. Mol. Psychiatry 20, 23-31.
https://doi.org/10.1038/mp.2014.71

Frank, E., Swartz, H.A., Kupfer, D.J., 2000. Interpersonal and social rhythm therapy: managing the
chaos of bipolar disorder. Biol. Psychiatry 48, 593-604.

Franzen, P.L., Buysse, D.J., 2008. Sleep disturbances and depression: risk relationships for
subsequent depression and therapeutic implications. Dialogues Clin Neurosci 10, 473-481.

Gallin, P.F., Terman, M., Remé, C.E., Rafferty, B., Terman, J.S., Burde, R. M., 1995. Ophthalmologic
examination of patients with seasonal affective disorder, before and after bright light therapy. Am. J.
Ophthalmol. 119, 202-210.

GBD 2017 Disease and Injury Incidence and Prevalence Collaborators, 2018. Global, regional, and
national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195

countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study

2017. Lancet 392, 1789-1858. https://doi.org/10.1016/S0140-6736(18)32279-7

Geoffroy, P.A., 2020. The Light of Hope in Antidepressant Strategies. Chronobiol Med 2, 57-60.
https://doi.org/10.33069/cim.2020.0008

Geoffroy, P.A., 2018. Clock Genes and Light Signaling Alterations in Bipolar Disorder: When the
Biological Clock Is Off. Biological Psychiatry 84, 775-777.
https://doi.org/10.1016/j.biopsych.2018.09.006

Geoffroy, Pierre Alexis, Abbassi, E.M.B.E., Maruani, J., Etain, B., Lejoyeux, M., Amad, A., Courtet,
P., Dubertret, C., Gorwood, P., Vaiva, G., Bellivier, F., Chevret, S., 2018. Bright Light Therapy in the
Morning or at Mid-Day in the Treatment of Non-Seasonal Bipolar Depressive Episodes (LuBi): Study

Protocol for a Dose Research Phase 1/ 1I Trial. Psychiatry Investig.
https://doi.org/10.30773/pi.2018.09.27.1

Geoffroy, Pierre Alexis, Bellivier, F., Scott, J., Etain, B., 2014a. Seasonality and bipolar disorder: A
systematic review, from admission rates to seasonality of symptoms. J Affect Disord 168C, 210-223.
https://doi.org/10.1016/j.jad.2014.07.002

Geoffroy, P.A., Benedetti, F., Schroder, C.M., Wirz-Justice, A., Bourgin, P., 2020a. Lightening
depression. Bipolar Disorders n/a. https://doi.org/10.1111/bdi.13018

Geoffroy, Pierre Alexis, Boudebesse, C., Bellivier, F., Lajnef, M., Henry, C., Leboyer, M., Scott, J.,
Etain, B., 2014b. Sleep in remitted bipolar disorder: a naturalistic case-control study using actigraphy.
J Affect Disord 158, 1-7. https://doi.org/10.1016/j.jad.2014.01.012

Geoffroy, P. A., Boudebesse, C., Henrion, A., Jamain, S., Henry, C., Leboyer, M., Bellivier, F., Etain,
B., 2014. An ASMT variant associated with bipolar disorder influences sleep and circadian rhythms: a
pilot study. Genes Brain Behav. 13, 299-304. https://doi.org/10.1111/gbb.12103

Geoffroy, Pierre Alexis, Etain, B., Franchi, J.-A.M., Bellivier, F., Ritter, P., 2015. Melatonin and
Melatonin Agonists as Adjunctive Treatments in Bipolar Disorders. Curr. Pharm. Des. 21, 3352—
3358.

Page 54 of 64



Geoffroy, P.A., Gottlieb, J., 2020. Activity, cognition, and emotion: Three dimensional pillars of the
natural presentations of mood disorders enriched by the “sleep” fourth dimension (ACES). Bipolar
Disord. https://doi.org/10.1111/bdi.12957

Geoffroy, Pierre A., Hoertel, N., Etain, B., Bellivier, F., Delorme, R., Limosin, F., Peyre, H., 2018a.
Insomnia and hypersomnia in major depressive episode: Prevalence, sociodemographic characteristics
and psychiatric comorbidity in a population-based study. J Affect Disord 226, 132—-141.
https://doi.org/10.1016/}.jad.2017.09.032

Geoffroy, P. A., Micoulaud Franchi, J.-A., Lopez, R., Schroder, C.M., membres du consensus
Meélatonine SFRMS, 2019. The use of melatonin in adult psychiatric disorders: Expert
recommendations by the French institute of medical research on sleep (SFRMS). Encephale.
https://doi.org/10.1016/j.encep.2019.04.068

Geoffroy, P.A., Oquendo, M.A., Courtet, P., Blanco, C., Olfson, M., Peyre, H., Lejoyeux, M.,
Limosin, F., Hoertel, N., 2020b. Sleep complaints are associated with increased suicide risk
independently of psychiatric disorders: results from a national 3-year prospective study. Mol.
Psychiatry. https://doi.org/10.1038/s41380-020-0735-3

Geoffroy, Pierre A., Schroder, C.M., Bourgin, P., 2018b. Light treatment in depression: An antique
treatment with new insights. Sleep Med Rev. https://doi.org/10.1016/j.smrv.2018.03.002

Geoffroy, Pierre A., Schroder, C.M., Reynaud, E., Bourgin, P., 2019. Efficacy of light therapy versus
antidepressant drugs, and of the combination versus monotherapy, in major depressive episodes: A
systematic review and meta-analysis. Sleep Med Rev 48, 101213.
https://doi.org/10.1016/j.smrv.2019.101213

Geoffroy, P. A., Scott, J., Boudebesse, C., Lajnef, M., Henry, C., Leboyer, M., Bellivier, F., Etain, B.,
2015. Sleep in patients with remitted bipolar disorders: a meta-analysis of actigraphy studies. Acta
Psychiatr Scand 131, 89-99. https://doi.org/10.1111/acps.12367

Giedke, H., Klingberg, S., Schwirzler, F., Schweinsberg, M., 2003. Direct comparison of total sleep
deprivation and late partial sleep deprivation in the treatment of major depression. J Affect Disord 76,
85-93. https://doi.org/10.1016/s0165-0327(02)00071-x

Glickman, G., Hanifin, J.P., Rollag, M.D., Wang, J., Cooper, H., Brainard, G.C., 2003. Inferior retinal
light exposure is more effective than superior retinal exposure in suppressing melatonin in humans. J.
Biol. Rhythms 18, 71-79. https://doi.org/10.1177/0748730402239678

Golden, R.N., Gaynes, B.N., Ekstrom, R.D., Hamer, R.M., Jacobsen, F.M., Suppes, T., Wisner, K.L.,
Nemeroff, C.B., 2005. The efficacy of light therapy in the treatment of mood disorders: a review and

meta-analysis of the evidence. Am J Psychiatry 162, 656—662.
https://doi.org/10.1176/appi.ajp.162.4.656

Gonzalez, M.M.C., Aston-Jones, G., 2008. Light deprivation damages monoamine neurons and
produces a depressive behavioral phenotype in rats. Proc. Natl. Acad. Sci. U.S.A. 105, 4898-4903.
https://doi.org/10.1073/pnas.0703615105

Goodwin, F.K., Jamison, K.R., 2007. Manic-Depressive Illness: Bipolar Disorders and Recurrent
Depression. Oxford University Press.

Page 55 of 64



Gottlieb, J.F., Benedetti, F., Geoffroy, P.A., Henriksen, T.E.G., Lam, R.W., Murray, G., Phelps, J.,
Sit, D., Swartz, H.A., Crowe, M., Etain, B., Frank, E., Goel, N., Haarman, B.C.M., Inder, M.,
Kallestad, H., Jae Kim, S., Martiny, K., Meesters, Y., Porter, R., Riemersma-van der Lek, R.F., Ritter,
P.S., Schulte, P.F.J., Scott, J., Wu, J.C., Yu, X., Chen, S., 2019. The chronotherapeutic treatment of
bipolar disorders: A systematic review and practice recommendations from the ISBD task force on
chronotherapy and chronobiology. Bipolar Disord 21, 741-773. https://doi.org/10.1111/bdi.12847

Hallam, K T, Olver, J.S., Horgan, J.E., McGrath, C., Norman, T.R., 2005. Low doses of lithium
carbonate reduce melatonin light sensitivity in healthy volunteers. Int J] Neuropsychopharmacol 8.
https://doi.org/10.1017/S1461145704004894

Hallam, Karen T, Olver, J.S., Norman, T.R., 2005. Effect of sodium valproate on nocturnal melatonin
sensitivity to light in healthy volunteers. Neuropsychopharmacology 30, 1400—4.
https://doi.org/10.1038/sj.npp.1300739

Hartley, S., Quera-Salva, M.-A., 2014. Implication of circadian rthythms and melatonin in major
depressive disorder: The evidence base for new antidepressant treatment. Current Psychiatry Reviews
10, 223-234. https://doi.org/10.2174/1573400510666140702165021

Harvey, A.G., 2011. Sleep and circadian functioning: critical mechanisms in the mood disorders?
Annu Rev Clin Psychol 7, 297-319. https://doi.org/10.1146/annurev-clinpsy-032210-104550

Harvey, A.G., 2008. Sleep and circadian rhythms in bipolar disorder: seeking synchrony, harmony,
and regulation. Am J Psychiatry 165, 820-829. https://doi.org/10.1176/appi.ajp.2008.08010098

Harvey, A.G., Soehner, A.M., Kaplan, K.A., Hein, K., Lee, J., Kanady, J., Li, D., Rabe-Hesketh, S.,
Ketter, T.A., Neylan, T.C., Buysse, D.J., 2015. Treating insomnia improves mood state, sleep, and
functioning in bipolar disorder: A pilot randomized controlled trial. J Consult Clin Psychol 83, 564—
577. https://doi.org/10.1037/a0038655

Hemmeter, U.-M., Hemmeter-Spernal, J., Krieg, J.-C., 2010. Sleep deprivation in depression. Expert
Rev Neurother 10, 1101-1115. https://doi.org/10.1586/ern.10.83

Henry, C., Etain, B., Godin, O., Dargel, A.A., Azorin, J.-M., Gard, S., Bellivier, F., Bougerol, T.,
Kahn, J.-P., Passerieux, C., Aubin, V., Courtet, P., Leboyer, M., FACE-BD group, 2015. Bipolar
patients referred to specialized services of care: Not resistant but impaired by sub-syndromal
symptoms. Results from the FACE-BD cohort. Aust N Z J Psychiatry 49, 898-905.
https://doi.org/10.1177/0004867415585582

Hertenstein, E., Feige, B., Gmeiner, T., Kienzler, C., Spiegelhalder, K., Johann, A., Jansson-Frojmark,
M., Palagini, L., Riicker, G., Riemann, D., Baglioni, C., 2019. Insomnia as a predictor of mental
disorders: A systematic review and meta-analysis. Sleep Med Rev 43, 96-105.
https://doi.org/10.1016/j.smrv.2018.10.006

Hickie, I.B., Rogers, N.L., 2011. Novel melatonin-based therapies: potential advances in the treatment
of major depression. Lancet 378, 621-631. https://doi.org/10.1016/S0140-6736(11)60095-0

Huang, L., Xi, Y., Peng, Y., Yang, Y., Huang, X., Fu, Y., Tao, Q., Xiao, J., Yuan, T., An, K., Zhao,
H., Pu, M., Xu, F., Xue, T., Luo, M., So, K.-F., Ren, C., 2019. A Visual Circuit Related to Habenula
Underlies the Antidepressive Effects of Light Therapy. Neuron 102, 128-142.e8.
https://doi.org/10.1016/j.neuron.2019.01.037

Page 56 of 64



Hubbard, J., Ruppert, E., Gropp, C.-M., Bourgin, P., 2013. Non-circadian direct effects of light on
sleep and alertness: lessons from transgenic mouse models. Sleep Med Rev 17, 445-452.
https://doi.org/10.1016/j.smrv.2012.12.004

Humpston, C., Benedetti, F., Serfaty, M., Markham, S., Hodsoll, J., Young, A.H., Veale, D., 2020.
Chronotherapy for the rapid treatment of depression: A meta-analysis. J Affect Disord 261, 91-102.
https://doi.org/10.1016/j.jad.2019.09.078

Joffe, R.T., Moul, D.E., Lam, R.W., Levitt, A.J., Teicher, M.H., Lebegue, B., Oren, D.A., Buchanan,
A., Glod, C.A., Murray, M.G., 1993. Light visor treatment for seasonal affective disorder: a
multicenter study. Psychiatry Res 46, 29-39.

Kessler, R.C., Berglund, P., Demler, O., Jin, R., Merikangas, K.R., Walters, E.E., 2005. Lifetime
prevalence and age-of-onset distributions of DSM-IV disorders in the National Comorbidity Survey
Replication. Arch. Gen. Psychiatry 62, 593-602. https://doi.org/10.1001/archpsyc.62.6.593

Klerman, G.L., Weissman, M.M., 1994. Interpersonal Psychotherapy of Depression: A Brief,
Focused, Specific Strategy. Jason Aronson, Incorporated.

Knapen, S.E., van de Werken, M., Gordijn, M.C.M., Meesters, Y., 2014. The duration of light
treatment and therapy outcome in seasonal affective disorder. J Affect Disord 166, 343-346.
https://doi.org/10.1016/j.jad.2014.05.034

Kripke, D.F., 1981. Photoperiodic mechanisms for depression and its treatment. In: Perris C, Struwe
G, Jansson B, eds. Biological Psychiatry. Amsterdam: Elsevier/ North-Holland Biomedical Press
1249-1252.

Kripke, D.F., Risch, S.C., Janowsky, D., 1983. Bright white light alleviates depression. Psychiatry
Res 10, 105-112. https://doi.org/10.1016/0165-1781(83)90109-9

Kupfer, D.J., 1976. REM latency: a psychobiologic marker for primary depressive disease. Biol.
Psychiatry 11, 159-174.

Kupfer, D.J., Foster, F.G., 1972. Interval between onset of sleep and rapid-eye-movement sleep as an
indicator of depression. Lancet 2, 684—-686. https://doi.org/10.1016/s0140-6736(72)92090-9

Kupfer, D.J., Reynolds, C.F., Grochocinski, V.J., Ulrich, R.F., McEachran, A., 1986. Aspects of short
REM latency in affective states: a revisit. Psychiatry Res 17, 49-59.

Lam, R.W., Berkowitz, A.L., Berga, S.L., Clark, C.M., Kripke, D.F., Gillin, J.C., 1990. Melatonin
suppression in bipolar and unipolar mood disorders. Psychiatry Res 33, 129-134.

Lam, R.W., Levitt, AJ., Levitan, R.D., Michalak, E.E., Cheung, A.H., Morehouse, R., Ramasubbu,
R., Yatham, L.N., Tam, E.M., 2016. Efficacy of Bright Light Treatment, Fluoxetine, and the
Combination in Patients With Nonseasonal Major Depressive Disorder: A Randomized Clinical Trial.
JAMA Psychiatry 73, 56-63. https://doi.org/10.1001/jamapsychiatry.2015.2235

Lam, R.W., Teng, M.Y., Jung, Y.-E., Evans, V.C., Gottlieb, J.F., Chakrabarty, T., Michalak, E.E.,
Murphy, J.K., Yatham, L.N., Sit, D.K., 2020. Light Therapy for Patients With Bipolar Depression:

Systematic Review and Meta-Analysis of Randomized Controlled Trials. Can J Psychiatry 65, 290-
300. https://doi.org/10.1177/0706743719892471

Page 57 of 64



Lauer, C.J., Riemann, D., Wiegand, M., Berger, M., 1991. From early to late adulthood. Changes in
EEG sleep of depressed patients and healthy volunteers. Biol. Psychiatry 29, 979-993.

Lee, H.-J., 2019a. Circadian Misalignment and Bipolar Disorder. Chronobiol Med 1, 132-136.
https://doi.org/10.33069/cim.2019.0027

Lee, H.-J., 2019b. Is Advancing Circadian Rhythm the Mechanism of Antidepressants? Psychiatry
Investigation 16, 479-483. https://doi.org/10.30773/pi1.2019.06.20

LeGates, T.A., Fernandez, D.C., Hattar, S., 2014. Light as a central modulator of circadian rhythms,
sleep and affect. Nat. Rev. Neurosci. 15, 443-454. https://doi.org/10.1038/nrn3743

Leibenluft, E., Feldman-Naim, S., Turner, E.H., Wehr, T.A., Rosenthal, N.E., 1997. Effects of
exogenous melatonin administration and withdrawal in five patients with rapid-cycling bipolar
disorder. J Clin Psychiatry 58, 383-388.

Lemoine, P., Nir, T., Laudon, M., Zisapel, N., 2007. Prolonged-release melatonin improves sleep
quality and morning alertness in insomnia patients aged 55 years and older and has no withdrawal
effects. J Sleep Res 16, 372-380. https://doi.org/10.1111/j.1365-2869.2007.00613.x

Lewy, A.J., Bauer, V.K., Cutler, N.L., Sack, R.L., 1998. Melatonin treatment of winter depression: a
pilot study. Psychiatry Res 77, 57-61.

Lewy, A.J., Kern, H.A., Rosenthal, N.E., Wehr, T.A., 1982. Bright artificial light treatment of a
manic-depressive patient with a seasonal mood cycle. Am J Psychiatry 139, 1496-1498.

Lewy, A.J., Lefler, B.J., Emens, J.S., Bauer, V.K., 2006. The circadian basis of winter depression.
Proc. Natl. Acad. Sci. U.S.A. 103, 7414-7419. https://doi.org/10.1073/pnas.0602425103

Lewy, A.J., Wehr, T.A., Goodwin, F.K., Newsome, D.A., Markey, S.P., 1980. Light suppresses
melatonin secretion in humans. Science 210, 1267-1269.

Li, S.X., Lam, S.P., Chan, JW.Y., Yu, M.\W.M., Wing, Y.-K., 2012. Residual sleep disturbances in
patients remitted from major depressive disorder: a 4-year naturalistic follow-up study. Sleep 35,
1153-1161. https://doi.org/10.5665/sleep.2008

Livianos, L., Sierra, P., Arques, S., Garcia, A., Rojo, L., 2012. Is melatonin an adjunctive stabilizer?
Psychiatry Clin. Neurosci. 66, 82—83. https://doi.org/10.1111/j.1440-1819.2011.02288.x

Loving, R.T., Kripke, D.F., Shuchter, S.R., 2002. Bright light augments antidepressant effects of
medication and wake therapy. Depress Anxiety 16, 1-3. https://doi.org/10.1002/da.10036

Mahableshwarkar, A.R., Calabrese, J.R., Macek, T.A., Budur, K., Adefuye, A., Dong, X., Hanson, E.,
Sachs, G.S., 2017. Efficacy and safety of sublingual ramelteon as an adjunctive therapy in the

maintenance treatment of bipolar I disorder in adults: A phase 3, randomized controlled trial. J Affect
Disord 221, 275-282. https://doi.org/10.1016/j.jad.2017.06.044

Malhi, G.S., Bassett, D., Boyce, P., Bryant, R., Fitzgerald, P.B., Fritz, K., Hopwood, M., Lyndon, B.,
Mulder, R., Murray, G., Porter, R., Singh, A.B., 2015. Royal Australian and New Zealand College of
Psychiatrists clinical practice guidelines for mood disorders. Aust N Z J Psychiatry 49, 1087-1206.
https://doi.org/10.1177/0004867415617657

Page 58 of 64



Malhi, G.S., Irwin, L., Hamilton, A., Motris, G., Boyce, P., Mulder, R., Porter, R.J., 2018. Modelling
mood disorders: An ACE solution? Bipolar Disord 20 Suppl 2, 4-16.
https://doi.org/10.1111/bdi.12700

Malhi, G.S., Mann, J.J., 2018. Depression. Lancet. https://doi.org/10.1016/S0140-6736(18)31948-2

Maruani, J., Anderson, G., Etain, B., Lejoyeux, M., Bellivier, F., Geoffroy, P.A., 2018. The
neurobiology of adaptation to seasons: Relevance and correlations in bipolar disorders. Chronobiol.
Int. 1-19. https://doi.org/10.1080/07420528.2018.1487975

Maruani, J., Geoffroy, P.A., 2019. Bright light as a personalized precision treatment of mood
disorders. Front. Psychiatry 10. https://doi.org/10.3389/fpsyt.2019.00085

McClung, C.A., 2013. How Might Circadian Rhythms Control Mood? Let Me Count the Ways....
Biol. Psychiatry. https://doi.org/10.1016/j.biopsych.2013.02.019

McElroy, S.L., Winstanley, E.L., Martens, B., Patel, N.C., Mori, N., Moeller, D., McCoy, J., Keck,
P.E., 2011. A randomized, placebo-controlled study of adjunctive ramelteon in ambulatory bipolar I

disorder with manic symptoms and sleep disturbance. Int Clin Psychopharmacol 26, 48-53.
https://doi.org/10.1097/YIC.0b013e3283400d35

Meesters, Y., Dekker, V., Schlangen, L.J.M., Bos, E.H., Ruiter, M.J., 2011. Low-intensity blue-
enriched white light (750 lux) and standard bright light (10,000 lux) are equally effective in treating
SAD. A randomized controlled study. BMC Psychiatry 11, 17. https://doi.org/10.1186/1471-244X-11-
17

Menculini, G., Verdolini, N., Murru, A., Pacchiarotti, I., Volpe, U., Cervino, A., Steardo, L., Moretti,
P., Vieta, E., Tortorella, A., 2018. Depressive mood and circadian rhythms disturbances as outcomes

of seasonal affective disorder treatment: A systematic review. Journal of Affective Disorders 241,
608—626. https://doi.org/10.1016/j.jad.2018.08.071

Milhiet, V., Etain, B., Boudebesse, C., Bellivier, F., 2011. Circadian biomarkers, circadian genes and
bipolar disorders. Journal of Physiology, Paris. https://doi.org/10.1016/j.jphysparis.2011.07.002

Miller, W.R., Rollnick, S., 2012. Motivational Interviewing: Helping People Change. Guilford Press.

Morin, C.M., Bootzin, R.R., Buysse, D.J., Edinger, J.D., Espie, C.A., Lichstein, K.L., 2006.
Psychological and behavioral treatment of insomnia:update of the recent evidence (1998-2004). Sleep
29, 1398-1414. https://doi.org/10.1093/sleep/29.11.1398

Norris, E.R., Karen Burke, null, Correll, J.R., Zemanek, K.J., Lerman, J., Primelo, R.A., Kaufmann,
M.W., 2013. A double-blind, randomized, placebo-controlled trial of adjunctive ramelteon for the
treatment of insomnia and mood stability in patients with euthymic bipolar disorder. J Affect Disord
144, 141-147. https://doi.org/10.1016/j.jad.2012.06.023

O’Brien, E.M., Chelminski, I., Young, D., Dalrymple, K., Hrabosky, J., Zimmerman, M., 2011.
Severe insomnia is associated with more severe presentation and greater functional deficits in
depression. J Psychiatr Res 45, 1101-1105. https://doi.org/10.1016/j.jpsychires.2011.01.010

Palagini, L., Baglioni, C., Ciapparelli, A., Gemignani, A., Riemann, D., 2013. REM sleep
dysregulation in depression: state of the art. Sleep Med Rev 17, 377-390.
https://doi.org/10.1016/j.smrv.2012.11.001

Page 59 of 64



Palagini, L., Bastien, C.H., Marazziti, D., Ellis, J.G., Riemann, D., 2019a. The key role of insomnia
and sleep loss in the dysregulation of multiple systems involved in mood disorders: A proposed
model. J Sleep Res e12841. https://doi.org/10.1111/jsr.12841

Palagini, L., Cipollone, G., Moretto, U., Masci, L., Tripodi, B., Caruso, D., Perugi, G., 2019b.
Chronobiological dis-rhythmicity is related to emotion dysregulation and suicidality in depressive
bipolar II disorder with mixed features. Psychiatry Res 271, 272-278.
https://doi.org/10.1016/j.psychres.2018.11.056

Palagini, L., Manni, R., Aguglia, E., Amore, M., Brugnoli, R., Girardi, P., Grassi, L., Mencacci, C.,
Plazzi, G., Minervino, A., Nobili, L., Biggio, G., 2020. Expert Opinions and Consensus
Recommendations for the Evaluation and Management of Insomnia in Clinical Practice: Joint
Statements of Five Italian Scientific Societies. Front Psychiatry 11, 558.
https://doi.org/10.3389/fpsyt.2020.00558

Pandi-Perumal, S.R., Srinivasan, V., Maestroni, G.J.M., Cardinali, D.P., Poeggeler, B., Hardeland, R.,
2006. Melatonin: Nature’s most versatile biological signal? FEBS J. 273, 2813-2838.
https://doi.org/10.1111/j.1742-4658.2006.05322.x

Penders, T.M., Stanciu, C.N., Schoemann, A.M., Ninan, P.T., Bloch, R., Saeed, S.A., 2016. Bright
Light Therapy as Augmentation of Pharmacotherapy for Treatment of Depression: A Systematic
Review and Meta-Analysis. Prim Care Companion CNS Disord 18.
https://doi.org/10.4088/PCC.15r01906

Perera, S., Eisen, R., Bhatt, M., Bhatnagar, N., de Souza, R., Thabane, L., Samaan, Z., 2016. Light
therapy for non-seasonal depression: systematic review and meta-analysis. BJPsych Open 2, 116-126.
https://doi.org/10.1192/bjpo.bp.115.001610

Pflug, B., Tolle, R., 1971. [Therapy of endogenous depressions using sleep deprivation. Practical and
theoretical consequences]. Nervenarzt 42, 117-124.

Pigeon, W.R., Bishop, T.M., Krueger, K.M., 2017. Insomnia as a Precipitating Factor in New Onset
Mental Illness: a Systematic Review of Recent Findings. Curr Psychiatry Rep 19, 44.
https://doi.org/10.1007/s11920-017-0802-x

Pigeon, W.R., Hegel, M., Uniitzer, J., Fan, M.-Y., Sateia, M.J., Lyness, J.M., Phillips, C., Perlis,
M.L., 2008. Is insomnia a perpetuating factor for late-life depression in the IMPACT cohort? Sleep
31,481-488.

Pigeon, W.R., Pinquart, M., Conner, K., 2012. Meta-analysis of sleep disturbance and suicidal
thoughts and behaviors. J Clin Psychiatry 73, e1160-1167. https://doi.org/10.4088/JCP.11r07586

Pillai, V., Kalmbach, D.A., Ciesla, J.A., 2011. A meta-analysis of electroencephalographic sleep in
depression: evidence for genetic biomarkers. Biol. Psychiatry 70, 912-919.
https://doi.org/10.1016/j.biopsych.2011.07.016

Pinho, M., Sehmbi, M., Cudney, L.E., Kauer-Sant’anna, M., Magalhdes, P.V., Reinares, M., Bonnin,
C.M., Sassi, R.B., Kapczinski, F., Colom, F., Vieta, E., Frey, B.N., Rosa, A.R., 2015. The association
between biological rhythms, depression, and functioning in bipolar disorder: a large multi-center
study. Acta Psychiatr Scand. https://doi.org/10.1111/acps.12442

Page 60 of 64



Ramirez-Mahaluf, J.P., Rozas-Serri, E., Ivanovic-Zuvic, F., Risco, L., Vohringer, P.A., 2020.
Effectiveness of Sleep Deprivation in Treating Acute Bipolar Depression as Augmentation Strategy:
A Systematic Review and Meta-Analysis. Front Psychiatry 11, 70.
https://doi.org/10.3389/fpsyt.2020.00070

Riemann, D., Baglioni, C., Bassetti, C., Bjorvatn, B., Dolenc Groselj, L., Ellis, J.G., Espie, C.A.,
Garcia-Borreguero, D., Gjerstad, M., Gongalves, M., Hertenstein, E., Jansson-Frojmark, M., Jennum,
P.J., Leger, D., Nissen, C., Parrino, L., Paunio, T., Pevernagie, D., Verbraecken, J., WeeB, H.-G.,
Wichniak, A., Zavalko, I., Arnardottir, E.S., Deleanu, O.-C., Strazisar, B., Zoetmulder, M.,
Spiegelhalder, K., 2017. European guideline for the diagnosis and treatment of insomnia. J Sleep Res
26, 675-700. https://doi.org/10.1111/jsr.12594

Riemann, D., Hohagen, F., Bahro, M., Berger, M., 1994. Sleep in depression: the influence of age,
gender and diagnostic subtype on baseline sleep and the cholinergic REM induction test with RS 86.
Eur Arch Psychiatry Clin Neurosci 243, 279-290.

Riemann, D., Konig, A., Hohagen, F., Kiemen, A., Voderholzer, U., Backhaus, J., Bunz, J., Wesiack,
B., Hermle, L., Berger, M., 1999. How to preserve the antidepressive effect of sleep deprivation: A
comparison of sleep phase advance and sleep phase delay. Eur Arch Psychiatry Clin Neurosci 249,
231-237. https://doi.org/10.1007/s004060050092

Riemann, D., Nissen, C., Palagini, L., Otte, A., Perlis, M.L., Spiegelhalder, K., 2015. The
neurobiology, investigation, and treatment of chronic insomnia. Lancet Neurol 14, 547-558.
https://doi.org/10.1016/S1474-4422(15)00021-6

Riemann, D., Spiegelhalder, K., Feige, B., Voderholzer, U., Berger, M., Perlis, M., Nissen, C., 2010.
The hyperarousal model of insomnia: a review of the concept and its evidence. Sleep Med Rev 14,
19-31. https://doi.org/10.1016/j.smrv.2009.04.002

Romo-Nava, F., Alvarez-Icaza Gonzalez, D., Fresan-Orellana, A., Saracco Alvarez, R., Becerra-
Palars, C., Moreno, J., Ontiveros Uribe, M.P., Berlanga, C., Heinze, G., Buijs, R.M., 2014. Melatonin
attenuates antipsychotic metabolic effects: an eight-week randomized, double-blind, parallel-group,
placebo-controlled clinical trial. Bipolar Disord 16, 410—421. https://doi.org/10.1111/bdi.12196

Rosenthal, N.E., Sack, D.A., Gillin, J.C., Lewy, A.J., Goodwin, F.K., Davenport, Y., Mueller, P.S.,
Newsome, D.A., Wehr, T.A., 1984. Seasonal affective disorder. A description of the syndrome and
preliminary findings with light therapy. Arch. Gen. Psychiatry 41, 72-80.

Sack, R.L., Auckley, D., Auger, R.R., Carskadon, M.A., Wright, K.P., Vitiello, M.V., Zhdanova, L.V.,
American Academy of Sleep Medicine, 2007. Circadian rhythm sleep disorders: part II, advanced
sleep phase disorder, delayed sleep phase disorder, free-running disorder, and irregular sleep-wake
rhythm. An American Academy of Sleep Medicine review. Sleep 30, 1484-1501.

Sahlem, G.L., Kalivas, B., Fox, J.B., Lamb, K., Roper, A., Williams, E.N., Williams, N.R., Korte,
J.E., Zuschlag, Z.D., El Sabbagh, S., Guille, C., Barth, K.S., Uhde, T.W., George, M.S., Short, E.B.,
2014. Adjunctive triple chronotherapy (combined total sleep deprivation, sleep phase advance, and

bright light therapy) rapidly improves mood and suicidality in suicidal depressed inpatients: an open
label pilot study. J Psychiatr Res 59, 101-107. https://doi.org/10.1016/j.jpsychires.2014.08.015

Schulte, W., 1966. Kombinierte Psycho- und Pharmakotherapie bei Melancholikern. Probleme der
pharmakopsychiatrischen Kombinations- und Langzeitbehandlung 150-169.

Page 61 of 64



https://doi.org/10.1159/000390247

Serfaty, M.A., Osborne, D., Buszewicz, M.J., Blizard, R., Raven, P.W., 2010. A randomized double-
blind placebo-controlled trial of treatment as usual plus exogenous slow-release melatonin (6 mg) or

placebo for sleep disturbance and depressed mood. Int Clin Psychopharmacol 25, 132-142.
https://doi.org/10.1097/YIC.0b013e32832c260b

Sherer, M.A., Weingartner, H., James, S.P., Rosenthal, N.E., 1985. Effects of melatonin on
performance testing in patients with seasonal affective disorder. Neurosci. Lett. 58, 277-282.

Sit, D.K., McGowan, J., Wiltrout, C., Diler, R.S., Dills, J.J., Luther, J., Yang, A., Ciolino, J.D.,
Seltman, H., Wisniewski, S.R., Terman, M., Wisner, K.L., 2017. Adjunctive Bright Light Therapy for
Bipolar Depression: A Randomized Double-Blind Placebo-Controlled Trial. Am J Psychiatry
appiajp201716101200. https://doi.org/10.1176/appi.ajp.2017.16101200

Smeraldi, E., Benedetti, F., Barbini, B., Campori, E., Colombo, C., 1999. Sustained antidepressant
effect of sleep deprivation combined with pindolol in bipolar depression. A placebo-controlled trial.
Neuropsychopharmacology 20, 380-385. https://doi.org/10.1016/S0893-133X(98)00129-8

Souétre, E., Salvati, E., Pringuey, D., Plasse, Y., Savelli, M., Darcourt, G., 1987. Antidepressant
effects of the sleep/wake cycle phase advance. Preliminary report. J Affect Disord 12, 41-46.
https://doi.org/10.1016/0165-0327(87)90059-0

Spielman, A.J., Saskin, P., Thorpy, M.J., 1987. Treatment of chronic insomnia by restriction of time
in bed. Sleep 10, 45-56.

Srinivasan, V., Smits, M., Spence, W., Lowe, A.D., Kayumov, L., Pandi-Perumal, S.R., Parry, B.,
Cardinali, D.P., 2006. Melatonin in mood disorders. World J. Biol. Psychiatry 7, 138-151.
https://doi.org/10.1080/15622970600571822

Steinberg, H., Hegerl, U., 2014. Johann Christian August Heinroth on sleep deprivation as a
therapeutic option for depressive disorders. Sleep Med. 15, 1159-1164.
https://doi.org/10.1016/j.sleep.2014.03.027

Stephenson, K.M., Schroder, C.M., Bertschy, G., Bourgin, P., 2012. Complex interaction of circadian
and non-circadian effects of light on mood: shedding new light on an old story. Sleep Med Rev 16,
445-454. https://doi.org/10.1016/j.smrv.2011.09.002

Suzuki, M., Dallaspezia, S., Locatelli, C., Uchiyama, M., Colombo, C., Benedetti, F., 2018. Does
early response predict subsequent remission in bipolar depression treated with repeated sleep
deprivation combined with light therapy and lithium? J Affect Disord 229, 371-376.
https://doi.org/10.1016/}.jad.2017.12.066

Takeshima, M., Utsumi, T., Aoki, Y., Wang, Z., Suzuki, M., Okajima, 1., Watanabe, N., Watanabe,
K., Takaesu, Y., 2020. Efficacy and safety of bright light therapy for manic and depressive symptoms
in patients with bipolar disorder: A systematic review and meta-analysis. Psychiatry Clin. Neurosci.
74, 247-256. https://doi.org/10.1111/pcn.12976

Tao, L., Jiang, R., Zhang, K., Qian, Z., Chen, P., Lv, Y., Yao, Y., 2020. Light therapy in non-seasonal
depression: An update meta-analysis. Psychiatry Res 291, 113247.
https://doi.org/10.1016/j.psychres.2020.113247

Page 62 of 64



Tassi, P., Muzet, A., 2000. Sleep inertia. Sleep Med Rev 4, 341-353.
https://doi.org/10.1053/smrv.2000.0098

Tazawa, Y., Wada, M., Mitsukura, Y., Takamiya, A., Kitazawa, M., Yoshimura, M., Mimura, M.,
Kishimoto, T., 2019. Actigraphy for evaluation of mood disorders: A systematic review and meta-
analysis. J Affect Disord 253, 257-269. https://doi.org/10.1016/j.jad.2019.04.087

Terman, M., 2007. Evolving applications of light therapy. Sleep Med Rev 11, 497-507.
https://doi.org/10.1016/j.smrv.2007.06.003

Terman, M., Terman, J.S., 2005a. Light therapy for seasonal and nonseasonal depression: efficacy,
protocol, safety, and side effects. CNS Spectr 10, 647-663; quiz 672.

Terman, M., Terman, J.S., 2005b. Light therapy for seasonal and nonseasonal depression: efficacy,
protocol, safety, and side effects. CNS Spectr 10, 647-663; quiz 672.

Tsai, J.W., Hannibal, J., Hagiwara, G., Colas, D., Ruppert, E., Ruby, N.F., Heller, H.C., Franken, P.,
Bourgin, P., 2009. Melanopsin as a sleep modulator: circadian gating of the direct effects of light on
sleep and altered sleep homeostasis in Opn4(-/-) mice. PLoS Biol. 7, €1000125.
https://doi.org/10.1371/journal.pbio.1000125

Tseng, P.-T., Chen, Y.-W., Tu, K.-Y., Chung, W., Wang, H.-Y., Wu, C.-K., Lin, P.-Y., 2016. Light
therapy in the treatment of patients with bipolar depression: A meta-analytic study. Eur
Neuropsychopharmacol 26, 1037-1047. https://doi.org/10.1016/j.euroneuro.2016.03.001

Tsuno, N., Besset, A., Ritchie, K., 2005. Sleep and depression. J Clin Psychiatry 66, 1254-1269.

Tyrer, Andrea E., Levitan, R.D., Houle, S., Wilson, A.A., Nobrega, J.N., Meyer, J.H., 2016. Increased
Seasonal Variation in Serotonin Transporter Binding in Seasonal Affective Disorder.
Neuropsychopharmacology 41, 2447-2454. https://doi.org/10.1038/npp.2016.54

Tyrer, A. E., Levitan, R.D., Houle, S., Wilson, A.A., Nobrega, J.N., Rusjan, P.M., Meyer, J.H., 2016.
Serotonin transporter binding is reduced in seasonal affective disorder following light therapy. Acta
Psychiatr Scand 134, 410—419. https://doi.org/10.1111/acps.12632

van Geijlswijk, .M., Korzilius, H.P.L.M., Smits, M.G., 2010. The use of exogenous melatonin in
delayed sleep phase disorder: a meta-analysis. Sleep 33, 1605-1614.

Vogel, G.W., 1975. A review of REM sleep deprivation. Arch. Gen. Psychiatry 32, 749-761.
https://doi.org/10.1001/archpsyc.1975.01760240077006

Vyazovskiy, V.V., 2015. Sleep, recovery, and metaregulation: explaining the benefits of sleep. Nat
Sci Sleep 7, 171-184. https://doi.org/10.2147/NSS.S54036

Wang, P.S., Simon, G., Kessler, R.C., 2003. The economic burden of depression and the cost-
effectiveness of treatment. Int J] Methods Psychiatr Res 12, 22-33. https://doi.org/10.1002/mpr.139

Wang, S., Zhang, Z., Yao, L., Ding, N., Jiang, L., Wu, Y., 2020. Bright light therapy in the treatment
of patients with bipolar disorder: A systematic review and meta-analysis. PLoS ONE 15, e0232798.
https://doi.org/10.1371/journal.pone.0232798

Wehr, T.A., Wirz-Justice, A., Goodwin, F.K., Duncan, W., Gillin, J.C., 1979. Phase advance of the

Page 63 of 64



circadian sleep-wake cycle as an antidepressant. Science 206, 710-713.
https://doi.org/10.1126/science.227056

Wetterberg, L., 1994. Chronobiological aspects of affective disorders: New possibilities for
prevention, in: Hippius, H., Stefanis, C.N., Miller-Spahn, F. (Eds.), Research in Mood Disorders: An
Update., Psychiatry in Progress Series; Vol. 1. Hogrefe & Huber Publishers, Ashland, OH, pp. 31-43.

Wilson, S., Anderson, K., Baldwin, D., Dijk, D.-J., Espie, A., Espie, C., Gringras, P., Krystal, A.,
Nutt, D., Selsick, H., Sharpley, A., 2019. British Association for Psychopharmacology consensus

statement on evidence-based treatment of insomnia, parasomnias and circadian rhythm disorders: An
update. J. Psychopharmacol. (Oxford) 33, 923-947. https://doi.org/10.1177/0269881119855343

Wirz-Justice, A., Benedetti, F., 2019. Perspectives in affective disorders: Clocks and sleep. Eur. J.
Neurosci. https://doi.org/10.1111/ejn.14362

Wirz-Justice, A., Benedetti, F., Berger, M., Lam, R.W., Martiny, K., Terman, M., Wu, J.C., 2005.
Chronotherapeutics (light and wake therapy) in affective disorders. Psychol Med 35, 939-944.

Wirz-Justice, A., Benedetti, F., Terman, M., 2013. Chronotherapeutics for Affective Disorders: A
Clinician’s Manual for Light and Wake Therapy, 2nd, revised edition. Karger Medical and Scientific
Publishers.

Wirz-Justice, A., Terman, M., Oren, D.A., Goodwin, F.K., Kripke, D.F., Whybrow, P.C., Wisner,
K.L., Wu, J.C., Lam, R W, Berger, M., Danilenko, K.V., Kasper, S., Smeraldi, E., Takahashi, K.,
Thompson, C., van den Hoofdakker, R.H., 2004. Brightening depression. Science 303, 467-469.
https://doi.org/10.1126/science.303.5657.467c

Wirz-Justice, A., Van den Hoofdakker, R.H., 1999. Sleep deprivation in depression: what do we
know, where do we go? Biol. Psychiatry 46, 445—453. https://doi.org/10.1016/s0006-3223(99)00125-
0

World Health Organization, 2019. International statistical classification of diseases and related health
problems (11th ed.)., 11th ed.

Wu, J.C.,, Bunney, W.E., 1990. The biological basis of an antidepressant response to sleep deprivation
and relapse: review and hypothesis. Am J Psychiatry 147, 14-21. https://doi.org/10.1176/ajp.147.1.14

Wu, J.C,, Kelsoe, J.R., Schachat, C., Bunney, B.G., DeModena, A., Golshan, S., Gillin, J.C., Potkin,
S.G., Bunney, W.E., 2009. Rapid and sustained antidepressant response with sleep deprivation and
chronotherapy in bipolar disorder. Biol. Psychiatry 66, 298-301.
https://doi.org/10.1016/j.biopsych.2009.02.018

Wryatt, J.K., Stepanski, E.J., Kirkby, J., 2006. Circadian phase in delayed sleep phase syndrome:
predictors and temporal stability across multiple assessments. Sleep 29, 1075-1080.
https://doi.org/10.1093/sleep/29.8.1075

Zeitzer, J.M., Daniels, J.E., Duffy, J.F., Klerman, E.B., Shanahan, T.L., Dijk, D.J., Czeisler, C.A.,
1999. Do plasma melatonin concentrations decline with age? Am. J. Med. 107, 432-436.

Zhang, Y.-F., Li, Q.-Q., Qu, J., Sun, C.-M., Wang, Y., 2017. Alterations of motor cortical
microcircuit in a depressive-like mouse model produced by light deprivation. Neuroscience 341, 79—
94. https://doi.org/10.1016/j.neuroscience.2016.11.026

Page 64 of 64



Standard protocols

TSD-36 hours awake-TSD PSD-2 days interval-PSD

\ ] | I
| |

TSD repeat 2 times in a week PSD repeat 3 times in a week

Other protocols

PSD-1 week interval-PSD PSD-2 days interval-PSD
\ Y J | Y )
Repeat for 3 weeks Repeat for 1 or 2 weeks
PSD-3/4 days interval-PSD PSD-5 days interval -PSD
\ Y ) \ Y )
Repeat for 2 weeks Repeat for 5 or 6 times

We recommend to use TSD or “PSD-late” (=SD from 3AM to 8AM) rather than “PSD-early” (= SD from 10PM to 2.30 AM)




Table 1. Standard protocols for Light Therapy in seasonal and non-seasonal depressive
episode for unipolar and bipolar disorders.

Unipolar depression Bipolar depression

Light
irradiance
level
depends on
Exposure

Dose duration

Slower increase

Titration with for instance

10 000 Lux for 30 min/day
5000 Lux with increase of

or
5000 Lux for 1h/day 15min per week until 60min
or at one month (depending on

2500 Lux for 2h/day response and tolerance)
Or 10 000 Lux for 7,5
min/day
With increase then to 15 min
and of additional 15min per
week
until 45/60 min
(depending on response and
tolerance)

In case of partial response
with good tolerance,
consider an increase of the
exposure duration and/or
irradiance level

Distance and
angle from
light source

Lamp at eye level
Distance of 40-80 cm
(depending on the device recommendations)
Direct exposition

Light color spectrum

Full light color spectrum (white) has the higher level of
evidence

Blue enriched light also demonstrated efficacy in seasonal
depression

Timing

Earl i
Early morning arly morning

(for instance: 8am,
chronotype may be
considered)

Or Midday
(especially in case of an
history of manic switch)

Daily

Regular schedules Daily, with regular schedules

Chronotype should be
consider

Onset of response

[11-4 weeks

(Effects may appear in 3-4 days, especially in seasonal
depression and bipolar disorder)

Treatment duration

Until reduction of depressive symptoms
Maintained during 1 year (to avoid risk of rapid relapse)
or
In case of seasonal patterns : Until the period of usual
spontaneous remission in the spring or summer




Prevention

Possibility to treat by light therapy a few weeks before the
usual seasonal depressive relapse period

Manic switch prevention

None

Only with a mood stabilizer
with antimanic properties
and correct dosage

Adverse effects

Mild side effects :
headache, glare, sleep
disturbance, eyestrain,

nausea, agitation

Manic switch
Mild side effects :
headache, glare, sleep
disturbance, eyestrain,
nausea, agitation

Contraindications

Ophthalmic disorders (cataract, macular degeneration,
glaucoma, retinitis pigmentosa)
and disorders affecting the retina (retinopathy, diabetes,
herpes, etc.)

Photosensitizing drugs

In case of preexisting ocular abnormalities or using
photosensitizing drugs : LT only with periodic ophthalmologic
examinations




Table 2. Standard protocols for sleep deprivation/wake therapy in depressive episode for

unipolar and bipolar disorders

Unipolar depression
Bipolar depression

Total Sleep 36-hours period of wakefulness
Deorivati
er:;lgl;;lon From morning until next day’s evening
Patients are allowed to sleep for 4- 5 hours with:
(a) PSD in the latter half of the night from 3AM to 8AM
Protocols (PSD-late)
. Good level of evidence-based efficacy
Partial Sleep or
Deorivati
eprivation (b) PSD in the first half of the night from 10PM to 2.30 AM
(PSD)
(PSD-early)
Low level of evidence-based efficacy

Onset of response

[R4-36 hours and within 7 days

Treatment duration

Repeated TSD 2 times or PSD 3 times at 2-days interval are
recommended for a stable and long term effect

Other protocols have been proposed (lower levels of
evidence):
(a) TSD twice a week for 3 weeks or for a month,
(b) TSD twice a week followed by PSD twice a week
(c) PSD repeated once a week for 3 weeks, or 2-3 times a
week for 2 weeks, or 5 times at 5-day intervals , or 6 times at
5-day intervals

Relapse Prevention

(a) Repeated TSD once a week
(b) Combined with sleep phase advance
(c) Combined with antidepressant medications/mood
stabilizers such as lithium
(d) Combined with light therapy
(e) Combined with light therapy and sleep phase advance
(triple chronotherapy)

Manic switch prevention

with a mood stabilizer with antimanic properties and correct
dosage for patients with bipolar disorder

Adverse effects

Sleepiness

(advise patients not to engage in dangerous activities which

require attention and concentration such as driving)
Hypo-manic switch




Contraindications

History of seizure

PSD: partial sleep deprivation; TSD: total sleep deprivation




Table 3. Standard protocols for using melatonin in seasonal and non-seasonal depressive
episode in unipolar and bipolar disorders.

Unipolar depression \ Bipolar depression

Effects

Chronobiotic effect
(In case of comorbid irregular rhythms or delayed sleep phase) :
melatonin £ 1 mg
2-6 hours before bedtime
IR form
in association with behavioral measures for healthy sleep
and morning light therapy

Soporific effect
(In case of insomnia symptoms or poor quality sleep)
Melatonin >2mg
15-30 min before bedtime
IR or PR forms
in association with behavioral measures for healthy sleep

Dose during acute
phase

Combined with antidepressant :
Combined with mood
melatonin 3-10 mg stabilizer :
(Indicated if insomnia symptoms

are associated) melatonin 3-10 mg
(Indicated if insomnia
Could be combined with symptoms are associated)
buspirone 15mg for increased
efficacy on depressive 8 mg of ramelteon
symptoms (more efficient than
buspirone alone)

Forms

IR or PR melatonin for non-seasonal disorders

Only IR melatonin was tested in seasonal depression
(IR form mainly use for chronobiotic effects)

Timing

During acute phase of non-seasonal depression:
at bedtime
(Consider chronotype)

During remitted phases:
according to the chronobiotic or soporific effect

For seasonal depression:
antidepressant effect could be optimized when associated
with a significant phase shift if it is administered according
to the advanced or delayed phase profile :
- most patients present a clinical phase delay and respond to IR
melatonin administered 2 to 6 hours before bedtime,




- a minority of patients present an advanced phase and respond
to IR melatonin administered in the morning,

- it is recommended to use chronobiotic doses of IR melatonin
at 0.1 mg administered in the afternoon/evening or in the
morning according to the phase shift

Onset of response

[1-4 weeks

Treatment duration

At least 4-6 weeks

Manic switch
prevention

No increased risk of manic switch

Adverse effects

Most frequent mild side effects :
Headache, dizziness, nausea, drowsiness

Contraindications

Contraindications :
Hypersensitivity
Pregnancy and lactation

Use Cautiously when:
History of seizure
Diabetes
Hypertension

Use Cautiously with:
Fluvoxamine
Immunosuppressants
Anticoagulants and anti-platelet drugs
Cytochrome P450 1A2 (CYP1A2) and cytochrome P450 2C19
(CPY2C19) substrates

IR: immediate release; PR: prolonged realease.




Table 4. Suggested protocol for Cognitive Behavioral Therapy for Insomnia adapted to

bipolar disorders: CBTI-BP

Bipolar depression

Protocol

Session 1
First week

First session includes:

(a) case formulation

(b) definition of goal setting

(c) administration of Motivational Interviewing (Ml): to assess
pros and cons of change, recognizing that many sleep
incompatible/interfering behaviors might be rewarding

(d) Educational session about sleep and circadian rhythms
including: definitions, environmental influences (particularly
light), circadian and social rhythms (following IPSRT), the
tendency toward delayed sleep phase, assessing sleep inertia
and the role of sleep disturbance in mood regulation as a
prodrome of mood episode relapse

Session 2-6
Week 2-6

Application of behavioral modules includes:

(a) stimulus control, for regularizing the sleep-wake cycle and
strengthening associations between the bed and sleep

(b) sleep restriction to improve sleep efficiency and
consolidate sleep in order to avoid sleep deprivation for
safety, time in bed never less than 6.5 hours

(c) Regularizing sleep-wake times: following IPSRT principles
to regularize sleep and wake times and avoid naps.

(d) Wind-down: 30-60 minutes in which relaxing, sleep-
enhancing activities should be introduced in dim light
conditions. (restricting the use of interactive electronic media
by also using Ml and behavioral experiments)

(e) programming a wake-up routine: individualized wake-up
plans draw on IPSRT principles, and include not hitting snooze,
opening the curtains to let sunlight in the bedroom

Session 7
Week 7

Application of cognitive module includes:
(a) addressing unhelpful beliefs about sleep

(b) reducing sleep-related anxiety, bedtime worry,
rumination, and vigilance and

c) improve daytime functioning with behavioral experiments
to allow the patient managing daytime tiredness

Session 8

Concluding session and Relapse prevention




Week 8

Onset of response

[P-3 weeks within 8 weeks

Treatment duration

8 weeks: 8 weekly sessions each lasting about 50-60 minutes

Prevention

CBTI-BP protocol in the treatment of insomnia of bipolar
subjects during euthymic phases potential relapse prevention

Manic switch prevention

Sleep restriction and stimulus control should be correctly
used to avoid sleep loss which might favor manic switch

Adverse effects

Sleepiness
Tiredness

Contraindications

History of seizure

Table 5. Standard protocol for Interpersonal and social rhythm therapy- IPSRT for

bipolar depression

Bipolar depression

Protocol

Phase 1
Initial
3-5 sessions

Initial phase includes:

(a) collection of detailed history of iliness

(b) utilization of Interpersonal Inventory () to identify an
interpersonal problem related to the most recent mood
disorder and to daily routine, this will be the initial focus
therapy

(c) utilization of Social Rhythm Metric (SRM) to monitor and
improve the regularity of five daily activities over 20 weeks
(as an acute intervention) or monthly (as a maintenance
treatment): time of out of bed, first contact with another
person, start of daily activity, meals and time to bed

Phase 2
Intermediate
10-12 sessions

Intermediate phase includes:

(a) identify and focus on one rhythm that need to be
resynchronized and fill out the rhythm stabilization form

(b) develop strategies to stabilize daily rhythms, identify
specific target, manage changes in social routine. This often
needs to be done quite gradually over the course of weeks.
The main focus is on regularizing the patient’s social rhythms
and intervening in the selected interpersonal problem




(c) recognize sources of rhythms disruption, select and
resolve interpersonal problems address with IPT technique
grief and/or anger or the sense of “lost healthy self”

Preventive phase includes:

(a) reinforce confidence in the patients capability to use

Phase 3 the skills learned in the acute phase of treatment to
Preventive maintain their current euthymic mood, level of
3-5 sessions functioning, and new social rhythms

(b) learn strategies to maintain regular social rhythms
despite the probable occurrence of stressors

Phase 4 . . I I .

. Concluding sessions consolidating and reviewing gains
Termination .
. during the treatment
3-5 sessions

Onset of response

During Phase 2
within 12-16 weeks

Treatment duration

Initial and intermediate phases could require 14-18 weekly
sessions, in particular the intermediate phase could require
10-12 sessions. During Phase 3 treatment frequency might
decrease to biweekly and eventually to monthly sessions as
the patient moves from acute to maintenance therapy;
during Phase 4 within three to five monthly sessions are
generally required.

Total = 16-24 weeks

Prevention

Monthly administration to prevent bipolar mood episodes

Manic switch prevention

No increased risk of manic switch
IPSRT prevents both depressive and manic episodes

Adverse effects

Not reported

Contraindications

Not reported






