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Circadian rhythm disturbances are common in bipolar affective disorder (BD). Delayed sleep-wake phase
syndrome (DSWPD) is the most prevalent circadian rhythm sleep-wake disorder (CRSWDs) and is
frequently observed in BD. It is unclear whether DSWPD in BD is an independent process or is a
consequence of BD. In this hypothetical review, we discuss the overlap between BD and DSWPD and
potential common biomarkers for DSWPD and BD. The review will include a discussion of the genetics of

DSWPD and BD. Biomarkers elucidating the pathophysiological processes occurring in these two dis-
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orders may offer insight into the etiology and prognosis of both conditions.
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Introduction

Circadian rhythm sleep-wake disorders (CRSWD) are due to
abnormalities in the circadian time-keeping system characterized
by a misalignment between the endogenous circadian rhythm and
the environment. CRSWDs are associated with difficulties in initi-
ating sleep, excessive daytime sleepiness, and functional or cogni-
tive impairment [1]. Delayed sleep-wake phase syndrome
(DSWPD) is the most studied CRSWD. It has a typical onset during
the second decade of life and is associated with abnormalities in
sleep initiation [2,3]. Individuals with DSWPD exhibit delayed
sleep/wake times by at least 2 h from socially desired times [4].
DSWPD has been identified as a possible risk factor for bipolar af-
fective disorder (BD), a psychiatric condition characterized by
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cyclical fluctuations in mood [5—7]. BD has a prevalence of
approximately 2% and is a major cause of psychiatric disability [3,6].

There is significant evidence linking BD and DSWPD and both
disorders exhibit similar pathophysiological and clinical charac-
teristics [8,9]. This could be due to shared biological pathways and
overlapping genetic profiles. We hypothesize that biomarkers for
DSWPD such as melatonin levels or circadian rhythm genes may be
associated with BD. Examining these biomarkers and genes can
represent a novel approach to better understand the evolution and
progression of BD. Biomarkers can provide insight into the under-
lying mechanisms of these disorders and may assist in the devel-
opment of treatment modalities [10]. In this manuscript, we will
examine candidate biomarkers for DSWPD and BD, and focus on
the role of circadian genes and their expression profiles that may
represent common denominators for both conditions.

Methods
When the review was conceptualized, we opted for a systematic

review approach as per the Cochrane guidelines for systematic
reviews. MEDLINE, PubMed, and Google Scholar were queried
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Abbreviation list

AA-NAT Arylalkylamine N-acetyltransferase

BB blue blocking

BD bipolar disorder

BDNF brain Derived Neutrophic Factor

BMAL1 Aryl hydrocarbon receptor nuclear translocator-like
protein 1

CBT core body temperature

CRSWD  circadian rhythm sleep-wake disorders

cryl and cry2 cryptochromes genes

CSNK1D casein kinase 1 delta

DLMO dim light melatonin onset

DSM-5 Diagnostic and Statistical Manual of Mental Disorders
DSWPD  delayed sleep wake phase disorder

EDS excessive daytime sleepiness

GSK3p glycogen synthase kinase 3-beta,

HPA hypothalamic-pituitary-adrenal

hper3 human period 3

Li Lithium

MMP-9  metalloproteinase-9

MT1 melatonin receptor 1

MT2 melatonin receptor 2

NLR neutrophil-lymphocyte ratio

per1 per2 and per3 period genes

PLR platelet-lymphocyte ratio

PRC phase response curve

PTM post-translational modification

REM rapid eye movement

ROR retinoic acid-orphan receptor

RREs retinoic acid-orphan receptor response elements
SCN suprachiasmatic nucleus

sIL-2R soluble Interleukin 2 receptor

SNPs single nucleotide polymorphisms

sTNFR1  soluble tumor necrosis factor receptor type 1
TNF- o tumor necrosis factor- o

VNTR variable-number tandem-repeat

YMRS Young Mania Rating Scale

using standardized terms related to BD and DSWPD. Non-peer
reviewed studies were excluded to ensure methodological integ-
rity [11]. All articles evaluating biomarker for DSWPD in individuals
with BD up to March 2017 were selected for review. Additionally,
articles examining links between BD and DSWPD were also
included for screening. Despite the relatively large number of
studies identified, there was considerable variability in terms of
biomarkers evaluated and study design and quality. Due to the
heterogeneity of the literature and the paucity of studies that
address our hypothetical question, the authors concluded that a
systematic review was not feasible and subsequently opted for a
theoretical review. The literature review was conducted by three of
the authors (NG, FA, and FT). Two reviewers screened abstracts of
potentially relevant publications; if the article was deemed relevant
to our topic the full manuscript was reviewed. Discrepancies were
resolved by consensus with a third author.

Delayed sleep-wake phase syndrome

The suprachiasmatic nucleus (SCN) maintains the endogenous
circadian rhythm [12]. The SCN receives and processes information
from the retina via the retinohypothalamic pathway and modulates
the secretion of the hormone melatonin from the pineal gland via
the autonomic nervous system [G]. Many physiologic functions
exhibit circadian rhythmicity, these include: endocrine functions,
core body temperature (CBT), and alertness [6]. Synchronization or
entrainment of the endogenous circadian rhythm with the envi-
ronment is achieved through environmental cues known as zeit-
gebers. Zeitgebers include temperature, feeding and light. Light is
the most effective zeitgeber [13]. Entrainment ensures that the
circadian clock remains in phase with the solar 24 h day (Fig. 1) [14].

The exact pathophysiology of DSWPD remains unclear [12],
proposed theories include: abnormalities in the circadian system
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Fig. 1. Entrainment of the circadian rhythm with zeitgebers.

and sleep homeostasis, behavioral and neuropsychiatric factors,
and genetic predisposition [2]. Behavioral patterns appear to play a
role in perpetuating DSWPD [15]. The major factors implicated in
DSWPD will be discussed in the following section.

Factors implicated in DSWPD
Behavioral factors

Behavioral factors have been shown to contribute to the path-
ogenesis of DSWPD [16,17]. Circadian phase delayed individuals
were found to have an evening chronotype and when forced to rise
earlier than their preferred times they were irritable, lethargic, and
dysphoric [15]. Individuals with DSWPD frequently engage in ac-
tivities such as late night socializing, using electronic devices at
bedtime, and increased stimulant use (nicotine and caffeine) that
perpetuate the disorder. Delayed bedtimes and compensatory be-
haviors exacerbate DSWPD [15]. Shirayama et al. [17] observed
impulsivity, decreased motivation, and emotional dysregulation
when assessing the psychological profiles of individuals with
DSWPD. Regestein et al. [18] proposed that loss of external timing
related information and social cues explains this psychological
profile. Takashi et al. [19] detected depression in 64% of their
DSWPD sample and symptoms were reported to be worse in the
morning [19]. It is also important to note the significant association
between depressive symptoms and an evening chronotype. Addi-
tionally, those with an evening chronotype tend to report more
attention problems, emotional lability, and substance abuse [19].

Melatonin

The hormone melatonin is secreted by the pineal gland into the
cerebral capillary system and the cerebrospinal fluid (CSF). Mela-
tonin secretion begins in the evening, peaks around midnight, and
then decreases gradually until levels become undetectable in the
morning. Melatonin influences the secretion patterns of the
endocrine system, CBT fluctuations, and modulates the immune
system. Due to its circa annual variation melatonin was found to
influence seasonal changes in sleep and appetite [12]. At the mo-
lecular level, melatonin functions in two ways. One function effects
the expression of the clock genes in the pars tuberalis of the pitu-
itary and influences the SCN directly by binding to its melatonin
receptors (MT1 and MT2) [6]. Another function of melatonin is to
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modulate the electrical and metabolic activities of SCN neurons
which alters the phase and amplitude of the circadian cycle [20].
Serial sampling of salivary or plasma melatonin levels or 6-
sulfatoxymelatonin (melatonin metabolite) can be used to mea-
sure the phase of melatonin secretion. Changes in melatonin levels
collected under controlled posture and dim light conditions, are
optimal markers of the circadian phase in humans [14]. CBT fluc-
tuations are a manifestation of the SCN rhythmic activity and can be
used as a biomarker to measure the circadian rhythm. CBT de-
creases in the evening and reaches its nadir during the second half
of the sleep cycle [21]. Chang et al. [4] showed that CBT rhythms are
phase delayed in DSWPD. Micic et al. [22] supported these findings
by demonstrating that the temperature rhythm of a DSWPD group
delayed faster than a control group [23—25]. In normal sleepers CBT
demonstrated phase shifts in response to light exposure [26—28], in
DSWPD individuals phase shifts did not occur with exposure to
light [4].

Genes and genetics

The circadian clock involves an autonomous transcription—
translation feedback loop composed of a core set of genes that
are highly conserved in mammals. These include the “locomotor
output cycles kaput” gene [29]; and its paralogue “neuronal PAS
domain protein 2” (Npas2), and the brain and muscle aryl hydro-
carbon receptor nuclear translocator-like (ARNT-like) gene-1
(Bmal1) that translates the CLOCK and BMAL1 proteins. During
the day, the heterodimer formed by these proteins promotes the
transcription of period genes (perl1, per2 and per3) and crypto-
chromes genes (cry1 and cry2). The resulting PER and CRY proteins
heterodimerize, move to the nucleus and interact with the CLOCK-
BMAL1 complex to inhibit gene transcription. After a constant time
period, the PER-CRY receptor complex is degraded allowing the
CLOCK—BMALT to activate another cycle of transcription [6,30]. The
time period of this perpetual loop ultimately determines an or-
ganism's circadian rhythm.

Post-translational modification (PTM) and degradation of
circadian CLOCK proteins are also crucial in determining circadian
rhythmicity. For example, post translation, the PER and CRY pro-
teins are subjected to phosphorylation PTM by key kinases like
casein kinase 1 delta (CSNK1D), CSNK1D and the glycogen synthase
kinase 3-beta (GSK38). This phosphorylation occurs rhythmically in
synchronization with daylight. Given that the main role for the
phosphorylation of CLOCK proteins is to prepare them for poly-
ubiquitination and degradation by the 26S proteosomal pathway,
the PER/CRY phosphorylated complex will be degraded during
darkness (night); removing the inhibition of CLOCK-BMAL1 and
allowing the further transcription of Per and Cry genes. A 24 h-long
negative feedback loop is formed as a result of the above cycle
[6,30].

A secondary self-regulating feedback loop also exists. It is
composed of Rev-erbA, which is targeted by the CLOCK-BMAL1
transcription complex. Rev-erbA suppresses the transcription of
Bmall via an inhibitory pathway. It also competes with a retinoic
acid-orphan receptor (ROR) to bind ROR response elements (RREs)
in the Bmall promoter. This secondary feedback loop regulates the
main feedback loop [6,30]. Associations between structural poly-
morphisms in circadian rhythm genes and circadian disorders [31]
have been reported; these include the H4 haplotype of the human
period 3 (hper3) clock gene, variable-number tandem-repeat
(VNTR) polymorphism present in the PER3 gene [32,33], and a
variation of the CRY1 gene in familial DSWPD [34].

A significant association was found by Hohjoh et al. [35] be-
tween the arylalkylamine N-acetyltransferase (AA-NAT) gene and
DSWPD. The AA-NAT gene codes for a rate-limiting enzyme in

melatonin synthesis and is responsible for the cyclical changes in
melatonin levels. Four single nucleotide polymorphism (SNP) sites
were observed for the gene; only one (619SNP) was implicated in
DSWPD. The allele positivity of 619A (129Thr) was found to be
significantly higher in DSWPD cases (16%) when compared to
controls (3%). The 619 SNP is involved in an amino acid substitution
(alanine to threonine). Therefore, the AA-NAT gene can be impli-
cated in the development of DSWPD and is potentially a suscepti-
bility gene [35].

The impact of genetics in DSWPD is highlighted by the presence
of familial cases [36,37] and by twin studies [38—41]. Fukuda et al.
reported that monozygotic twins had less variations in sleep pat-
terns than dizygotic twins [42].

DSWPD and BD: common factors and pathways

The circadian timing system plays an important role in many
physiologic functions. In BD it is unclear whether the rhythm dis-
turbances are a primary pathological process or secondary to the
disorder itself [43]. Sleep disturbances appear to be present during
all stages of BD [44]. Yoshikazu et al. [45] demonstrated that
DSWPD appears to be more prevalent among BD patients (32.4%)
than the general population. Dagan et al. [12], showed that those
with personality disorders and BD had high rates of DSWPD. There
is increasing evidence that individuals with BD and DSWPD share
common clinical and biological/biomarker profiles, which we will
discuss in the following sections.

Clinical features and profiles

Circadian rhythm abnormalities are observed in all phases of BD
[46—48]. For example, patients with acute BD depression present
with insomnia, early awakening and hypersomnia; while manic/
euphoric patients show a decreased need for sleep and hyper vig-
ilance. Circadian abnormalities are considered to be a trait of BD
since they are also observed in euthymic BD patients. Euthymic
patients exhibit an evening chronotype, hypersensitivity to fluc-
tuations in light, and abnormal melatonin secretion [48,49].

Wood et al. showed that individuals with DSWPD and BD share
several clinical symptoms and an evening chronotype. [50]. Family
history of suicide and psychiatric disorders were more common in
individuals with DSWPD and a younger age of onset for BD was
detected among those with DSWPD [45]. Since BD and DSWPD
share many clinical characteristics these symptom clusters might
help identify at risk individuals who may develop either DSWPD or
BD. Circadian disturbances tend to precede relapse in BD patients,
therefore assessing sleep patterns of at risk patients may help
mitigate the risk of relapse [51].

Melatonin profiles

Whyatt et al. [52] studied volunteers with DSWPD and controls
and determined that the salivary dim light melatonin onset (DLMO)
occurred significantly later in those with DSWPD. There was no
significant difference between both groups in the length of the
circadian phase [52]. Chang et al. [4] confirmed these findings and
the source of the melatonin sample (plasma or saliva), did not
appear to effect the results [4]. Shibui et al. [16] showed that sleep
duration was significantly longer in DSWPD subjects, and that sleep
initiation relative to melatonin onset was found to be significantly
delayed in DSWPD [16,53]. To explain this delay in sleep initiation,
Hoban et al. [16,54] suggested that individuals might sleep through
the phase advancing portion of the phase response curve (PRC) and
therefore do not benefit from the phase re-setting effects of
daylight. However, a recent study [4] showed no significant
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difference in the phase relationship between DLMO and sleep time
in DSWPD.

Micic et al. [23] measured melatonin secretion in DSWPD and
normal sleepers. DLMO in normal chronotypes was followed by an
initial surge of melatonin, which was much less pronounced in the
DSWPD group. Alvarez et al. [ 16] showed normal melatonin rhythm
in subjects with DSWPD, however the study was not performed in
dim light conditions.

Melatonin's role in cyclical mood disorders like BD, cyclothymia,
and seasonal affective disorder (SAD) is still being evaluated
[55,56]. Research using DLMO as a phase marker has mainly
focused on SAD [55,57—59]; and shows phase advancement in the
circadian rhythm of SAD patients.

Some researchers hypothesize that fluctuating melatonin levels
are an intrinsic feature of BD rather than being state dependent [6].
Novakova et al. [53] demonstrated a melatonin profile similar to
DSWPD in BD patients in the euthymic and depressed states. In this
study manic states were associated with an increase in melatonin
and an advance in its peak levels during episodes of mania [53].
However, results obtained in the manic state were not consistent;
and some studies detected a decrease in the levels of melatonin
[16,53]. Other studies confirmed lower levels of melatonin in all
phases of BD (euthymic, depressed, and manic) when compared to
healthy subjects [60]. Interestingly, melatonin secretion abnor-
malities were found in other psychiatric disorders [60—62]. Bumb
et al. [63] showed that CSF melatonin levels were decreased in BD
but not in major depressive disorder (MDD); while serum levels
were lower in MDD. These findings suggest the existence of body
fluid specific melatonin levels in different mood disorders.

Another common feature of BD and DSWPD is increased mela-
tonin sensitivity to light. Lewy et al. [64] showed a two fold
reduction in nocturnal plasma melatonin levels following exposure
to light in a group of acutely ill BD patients. Increased sensitivity to
light may act as a possible putative trait marker for BD [65]. In
another study, remitted BD subjects did not exhibit the observed
hypersensitivity to light [66].

The significance of the melatonergic pathway in BD and DSWPD
is highlighted by the clinical improvement in DSWPD and BD with
interventions that target the melatonergic pathway. In a double-
blind placebo-controlled study involving DSWPD patients, admin-
istration of melatonin 5 h before the individual DLMO was found to
significantly advance the onset of the nocturnal melatonin profile
by approximately 1.5 h [67]. Sleep onset and sleep latency were also
improved and participants reported feeling refreshed in the
morning. Rahman et al. [68], showed that melatonin administration
improved depressive symptoms and sleep continuity in depressed
subjects [68]. The improvement in both depression and DSWPD as
a result of melatonin's phase advancing effect on the circadian
rhythm demonstrates the potential role of melatonin in both
disorders.

Agomelatine, a melatonin receptor agonist and an antagonist of
the serotonin 5-HT (2C) receptor, is effective in the treatment of
depressed BD patients when co-administered with lithium (Li) or
valproic acid (VA) [69,70]. Agomelatine improved mood, increased
rapid eye movement (REM) sleep, and advanced the sleep phase in
BD [71]. Agomelatine also improved sleep efficiency in MDD [71].

The resynchronizing effect of agomelatine on the circadian
rhythm was observed in animal models of DSWPD [72—77]. Arm-
strong et al. [72] showed that keeping rats in darkness for several
months and then re-exposing them to a normal light/dark cycles
resulted in a delay of activity onset by 3—4 h. This effect was
reversed by the daily administration of agomelatine [77]. The re-
searchers concluded that agomelatine could influence resynchro-
nization by affecting melatonergic receptors [78,79]. Although the
effectiveness of agomelatine in treating depression is limited, its

effect in modulating the melatonergic pathways in BD depression
deserve further investigation [80]. The loss of agomelatine's syn-
chronizing properties in rats with SCN lesions but not in pine-
alectomized rats suggests that the melatonergic receptors are
involved in circadian rhythm modulation via the SCN [78,81]. The
phase advancing effect of agomelatine has also been demonstrated
in humans [82].

The relationship between BD and DSWPD can be further
examined by observing the pharmacological effects of mood sta-
bilizers like Li and VA. Both mood stabilizers can decrease the
sensitivity of melatonin to light in healthy controls [65,83,84]. It is
still unclear how Li decreases melatonin sensitivity to light without
affecting overall melatonin synthesis; however, these findings
suggest a chrono-biological mechanism of action [71].

Following the discovery of the blue light sensitive retinal pho-
toreceptors that inhibit melatonin production, Henriksen et al. [85]
assessed the effectiveness of “blue blocking” [86] (orange tinted)
eyeglasses in reducing bipolar mania. Using “blue blocking” eye-
glasses significantly reduced mania as per the Young mania rating
scale (YMRS). These findings underscore the relationship between
mood, melatonin and environmental factors.

Melatonin profiles appear to vary in the different phases of BD
and patients seem to benefit from targeting the melatonergic
pathway. These findings propose a role for the melatonergic
pathway in developing BD in the context of DSWPD; which sug-
gests a common etiology between BD and DSWPD.

This line of research can have implications on the diagnosis,
management, and prognosis of BD. For example, DLMO can be used
to identify the optimal time for administering treatments such as
melatonin or phototherapy. Another significant finding was a cor-
relation between the magnitude of DLMO phase advance after
morning phototherapy and a reduction in depressive symptoms.
Terman et al. recommended scheduling phototherapy 8.5 h after
DLMO (rather than using clock time) for optimal results [55]. In a
recent report continuous observation of sleep patterns in BD helped
prevent relapse by detecting early changes in sleep patterns. More
data is needed to determine if sleep patterns can act as markers for
imminent relapse in BD [87].

Genes involved in the circadian system

It has been proposed that DSWPD and BD may share a genetic
basis. A number of genes involved in the circadian rhythm are also
implicated in BD. Some of these genes are CLOCK, GSK38, NPAS2,
ARNTL1, PER3, NR1D1, and ASMT [88]. Nievergelt et al. [89]
assessed the association and linkage of ten circadian clock genes
with BD. Applying haplotype analysis using single gene permuta-
tion tests, haplotypes in ARNTL and PER3 were found to be asso-
ciated with BD. These results, however, were not confirmed in
subsequent analyses.

Ramanujam et al. examined the existence of PER3 poly-
morphisms in BD and schizophrenia. The 18 amino acids encoded
by this gene are variable-number tandem repeat (VNTR) and can
repeat either four times (PER3-4 allele) or five times (PER3-5 allele).
The occurrence of the five repeat allele of Per3 may be a risk factor
for BD but not for schizophrenia [90].

The PER3 gene VNTR appears to influence the age of onset of BD.
Homozygote carriers of the PER3-5 variant exhibited an earlier age
of onset and heterozygote carriers exhibited an intermediate age of
onset. Homozygote carriers of PER3-4 showed a later age of onset
[29]. The investigators propose that the VNTRs of CLOCK genes are
potential biomarkers for BD. Replicating the result has been diffi-
cult since BD is influenced by multiple susceptibility factors.
Additionally, gene—gene interactions cannot be dismissed, since
most of the circadian proteins heterodimerize into larger
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complexes and share common functions [89]. Of note, in Japanese
individuals with DSWPD a higher frequency of the shorter VNTR
allele was observed [32].

Jones et al. [33] examined the frequency of the 4 and 5 VNTRs of
PER3 in separate age groups. The 4 repeat allele was found to be
significantly more frequent in evening chronotypes types and this
association decreased with age [33]. Itis still unclear if DSWPD is an
over-expression of an eveningness preference or a distinct disorder
[91]. Pereira et al. [92] found that homozygosity for the shorter
PER3 repeat allele in an English sample was strongly associated
with DSWPD; however, this could not be replicated in a Brazilian
sample. The authors proposed that factors such as temperature,
length of day and solar intensity at different latitudes influence
PER3 polymorphisms in DSWPD. Therefore gene—environmental
interactions in circadian disorders are potentially possible.

Benedetti et al. [93] attempted to demonstrate that circadian
genes could predict the prognosis of BD by assessing the role of
Clock genes polymorphism in the regulation of diurnal mood
fluctuations during a depressive episode of BD. They were able to
show that Clock gene polymorphisms influenced relapse rates in
their sample of BD [93]. In participants who were homozygote for
the C variant of the Clock gene the relapse rate was double that of
controls.

An association was observed between BD genes and melatonin
synthesis genes. A common polymorphism associated with BD is
located in the ASMT promoter rs446909, and is associated with
lower enzymatic activity that causes diminished conversion of N-
acetylserotonin to melatonin [94]. This finding is of interest since
N-acetylserotonin has been shown to stimulate TKRB receptors,
which in turn potentiate the action of TRKB and BDNF, the latter
being a key factor in BD. These findings are not confirmatory, and
only a few studies have shown a significant association between an
SNP (rs11077820) in AANAT and mood disorders [95].

Geoffroy et al. conducted gene analysis based on 349 SNPs
spanning 21 circadian genes and three melatonin pathway genes
[96]. Of the 14 SNPs identified in the circadian genes the NPAS2,
CRY2, ARNTL, ARNTL2, RORA and RORB genes were found to be
associated with cyclical mood patterns. Only 5 SNPs in NPAS2 were
shown to have significant associations with BD. Circadian genes can
potentially help predict the phenotype of BD; this finding may be of
relevance in the clinical setting since different phenotypes require
different treatments strategies [96].

Li, an established treatment for BD, is effective in the manic and
depressed phases and can prevent relapse. Li can serve as a tool to
investigate the mechanisms and genetics of BD [97—100]. Li affects
multiple steps in the cellular signaling of brain pathways, these
include: GSK3, CREB and Na+/K + ATPase.

We will focus on circadian genes (specifically GSK3) when
assessing Li's mechanism of action in BD. At the molecular level Li
regulates CLOCK gene expression and protein synthesis patterns in
the SCN [47]. Li inhibits GSK3 expression and activates CLOCK
transcription. In mice transgenic for GSK3p and Clock, Li was shown
to reduce mania like behaviors [101,102]. Li possibly influences
circadian rhythms through its effect on Rev-Erba, a protein product
of the NR1D1 gene [98]. Li mainly prevents the degradation of Rev-
Erba a phosphorylation target of GSK3, by inhibiting GSK3 [98].
Therefore, Li possibly stabilizes circadian rhythms in BD and pre-
vents desynchronization [51]. This finding is supported by several
studies where Li was found to delay the phase of behavioral and
physiological rhythms (e.g., CBT rhythms and physical activity)
[46,103].

Circadian biomarkers can potentially be used to predict
response to Li. Based on multiple linkage studies [104—106],
chromosome 18 was found to be of interest when assessing the
response to Li [107]. Morissette et al. [108] performed a genome-

wide scan for susceptibility loci for BD in a homogenous popula-
tion in Quebec. Results showed that the chromosome 12q23-q24
region predicted a good clinical response to Li. These results were
later replicated [109]. Evidence for linkage of loci on chromosome
15q14 and 7q11.2 was demonstrated in a study examining bipolar
families that responded well to Li [110]. In a recent study, initial
linkage analysis followed by mapping and gene expression analysis
was performed; response to Li in BD was associated with the 3p25,
3p14, and 14q11 regions [111].

The data presented above describes the interaction of circadian
and melatonin synthesis genes with BD and DSPWD. Since genes
such as PER3, CLOCK, and AANAT, are involved in both disorders,
the existence of a relationship between DSPWD and BD cannot be
dismissed. However, not all of these findings could be replicated
and ethnicity as well as geographic location appeared to influence
some of the results. Epigenetic and environmental factors such as
temperature, length of day, and solar intensity may influence
circadian genes.

Li appears well positioned to examine the underlying mecha-
nisms of BD and DSPWD. For example, it maybe feasible to predict
response to Li by examining circadian gene expression in peripheral
white blood cells [112].

Conclusion

Genetic, behavioral, and environmental factors have been
implicated in the development of BD and DSWPD. A phase delay in
melatonin rhythms was observed in both disorders and melato-
nergic drugs were found to be effective in treating both conditions.
Circadian genes have been implicated in the pathogenesis of both
BD and DSWPD. Haplotypes of the ARNTL and PER3 circadian genes
were found to be significantly associated with BD. Circadian genes
were shown to be potential biomarkers for the development of BD.

Despite several shared biomarkers, some biomarkers remain
unique for each disorder. BDNF and the immune system appeared
to be implicated in pathogenesis of BD but not of DSWPD. The
similarities in clinical profiles and biomarkers in BD and DSWPD
strongly suggest an underlying common etiology. The exact path-
ophysiological link cannot be definitely identified. However, dis-
ruptions in the melatonergic pathway and/or circadian genes
appear to be the most likely candidates. Because circadian distur-
bances are present in all phases of BD and they influence its course
and prognosis; we hypothesize that DSWPD leads to disruptions in
circadian rhythms that are implicated in the pathogenesis of BD. In
our opinion, there exists a complex multifactorial relationship be-
tween circadian rhythm sleep disorders and mood disorders.
Further research may lead to novel therapeutic modalities that can
address pathways common to both disorders.

Practice points

e Genetic, behavioral, and environmental, factors have
been implicated in the etiology of DSWPD and BD.

e A number of shared biomarkers, namely melatonin pro-
files and circadian genes, and clinical features co-exist in
both disorders

e Circadian disturbances are variably present during all
stages of BD and appear to influence the prognosis and
treatment outcomes of BD.

e Individuals with DSWPD are at risk of developing BD at an
earlier age and may have a more severe course.

e Targeting the circadian system might help treat BD.
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Research agenda

e Further research on melatonin profiles in BD should be
considered.

e Careful examination of the prevalence of DSWPDs in BD is
needed.

e The roles of ARNTL and PER3 gene alterations in BD and
DSWPD require further investigation.
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