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KEY POINTS

� Sleep is a very complex behavior, regulated by processes that have underlying genetical factors.

� However, up till now, no sleep genes are identified.

� Some sleep disturbances are inherited and have underlying genetic factors.

� Sleep disturbances are caused by the interplay of genetic, neurobiological, and environmental fac-
tors.
INTRODUCTION studies find that genes regulating sleep remain
The understanding of sleep remains elusive, it
must have an important purpose, as it survived
many evolutionary cycles. Genetic factors are sur-
mised to regulate sleep as evidenced by the heri-
tability of sleep traits, specific genetic
polymorphisms of these traits, and existence of fa-
milial sleep disorders.1

Recent studies in human and animal models
have uncovered some genetic factors underlying
sleep disturbances. However, there are more
questions than answers. Studying the genetic fac-
tors underlying sleep disturbance will aid in under-
standing the underlying mechanism of sleep.
Identification of the first familial circadian pheno-
type (familial advanced sleep phase syndrome
[FASPS]) in the late 1990s made it possible to
begin genetic mapping and cloning of genes or
mutations that have strong effects on human
circadian timing, thus starting the quest for under-
standing the genetics of sleep.2 In this review, an
overview of genetical regulation of sleep and ge-
netic factors underlying several sleep distur-
bances will be presented.

Genetic Factors of Sleep

Although mechanisms regulating sleep are
conserved across species from flies to mammals,
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ambiguous. The probable cause may be that sleep
is not one phenotype; there are variabilities in rapid
eye movement (REM) and non-REM (NREM) sleep
for instance. Diessler and colleagues found more
than 300 sleep phenotypes in mice.3 Sleep is a
very complex behavior that is regulated by the
circadian rhythm (process C) and homeostatic
drive (process S). Process S keeps track of prior
sleep-wake history and controls the homeostatic
need for sleep, whereas process C sets the time-
of-day that sleep preferably occurs.4

Circadian rhythm plays a role in sleep regulation,
especially in sleep timing. In mammals, the circa-
dian clock genes consist of activators CLOCK
and BMAL1, repressors PER (period) and CRY
(cryptochrome).5 The mechanism consists of
clock proteins that regulate their own transcription
in an autoregulatory feedback loop.1,6 The degra-
dation of PER and CRY proteins is also regulated
by the serine/threonine kinases, casein kinase 1d
(CK1d) and CK1ε, the F-box proteins, FBXL3 and
FBXL21. Several additional genes and feedback
loops have been uncovered, increasing the
complexity of the mammalian circadian clock
gene network. In a second feedback loop, CLOCK
and BMAL1 also regulate the transcription of
genes for the nuclear receptors REV-ERBa and
REV-ERBb. A third feedback loop is mediated by
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CLOCK/BMAL1-mediated transcription of the
gene DBP and the ROR/REV-ERB-mediated tran-
scription of Nfil37 (Fig. 1).
Sleep homeostasis is a process where sleep

need accumulates during wakefulness and de-
creases during sleep. Both circadian rhythm and
sleep homeostasis regulate sleep. However, the
differences between these 2 processes are not
clear cut. The clock genes NPAS2 and CLOCK
are sleep-wake driven and not circadian. It was
discovered also that sleep deprivation can cause
long-term dampening of clock genes expres-
sion.8,9 A variation of PER3 gene is associated
with sleep deprivation.10 Franken and colleagues
discovered that PER1, PER2, and DBP are impli-
cated in sleep homeostasis.4,11 Clock genes also
act as sensors of homeostasis in peripheral tis-
sues.4 These findings suggest that circadian
rhythm and sleep homeostasis are closely inter-
locked. Sleep homeostasis is also caused by
build-up and decay of adenosine, which is regu-
lated by 2 genes, the Adora1 and Adk. These
genes, respectively, encode the adenosine re-
ceptor and its metabolizing enzyme.12 In conclu-
sion, both processes S and C are genetically
regulated.
To make matters even more complicated, other

genes also regulate sleep. Voltage-gated potas-
sium channels have a major function in sleep. A
Fig. 1. Components of the mammalian circadian clock. Th
clock genes (see text). (From Cox KH, Takahashi JS. Circa
of the clock mechanism. Journal of Molecular Endocrinol
19-0153; with permission.)
genetic screen in Drosophila by Cirelli and col-
leagues identified sleep-inhibiting effects of muta-
tions in the Shaker potassium channel.13 Also,
injury or infectionmay increase sleep, and some im-
mune genes are involved in sleep promotion. The
cytokines IL-1 and TNFa play a role in sleep physi-
ology.1,14,15 Nuclear factor-kB (NF-kB) increases
after sleep deprivation,16 and Williams and col-
leagues discovered in Drosophila that the immune
gene Relish (encoding the Drosophila NF-kB) plays
a role in the control of sleep.17 The EEG features of
sleep can also be modulated by the genes that
regulate the duration and timing of sleep. DEC2
Y362H mutation carriers showed higher delta po-
wer during NREM and less REM sleep compared
with the noncarriers.2 Slow-wave activity in NREM
sleep, theta and alpha activity during wakefulness,
and REM sleep were all increased in PER35/5

compared with PER34/4 individuals.10

Sleep appears to be genetically regulated. How-
ever, it is clear from all these observations that
despite the increasing number of studies we still
cannot elucidate “sleep genes.”
Genetic Factors Underlying Narcolepsy and
Other Hypersomnia Disorders

Narcolepsy is a chronic neurologic sleep disorder
that manifests as a difficulty in maintaining
e mammalian clock consisted of 3 feedback loops of
dian clock genes and the transcriptional architecture
ogy. 2019;63(4):R93-R102. https://doi.org/10.1530/JME-
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continuous wakefulness and sleep. Narcolepsy
type 1 (NT1) is characterized by excessive daytime
sleepiness, cataplexy, hypnagogic/hypnopompic
hallucinations, and sleep paralysis. It is caused
by a marked reduction in neurons in the hypothal-
amus that produce orexin (hypocretin), which is a
wakefulness-associated neuropeptide. Narco-
lepsy type 2 (NT2) has the same symptoms as
NT1 excluding cataplexy and has normal cerebro-
spinal fluid (CSF) hypocretin.18

In animal models, this disease can be repro-
duced by disrupting hypocretin (orexin) transmis-
sion by defects in either the hypocretin receptor
2 (HCRTR2) or the hypocretin ligand genes.19,20

However, it is a different story in human narco-
lepsy. Although the link between hypocretin defi-
ciency and narcolepsy is consistent in both
humans and animal models, the mechanisms un-
derlying the dysfunction are different.21 Human
narcolepsy is sporadic, there is low concordance
in monozygotic twins (25%–30%), and only 1%
to 2% of first-degree relatives of an NT1 patient
have the same disease. However, the relative
risk for first-degree family members of patients
with NT1 is 10- to 40-fold higher than that in the
general population.22 Narcolepsy is a very com-
plex disease with both genetical and environ-
mental factors. Recent studies have identified
susceptibility loci for NT1, but genetical analysis
of NT2 is still progressing.21

There is hypocretin deficiency in the CSF of NT1
patients. Hypocretin 1 (orexin A) and hypocretin 2
(orexin B) are neuropeptides that control wakeful-
ness and appetite. They are produced by neurons
in the lateral hypothalamus.23,24 However, unlike
canine narcolepsy models, most human NT1 pa-
tients do not have variants in the prepro-orexin
and orexin receptor genes.21 Loss of hypocretin
neurons is probably caused by autoimmune pa-
thology. This fact is apparent by the close associ-
ation between human leukocyte antigen (HLA) and
T cell receptor (TCR) variants of narcolepsy. HLA
class II antigens in immune cells present foreign
peptides to T cells via TCR. Nearly all NT1 cases
carry HLA-DQB1*06:02 gene allele25 and also
30% to 50% of NT2 cases.26 The problem is that
this is a very common allele in general population
and thus is not sufficient as a cause of disease.27

Recent data from H1N1 influenza infection and
vaccination suggests narcolepsy can develop by
interaction between HLA and an immune trigger.
Increased prevalence of NT1 was discovered after
H1N1 infection in Chinese children28 and after
anti-H1N1 vaccination in European countries.29,30

On the other hand, genome-wide association
(GWA) studies found single-nucleotide polymor-
phism (SNP) rs5770917 located between CPT1B
(carnitine palmitoyltransferase 1B) and CHKB
(Choline Kinase B) was associated with NT1.
CPT1B regulates b-oxidation, a pathway involved
in regulating theta frequency during REM sleep,
and CHKB is an enzyme involved in the meta-
bolism of choline, a precursor of the REM- and
wake-regulating neurotransmitter acetylcholine.31

So, either of these genes is a plausible candidate
for the development of narcolepsy.

Idiopathic hypersomnia is clinically difficult to
differentiate with NT2. The frequency of
DQB1*0602 (40%) in patients with idiopathic
hypersomnia is intermediate between that in the
general population (12%–38%) and that in
narcolepsy-cataplexy (70%–100%). Idiopathic
hypersomnia may be closely linked to narcolepsy,
because a narcolepsy polymorphism located be-
tween CPT1B and CHKB may be associated with
both narcolepsy and hypersomnia in Japanese
cohorts.32

Kleine-Levin syndrome is a rare disorder char-
acterized by episodes of hypersomnia and cogni-
tive and behavioral changes. This disorder
usually affects adolescent males (frequently re-
ported in Ashkenazi Jews), with some family mem-
bers are also affected. This data suggests that
there is a major susceptibility gene and exposure
to an unknown environmental trigger.1
Genetics of Circadian Rhythm Sleep-Wake
Disorders

Circadian rhythm sleep-wake disorder (CRSWD) is
defined as a condition that is “caused by alter-
ations of the circadian time keeping system, its
entrainment mechanisms, or a misalignment of
the endogenous circadian rhythm and the external
environment.”33 One disorder has a well-
established cause in clock gene mutations, it is
the FASPS.

Advanced sleep phase (ASP) is characterized by
a phase-advanced circadian sleep-wake rhythm
relative to local solar time. It is suspected to be
FASPSwhen ASP is demonstrated inmultiple fam-
ily members. Advanced sleep-wake phase disor-
der (ASWPD) is defined as a phase advance of
the sleep-wake cycle accompanied by a sleep-
related complaint. FASPS is a subtype of ASP
and overlaps with ASWPD. Prevalence of ASP is
0.33%, FASPS 0.21%, and ASWPD at least
0.04%. Most cases of young-onset ASP were
familial.34

FASPS patients tend to sleep and wake very
early, their melatonin and core body temperature
rhythms are advanced by 4 to 6 hours, and their
circadian rhythms are 1 hour shorter compared
with conventional sleepers. They have defects in
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phosphorylation of PER2, with mutations identified
in both PER2 and Casein Kinase 1 genes
(CK1d).1,35,36 The FASPS hPER2 S662 G mutation
resulted in PER2 being hypophosphorylated by
CKI in vitro. Xu and colleagues showed that phos-
phorylation at S662 leads to increased PER2 tran-
scription and suggest that phosphorylation at
another site leads to PER2 degradation.37

Contrary to ASWPD patients, individuals with
delayed sleep-wake phase disorder (DSWPD)
have later sleep and wake onset compared with
the rest of the population. They are often sleep
deprived because sleep onset is delayed by the
biological clock, whereas morning waking time is
enforced by the alarm clock and social/work re-
sponsibilities.38 It is common in adolescents and
young adults with an estimated prevalence of
7% to 16%. Archer and colleagues reported a
length polymorphism in PER3 and PER3 promoter
linked to DSWPD.39,40 However, another study by
Osland and colleagues was not able to reproduce
these findings.41 Another study discovered that
this disorder was caused by mutation in the core
circadian clock gene CRY1 that causes its transla-
tion product to constitutively repress the circadian
transcriptional activators CLOCK and BMAL1.42
Genetics of Restless Legs Syndrome

Restless legs syndrome (RLS)/Willis-Ekbom dis-
ease is characterized by an urgency to move the
legs occurring with abnormal leg sensations.
These disturbing sensations can be relieved by
movement. These symptoms have a definite circa-
dian presentation; they are worse at night time.
The pathophysiology involves iron-dopamine con-
nectivity, iron regulation in the brain, opioid
signaling, as well as brain and spinal cord
circuitry.43,44

Sixty percent of RLS patients reported other
family members with this disorder, also there
was high concordance (83%) in monozygotic
twins.1,43 GWA studies discovered transcription
factors MEIS1, important for nervous system
development and affecting dopamine signaling,
and BTBD9, which regulates the activity of the
striatum.45,46 MEIS1 is the most important gene
involved in RLS pathology. This gene is expressed
in dopaminergic neurons of the substantia nigra,
the spinal cord, and the red nucleus (regulates co-
ordination of limb movement and that also con-
tains lower iron levels in RLS). MEIS1 is part of a
regulatory network that specifies motor neuron
pool identity and the pattern of target-muscle con-
nectivity.1 BTBD9 regulates striatal activity.
Recent studies suggest that changes in the stria-
tummay underlie the pathogenesis of RLS.47 Brain
imaging studies show decreased striatal dopa-
mine transporter48 and D2 dopamine receptor
binding potential.49 Also, this gene is associated
with periodic limb movement in sleep, inferring
that it is important for the motor symptoms of
RLS.50

GWA studies also discovered a third locus con-
taining the genes encoding mitogen-activated
protein kinase MAP2K5 and the transcription fac-
tor SKOR1(LBXCOR1) on chromosomes 2p, 6p,
and 15q, respectively.45 SKOR1 is expressed
selectively in a subset of dorsal horn interneurons
in the developing spinal cord, which relay pain and
touch. This locus may contribute to the sensory
component of RLS by affecting modulation of sen-
sory and pain inputs.
Genetics of Insomnia

Insomnia is characterized with persistent difficulty
in initiating or maintaining sleep, with correspond-
ing daytime dysfunction. It occurs in 10% to 20%
of the general population. Insomnia increases the
risk of developing anxiety disorders, alcohol
abuse, major depression, and cardiometabolic
disease.51 Insomnia runs in families and has higher
concordance in monozygotic twins.1

GWA studies identified 57 loci for self-reported
insomnia symptoms in the UK Biobank, some of
them are MEIS1, CYCL1, TMEM132E, and
SCFD2. There was evidence of shared genetic fac-
tors between frequent insomnia symptoms and
RLS, aging, cardiometabolic, behavioral, psychi-
atric, and reproductive traits. This study also found
a possible causal link between insomnia symp-
toms and coronary artery disease, depressive
symptoms and subjective well-being.51

Fatal familial insomnia (FFI) is a rare disorder
characterized by severe sleep disorder, dysauto-
nomia, motor signs, and abnormal behavior. Pri-
mary atrophy of selected thalamic nuclei and
inferior olives is usually found in this disorder,
and expansion to other brain regions with dis-
ease progression. It is an autosomal dominant
inherited prion disease caused by D178N muta-
tion in the prion protein gene (PRNP D178N)
accompanied by the presence of a methionine
at the codon 129 polymorphic site on the
mutated allele.52,53 Loss of sleep, sympathetic
hyperactivity, and flattening of vegetative and
hormonal circadian oscillations characterize FFI.
These symptoms resulted from homeostatic
imbalance caused by the interruption of the tha-
lamocortical limbic circuits, the phylogenetically
most advanced structures involved in the control
of the sleep-wake cycle and the body’s
homeostasis.54
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Short sleeper is usually classified under the
heading of insomnia as isolated symptoms and
normal variants.33 Familial natural short sleeper is
an extreme early bird phenotype. Similar to indi-
viduals with FASPS, they wake up at an extremely
early hour in the morning. However, their sleep
onset time was comparable to conventional
sleepers, thus shortening their total sleep duration
by 2 hours each day compared to conventional
sleepers. Their sleep time requirement is approxi-
mately 6 hours.38,55 These individuals have a mu-
tation in DEC2, which plays a role in circadian
rhythm (as a repressor of CLOCK/BMAL activity55)
and act as a transcriptional repressor of hypocre-
tin (Hcrt) encoding the neuropeptides HCRT1 and
255–57.
Genetics of Sleep-Related Breathing Disorders

Sleep-related breathing disorders (SRBDs) are
characterized by abnormalities of respiration dur-
ing sleep. They may experience repetitive epi-
sodes of decreased or arrested respiratory
airflow during sleep.33,58 SRBDs include obstruc-
tive sleep apnea (OSA) disorders, central sleep ap-
nea disorders, sleep-related hypoventilation
disorders, and sleep-related hypoxemia
disorders.33

OSA is a syndrome characterized by repetitive
upper airway obstruction caused by reduced
patency of the upper airway during sleep. OSA is
heritable, because first-degree relatives of an
OSA patient are more likely to snore or have
observed apneas, after controlling for obesity,
age, and gender.59 There is evidence of both direct
genetic contributions to OSA susceptibility and in-
direct contributions via “intermediate” phenotypes
such as obesity, craniofacial structure, neurologic
control of upper airway muscles and of sleep and
circadian rhythm.60 Approximately 40% of the
variance in the apnea-hypopnea index may be
explained by familial factors.61 Studies in twin
and family suggest that ventilatory responsiveness
to either hypoxemia or hypercapnia, obesity, up-
per airway dimension, and craniofacial
morphology are also under a high degree of ge-
netic control.62–65

Despite the evidence of heritability, no risk locus
for OSA has reached a genome-wide level of sig-
nificance. Some studies identified candidate
genes for OSA, they are associated with inflamma-
tion, hypoxia signaling, and sleep pathways.58

Polymorphism in the angiopoietin-2 gene
(ANGPT2),66 TNF-a gene,67 prostaglandin E2 re-
ceptor (PTGER3) gene, and lysophosphatidic
acid receptor 1 (LPAR1) gene, G-protein receptor
gene (GPR83), b-arrestin 1 (ARRB1) gene, an
important regulator of hypoxia-inducible factor 1
alpha (HIF-1a), were associated with OSA.60 In
conclusion, OSA is a complex disease, it is prob-
ably caused by a combination of many genetic
and environmental factors.

Congenital central hypoventilation syndrome
(CCHS) or Ondine’s curse is a life-threatening dis-
order involving an impaired ventilatory response to
hypercarbia and hypoxemia. It is characterized by
alveolar hypoventilation and autonomic dysregula-
tion. Mutations in the paired-like homeobox 2B
(PHOX2B) gene underly CCHS. PHOX2B is a mas-
ter gene for the formation and/or function of the
neuronal network for autonomous control of
ventilation.68,69
Genetics of Sleep Disturbance in Psychiatric
Disorders

SNPs in core circadian clock genes have been
associated with psychiatric disorders. Several
studies have highlighted that circadian clock
genes may have a more widespread physiologic
effect on cognition, mood, and reward-related be-
haviors.70 An SNP in the 3-flanking region of the
Clock gene (3111 T to C) is associated with a
higher recurrence rate of bipolar episodes. This
SNP was also associated in bipolar disorder with
sleep problems (insomnia and decreased need
for sleep).71 Several SNPs in the Clock gene
(3117 G to T, 3125 A to G) have been reported to
be associated with major depression and sleep
disturbances.70 Schizophrenia patients presented
disruptions in diurnal rhythms of the expression
of PER1, PER2, PER3, and NPAS2 in white blood
cells,72 also a loss of rhythmic expression of
CRY1 and PER2 in fibroblasts.73 Mice deficient
for CRY1 and 2 proteins show an abnormally
high level of anxiety.74 In conclusion, the effects
resulting from altered clock genes may play a
role in sleep problems and the emergence of
symptoms present in certain psychiatric disorders.

Anxiety, stress, and depressive symptoms are
often associated with insomnia. Insomnia symp-
toms are associated with MEIS1 in animal models,
it is located near TMEM132E and CYCL1.
TMEM132E is a gene family with roles in brain
development, panic/anxiety, and bipolar disorder,
suggesting a link between insomnia symptoms
and an underlying broader sensitivity to anxiety
and stress. CYCL1 is a locus previously associ-
ated with alcohol dependence comorbid with
depressive symptoms.75

Symptoms in depression include early morning
awakeningsand fatigue, these featuresalso indicate
disturbed sleep. Neurotransmitters involved in
depression are also linked to sleep regulation,



Table 1
Neurodevelopmental syndromes and associated sleep disturbances

Syndromes SRBD Insomnia EDS
Sleep
Enuresis

Sleep
Bruxism

Angelman D D D D D

CHARGE D L - - -

Cornelia de Lange D D D - -

Cri du Chat L L - - -

Down D D D D D

Fragile X D D D D D

Hurler D L - - -

Jacobsen L L - - -

Juvenile Neuronal Ceroid Lipofuscinosis L L - - -

Mucopolysaccharidoses D L - - -

Neurofibromatosis D D D - -

Prader-Willi D D D D

Rett D D D - D

Smith-Magenis L D D - -

Smith-Lemli-Opitz L L - - -

Tuberous Sclerosis Complex L D D - -

Williams D D D D D

Abbreviations: EDS, excessive daytime sleepiness; SRBD, sleep-related breathing disorder.
Data from Agar G, Brown C, Sutherland D, Coulborn S, Oliver C, Richards C. Sleep disorders in rare genetic syndromes: a

meta-analysis of prevalence and profile. Mol Autism. 2021;12(1):18. https://doi.org/10.1186/s13229-021-00426-w 81
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including serotonergic and glutamatergic neuro-
transmission and the hypothalamic-pituitary-
adrenal axis. GWA studies from Finland
found suggestive associations in women for
GAD1, GRIA3, and BDNF with depression accom-
panied by fatigue, and for CRHR1 with depression
accompanied by early morning awakenings.76

Almost 80%of schizophrenic patients have sleep
disturbance, which are associated with greater
symptom severity, increased relapse rates, worse
prognoses, and a diminished quality of life.77 These
sleep disturbances may be caused by exogenous
effects of psychoactive agents (psychotropic medi-
cations, alcohol, illegal substances) or the endoge-
nous effects of disease-related pathophysiological
processes on sleep continuity and architecture.
Schizophrenic patients report various sleep disor-
ders, mainly insomnia, RLS, and OSA syndrome.78

Several genetic polymorphisms were associated
with schizophrenia-related sleep disorders.
Antipsychotic-induced RLS was linked to polymor-
phisms located on CLOCK (Circadian Locomotor
Output Cycles Kaput), BTBD9 (BTB Domain Con-
taining 9), GNB3 (G Protein Subunit Beta 3), and
TH (Tyrosine Hydroxylase) genes. Clozapine-
induced somnolence was correlated with
polymorphisms of HNMT (histamineN-methyltrans-
ferase) gene, whereas insomnia symptoms were
associated with polymorphisms of the MTNR1
(Melatonin Receptor 1A) gene.79

Sleep Disturbance in Neurodevelopmental
Disorders

Sleep disturbances are extremely prevalent in chil-
dren with neurodevelopmental disorders
compared with typically developing children. The
diagnostic criteria for many neurodevelopmental
disorders include sleep disturbances. Sleep
disturbance in this population is often multifacto-
rial and caused by the interplay of genetic, neuro-
biological, and environmental overlap. These
disturbances often present either as insomnia or
hypersomnia.80 Insomnia was reported in most
syndromes, but it was not associated with specific
genetic risk.81 Table 1 lists the neurodevelopmen-
tal syndromes and their associated sleep
disturbances.

SUMMARY

Sleep is a very complex behavior that is influenced
by genetic and environmental factors. We still have

https://doi.org/10.1186/s13229-021-00426-w


Table 2
Genes associated with sleep disorders

Sleep Disorder Gene

Hypersomnia

� Narcolepsy Hypocretin receptor 2 (HCRTR2) or the hypocretin ligand genes
(animal models)

HLA-DQB1*06:02
gene allele (human)

SNP rs5770917 located between CPT1B (carnitine
palmitoyltransferase 1B) and CHKB (Choline Kinase B)

� Idiopathic
Hypersomnia

HLA-DQB1*06:02
Polymorphism located between CPT1B and CHKB

CRSWD

� ASWPD PER2 S662G mutation (in FASPS)

� DSWPD PER3 and PER3 promoter,
CRY1

Restless
Legs
Syndrome

MEIS1, BTBD9
MAP2K5 and SKOR1(LBXCOR1)

Insomnia

� Insomnia MEIS1, CYCL1, TMEM132E, SCFD2

� FNSS DEC2

SRBD

� OSA Angiopoietin-2 gene (ANGPT2), TNF-a gene, prostaglandin E2
receptor
(PTGER3) gene, lysophosphatidic
acid receptor 1 (LPAR1) gene, G-protein receptor
gene (GPR83), b-arrestin 1 (ARRB1) gene

� CCHS Paired-like homeobox 2B (PHOX2B)

Psychiatric disorder

� Bipolar disorder SNP in the 3-flanking region of the Clock gene (3111 T to C),
TMEM132 E

� Major depressive disorder SNPs in the Clock gene (3117 G to T, 3125 A to G), GAD1, GRIA3,
BDNF

� Schizophrenia PER1, PER2,
PER3, CRY1,
NPAS2, MTNR1
(Melatonin
Receptor 1A)

� Anxiety CRY1, CRY2,
TMEM132E

� Alcohol
dependence
comorbid
with
depressive
symptoms

CYCL1

Abbreviations: ASWPD, advanced sleep-wake phase disorder; CCHS, congenital central hypoventilation syndrome;
CRSWD, circadian rhythm sleep-wake disorder; DSWPD, delayed sleep-wake phase disorder; FNSS, familial natural short
sleeper; OSA, obstructive sleep apnea; SRDB, sleep-related breathing disorder.
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not discovered sleep genes. Many sleep distur-
bances have underlying genetic factors, but most
are caused by the interplay between genetical,
environmental, and biological factors. Table 2 lists
sleep disorders and their underlying genetic basis.
Some sleep disturbances have polymorphisms in
the circadian clock. Moreover, sleep is still an
expanding field, there is still a lot more to be



Tedjasukmana8
discerned. Understanding the genetic factors un-
derlying sleep disturbance may help us to discover
the mechanisms of sleep.
CLINICS CARE POINTS
� Recent studies in humans and animal models
have uncovered some genetic factors under-
lying sleep disturbances.

� Sleep is a very complex behavior that is, regu-
lated by circadian rhythm, homeostatic drive,
and other processes, all of which have genetic
regulation.

� Many sleep disturbances have underlying ge-
netic factors, some caused by polymorphisms
of the circadian clock.

� However, most sleep disturbances mecha-
nisms are caused by interaction between
genetical, biological and environmental fac-
tors.
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