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Abstract: Biological, environmental, behavioral, and social factors can influence sleep and lead to
sleep disorders or diseases. Sleep disorders are common, numerous, and heterogeneous in terms
of their etiology, pathogenesis, and symptomatology. The management of sleep–wake circadian
disorders (SWCDs) includes education on sleep hygiene, behavioral strategies, psychotherapy (cog-
nitive behavioral therapy (CBT), particularly), instrument-based treatments (i.e., positive airway
pressure therapy, hypoglossal nerve stimulation), and pharmacotherapy. Depending on the disease,
therapy varies and is executed sequentially or can be a combination of several forms of therapy.
Drugs used for SWCDs include traditional sleep- or wake-promoting agents and chronotherapeutic
agents. Recently, novel medications, which more precisely act on specific neurochemical systems
(i.e., the orexin system) important for sleep and waking, are also increasingly being used. In this
review, the pharmacotherapy of common sleep disorders (insomnia, sleep-related breathing disorder,
central disorders of hypersomnolence, circadian rhythm sleep–wake disorders, parasomnias, and
sleep-related movement disorders) embedded in the overall therapeutic concept of each disorder is
presented. There is also an outlook on possible future pharmacotherapies.

Keywords: pharmacotherapy; sleep–wake disorders; hypersomnolence; restless legs; syndrome;
parasomnias; sleep-related breathing disorders; insomnia; circadian disorders

1. Introduction

There is a growing understanding of the neurobiology and functions of sleep and its
effects on human health, including brain and mental health [1]. More than 1/3 of the global
population reports sleep loss [2,3]. Insufficient or irregular sleep and sleep–wake disorders
adversely affect human health in several dimensions, with both immediate effects such as
sleepiness, impairment at work, or reduced psychosocial well-being as well as increased
risk for (i.e.,) dementia, stroke, cardiovascular disorders, and depression [4–6].

There is also a high economic burden of sleep disorders. In a European study from
2010, the costs of disorders of the brain were calculated. The burden of sleep disorders was
high and comparable with mental and neurological disorders [7], i.e., for narcolepsy, the
direct and indirect costs reached €10,000 per patient, annually. Recently, several professional
societies have aimed at increasing awareness, education, and research on sleep and moving
healthcare policy towards healthy sleep [1,6,8].

The neurobiology of sleep and wakefulness is complex and includes not only wake- or
sleep-promoting systems but also homeostatic, circadian, and motivational processes [9,10].
The neurobiology of sleep is beyond the scope of this review, and reference is made to the
relevant literature.

Biological factors, environmental, behavioral, and social factors all can influence sleep.
The individual may influence some of these factors, such as sleep times, sleep duration, or
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body weight. Shift work, a noisy sleep environment, hunger, or psychomental stress due to
occupational overload are examples of factors that often cannot be influenced, however.

Sleep disorders are heterogeneous in their pathogenesis and manifestation. The In-
ternational Classification of Sleep Disorders, 3rd Edition [11], classifies them into sections:
insomnia, sleep-related breathing disorders, central disorders of hypersomnolence, circa-
dian rhythm sleep–wake disorders, parasomnias, sleep-related movement disorders, and
other sleep disorders.

The management of sleep–wake circadian disorders (SWCDs) includes behavioral strate-
gies, psychotherapy, instrument-based treatments (i.e., positive airway pressure therapy),
and pharmacotherapy, depending on the individual disorder. Often, there is a combined or
sequential treatment of the diseases, which includes the different forms of therapy.

Pharmacological treatment may sometimes be avoided if there is greater awareness of
the need for longer and good sleep leading to lifestyle and behavioral changes (e.g., stress
reduction, weight control).

Many SWCDs need long-term pharmacological treatment. Drugs used act on the dif-
ferent neurochemical systems that generate wakefulness or sleep, respectively. Frequently
used drugs and their pharmacological, neurobiological, and clinical effects are shown in
Table 1. Some medications are an option for specific constellations (e.g., amitriptyline
for chronic pain and insomnia) or individual symptoms (e.g., REM sleep-suppressing
medication for nightmares).

Table 1. Commonly used medications for SWCDs: pharmacological, neurobiological, and clinical
effects. Adapted from [12].

Drug Type Examples Pharmacological Effect Neurobiological Effect Clinical Effect

Traditional,
amphetamine-like

stimulants

Amphetamine
Methylphenidate

Increase extracellular
levels of DA and NE

Increased DA and NE
signaling Increased wakefulness

Wake-promoting,
non-traditional

stimulants

Modafinil
Armodafinil

Increase extracellular
levels of DA Increased DA signaling Increased wakefulness

Wake-promoting agent Pitolisant Block H3 receptors
Reduced H3 neuron

activity leads to increased
ACh, NA, and DA release

Increased attention and
wakefulness

Benzodiazepines
Diazepam

Clonazepam
Lorazepam

Enhance GABA signaling
via GABAA receptors

GABA inhibits the arousal
systems Increased sleep

Non-benzodiazepine
sedative hypnotics (“Z”)

Zolpidem
Zaleplon
Zopiclone

Enhance GABA signaling
via GABAA receptors

GABA inhibits the arousal
systems Increased sleep

Classic
antihistamines

Diphenhydramine
Triprolidine Block HA H1 receptors Reduced HA signaling Increased sleep

Typical antipsychotics Haloperidol
Chlorpromazine Block DA receptors Reduced DA signaling Increased sleep

Sleep-promoting agents Sodium oxybate Stimulation of GABAB
receptors

Reduced DA neuronal
activity and inhibition of

arousal systems
Increases sleep

Orexin receptor
antagonists

Daridorexant
Lemborexant
Suvorexant

Block OX1R and OX2R Reduced orexin neuronal
activity Decreases wakefulness

Selective serotonin
reuptake inhibitors (SSRIs)

Fluoxetine
Citalopram

Increase extracellular
levels of 5-HT

5-HT inhibits REM
sleep-producing cells Decreased REM sleep

Tricyclic antidepressants
Amitriptyline
Nortriptyline

Clomipramine

Increase extracellular
levels of 5-HT and NE

5-HT and NE inhibit REM
sleep-producing cells Decreased REM sleep
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2. Pharmacotherapy of Sleep–Wake Circadian Disorders

For most SWCDs, pharmacological treatment is recommended. In this review, pharma-
cological treatment refers to approved and not-approved drugs used for the corresponding
disorder. Natural or herbal medicines or any other complementary or alternative medicines
are not included. We here also refer to drug treatment in adults. Only very little compara-
tive data on the clinical effectiveness of drugs are available, and mostly meta-analyses have
been used for comparative evaluation. The treatment of common SWCDs is presented. For
the pharmacotherapy of rare SWCDs, specific literature is recommended.

2.1. Insomnia

Introduction: Chronic insomnia refers to frequent and persistent complaints of ini-
tiating or maintaining sleep, resulting in dissatisfaction and daytime impairment. This
definition may vary depending on the nosological system (ICD-10; ICD-11; ICSD-3 [11],
or Diagnostic and Statistical Manual of Mental Disorders, DSM-V) used. Insomnia is the
most frequent SWCD. Epidemiological data indicate a 9 to 48%, depending on the criteria,
frequency of complaints and daytime consequences [13,14].

Management: For chronic insomnia, cognitive behavioral therapy for insomnia (CBT-I)
is recommended as first-line treatment. Pharmacological treatment should be offered if
CBT-I is not sufficiently effective or not available [15]. In daily practice, many physicians
prescribe drugs for insomnia as the first option and exclusively, or in parallel to CBT-I.

Pharmacological treatment: See Table 2. Drug treatment of insomnia is purely symp-
tomatic. In addition to drugs, education strategies and CBT-I are often necessary for the
successful long-term treatment of insomnia. Some guidelines and recommendations also
differentiate between the treatment of “sleep onset” and “sleep maintenance” insomnia.
Particular attention has to be paid to potential psychological dependence on benzodiazepines.

Dual orexin receptor antagonists (DORAs) are novel treatments for insomnia. Several
clinical trials and meta-analyses [16–20] showed for all DORAs an improvement in total
sleep time in a dose-dependent manner and an improvement in sleep maintenance (su-
vorexant, [17,19–21], and for daridorexant, [18–20]). In a phase II trial, using a randomized,
double-blind, placebo-controlled, active-reference (here: zolpidem) study design, only
daridorexant reduced the number and duration of longer wake bouts throughout the night
compared with placebo [22]. Two meta-analyses on daridorexant, however, found no
beneficial effect on insomnia [16,17]. In a recent study on the comparison of the treatment
effectiveness between lemborexant and zolpidem, both drugs, but lemborexant more con-
sistently, showed subjective and objective (polysomnographic findings) benefits compared
with placebo [23]. The place of DORAs in the treatment of insomnia, in particular for
long-term treatment, still needs to be confirmed. The positive effects of the Z-drugs on
insomnia have been described in different meta-analyses, with Eszopiclone performing
particularly well in one analysis.

Special conditions: Particular recommendations for the elderly are indicated also in
Table 2. Some data indicate that trazodone is efficacious in the treatment of insomnia and
also in patients suffering from dementia [24]. The efficacy and safety of DORA treatment
for older individuals are not entirely clear [19,25–27].

Future directions: Dual orexin receptor antagonists (DORA) are a new class of phar-
macologic drugs for the treatment of insomnia, and further data on long-term efficacy and
safety will appear. Additional studies are needed to evaluate the efficacy of combining
newly available pharmacologic treatments, such as DORAs, with other drugs or with
non-pharmacologic treatments. Slow-wave sleep (SWS) is often decreased in insomnia,
particularly in the elderly. New drugs with a particular effect on SWS are needed.
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Table 2. Pharmacological treatment of insomnia: drug types, examples, and recommendations [28–37].

Drug Group Drug Type Example Recommendation O * M+ Elderly Remarks

Melatoninergic
drugs

Melatonin 0 (+) (+)

Melatonin
extended release (+) (+) +

Melatonin receptor
agonists + (+) (+) Consider indication

status

GABA-A receptor
agonists

Benzodiazepines (+) + + Consider abuse or
addiction liability

Non-benzodia-
zepines

“Z”-drugs
++ ++ +

Antidepressants

Trazodone ++ + + + May also be used in
dementia

Mirtazapine + (+) + Caveat: long half-life

Tricyclic
antidepressants Amitriptyline + (+) (+) Low dose

recommended

Doxepin ++ + +

Dual orexin
receptor agonists

Dual orexin
receptor agonists Daridorexant ++ + + (+) Further

studies needed

Antipsychotic
drugs Quetiapine 0 Backup option

Antihistamines 0

For the use in * onset insomnia or + maintenance insomnia; 0: no recommendation; (+): limited recommendation;
+: weak recommendation; ++: strong recommendation.

2.2. Sleep-Related Breathing Disorders (SRBDs)

Introduction: SRBDs include obstructive sleep apnea (OSA), central sleep apnea (CSA),
sleep-related hypoventilation disorders, sleep-related hypoxemia disorder, and isolated
symptom/normal variants. OSA is the most frequent SRB disorder and affects 2–24%
(female) and 4–48% (male) of the general, middle-aged population in Western countries
depending on the apnea–hypopnea index (AHI), >5 or >15/h, and on including additional
symptoms for diagnosis [38,39]. The diagnosis of OSA includes obstructive respiratory
events (AHI > 5/h) but also complaints of sleepiness, non-restorative sleep, fatigue, or
insomnia symptoms [11].

Management: The therapeutic management of SRBDs comprises general advice as to
lifestyle, positional therapy, the treatment of comorbid diseases, and treatment with oral
devices, positive airway pressure (PAP) devices, surgical interventions, and hypoglossal
nerve stimulation. For OSA and other forms of SRBDs, different PAP treatments are often
used as first-line therapy.

Pharmacological treatment: There is not yet any primary pharmacological treatment
for SRBDs. Some data indicate that oxygen application and/or the use of acetazolamide
may be helpful in some particular SRBDs and as an adjunctive treatment.

Special conditions:

• Insomnia: Some patients experience improvement in their non-restorative or dis-
turbed sleep quickly after the initiation of therapy (i.e., with PAP). In others, insomnia
symptoms are unchanged, and some describe novel difficulties in sleep initiation in
particular. The treatment of insomnia in SRBDs follows the general recommendations
for the management of insomnia (see Section 2.1). CBT-I also leads to an improvement
in insomnia in treated and untreated comorbid sleep apnea patients [40]. It needs
to be considered that antidepressant and antipsychotic medicines for insomnia may
exacerbate sleep apnea [41]. Several studies suggest a neutral response on respiration
for GABA-A receptor agonists, (benzodiazepines, Z-drugs) and also for trazodone. In
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a recent study, using the DORA lemborexant, respiratory safety was demonstrated in
subjects with moderate-to-severe OSA [42].

• Excessive daytime sleepiness (EDS)/fatigue: 5–10% of OSA patients, who are under
effective PAP treatment, still describe EDS [43]. This condition often is called “residual
EDS (R-EDS) in OSA”. The daytime symptomatology, however, still needs further
differentiation (EDS vs. fatigue vs. cognitive disturbances). Further, it remains unclear
whether EDS is the consequence of OSA at all [43]. In the last decades, modafinil
(off-label in the EU) and armodafinil have been used for the treatment of persistent
EDS in OSA. Recently, solriamfetol and pitolisant (see also Section 2.3) have been
studied and approved for the treatment of R-EDS in OSA. Both have shown to be
efficacious in the reduction in EDS in these populations [44–47].

Future directions: Several new pathways for the pharmacological treatment of OSA
are currently being explored. They include, i.e., the selective norepinephrine reuptake
inhibitor atomoxetine in combination with the antimuscarinic oxybutynin. A trial of this
combination led to a reduction in the AHI of 62% [48]. Recently, a trial with the carbonic
anhydrase inhibitor sulthiame in 68 patients with moderate-to-severe OSA resulted in a
reduction in the AHI of 41% [49]. Although these are promising results, the state of medical
evidence is, at present, too scarce to make any sound recommendations on a primary
pharmacotherapy for OSA.

2.3. Central Disorders of Hypersomnolence (CDH)

Introduction: CDH include primary sleep–wake disorders (narcolepsies, hypersom-
nias) and hypersomnolence due to or associated with other medical, or psychiatric disor-
ders, medication, or substances. Also, insufficient sleep syndrome is part of this section. For
the symptoms of excessive daytime sleepiness and for excessive need for sleep (mean sleep
duration >9 h), the prevalence in the general population is 5% and 8%, respectively [50,51].
For narcolepsy, the prevalence is approx. 0.025 [52].

Management: For narcolepsy and idiopathic hypersomnia, management usually in-
cludes both behavioral strategies and pharmacotherapy [53]. Psychotherapeutic treatment
is also necessary for some patients.

Pharmacological treatment: See Table 3A,B [54–60]. Drug treatment is symptomatic
and is oriented primarily to the main symptoms of the diseases (excessive daytime sleepi-
ness, cataplexy, disturbed nocturnal sleep for narcolepsy, and excessive daytime sleepiness
and hypersomnia for idiopathic hypersomnia) [54]. In a double-blind, randomized trial,
the efficacy of pitolisant was compared with that of modafinil with regard to excessive
daytime sleepiness: the effect was comparable [61].

Table 3. (A): Pharmacotherapy of narcolepsy (drugs and key symptoms). (B): Pharmacotherapy of
idiopathic hypersomnia (drugs, and key symptoms).

(A)

Drug EDS Cataplexy DNS

Modafinil/Armodafinil ++

Solriamfetol ++

Pitolisant ++ +

Sodium Oxybate ++ ++ ++

Antidepressants:
Venlafaxine, Clomipramine ++

Methylphenidate +

Amphetamines +

Baclofen (+)

Non-benzodiazepines (“Z”-drugs) + *
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Table 3. Cont.

(B)

Drug EDS Hypersomnia

Modafinil ++

Oxybates +

Pitolisant (+)

Methylphenidate (+)
EDS: excessive daytime sleepiness; DNS: disturbed nocturnal sleep; * short-term treatment; (+): limited recom-
mendation; +: weak recommendation; ++: strong recommendation.

Special conditions: Stimulant medications can be associated with an increase in heart
rate or blood pressure. Pre-existing or comorbid disorders, in particular cardiovascular
diseases and psychiatric disorders, have to be taken into consideration when starting or
changing a drug treatment. This is particularly true for the group of elderly patients [54].

Future directions: Selective orexin receptor agonists are a promising new class of
drugs. Recent pilot trials on orexin receptor agonists (TAK-994, TAK-861) indicated a
significant improvement in EDS and cataplexy [62]. Other histaminergic drugs and drugs
also acting on the orexin system (i.e., mazindol) are under development [63]. Recently, a
novel concept for the pathophysiology of narcolepsy has been presented [64]. If confirmed,
different treatment pathways may become available.

2.4. Circadian Rhythm Sleep–Wake Disorders (CRSWDs)

Introduction: CRSWDs include disorders with alterations in the circadian timing
system including delayed sleep–wake phase disorder, advanced sleep–wake phase disorder,
irregular sleep–wake rhythm disorder, and non-24 h sleep–wake rhythm disorder. The
prevalence of these disorders amongst adults ranges from 0.1% to 7% depending on the
definitions used [65,66]. In jet lag disorder and shift work disorder, external factors cause
the individual’s circadian rhythm to be out of phase with environmental demands. In
industrialized countries, approx. 20% of the workforce is employed in jobs with shift work.
The prevalence of shift work disorder is estimated to be between 10% and 40% [67,68].

Management: General approaches to treatment include sleep hygiene education, CBT,
regular exercise, and planned light exposure. Drug treatment (melatonin) is usually also
part of management [69–71].

Pharmacological treatment: In the chronotherapy of CRSWDs, melatonin plays the
central pharmacotherapeutic role [31,72–74]. Different melatoninergic drugs are available:
immediate, fast-acting melatonin; extended-release (ER) melatonin forms; and selective
melatonin receptor agonists (Ramelteon, Agomelatin, and Tasimelteon). To induce sleep
and phase shifts (chronobiotic effects), the use of an immediate form is appropriate. Often,
dosages between 0.5 and 5 mg are recommended. Sometimes, combinations of immediate-
release and extended-release melatonin are necessary. For difficulties in maintaining sleep,
ER melatonin or melatonin receptor agonists (MRA) are preferable. Stimulants and/or
sleep-promoting treatments other than melatonin are not recommended for the long-term
treatment of CRSWDs [75].

Special conditions: Melatonin (2 mg) can be used to promote daytime sleep after a night
shift in shift workers [75]. There is no recommendation for the use of melatonin in dementia [72].

Future directions: In the context of personalized and precision drug therapy, circadian
aspects and chronotherapeutic treatments could take on greater importance.

2.5. Parasomnias

Introduction: Parasomnias are grouped into non-rapid eye movement (NREM) para-
somnias (i.e., confusional arousals, sleepwalking), rapid eye movement (REM) parasomnias
(i.e., REM sleep behavior disorder, RBD), and other parasomnias. Parasomnias are defined as
unpleasant physical events (movements or behaviors) or experiences that occur during sleep.



Clin. Transl. Neurosci. 2023, 7, 42 7 of 13

NREM parasomnias are common in childhood (10–20%). In adults, RBD, sleep-related eating
disorders, and sleep-related hallucinations are more frequent (1–5%) [76,77], however.

Management: First-line treatment usually refers to non-pharmacological approaches.
This includes the avoidance of triggering factors (i.e., sleep deficiency, other sleep disorders,
or drugs), reassurance and environmental (bedroom) safety, and, in some conditions,
scheduled awakenings and psychological support. As some NREM parasomnias are often
benign and transitory, it may be possible to inform the patient to wait and observe first.
Drug treatment includes benzodiazepines, antidepressants, melatonin, and others, and is
symptomatic only [78–80].

Pharmacological treatment: See Table 4. Several aspects should be considered when it
comes to starting long-term drug therapy: the frequency of episodes, the risk of injuries, and
functional impairment. Potential side effects of drugs, in particular of GABA-A receptor
agonist treatments (i.e., clonazepam), should be noted, such as confusion, dizziness, or
memory problems. There is also an increased addiction liability. Some other medications
that are not described in Table 4 can be used in particular conditions (i.e., rivastigmine
in dementia disorders, or sodium oxybate in narcolepsy) for parasomnias. No objective
improvement in parasomnias by melatonin receptor agonists could be shown [81,82].

Table 4. Pharmacological treatment of parasomnias (drugs and parasomnias divided into NREM and
REM parasomnias).

Drug NREM Parasomnia REM Parasomnia

Melatonin (3–10 mg) * + ++

Clonazepam (0.25–3 mg) ++ ++

Antidepressants: SSRI (i.e., Sertraline),
tricyclic (i.e., Clomipramine), or trazodone +

Dopamine agonist (i.e., pramipexole) (+)
* For immediate, fast-acting formulation; effect of ER formulation unclear. (+): limited recommendation; +: weak
recommendation; ++: strong recommendation.

Special conditions: Several drug classes or individual drugs (i.e., selegiline) may
induce all types of parasomnias. The drugs may either cause “de novo” parasomnias or
exacerbate existing ones [83].

Future directions: Novel sleep-promoting drugs, e.g., DORAs (see also Section 2.1),
may add to current pharmacological treatments [84].

2.6. Sleep-Related Movement Disorders

Introduction: Sleep-related movement disorders (SRMDs) have a clinically heteroge-
neous presentation. Mostly, movements are simple, stereotyped, and involuntary. SRMDs
are distinguished according to the part(s) of the body affected and the type of motor activity
presented. Restless legs syndrome (RLS) and periodic limb movement (PLM) disorder are
the most common SRMDs with a (global) prevalence of 1–10% for RLS. Higher rates are
found in women and in the elderly [85]. The prevalence of PLM in sleep is approx. 30% in
the general population [86]. Other SRMDs include sleep-related leg cramps, bruxism, and
sleep-related rhythmic movement disorders.

Management: For RLS, the first treatment steps include education on sleep hygiene,
behavioral strategies, and abstinence from caffeine and alcohol, in particular. Drugs that
may increase RLS should be avoided [87]. Further, in patients with low iron status (for
details, please see references), iron replacement therapy is recommended and presents the
only disease-modifying strategy available for RLS [88–90]. In intermittent RLS, pharma-
cotherapy can be on demand and different from the daily pharmacological treatment that
is given in chronic RLS. See Table 5.
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Table 5. Pharmacological treatment of RLS (divided into RLS types and first- and second-line drugs).

RLS Type
Drugs

Remarks
First-Line Second-Line

Intermittent L-Dopa or
DA (i.e., pramipexole)

Low-potency opioids,
clonazepam, or

Z-drugs
Drug only on demand

Chronic

α2δ ligands
(gabapentin,

pregabalin) or *
DA (pramipexole,

ropinirole, rotigotine **)

Combination of
first-line drugs;
change or add

low-potency opioids

* Whenever possible,
start with α2δ ligands
** Rotigotine for RLS

symptoms in the
daytime

DA: dopamine agonist; *: whenever possible, start with α2δ ligands; **: rotigotine for RLS symptoms in the daytime.

PLMS as a symptom of RLS or as a single symptom may reflect a risk factor for cardio-
vascular and cerebrovascular disease. PLMD refers to PLMS accompanied by fragmented
sleep, insomnia, or daytime sleepiness [91].

Pharmacological treatment: Iron substitution is the first component of treatment [88,92,93].
Symptomatic drug treatment includes dopaminergic medication (levodopa, dopamine ag-
onists), α2δ ligands (gabapentin, pregabalin), and opioids and GABA-A receptor agonists.
See Table 5 [94–99]. In the few available direct comparative studies (pramipexole versus
dual-release levodopa, or gabapentin versus ropinirole), similar effects on RLS were ob-
served [100,101]. The treatment effects of pregabalin versus pramipexole on sleep disturbance
in restless legs syndrome have been also investigated. In this study, the effects of pregabalin
on the periodic limb movement arousal index were comparable to pramipexole, but only pre-
gabalin led to an improvement in sleep architecture [102]. In RLS, augmentation may occur. It
refers to an overall increase in RLS severity and represents the main complication of dopamin-
ergic treatment [89]. Therefore, dopaminergic agents should be avoided, or, if necessary to
treat RLS, should be given as a low, and long-acting dose. Other more complex secondary
options include the combination of drugs, add-ons of opioids, and split dosing [103,104].

For PLMD, DA treatment, or alternatively, α2δ ligands, low-potency opioids, or
clonazepam may be used [90,91].

Special conditions: In pregnant RLS patients, iron supplementation is recommended.
After the first trimester, and only in severe cases of RLS, clonazepam or low-dose oxycodone
may be considered [105,106].

Future directions: Current studies on novel pharmacotherapies for RLS include
pitolisant and apomorphine.

3. Conclusions

Several factors contribute to sleep and lead to SWCDs. The treatment of individual
sleep disorders is also multifaceted and includes different forms of therapy. However, for
the vast majority of diseases, drug treatment is part of the treatment concept, often even a
central component. Fortunately, effective drugs are available for most SWCDs. For some of
these diseases (i.e., narcolepsy), new and more specific drugs have been developed in recent
years, and a comprehensive range of therapies is now available for sufferers. Unfortunately,
there are still many other diseases where there are fewer (new) drug treatment options
(i.e., RLS), especially for rare SWCDs. Further and greater efforts should be made to obtain
more therapy options here as well.
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34. Wichniak, A.; Bieńkowski, P.; Dąbrowski, R.; Mastalerz-Migas, A.; Rymaszewska, J. Treatment of insomnia in older adults.
Recommendations of the Polish Sleep Research Society, Polish Society of Family Medicine and the Polish Psychiatric Association.
Psychiatr. Pol. 2023, 57, 495–516. [CrossRef]

35. Takaesu, Y.; Sakurai, H.; Aoki, Y.; Takeshima, M.; Ie, K.; Matsui, K.; Utsumi, T.; Shimura, A.; Okajima, I.; Kotorii, N.; et al.
Treatment strategy for insomnia disorder: Japanese expert consensus. Front. Psychiatry 2023, 14, 1168100. [CrossRef]

36. Vecchierini, M.F.; Kilic-Huck, U.; Quera-Salva, M.A. Members of the MEL consensus group of the SFRMS. Melatonin (MEL) and
its use in neurological diseases and insomnia: Recommendations of the French Medical and Research Sleep Society (SFRMS). Rev.
Neurol. 2021, 177, 245–259. [CrossRef]

37. Palagini, L.; Manni, R.; Aguglia, E.; Amore, M.; Brugnoli, R.; Girardi, P.; Grassi, L.; Mencacci, C.; Plazzi, G.; Minervino, A.; et al.
Expert Opinions and Consensus Recommendations for the Evaluation and Management of Insomnia in Clinical Practice: Joint
Statements of Five Italian Scientific Societies. Front. Psychiatry 2020, 11, 558. [CrossRef]

38. Heinzer, R.; Vat, S.; Marques-Vidal, P.; Marti-Soler, H.; Andries, D.; Tobback, N.; Mooser, V.; Preisig, M.; Malhotra, A.; Waeber, G.;
et al. Prevalence of sleep-disordered breathing in the general population: The HypnoLaus study. Lancet Respir. Med. 2015, 3,
310–318. [CrossRef]

39. Young, T.; Palta, M.; Dempsey, J.; Skatrud, J.; Weber, S.; Badr, S. The occurrence of sleep-disordered breathing among middle-aged
adults. N. Engl. J. Med. 1993, 328, 1230–1235. [CrossRef]

40. Sweetman, A.; Farrell, S.; Wallace, D.M.; Crawford, M. The effect of cognitive behavioural therapy for insomnia in people with
comorbid insomnia and sleep apnoea: A systematic review and meta-analysis. J. Sleep Res. 2023, 32, e13847. [CrossRef]

41. Khazaie, H.; Sharafkhaneh, A.; Khazaie, S.; Ghadami, M.R. A weight-independent association between atypical antipsychotic
medications and obstructive sleep apnea. Sleep Breath. 2018, 22, 109–114. [CrossRef]

42. Cheng, J.Y.; Lorch, D.; Lowe, A.D.; Uchimura, N.; Hall, N.; Shah, D.; Moline, M. A randomized, double-blind, placebo-controlled,
crossover study of respiratory safety of lemborexant in moderate-to-severe obstructive sleep apnea. J. Clin. Sleep Med. 2023, ahead
of print. [CrossRef]

43. Kallweit, U.; Pevernagie, D.; Lammers, G.J. “Sleepiness” in obstructive sleep apnea: Getting into deep water. Sleep Med. 2022, 92,
64–66. [CrossRef]

44. Schweitzer, P.K.; Rosenberg, R.; Zammit, G.K.; Gotfried, M.; Chen, D.; Carter, L.P.; Wang, H.; Lu, Y.; Black, J.; Malhotra, A.; et al.
Solriamfetol for excessive sleepiness in obstructive sleep apnea (TONES 3). A randomized controlled trial. Am. J. Respir. Crit.
Care Med. 2019, 199, 1421–1431. [CrossRef]

45. Dauvilliers, Y.; Verbraecken, J.; Partinen, M.; Saaresranta, T.; Georgiev, O.; Tiholov, R.; Lecomte, I.; Tamisier, R.; Lévy, P.; Scart-Gres,
C.; et al. Pitolisant for daytime sleepiness in patients with obstructive sleep apnea who refuse continuous positive airway pressure
treatment. A randomized trial. Am. J. Respir. Crit. Care Med. 2020, 201, 1135–1145. [CrossRef] [PubMed]

46. El-Solh, A.A.; Rudraraju, A.; Pasrija, D.; Bui, H. Pharmacotherapy of residual excessive sleepiness among continuous positive
airway pressure (CPAP) treated patients with sleep apnea. Expert Opin. Pharmacother. 2022, 23, 507–516. [CrossRef] [PubMed]

47. Craig, S.; Pépin, J.L.; Randerath, W.; Caussé, C.; Verbraecken, J.; Asin, J.; Barbé, F.; Bonsignore, M.R. Investigation and
management of residual sleepiness in CPAP-treated patients with obstructive sleep apnoea: The European view. Eur. Respir. Rev.
2022, 31, 210230. [CrossRef] [PubMed]

https://doi.org/10.1016/j.neubiorev.2021.09.035
https://www.ncbi.nlm.nih.gov/pubmed/34560134
https://doi.org/10.1093/sleep/zsaa260
https://www.ncbi.nlm.nih.gov/pubmed/33249496
https://doi.org/10.1111/acps.13201
https://www.ncbi.nlm.nih.gov/pubmed/32521042
https://doi.org/10.5664/jcsm.6470
https://doi.org/10.30773/pi.2020.0146
https://doi.org/10.7326/M15-2175
https://doi.org/10.1177/0269881119855343
https://doi.org/10.7326/M19-3575
https://doi.org/10.12740/PP/OnlineFirst/161597
https://doi.org/10.3389/fpsyt.2023.1168100
https://doi.org/10.1016/j.neurol.2020.06.009
https://doi.org/10.3389/fpsyt.2020.00558
https://doi.org/10.1016/S2213-2600(15)00043-0
https://doi.org/10.1056/NEJM199304293281704
https://doi.org/10.1111/jsr.13847
https://doi.org/10.1007/s11325-017-1537-y
https://doi.org/10.5664/jcsm.10788
https://doi.org/10.1016/j.sleep.2022.02.015
https://doi.org/10.1164/rccm.201806-1100OC
https://doi.org/10.1164/rccm.201907-1284OC
https://www.ncbi.nlm.nih.gov/pubmed/31917607
https://doi.org/10.1080/14656566.2022.2029408
https://www.ncbi.nlm.nih.gov/pubmed/35045769
https://doi.org/10.1183/16000617.0230-2021
https://www.ncbi.nlm.nih.gov/pubmed/35613742


Clin. Transl. Neurosci. 2023, 7, 42 11 of 13

48. Taranto-Montemurro, L.; Messineo, L.; Sands, S.A.; Azarbarzin, A.; Marques, M.; Edwards, B.A.; Eckert, D.J.; White, D.P.;
Wellman, A. The combination of atomoxetine and oxybutynin greatly reduces obstructive sleep apnea severity. A randomized,
placebo-controlled, double-blind crossover trial. Am. J. Respir. Crit. Care Med. 2019, 199, 1267–1276. [CrossRef]

49. Hedner, J.; Stenlöf, K.; Zou, D.; Hoff, E.; Hansen, C.; Kuhn, K.; Lennartz, P.; Grote, L. A randomized controlled clinical trial
exploring safety and tolerability of sulthiame in sleep apnea. Am. J. Respir. Crit. Care Med. 2022, 205, 1461–1469. [CrossRef]

50. Ohayon, M.M. From wakefulness to excessive sleepiness: What we know and still need to know. Sleep Med. Rev. 2008, 12, 129–141.
[CrossRef]

51. Ohayon, M.M.; Reynolds, C.F.; Dauvilliers, Y. Excessive sleep duration and quality of life. Ann. Neurol. 2013, 73, 785–794.
[CrossRef]

52. Heier, M.S.; Evsiukova, T.; Wilson, J.; Abdelnoor, M.; Hublin, C.; Ervik, S. Prevalence of narcolepsy with cataplexy in Norway.
Acta Neurol. Scand. 2009, 120, 276–280. [CrossRef]

53. Latorre, D.; Sallusto, F.; Bassetti, C.L.A.; Kallweit, U. Narcolepsy: A model interaction between immune system, nervous system,
and sleep-wake regulation. Semin. Immunopathol. 2022, 44, 611–623. [CrossRef]

54. Bassetti, C.L.A.; Kallweit, U.; Vignatelli, L.; Plazzi, G.; Lecendreux, M.; Baldin, E.; Dolenc-Groselj, L.; Jennum, P.; Khatami, R.;
Manconi, M.; et al. European guideline and expert statements on the management of narcolepsy in adults and children. Eur. J.
Neurol. 2021, 28, 2815–2830. [CrossRef]

55. Maski, K.; Trotti, L.M.; Kotagal, S.; Auger, R.R.; Rowley, J.A.; Hashmi, S.D.; Watson, N.F. Treatment of central disorders of
hypersomnolence: An American Academy of Sleep Medicine clinical practice guideline. J. Clin. Sleep Med. 2021, 17, 1881–1893.
[CrossRef]

56. Maski, K.; Trotti, L.M.; Kotagal, S.; Auger, R.R.; Swick, T.J.; Rowley, J.A.; Hashmi, S.D.; Watson, N.F. Treatment of central disorders
of hypersomnolence: An American Academy of Sleep Medicine systematic review, meta-analysis, and GRADE assessment. J.
Clin. Sleep Med. 2021, 17, 1895–1945. [CrossRef] [PubMed]

57. Lammers, G.J. Drugs Used in Narcolepsy and Other Hypersomnias. Sleep Med. Clin. 2022, 17, 399–405. [CrossRef] [PubMed]
58. Wang, J.; Li, X.; Yang, S.; Wang, T.; Xu, Z.; Xu, J.; Gao, H.; Chen, G. Pitolisant versus placebo for excessive daytime sleepiness in

narcolepsy and obstructive sleep apnea: A meta-analysis from randomized controlled trials. Pharmacol. Res. 2021, 167, 105522.
[CrossRef] [PubMed]

59. Subedi, R.; Singh, R.; Thakur, R.K.; Bibek, K.C.; Jha, D.; Ray, B.K. Efficacy and safety of solriamfetol for excessive daytime
sleepiness in narcolepsy and obstructive sleep apnea: A systematic review and meta-analysis of clinical trials. Sleep Med. 2020, 75,
510–521. [CrossRef]

60. Xu, X.M.; Wei, Y.D.; Liu, Y.; Li, Z.X. Gamma-hydroxybutyrate (GHB) for narcolepsy in adults: An updated systematic review and
meta-analysis. Sleep Med. 2019, 64, 62–70. [CrossRef]

61. Dauvilliers, Y.; Bassetti, C.L.; Lammers, G.J.; Arnulf, I.; Mayer, G.; Rodenbeck, A.; Lehert, P.; Ding, C.L.; Lecomte, J.M.; Schwartz,
J.C. Pitolisant versus placebo or modafinil in patients with narcolepsy: A double-blind, randomised trial. Lancet Neurol. 2013, 12,
1068–1075. [CrossRef] [PubMed]

62. Dauvilliers, Y.; Mignot, E.; Del Río Villegas, R.; Du, Y.; Hanson, E.; Inoue, Y.; Kadali, H.; Koundourakis, E.; Meyer, S.; Rogers, R.;
et al. Oral Orexin Receptor 2 Agonist in Narcolepsy Type 1. N. Engl. J. Med. 2023, 389, 309–321. [CrossRef]

63. Four-week Study of the Safety and Efficacy of NLS-2 (Mazindol Extended Release) in the Treatment of Narcolepsy. ClinicalTrials.gov
ID NCT04923594. Available online: https://clinicaltrials.gov/study/NCT04923594 (accessed on 14 November 2023).

64. Seifinejad, A.; Ramosaj, M.; Shan, L.; Li, S.; Possovre, M.L.; Pfister, C.; Fronczek, R.; Garrett-Sinha, L.A.; Frieser, D.; Honda, M.;
et al. Epigenetic silencing of selected hypothalamic neuropeptides in narcolepsy with cataplexy. Proc. Natl. Acad. Sci. USA 2023,
120, e2220911120. [CrossRef] [PubMed]

65. Schrader, H.; Bovim, G.; Sand, T. The prevalence of delayed and advanced sleep phase syndromes. J. Sleep Res. 1993, 2, 51–55.
[CrossRef] [PubMed]

66. Paine, S.J.; Fink, J.; Gander, P.H.; Warman, G.R. Identifying advanced and delayed sleep phase disorders in the general population:
A national survey of New Zealand adults. Chronobiol. Int. 2014, 31, 627–636. [CrossRef] [PubMed]

67. Flo, E.; Pallesen, S.; Magerøy, N.; Moen, B.E.; Grønli, J.; Nordhus, I.H.; Bjorvatn, B. Shift Work Disorder in nurses—Assessment,
prevalence and related health outcome. PLoS ONE 2012, 7, e33981. [CrossRef] [PubMed]

68. Rajaratnam, S.M.; Barger, L.K.; Lockley, S.W.; Shea, S.A.; Wang, W.; Landrigan, C.P.; O’Brien, C.S.; Qadri, S.; Sullivan, J.P.; Cade,
B.E.; et al. Sleep disorders, health and safety in police officers. JAMA 2011, 306, 2567–2578. [CrossRef] [PubMed]

69. Emens, J.S.; Burgess, H.J. Effect of light and melatonin and other melatonin receptor agonists on human circadian physiology.
Sleep Med. Clin. 2015, 10, 435–453. [CrossRef] [PubMed]

70. Arendt, J.; Skene, D.J. Melatonin as a chronobiotic. Sleep Med. Rev. 2005, 9, 25–39. [CrossRef]
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