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Study Objectives: This review aimed to summarize current knowledge about disrupted nighttime sleep (DNS) and sleep instability in narcolepsy, including self-
reported and objective assessments, potential causes of sleep instability, health consequences and functional burden, and management.
Methods: One hundred two peer-reviewed publications from a PubMed search were included.
Results: DNS is a key symptom of narcolepsy but has received less attention than excessive daytime sleepiness and cataplexy. There has been a lack of clarity regarding
the definition of DNS, as many sleep-related symptoms and conditions disrupt sleep quality in narcolepsy (eg, hallucinations, sleep paralysis, rapid eye movement sleep
behavior disorder, nightmares, restless legs syndrome/periodic leg movements, nocturnal eating, sleep apnea, depression, anxiety). In addition, the intrinsic sleep instability
of narcolepsy results in frequent spontaneous wakings and sleep stage transitions, contributing to DNS. Sleep instability likely emerges in the setting of orexin insuffi-
ciency/deficiency, but its exact pathophysiology remains unknown. DNS impairs quality of life among people with narcolepsy, and more research is needed to determine its
contributions to cardiovascular risk. Multimodal treatment is appropriate for DNSmanagement, including behavioral therapies, counseling on sleep hygiene, and/or medica-
tion. There is strong evidence showing improvement in self-reported sleep quality and objective sleep stability measures with sodium oxybate, but rigorous clinical trials
with other pharmacotherapies are needed. Treatment may be complicated by comorbidities, concomitant medications, and mood disorders.
Conclusions: DNS is a common symptom of narcolepsy deserving consideration in clinical care and future research.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Narcolepsy is best known as a disorder of excessive daytime sleepiness, hence its categorization as a hypersom-
nolence condition. Disrupted nighttime sleep (DNS) is another key feature of narcolepsy that has received less attention; therefore, this manuscript reviews
the definition of DNS, self-reported symptoms of DNS, objective markers of sleep instability, consequences of DNS/sleep instability on quality of life and
health, and management of DNS.
Study Impact: This review will alert clinical providers to the importance of DNS and prompt further discussion with patients about its symptoms and treat-
ment. Gaps in the literature regarding the health consequences of DNS and pathophysiology of sleep instability are highlighted to encourage future
research.

INTRODUCTION

Narcolepsy is a disabling sleep disorder characterized by a pentad
of symptoms: excessive daytime sleepiness (EDS), cataplexy,
sleep-related hallucinations (hypnagogic and hypnopompic),
sleep paralysis, and disrupted/disturbed nighttime sleep (DNS).1

Not all people with narcolepsy experience all 5 symptoms, but all
experience EDS.1 Narcolepsy type 1 (NT1) is a lifelong disorder
characterized by the presence of cataplexy and/or orexin defi-
ciency (cerebrospinal fluid [CSF] orexin-A, also called hypocre-
tin-1: ≤ 110 pg/mL).1 In narcolepsy type 2 (NT2), cataplexy is
absent and CSF orexin levels are typically normal or mildly
reduced.1 NT2 may sometimes be challenging to distinguish
from other hypersomnolence disorders.2 Symptoms of narcolepsy
mainly begin in adolescence, but diagnosis is often delayed.3

DNS has historically been an underrecognized symptom of
narcolepsy,4 as the clinical focus has been EDS and cataplexy

management. Narcolepsy was previously described as a dys-
somnia due to the severity of sleep disturbances, but is now con-
sidered a disorder of hypersomnolence.5 Due to variability in
definition, assessment methods, and exclusion of comorbid
sleep disorders, the estimated prevalence of DNS in narcolepsy
ranges widely, from 30% to 95%.6 Fifty-three percent to 78%
of pediatric patients with NT1 and their caregivers report
DNS.7 In a study using the Narcolepsy Severity Scale (NSS)8 to
assess individual symptoms of narcolepsy, 60.8% of untreated
patients and 40.3% of treated patients reported experiencing
nighttime sleep disturbance.9

In 2013, an expert panel reviewed the literature and detailed
the evidence that DNS is a common feature of narcolepsy that dif-
fers in certain key respects from sleep disruption in other disor-
ders.6 Subsequently, the American Academy of Sleep Medicine
(AASM) added DNS as an associated feature of narcolepsy in the
International Classification of Sleep Disorders, third edition
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(ICSD-3), diagnostic criteria.1 Since the publication of the con-
sensus characterization and the update to the classification, which
focused additional attention on DNS in narcolepsy, there have
been advancements in understanding of this condition.

The aim of this review is to summarize the current state of
knowledge about DNS and, more specifically, the intrinsic
sleep instability unique to narcolepsy. Topics covered include
assessment of self-reported DNS, objective assessment of sleep
instability, potential causes of sleep instability in narcolepsy,
health consequences and the functional burden of DNS, and
available evidence regarding DNS management. The newer lit-
erature since the publication of the 2013 Roth et al6 review will
be emphasized. No new data were generated or analyzed in sup-
port of this research.

METHODS

Literature search
To identify peer-reviewed publications on nighttime sleep,
sleep instability, and DNS in narcolepsy, PubMed was searched
(June 23, 2020), without limits on date or language, for articles
on narcolepsy that also included the terms disrupted/disturbed
nighttime sleep, sleep stability, sleep instability, insomnia,
nighttime sleep, polysomnography (PSG), REM, fragmentation,
fragmented, disrupted, sleep transitions, transitional sleep, sleep
architecture, arousals, actigraphy, actigraphic, hypocretin,

orexin, cardiovascular, obesity, puberty, or mood, and were not
about studies in rats, mice, or dogs (canines). A total of 894
items were returned (Figure 1). Additional literature was iden-
tified from the bibliographies of articles from the initial search,
further targeted searching, and the collections of the authors.
After reviewing for relevance, a total of 102 articles were
included in this report. Characteristics of clinical studies that
assessed nighttime sleep in participants with narcolepsy are
summarized in Table 1 and Table 2. The term(s) used to
describe the patient population in the original article were used
to describe the patient population in the current report (ie,
“NT1” or “narcolepsy with cataplexy” [NwC], “NT2” or
“narcolepsy without cataplexy” [NwoC]). If the narcolepsy
subtype was not defined in the original article or the population
consisted of a mix of the subtypes, then “narcolepsy (mixed
population)”was used in the current report.

RESULTS

DNS terminology
There is still no single agreed-upon definition of DNS in narco-
lepsy. The AASM ICSD-3 guidelines describe DNS as “an
inability to maintain continuous sleep.”1 However, there are
many nocturnal symptoms of narcolepsy that may disrupt sleep
continuity, and thus the term DNS could be conceptualized in a
broad sense to encompass underlying narcolepsy-related sleep

Figure 1—Literature search results.

Records identified through 
database searching

(n=928)

Additional records identified 
through other sources

(n=92)

Records after 13 duplicates removed
(n=1007)

Records screened
(n=1007)

Records excluded
(n=825)

Full-text articles 
assessed for eligibility

(n=182)

Full-text articles excluded (n=80):
Off topic (n=49)

No nighttime sleep data (n=3)
Review article (n=9)

Guidelines comparison (n=1)
Not about narcolepsy (n=15)

Limited data (n=3)Articles included
(n=102)
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symptoms and disorders. Hypnagogic/hypnopompic hallucina-
tions and/or sleep paralysis are found in 33%–80% of patients
with NT11 and may lead to sleep disturbances if they cause dis-
tress and difficulty initiating sleep or maintaining sleep when
they occur in the middle of the night. Narcolepsy (mixed popu-
lation) is associated with sleep-related movement disorders,
including rapid eye movement (REM) sleep behavior disorder
(RBD), restless legs syndrome, and periodic limb movements
of sleep (PLMS).10 RBD presents as REM sleep without atonia
and abnormal movements during REM sleep related to acting
out dreams, and is reported in up to 61% of people with NwC.11

Such REM sleep abnormalities have been less studied in NT2.
In a small pediatric cohort, patients with NT2 had numerically
higher REM sleep without atonia density than subjectively
sleepy controls, and 2 of the 6 NT2 patients demonstrated
vocalizations and/or movements consistent with RBD.12 PLMS
involves repetitive movements of the legs that occur during
REM and non-REM (NREM) sleep13 and is reported in up
to 75% of people with narcolepsy (mixed population).14

These abnormal movements during sleep may be associated
with sleep disruption through frequent awakenings or arousals
(narcolepsy [mixed population]),15 but the degree of sleep dis-
turbance they cause is unknown. Patients with narcolepsy
(mixed population) report problematic nightmares and noctur-
nal eating that may also contribute to sleep disruption.16 Fur-
thermore, obesity is more common among patients with
narcolepsy (mixed population) and likely contributes to fre-
quent reporting of obstructive sleep apnea (OSA), which may
further fragment sleep.10,17–19 Last, the degree to which comor-
bidities such as anxiety and depression or use of wake-
promoting medications such as traditional stimulants may
contribute to problems of sleep continuity is unclear (narco-
lepsy [mixed population]).20

The expert panel convened in 2011 to refine the definition of
DNS that may exist independently of comorbid conditions such
as OSA, RBD, and PLMS; review the literature; and formulate a
consensus characterization of DNS in narcolepsy based on self-
reported and objective data.6 The panel concluded that patients
with narcolepsy (mixed population) typically describe frequent,
usually brief, nocturnal awakenings and generally poor sleep
quality, and that objective measures of their sleep problems
included increased arousals, increased wake after sleep onset
(WASO) time, frequent shifts to wake or increased N1 sleep with
reduction of N3/N4, and overall decreased sleep efficiency. The
authors proposed that DNS in narcolepsy (mixed population) is
“a stand-alone and specific symptom that is not associated with
other sleep disorders,”6 but this claim has not yet been substanti-
ated against other disorders such as primary OSA.

While this panel highlighted important nocturnal sleep conti-
nuity impairment in narcolepsy, the term DNS continues to be
used inconsistently in the subsequent literature. Most important,
when patients with narcolepsy are queried about DNS or sleep
disruptions, they may be reporting the effects of the broad range
of sleep disorders that commonly occur in narcolepsy. In this
review, we favor using DNS as an umbrella term for all sleep
symptoms/conditions common to narcolepsy as well as the
intrinsic sleep instability that produces spontaneous wakings,
arousals, and excessive sleep stage transitions.

Characteristics of DNS in narcolepsy
Researchers have described DNS in narcolepsy using objective
tools such as PSG and actigraphy, as well as self-reported
measures obtained by clinical interviews, sleep diaries, and
questionnaires. Patients with common narcolepsy-related sleep
disorders/conditions such as PLMS and RBD have not typically
been excluded from clinical studies; thus, it is not possible to
say whether findings are a reflection of sleep instability intrinsic
to narcolepsy.

Objective DNS measures reported in the literature include
standard (static) measures of sleep continuity, such as time
spent asleep (total sleep time [TST]), time awake after sleep
onset (WASO), number of awakenings, arousal index, time
spent (or percentage of TST spent) in sleep stages (NREM
sleep, NREM sleep stages [N1, N2, N3], slow-wave sleep
[SWS], and REM sleep), and sleep efficiency, as well as
dynamic measures of sleep architecture and stability, which
relate to the frequency and nature of transitions among sleep
states and between wake and sleep states. Transitions have been
quantified in terms of raw numbers (counts), by transitional
indices (eg, number of transitions per hour of sleep), sleep and
wake bout numbers, or sleep and wake bout median durations.
Techniques including sophisticated statistical analyses and
computer scoring algorithms have been used to examine the
diagnostic utility of sleep stage dynamics.21

Although an extensive body of research in this field is lack-
ing, trends in objective and self-reported measures of sleep
instability are observable in comparisons of narcolepsy (includ-
ing NT1 or NwC, NT2 or NwoC, and mixed populations of
both narcolepsy groups) with controls (including healthy con-
trols [HCs], subjectively sleepy controls [people with self-
reported daytime sleepiness but normal PSG andMultiple Sleep
Latency Test results], and people with other central nervous
system disorders of hypersomnolence), and comparisons
between narcolepsy subtypes (NT1/NwC and NT2/NwoC).

Objective assessment of sleep instability: PSG

Narcolepsy vs healthy controls or subjectively sleepy controls

Static measures: Findings related to static measures of sleep
architecture in people with narcolepsy vs HCs or subjectively
sleepy controls (subjectively sleepy subjects [SSS] or subjec-
tive hypersomnolence [sHS], defined here as people with self-
reported daytime sleepiness but who do not meet the clinical
criteria for NT1, NT2, or a different disorder1) are summarized
in Table 1.

Narcolepsy (mixed population): In a single study in people
with narcolepsy (mixed population) vs HCs, there was no
significant between-group difference in TST, WASO
(“wakefulness”), or sleep efficiency; however, the patient popu-
lation had increased awakenings and arousals, increased N1
and N2 percentage, and decreased SWS and REM sleep
percentage.22

NwC/NT1: In 10 studies comparing people with NwC or
NT1 vs controls (HC or sHS), TST was reduced significantly in
people with NwC/NT1 in 2 studies23,24 but did not differ
between groups in the remaining 8 studies.25–32 WASO was
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increased significantly in people with NwC/NT1 in 8 of 9 stud-
ies examining WASO.23–25,28,29,31,32 One study reported no
significant difference in WASO between NwC and controls,
although the study only included a total of 12 participants and
thus may have been underpowered to detect differences.27 Of
10 studies, 8 reported that participants with NwC/NT1 had sig-
nificant increases in N1 sleep (N1 percentage or total duration
of N1)23–25,28–32 and decreases in N2 sleep (N2 percentage or
total duration of N2) compared with controls;23,24,26–29,31,32

however, N3 sleep and REM sleep were generally similar
between groups, with only 3 of 10 studies reporting a signifi-
cant decrease in N3 percentage25,29,31 and no studies reporting
a significant group difference in REM sleep percentage or dura-
tion.23–32 Four of the 10 studies reported significantly
decreased sleep efficiency in NT1/NwC vs controls23,24,26,31

and 1 reported significantly increased sleep efficiency in NT1
vs subjectively sleepy controls.32

NwoC/NT2: In 2 studies comparing participants with NT2
vs sHS or SSS, there were no group differences in TST,
WASO, awakenings, N1, N2, or N3.31,32 In one of these stud-
ies, in pediatric participants, REM sleep and sleep efficiency
were increased in NT2 compared with subjectively sleepy con-
trols,32 but in the other, in adults, there were no differences in
these parameters.31

Dynamic measures: Three studies examined wake and sleep
stage transitions in NT1 vs HC or sHS (Table 2).28,30,31 In a
study by Antelmi et al28 involving drug-naïve children and ado-
lescents with NT1 vs HC, transitions between wake and sleep
or sleep stages (calculated as sleep transitional indexes, or fre-
quency of transitions between combinations of sleep stages)
were significantly increased in NT1, including transitions
between wake and sleep; transitions among wake, NREM sleep,
and REM sleep; and transitions among wake, N1, N2/N3, and
REM sleep. Vandi et al30 compared nocturnal sleep stage tran-
sitions using a frameshift index (calculated as number of transi-
tions between states [wake, N1, N2, N3, REM sleep]) in
children and adolescents with NT1 vs subjectively sleepy con-
trols. The NT1 frameshift index was numerically higher in the
NT1 group; however, results neared but did not meet statistical
significance. The results of the 2 studies are not necessarily
conflicting, as they assessed transitions with different measures
and differed in comparator groups (HCs vs subjectively sleepy
people). Pizza, Vandi, et al31 examined adults with NT1 or NT2
vs sHS in terms of transitions between sleep and wake; among
wake, NREM sleep, and REM sleep; and among wake, N1,
N2/N3, and REM sleep and found increases in all 3 types of
transitions in people with NT1 vs sHS but no significant group
differences between NT2 and sHS.

Maski, Colclasure, and colleagues32 compared young people
(5–21 years of age) with NT1, NT2, idiopathic hypersomnia
(IH), or SSS in terms of nocturnal wake and sleep stage (N1,
N2, N3, and REM sleep), bout duration, bout number, and sur-
vival of bouts using nocturnal PSG. Findings suggested differ-
ent sleep phenotypes for each group. Compared with SSS, the
NT1 group showed evidence of sleep fragmentation with unsta-
ble REM sleep and N2 sleep, the NT2 group showed compara-
ble sleep with the exception of longer N1 bouts, and the IH

group showed increased N2 sleep stability and shorter N3 bout
duration.

A detailed examination of nocturnal sleep stage sequences
and transitions (due to complexity of analyses, not included in
Table 2) was conducted by Ferri and colleagues,33 who found
that the sleep stage transition pattern was significantly different
between people with NT1 vs sHS, NT2, and IH. Comparisons
of between-stage transition probabilities (derived from stan-
dardized sleep stage transition matrices containing the probabil-
ity of stage transitions, rather than the absolute number of
transitions, and confirmed using Markovian analysis of group
matrices) indicated a higher probability of transitions from
REM sleep to wake, wake to N1, N1 to N2, and wake to REM
sleep and a lower probability of transitions from N2 to N1, N3
to N2, REM sleep to N2, and N2 to REM sleep in people with
NT1 vs sHS, NT2, or IH.33 The lower probability of the REM
sleep to N2 transition was the most reliably observed of these,
leading the authors to propose that frequent alternation between
REM and NREM sleep may represent a PSG fingerprint of
orexin-deficient hypersomnia, and thus may be useful as a diag-
nostic tool.33

NT1 vs NT2

Static measures: Relatively little information is available
regarding sleep instability in NT1 vs NT2 because both are rare
disorders and thus small sample sizes are typically reported in
existing studies. Based on the evidence that does exist, the over-
all impression is one of greater sleep instability in NT1 com-
pared with NT2.

Findings relating to static measures of sleep architecture are
summarized in Table 1. Six studies compared participants with
NwC/NT1 vs NwoC/NT2. In 5 of these studies, no group differ-
ence was noted in TST,31,32,34–36 but Harsh et al15 reported
decreased TST in participants with NwC vs NwoC. All 4 stud-
ies that examined WASO showed increased WASO among par-
ticipants with NwC/NT1 vs NwoC/NT2.31,32,34,35 Participants
with NwC/NT1 had increased N1 sleep in 4 of 6 stud-
ies15,31,34,36 and decreased N2 sleep in 3 of 6 studies vs NwoC/
NT2.15,31,34 No significant group differences were detected
in N3 or REM sleep.15,31,32,34,35,37 Sleep efficiency was
decreased significantly in NwC/NT1 vs NwoC/NT2 in 3 of 6
studies.15,31,34

Hong et al38 compared participants with NwC or NwoC cate-
gorized by the presence or absence of the human leukocyte anti-
gen (HLA) DQB1*06:02 allele (Table 1). They found that the
presence of the allele in participants with NwC was associated
with increased WASO and N1 sleep percentage and decreased
N2 sleep and REM sleep percentage and sleep efficiency, but
no group differences in TST or N3 sleep, compared with the
absence of the allele. In participants with NwoC, the presence
of the allele was associated with increased WASO and N1 sleep
percentage but no significant difference (compared with the
absence of the allele) in TST; N1, N2, N3, or REM sleep per-
centage; or sleep efficiency.38

Dynamic measures: Two studies, both in adults, examined
wake and sleep stage transitions in NT1 vs NT2 (Table 2). Sor-
ensen, Knudsen, and Jennum36 reported that transitions
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(quantified as “number of transitions per hour of sleep of the
investigated sleep stage”) between wake and sleep were signifi-
cantly increased in participants with NT1 vs NT2, but transi-
tions between REM and NREM sleep; transitions to/from N1,
N2, and N3; and transitions between all sleep stages were not
significantly different between groups. Pizza, Vandi, et al31

reported that transitions between wake and sleep; transitions
among wake, REM sleep, and NREM sleep; and transitions
among wake, N1, N2/N3, and REM sleep (calculated as sleep
transitional indexes per hour of sleep) were significantly higher
in drug-naïve adults with NT1 vs NT2. The apparent differ-
ences in the results of these studies may be related to differ-
ences in the specific transitions examined (eg, between NREM
and REM sleep in the study by Sorensen, Knudsen, Petersen,
et al37 vs wake, NREM sleep, and REM sleep in the study by
Pizza, Vandi, et al31), in addition to the relatively small sample
size in the study by Sorensen, Knudsen, and Jennum36 com-
pared with Pizza, Vandi, et al.31 In a cohort aged 5–21 years,
Maski, Colclasure, and colleagues32 reported more sleep frag-
mentation in the NT1 group than in the NT2 group, with more
wake, N1 sleep, N2 sleep, and REM sleep bouts in the NT1
group compared with NT2.

Narcolepsy vs other disorders of hypersomnolence

Static measures: Several studies compared people with narco-
lepsy vs other disorders of hypersomnolence, including IH and
hypersomnolence associated with psychiatric disorders. Results
relating to static measures of sleep architecture are summarized
in Table 1.

In a study by DelRosso and colleagues35 comparing partici-
pants with narcolepsy (mixed population) vs IH, the authors
reported no significant group differences in WASO, NREM
(N1, N2, or N3) sleep percentage, or sleep efficiency. This
study reported that people with narcolepsy (mixed population
of NT1 and NT2) had decreased TST and increased REM sleep
percentage vs IH; however, the group sizes were small (narco-
lepsy, n = 8; IH, n = 8). Takei et al;34 Pizza, Vandi, et al;31 and
Maski, Colclasure, et al32 compared people with NwC/NT1
with people with IH. Takei et al34 and Pizza, Vandi, et al31

reported no group differences in TST or N3 sleep, whereas
Maski, Colclasure, et al32 reported a decrease in TST and an
increase in N3 sleep in NT1 vs IH. All 3 sets of investigators
reported no group difference in REM sleep, increased WASO
and N1 sleep, and decreased N2 sleep in people with NwC/NT1
compared with IH.31,32,34 Pizza, Vandi, et al31 reported
decreased sleep efficiency in NT1 vs IH, whereas Takei et al34

and Maski, Colclasure, et al32 reported no significant group dif-
ference in sleep efficiency. Walacik-Ufnal and colleagues29

compared participants with NT1 vs hypersomnolence associ-
ated with a psychiatric disorder (including dysthymic disorder,
major depressive disorder, mixed anxiety and depressive disor-
der, somatoform disorders, and dissociative disorders) and
found that NT1 participants had increased WASO and N1 sleep
percentage, decreased N2 and N3 sleep percentage, and no sig-
nificant group differences in TST, REM sleep percentage, or
sleep efficiency compared with those with psychiatric
disorders.

Three studies compared participants with NT2 vs IH; none
reported differences between the groups on TST, WASO, N1
sleep percentage, N3 sleep percentage, or sleep efficiency.
Maski, Colclasure, et al32 reported decreased N2 sleep percent-
age in NT2 compared with IH, whereas neither of the other
studies reported a group difference in this parameter. DelRosso
and colleagues35 reported increased REM sleep percentage in
NT2 compared with IH, whereas Pizza, Vandi, and colleagues31

and Maski, Colclasure, and colleagues32 reported no difference
in REM sleep percentage in NT2 vs IH.

Dynamic measures: Few studies have compared dynamic
measures of sleep architecture in people with narcolepsy vs
other disorders of hypersomnolence (Table 2). Maski, Pizza,
et al39 reported that children and adolescents with NT1 demon-
strated increases in all sleep state transitions studied, compared
with children and adolescents with IH. Pizza, Vandi, et al31

reported significantly increased transitions between wake and
sleep; among wake, NREM, and REM; and among wake, N1,
N2/N3, and REM in drug-naïve adults with NT1 vs IH but not
NT2 vs IH.

Using measures of bout number and bout duration as metrics
of sleep instability in a cohort aged 5–21 years, Maski, Colcla-
sure, and colleagues32 reported that the NT1 group had more
wake, N1, and REM sleep bouts compared with IH, but no dif-
ferences in the number of N2 or N3 sleep bouts. In people with
NT2, N1 sleep bouts were longer compared with people with
IH, but wake and sleep stage bout number was comparable.

Objective assessment of sleep instability: actigraphy
Actigraphy is another technique for objectively assessing noc-
turnal sleep instability in narcolepsy. Actigraphy measures rest/
activity and allows for the approximation of sleep/wake cycles
and nighttime sleep parameters, including TST, number of
awakenings, and sleep efficiency, with the help of specialized
computer scoring algorithms.40 Compared with PSG, actigra-
phy is much less costly and can be performed longitudinally
over days and weeks at home but provides less information, is
prone to artifacts, and does not always reliably distinguish quiet
wake from sleep, even in healthy individuals.40,41

Results of clinical studies using actigraphy to assess night-
time sleep are consistent with PSG profiles of sleep quality,
demonstrating poorer sleep in people with NT1 compared with
HCs or people with insomnia. Filardi, Pizza, Martoni, and col-
leagues42 found that estimated TST and sleep efficiency were
significantly lower in adults with NT1 compared with HCs, and
mean WASO, number of awakenings, number of awakenings
longer than 5 minutes, and mean sleep motor activity were sig-
nificantly higher. Results from a pediatric study were similar.43

Likewise, Leger and colleagues44 found a higher sleep frag-
mentation index in adults with NT1 compared with primary
insomnia in a study using actigraphy.

Despite the consistency of actigraphy and PSG in describing
sleep quality measures, recent data suggest that actigraphy
tends to underestimate TST and sleep efficiency in patients
with narcolepsy (both NT1 and NT2, with greater underestima-
tion in patients with NT1).45 Additionally, Alakuijala, Sarka-
nen, Jokela, and colleagues45 pointed out that patients with
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NT1 may have abnormal motor behavior during REM sleep.
Actigraphy could erroneously interpret these movements as
wake, leading to an underestimation of TST and sleep effi-
ciency. In general, actigraphy also tends to underestimate sleep
latency, likely because individuals often lie immobile for some
time prior to falling asleep. However, in patients with NT1 or
NT2, actigraphic and PSG sleep onset latency were concordant,
likely because patients with narcolepsy tend to fall asleep
quickly rather than lie awake immobile.45 Formal validation
has not been reported in the literature for actigraphy vs poly-
somnography as a measure of nocturnal sleep instability in
narcolepsy.

Self-reported description of DNS
DNS has been described or assessed subjectively through clini-
cal interviews as part of patient care and self-report measures in
a research setting. Bruck and Parkes46 examined nighttime
sleep parameters using self-report questionnaires and sleep dia-
ries (completed for 3 consecutive days) and found that people
with NwC reported significantly more nocturnal awakenings
and increased duration of nocturnal wakefulness compared with
people with IH. Patient-reported nocturnal sleep latency, noc-
turnal time in bed, and nocturnal TST did not differ between the
groups.

Since this study, validated tools have been developed and/or
utilized to assess DNS. The NSS is a 15-item narcolepsy-
specific measure for quantifying the severity of the 5 key narco-
lepsy symptoms, including DNS.8,9 The NSS has 1 question on
DNS (question number 15) that asks patients about the degree
of nighttime sleep disturbance (“Currently, how disrupted is
your nighttime sleep?”).9 It should be noted that this question
may not be interpreted in the same way by every patient, and
responses may reflect broad sleep problems, as previously
noted (parasomnias or comorbid conditions such as OSA, RBD,
or PLMS). Similarly, validated sleep quality instruments such
as the Insomnia Severity Index and Pittsburgh Sleep Quality
Index have been used to assess DNS. The Insomnia Severity
Index is a 7-item instrument that includes questions relating to
difficulty staying asleep, early awakenings, and sleep dissatis-
faction,47 which may capture concerns about DNS. In untreated
patients with NT1, Insomnia Severity Index scores were posi-
tively correlated with DNS question scores on the NSS.9 The
Pittsburgh Sleep Quality Index includes 19 self-rated questions
grouped into components relating to self-reported sleep quality,
sleep duration, habitual sleep efficiency, and sleep disruptions,
among others.48 These surveys may be useful to clinicians to
assess the severity of DNS, but further validation is needed in
people with narcolepsy.

Association between objective measures of sleep
instability and self-reported descriptions of DNS
Conversely, it is unclear which objective measure of sleep
instability best matches self-reported sleep problems in people
with narcolepsy, as there are few data directly comparing self-
reports of nighttime sleep with PSG or actigraphic measures. In
1 study in which 79% of participants had NwC, participants
who reported “trouble sleeping” on the questionnaire also

reported reduced TST, increased number of awakenings, and
reduced sleep efficiency, compared with participants identified
as having “no trouble sleeping.”49 On PSG, participants with
“trouble sleeping” had significantly increased “wake time dur-
ing sleep,” increased N1 sleep percentage, and decreased N2
sleep percentage, compared with those without trouble sleep-
ing, but there was no difference between groups on TST, num-
ber of awakenings, sleep efficiency, SWS percentage, or REM
sleep percentage. A limitation of this study was that participants
were mailed the questionnaire years after PSG was performed,
and it is unclear whether DNS may vary over time or in differ-
ent environments. In a posthoc analysis of a phase 3 clinical
trial of sodium oxybate (SXB) in participants with NwC,
decrease in frequency of sleep stage shifts (from stages N2/N3/
REM sleep to stage N1/wake, or from stages N2/N3 to stage
N1/wake) following 8 weeks of SXB use was moderately corre-
lated with improvement in patient-reported quality of nocturnal
sleep (rated using a unique 4-point Likert-type scale [0 = excel-
lent; 1 = good; 2 = fair; 3 = poor]).50 In a recent study in chil-
dren and adolescents with NT1, NT2, IH, or self-reported
sleepiness, there were significant associations between noctur-
nal PSG parameters (sleep efficiency, arousal index, percentage
N1 sleep, wake index, wake/N1 index, and N2/N3 to wake/N1
index) and self-reported sleep continuity (on a categorical ques-
tion asking about any difficulty staying asleep).39 Across these
studies, the number of sleep stage transitions in both NREM
and REM sleep that occur across the night was associated with
self-reported symptoms of DNS.

Potential causes of sleep instability in narcolepsy
The etiology of intrinsic sleep instability in narcolepsy is
unknown, but research supports a strong association with orexin
loss/deficiency. Switching mechanisms (flip/flop switches,
which are based on mutually inhibitory circuits) are hypothe-
sized to regulate transitions between sleep/wake states and
NREM/REM sleep stages.51,52 Destabilization of these
switches would be expected to lead to an increase in the number
of transitions between states, as well as switching at inappropri-
ate times.51,52 Orexin is a neuropeptide that helps maintain
wakefulness during the day due to excitatory input to monoam-
inergic activity; hence, loss of orexin neurons, as in narcolepsy,
results in daytime lapses into sleep and excessive daytime
sleepiness.52 Based on mathematical modeling of the sleep/
wake switch, orexin is also critical for stabilizing sleep state
continuity. Fulcher et al53 showed that during sleep, the ventro-
lateral preoptic neurons of the hypothalamus inhibited both
orexin and monoaminergic neurons to produce sustained sleep,
and subsequent reduction in orexin input to the monoaminergic
neurons indirectly sustained sleep episodes. Simulating a loss
of orexin neurons, the model produced sleep dynamics charac-
teristic of narcolepsy measures among patients with PSG,
including frequent transitions between states.53

Preclinical studies have also demonstrated that loss of orexin
alters sleep continuity. For example, targeted deletion of the
orexin gene in mice results in a phenotype similar to that of
human narcolepsy, including disruption of sleep/wake patterns
and reduced REM sleep latency.54 In mouse models of orexin
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neuronal degeneration, there is a progressive increase in the
number of wake bouts that emerge during the light and dark
periods from baseline prior to orexin neuronal loss.55

In humans, there has been ongoing research to establish a
link between orexin levels and DNS. In a retrospective chart
review including adults with NwoC, Andlauer and colleagues56

found no significant differences in PSG assessments, including
sleep efficiency and time spent in N1, when comparing partici-
pants who had CSF orexin levels that were low (≤ 110 pg/mL),
intermediate (> 110 to ≤ 200 pg/mL), or normal (> 200 pg/mL),
other than a significant increase in TST in participants with
intermediate vs low CSF orexin levels. This study showed an
increase in self-reported number of nocturnal awakenings in
participants with intermediate vs normal CSF orexin levels but
did not assess PSG nocturnal awakenings.56 Alakuijala, Sarka-
nen, and Partinen57 observed an association between lower CSF
orexin levels and increased sleep fragmentation based on actig-
raphy (decreased sleep latency, decreased sleep efficiency,
increased number of immobile phases of 1 minute, and
increased movement + fragmentation index) in a mixed popula-
tion (pediatric and adult) of participants with NT1. Sorensen,
Knudsen, and Jennum36 compared people with narcolepsy
(with or without cataplexy) with low CSF orexin levels (< 30%
of normal mean, which in this sample was < 129 pg/mL58) vs
normal CSF orexin levels and found that transitions between
wake and sleep and between REM and NREM sleep were sig-
nificantly increased in people with narcolepsy with low orexin.
There were no significant differences in terms of transitions to/
from N1, N2, and N3 and transitions among all sleep stages.36

Finally, Brink-Kjaer and colleagues59 reported that increased
CSF orexin levels were associated with decreased cortical
arousal frequency (arousal index) on nocturnal PSG in people
with NT1 and NT2 and controls.

More recently, Barateau and colleagues60 examined the asso-
ciation between CSF orexin levels and markers of sleep insta-
bility (wake bouts, sleep bouts, and sleep stage transitions) on
nocturnal PSG in 300 drug-free participants (adults and chil-
dren) with hypersomnolence (including 167 with NT1, 51 with
NT2, and the remainder with IH or EDS without a central disor-
der of hypersomnolence; Table 2). In participants with CSF
orexin deficiency (≤ 110 pg/mL) compared with normal CSF
orexin levels (> 110 pg/mL), there was an increased number of
wake bouts and sleep bouts across the sleep period, reflecting
sleep fragmentation.60 During sleep, participants with CSF
orexin deficiency had a lower percentage of short wake bouts
(30 seconds) and a higher percentage of long wake bouts (1
minute, 30 seconds) than those with normal CSF orexin
levels.60

Altogether, these results suggest that lack of orexin may dis-
rupt sleep continuity.60 However, this notion may be challenged
by the recent development of orexin antagonists. Orexin antag-
onists are used to improve sleep continuity and do not cause an
increase in wake bouts at the doses used to manage primary
insomnia.61 Arguably, the low clinical dosing of orexin antago-
nists likely does not fully suppress orexin effects and produce a
narcolepsy phenotype. Pizza, Francheschini, et al62 found that
in children developing NwC, total 24-hour sleep time is first
increased and then returns to normal as the disease progresses,

suggesting adaptation. Secondary contributors to disrupted
sleep continuity in narcolepsy, such as changes in histaminergic
neurons63 (despite discrepant reporting of CSF levels of hista-
mine and tele-methylhistamine in people with narcolepsy64,65)
and/or imbalance of monoaminergic transmission,52 may be at
play.

Burden of DNS in narcolepsy
Medical and economic consequences associated with narco-
lepsy have been well documented,66 but few studies have exam-
ined the burden associated with specific narcolepsy symptoms.

DNS has a negative impact on daytime functioning. In a
large, cross-sectional study of people with narcolepsy (mixed
population) using a specially designed survey, DNS was identi-
fied by about one-third of participants as one of the top 1 to 3
symptoms with the most significant negative impact on their
life.67 There is modest evidence suggesting a relationship
between nighttime sleep quality and daytime sleepiness in peo-
ple with narcolepsy (mixed population). In some studies, PSG
measures of sleep architecture, continuity, or transitions among
sleep stages were associated with self-reported (Epworth Sleep-
iness Scale68) and/or objective (Multiple Sleep Latency Test
and Maintenance of Wakefulness Test) measures of daytime
sleepiness.22,39,50,69 The effects of sleep disturbances and cog-
nitive and executive functioning have been well studied in other
sleep disorders, such as insomnia and OSA, but less is known
about narcolepsy. Lecendreux et al70 reported an association
between self-reported sleep disturbance and attention-deficit/
hyperactivity disorder symptoms among children with narco-
lepsy (mixed population). Interestingly, this association per-
sisted even when patients took psychostimulants (most
commonly modafinil) and had improvement in EDS.70

Narcolepsy is also associated with increased risk of cardio-
vascular and cardiometabolic comorbidities, obesity, and
all-cause mortality.10,18,71 For example, the nondipping blood
pressure phenotype, in which the normal nighttime decreases in
systolic and diastolic blood pressure are reduced or absent, is
overrepresented among people with NwC72,73 and associated
with increased cardiovascular risk and risk of mortality in the
general population.74,75 One study in pediatric NT1 showed no
relationship between a measure of cardiovascular autonomic
function and sleep architecture alterations or muscle overactiv-
ity during sleep.30 It has yet to be studied whether DNS contrib-
utes to the failure of this nondipping pattern in NwC.

Management of DNS in narcolepsy
The AASM recommends that treatment of patients with narco-
lepsy (mixed population) include the goal of controlling DNS,
if it is present and troublesome, and recommends SXB as a stan-
dard of care.5 Older guidelines from the European Federation of
Neurological Societies recommend several treatment options
for poor sleep: benzodiazepines, nonbenzodiazepine hypnotics,
and SXB.76 Currently, no medications are indicated by the U.S.
Food & Drug Administration and the European Medicines
Agency for the treatment of DNS in patients with narcolepsy,
and few clinical trials have included DNS as an outcome mea-
sure. The European Federation of Neurological Societies and
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AASM guidelines do not report on behavioral or cognitive-
behavioral therapy treatments for DNS management.

Nonmedication treatments for DNS among narcolepsy
patients

Behavioral interventions (eg, exercise, sleep hygiene, managing
naps during the day) are generally recommended as part of a
treatment plan for narcolepsy. Evidence for a beneficial effect
of exercise comes from a study of children and adolescents with
NT1, in which patients who engaged in leisure-time physical
activities demonstrated increased nighttime TST, increased
sleep efficiency, and reduced WASO duration as assessed using
actigraphy, compared with patients who were more sedentary;
however, nocturnal awakenings were increased in the active vs
sedentary patients.77 Reduction in screen time should be a pri-
ority as well, as increasing evidence implicates screen time in
disruption of nighttime sleep, including difficulty falling asleep
and waking up too early.78 Daytime napping is often used to
manage EDS, but nap timing and nap duration should be con-
sidered so as not to further disrupt nighttime sleep.79,80

Medications for DNS

Among available narcolepsy treatments, the most is known
about SXB in terms of its effects on DNS and sleep instability,
based primarily on analyses of PSG data from 2 pivotal trials in
adults with narcolepsy (NwC and/or NwoC). In the first trial,81

8 weeks of SXB treatment in participants with NwC resulted in
increased time spent in SWS, increased delta power, decreased
N1 sleep, and fewer nocturnal awakenings compared with base-
line.82 These improvements in sleep were dose dependent.82 In
additional analyses from this trial, SXB showed a dose-
dependent reduction in shifts from deeper to lighter stages of
sleep or wake (N2/N3/REM sleep to N1/wake, N2/N3 to N1/
wake, and REM sleep to N1/wake) and improvement in patient-
reported sleep quality (measured using a 4-point Likert-type
scale).50 In the second study,83 treatment groups of participants
with narcolepsy (mixed population) taking 8 weeks of SXB
(with or without concurrent modafinil) also showed improve-
ment in self-reported sleep quality assessed by the Pittsburgh
Sleep Quality Index and objective DNS measures.84,85 In par-
ticipants receiving SXB, there was significantly less time spent
in N1 or REM sleep, more time spent in SWS, increased delta
power, and fewer nocturnal awakenings, compared with base-
line.84 Groups receiving SXB or SXB + modafinil had a reduc-
tion in shifts from deeper to lighter stages of sleep or wake,
including transitions from N2/N3/REM sleep to N1/wake and
REM sleep to N1/wake.85 Finally, in a study using actigraphy,
Filardi, Pizza, Antelmi, Ferri, and colleagues86 reported
changes in the sleep/wake cycle of children with NT1 following
1 year of SXB treatment, with improvements seen in all night-
time actigraphic parameters examined (increases in TST, lon-
gest sleep time, and sleep efficiency; decreases in awakenings,
time in WASO, and sleep motor activity). SXB is associated
with adverse events, including nausea, dizziness, vomiting,
somnolence, enuresis, and tremor, and in adolescents and chil-
dren with headache, decreased weight, and decreased appe-
tite.87 SXB is a part of a Risk Evaluation and Mitigation
Strategy safety program because of rare but serious adverse

effects, including sleep-disordered breathing and psychiatric
complications as well as potential for abuse or misuse that could
result in seizure, respiratory depression, decreased conscious-
ness, coma, or even death.87 Screening for OSA is necessary
prior to initiating SXB treatment as SXB can aggravate sleep
apnea.87

By comparison, little is known about the effects on DNS of
other medications used for the treatment of narcolepsy. Baclo-
fen has beneficial effects on sleep in some people with NT1,
including those with inadequate response to other thera-
pies.88,89 In a clinical study in healthy volunteers, baclofen
administered prior to nighttime sleep during each of 5 weekly
experimental sessions improved (increased) nocturnal SWS rel-
ative to placebo, as did SXB.90 A small retrospective study
assessed nocturnal temazepam use among people with NwC;
the authors reported improvement in daytime sleepiness with
nocturnal temazepam use, but changes in sleep measures were
not measured.91 In a small, single-blind, within-patient study
conducted to examine the effect of triazolam on nighttime sleep
in people with NwC, a beneficial effect of triazolam vs placebo
was noted on TST, sleep efficiency, percentage N1 sleep, and
WASO, but not other PSG parameters (percentage N2 or REM
sleep and arousals).92 There have been no randomized clinical
trials of benzodiazepines to treat DNS in people with narco-
lepsy. Finally, mixed results have been reported with ritanserin,
a serotonin 5-HT2 receptor antagonist. In a randomized,
double-blind, placebo-controlled trial in people with narcolepsy
(mixed population), ritanserin administered for 4 weeks
increased SWS duration and decreased WASO but did not
affect the number of awakenings or sleep stage shifts, compared
with placebo.93 Furthermore, the results were not replicated.94

The compound is not commercially available.
It is not known to what degree treatment for other sleep dis-

orders, including RBD, restless legs syndrome, or PLMS,
improves self-reported or objective measures of DNS. There is
mixed evidence with regard to an effect of continuous positive
airway pressure therapy on daytime sleepiness, measured by
Epworth Sleepiness Scale score, in people with narcolepsy
(mixed population) and sleep-disordered breathing or OSA,
with 1 study reporting significant improvement and another
reporting no effect in a majority of patients.95,96

Effects of wake-promoting medications on DNS

Stimulants and wake-promoting agents are commonly used
on-label or off-label for the treatment of EDS in narcolepsy, but
evidence suggests that they are associated with either no
improvement in, or a disruption of, nighttime sleep. For exam-
ple, in a phase 3 clinical trial examining SXB and modafinil in
people with narcolepsy (mixed population; described above),
modafinil was found to have no effect on objective or patient-
reported sleep quality (assessed with PSG and Pittsburgh Sleep
Quality Index, respectively) as a standalone treatment.85 Pitoli-
sant, a histamine-3 receptor antagonist/inverse agonist used to
treat EDS and/or cataplexy in adults with narcolepsy, did not
meaningfully impact sleep architecture (assessed using over-
night PSG) in a sample of 14 patients with narcolepsy (mixed
population).97 High-dose methamphetamine treatment for EDS
in patients with NwC has been linked to lower sleep efficiency,
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longer REM sleep latency, and less REM sleep time.98 Addi-
tional evidence for an effect of stimulants on sleep quality
comes from studies of attention-deficit/hyperactivity disorder,
for which stimulants are a standard of care.99 In a meta-analysis
of 7 studies examining the effect of stimulant treatment on sleep
in children with attention-deficit/hyperactivity disorder, stimu-
lants were associated with significantly longer sleep latency,
poorer sleep efficiency, and shorter TST.100

DISCUSSION

Although progress has been made in recent years in terms of
characterizing and addressing DNS and sleep instability in narco-
lepsy, additional research is necessary. First, the use of a stan-
dardized instrument such as the NSS to quantify self-reporting of
DNS separately from other symptoms of narcolepsy will be help-
ful moving forward.8 Further validated measures of DNS, includ-
ing sleep instability, are needed. There are many PSG measures
of sleep instability that have been used, including N1%, WASO,
sleep efficiency, sleep maintenance, number of waking periods
from sleep relative to TST, sleep stage transitions, and number
and duration of wake and sleep stage bouts, but no consensus on
the best measure. Actigraphy measures, including sleep effi-
ciency, number of awakenings, and WASO, also reflect DNS, but
validation with PSG is needed. It is important to validate any self-
reported assessment with objective measures of nighttime sleep,
and this relationship may help elucidate pathophysiology. Further-
more, nighttime sleep characteristics that define aspects of DNS
could potentially be used to refine diagnostic criteria and simplify
clinical diagnostic protocols to using nocturnal PSGs alone. Spe-
cific sleep architecture and DNS characteristics derived by sophis-
ticated machine learning from large PSG datasets have shown a
role as an avenue for improving diagnosis.21,101,102 Second, more
DNS data among people with NT2 are needed to discern potential
differences from NT1. Third, a better understanding of the impact
of DNS (specifically sleep instability) on patient health, cognition,
mood, metabolism, cardiovascular health, and health-related qual-
ity of life is necessary to further justify sleep treatments in the rou-
tine care of patients with narcolepsy. Finally, clinical trials to
establish efficacious DNS treatments are needed, as are prospec-
tive studies to determine the effect of daytime wake-promoting
medications on nocturnal sleep architecture.

Currently, management of DNS in patients with narcolepsy
may be based on a number of considerations. The first of these
is to recognize that DNS is a common complaint in patients
with narcolepsy. As such, it is important for health care pro-
viders to review sleep symptoms/disorders common to narco-
lepsy that may be contributing to poor sleep quality and/or if
disruption is spontaneous and a reflection of intrinsic sleep
instability. Sleep disorders such as OSA may require further
testing for diagnosis and treatment via surgery, an oral appli-
ance, or positive airway pressure management. Second, meas-
ures of DNS in patients with narcolepsy should be reported in
PSG testing using terminology relating to sleep continuity
measures (sleep efficiency, WASO, arousal index, number of
awakenings, amount of N1, and sleep stage transitions) as well

as PSG presence of REM sleep without atonia, parasomnia
behavior, and periodic limb movements resulting in arousal.
Self-reported DNS should be regularly monitored in the course
of narcolepsy via clinical interview and use of dedicated ques-
tionnaires such as the NSS,8 as it is possible that DNS increases
with age, comorbidities, and/or treatment. Overall, intrinsic
sleep instability improves with SXB in clinical trials but SXB
risks and benefits should be discussed with patients. Other sleep
aids have yet to be vigorously studied.

Future research could also address the many questions remain-
ing regarding intrinsic sleep instability, pathophysiology, and
interaction between other sleep symptoms and disorders com-
mon to narcolepsy (eg, PLMS, RBD, nightmares). There are still
basic gaps in knowledge regarding sleep instability changes with
age and whether sleep instability prevalence and severity differs
between NT1 and NT2 as well as between NT2 and IH.

In conclusion, DNS is a broad term that reflects a constellation
of sleep symptoms and disorders common to narcolepsy, as well
as the intrinsic sleep instability that likely occurs in the setting of
orexin insufficiency/deficiency. Although this article is not a
meta-analysis, DNS is more commonly reported andmore severe
among patients with NT1 compared with controls and hypersom-
nolence disorders based on literature review. The self-reported
and objective measures of DNS described in this reviewmay rep-
resent a step forward to discussion of DNS in the clinic, NT1
diagnostic criteria, and inclusion of more sophisticated outcome
measures in this area for future clinical trials.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
CSF, cerebrospinal fluid
DNS, disturbed nighttime sleep
EDS, excessive daytime sleepiness
HC, healthy control
IH, idiopathic hypersomnia
NSS, Narcolepsy Severity Scale
NT1, narcolepsy type 1
NT2, narcolepsy type 2
NwC, narcolepsy with cataplexy
NwoC, narcolepsy without cataplexy
OSA, obstructive sleep apnea
PLMS, periodic limb movements of sleep
PSG, polysomnography
RBD, REM sleep behavior disorder
REM, rapid eye movement
sHS, subjective hypersomnolence
SSS, subjectively sleepy subjects
SWS, slow-wave sleep
SXB, sodium oxybate
TST, total sleep time
WASO, wake after sleep onset
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