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s u m m a r y

A meta-analysis exploring polysomnography (PSG) differences between narcolepsy type 1 (NT1)/type 2
(NT2) and idiopathic hypersomnia (IH), particularly one that stratifies the analysis by IH with and
without long sleep time (LST), could provide information useful for appropriately re-classifying the
central disorders of hypersomnolence. An electronic literature search was conducted in EMBASE,
MEDLINE, All EBM databases, CINAHL, and PsycINFO inception to May 2021. Meta-analysis of 26 studies
revealed that the effect sizes of differences in some PSG parameters between NT1 and IH were different
from those between NT2 and IH. Specifically, there were significant increases in wake time after sleep
onset (WASO), arousal index (AI), and N1 percentage, and significant decreases in sleep efficiency, sleep
latency, and N2 percentage in NT1 compared with IH, but no differences for these sleep parameters
between NT2 and IH. With the exception of rapid eye movement (REM) sleep percentage and REM la-
tency, there were no significant differences in other PSG variables between NT2 and IH without LST. The
findings suggest that, NT1, rather than NT2, showed shallower and more fragmented sleep compared
with IH. Sleep macrostructure features are very similar between NT2 and IH without LST.

© 2022 Elsevier Ltd. All rights reserved.

Introduction

The central disorders of hypersomnolence (CDH) are charac-
terized by excessive daytime sleepiness (EDS), which can be
debilitating and life-threatening [1]. Patients with CDH often show
decreased school and work performance, substantial morbidity,
and decreased quality of life [1,2].

Narcolepsy type 1 (NT1), narcolepsy type 2 (NT2), and idiopathic
hypersomnia (IH) are the threemain diseases of CDH. The diagnosis
of and research on these diseases mainly depend on clinical
symptoms (e.g., complaint of EDS, and cataplexy) combined with
polysomnography (PSG) and a multiple sleep latency test (MSLT).
The PSG not only allows for screening for other sleep disturbances
such as obstructive sleep apnea (OSA) and rapid eye movement
(REM) sleep behavior disorder [3,4], but also may reveal clinically
relevant findings that are helpful for understanding the etiology
and neurobiology of CDH. For instance, short (�15 min) REM la-
tency in nighttime PSGs has been suggested to have high predictive
value for diagnosing NT1, even in the absence of a MSLT [5].
Diminished beta electroencephalogram (EEG) power during REM
and non-REM (NREM) sleep in NT1 may reflect disturbances in
sleep maintenance and decreased central arousal [6]. In contrast,
although reporting sleep disruption, patients with NT2 seem to
have the same number of awakenings on PSGs as controls, perhaps
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because they do not lack orexins [7e10]. For IH, the International
Classification of Sleep Disorders (ICSD)-3 currently emphasizes a
diagnosis based on total 24-h sleep time �660 min (typically
12e14 h) determined using 24-h PSG monitoring or by wrist
actigraphy in association with a sleep log (averaged over at least
seven days with unrestricted sleep), or MSLT measured mean sleep
latency �8 min with 0e1 sleep-onset REM period (SOREM) [11]. In
IH, decreased cyclic alternating pattern (CAP) A1 subtypes may
indicate dysfunctions in thalamo-cortical processes that underlie
problems in awakening from sleep and in the consolidation of slow
wave sleep (SWS) [12e14], although the exact mechanisms un-
derlying IH are still unclear.

There have been many studies exploring PSG changes in NT1/
NT2 compared with healthy controls (HCs), or exploring PSG
changes in IH compared with HCs [15,16], but studies comparing
NT1/NT2 or IH patients only to HCs cannot distinguish whether the
differences reflect a disease-specific effect. For instance, with the
exception of SOREM, which is a typical feature of NT1, it is unclear
whether the PSG changes are signatures of NT1/NT2 or IH, or are
instead nonspecific markers of EDS. To fill this gap, conducting
studies comparing PSG characteristics between NT1/NT2 and IH are
needed as such are also useful for understanding pathological
mechanisms common to these disorders [17]. To our knowledge, a
number of studies have explored PSG differences between NT1/NT2
and IH, but the exact PSG differences of these diseases have not
been fully established. Variations in findings across different
studies may involve heterogeneity in demographic characteristics
(e.g., sex and age), clinical variables (e.g., medication status), and
study methodology (e.g., adaptation nights and PSG scoring
methods). Meta-analysis of PSG data can be useful for under-
standing differences among studies and for assessing the roles of
potential moderators, and has been used for these purposes in
several neuropsychiatric diseases.

The classifications of CDH are still dynamic and debated with
the goal to better understand their underlying neurobiological
causes and improve treatment and prevention. In the ICSD-2, nar-
colepsy is classified into narcolepsy with and without cataplexy,
while IH is classified as IH with and without long sleep time (LST)
[18]. In ICSD-3, narcolepsy with and without cataplexy, was
replaced by NT1 and NT2, while IH with and without LST was
replaced by IH only [11]. In a recent position paper [19] and its
discussion [4,20] regarding the re-classifications of the CDH, there
was a fairly strong consensus that people who meet current NT1
criteria and people who are strongly suspected to be hypocretin

deficient should be considered as a separate entity, which largely
corresponds to the current diagnostic criteria for NT1 in the ICSD-3
[11]. However, how to deal with the original NT2 in the re-
classifications of the CDH is still in debate. In the position paper,
most of those with current NT2 would instead be diagnosed with
idiopathic excessive sleepiness [19]. By comparison, Billiard sug-
gested keeping the current NT1 and NT2 classifications [4], and
Maski et al. [20] expressed concern that the re-classifications pro-
posed by the position paper [19] may introduce many patients
without hypocretin deficiency into an otherwise homogenous NT1
group. In addition, a recent review paper, raised the question as to
“whether NT2 and IH without LST should be combined into one
category [21].” This “back and forth” movement demonstrates the
difficulty in definitely classifying CDH [22]. A meta-analysis
designed to explore PSG differences between NT1/NT2 and IH,
particularly one that stratifies the analysis by IH subgroups (IH with
and without LST) may provide information useful for appropriately
re-classifying the CDH. Therefore, we conducted this first system-
atic review and meta-analysis to identify the pooled effect sizes for
the differences in PSG variables between NT1/NT2 and IH, and the
potential moderators which could contribute to heterogeneity
across studies. We also performed the meta-analysis with stratifi-
cation by IH subgroups (IH with and without LST).

Methods

Protocol and registration

The protocol for this study was registered (PROSPERO ID:
CRD42021256685) in accordance with the preferred reporting
items for systematic reviews and meta-analyses statement [23].

Inclusion criteria and exclusion criteria

Included studies were selected to meet the following criteria: 1)
patients met the diagnosis criteria for NT1/NT2 or IH according to
the International Classification of Sleep Disorders [11,18,24], or
when the diagnostic criteria for NT1/NT2 or IH was not specified,
published methods enabled determining whether NT1/NT2 or IH
was determined by clinical symptoms combined with PSG and
MSLT findings. 2) The studies assessed differences in some PSG
parameters (PSG parameters of interest are listed below in the
section on “Data collection process”) between NT1/NT2 and IH, or
between NT1/NT2 and IH with/without LST. 3) The studies were

Abbreviations

AASM American Academy of Sleep Medicine
AHI apnea hypopnea index
AI arousal index
AWN awakenings numbers
CAP cyclic alternating pattern
CIs confidence intervals
EDS excessive daytime sleepiness
EEG electroencephalogram
ESS Epworth Sleepiness Scale
HLA human leukocyte antigen
IH idiopathic hypersomnia
LST Long sleep time
MSLT multiple sleep latency test
NICE National Institute for Health and Care Excellence
NREM non rapid eye movement

NT1 narcolepsy type 1
NT2 narcolepsy type 2
OSA obstructive sleep apnea
PLMI periodic limb movement index
PSA power spectral analysis
PSG polysomnography
R&K Rechtschaffen and Kales
REM rapid eye movement
SE sleep efficiency
SL sleep latency
SMD standardized mean difference
SOREM sleep-onset REM period
SS stage shift
SWS slow wave sleep
TST total sleep time
WASO wake time after sleep onset
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published in English in peer-reviewed journals. 4) If the same
subjects participated in multiple studies, then only the most rele-
vant dataset was included in our meta-analysis to avoid duplication
of data.

By screening titles and abstracts, we excluded: 1) animal
studies; 2) guidelines, case series, case reports, editorials, com-
ments, statements, and review papers; 3) studies unrelated to NT1/
NT2 and IH; and 4) studies in which it was clearly stated in the
abstract that no PSG was conducted or no comparisons of PSG
parameters were conducted between our target groups. By full text
screening, we excluded: 1) guidelines, case series, case reports,
editorials, comments, statements, and review papers which were
not caught in the initial screen; 2) studies in which the diagnosis of
NT1/NT2 or IH was not based on standardized diagnostic criteria
(i.e., lacking MSLT data of narcolepsy); 3) studies which did not
provide separate PSG data for NT1 and NT2; and 4) studies con-
taining no information on the outcomes of interest.

Information sources, search, and study selection

We searched MEDLINE via OVID; EMBASE via OVID; PsycINFO
via EBSCO; CINAHL via EBSCO; and all EBM databases (search
strategies are provided in Tables S1eS5). The reference lists of all
primary studies were also screened for additional references. We
performed the literature search on May 30th, 2021. Two reviewers
(Y.S. and Y.Z.) independently selected relevant published studies.
We resolved disagreements by discussing with the senior author
(X.D.T). If more than one narcolepsy group of interest (e.g., NT1 and
NT2 patients) or more than one IH group of interest (e.g., IH with
and without LST) were included in a study, we considered it more
than once in different comparisons.

Data collection process and quality assessment of included studies

Two reviewers (Y.S. and Y.Z.) independently extracted the data
from the original studies using a pre-designed form. The extracted
data were entered by one reviewer and verified by the two re-
viewers. Disagreements were resolved by thorough discussionwith
X.D.T. The PSG variables examined in this review include sleep
macrostructure variables including total sleep time (TST), wake
time after sleep onset (WASO), awaking numbers (AWN) per hour,
number of stage shifts (SS) per hour, sleep efficiency (SE), sleep
latency (SL), and percentage of N1, N2, N3 and REM sleep, and REM
latency. Other PSG variables include apnea hypopnea index (AHI),
periodic limb movement index (PLMI), and arousal index (AI). In
addition, we also extracted sleep microstructure parameters (i.e.,
CAP parameters), power spectral analysis (PSA), and sleep spindle
data. Demographic, clinical, andmethodological variables extracted
include the number of participants and their mean age, sex (male
percentage), body mass index (BMI), disease group (NT1/NT2 and
IH with/without LST), including patients taking psychoactive
medications (Yes vs. No), subjective daytime sleepiness (Epworth
Sleepiness Scale (ESS) score), objective daytime sleepiness (mean
SL determined by MSLT), adaptation night (Yes vs. No), and PSG
scoring methods (Rechtschaffen and Kales (R&K) vs. American
Academy Sleep Medicine (AASM)). Y.S. and Y.Z. independently
assessed the risk of bias of the included studies by using the
adapted version of the National Institute for Health and Care
Excellence (NICE) checklist [25].

Statistical analysis

We conducted the meta-analyses for PSG differences between
the combined NT1/NT2 patients and the IH patients, a necessary

step to explore the effect sizes of PSG differences in comparisons
between NT1 and IH and between NT2 and IH across a subgroup
analysis. Following these analyses, we conducted subgroup ana-
lyses for comparisons between NT1/NT2 and IH with/without LST.
A random effects model, accounting for randomvariations between
studies by including both within-study and between-study vari-
ance in the calculated effect sizes, was used to obtain a relatively
conservative effect size estimates [26]. The sample size, means, and
standard deviations for NT1/NT2 and IH patients were used for
estimating the standardized mean difference (SMD) for the PSG
differences between groups [27]. For the global effect-size esti-
mation, the Q statistic and I2 were used to test the magnitude of
heterogeneity and to inform on the degree of overlap across the
95% confidence intervals (CIs) of different studies [28]. To better
judge the clinical relevance of the pooled effect sizes, differences in
means between groups were also considered [27]. Egger's regres-
sion method was used to evaluate publication bias [29], with p
values of <0.05 suggesting the presence of bias. The Duval and
Tweedie's trim and fill test was used to adjust the effect sizes if
publication bias was detected [30]. A subgroup analysis or meta-
regression was conducted to examine the potential source of het-
erogeneity of pooled effect sizes [27]. All analyses were done using
Comprehensive Meta-Analysis software [31].

Results

Study selection

Our search yielded 817 publications (Fig. 1). After removing the
duplicates, the title/abstract of the remaining 626 articles were
screened. A total of 69 studies were selected for full text review. Of
these, 27 articles [8,10,14,17,32e54] met inclusion criteria for the
systematic review (Table 1), and 26 of the 27 studies were included
in our meta-analysis. The excluded studies with reasons for their
exclusion are listed in Table S6.

Description of the included studies

As shown in Table 1, the sample sizes of the 27 studies ranged
from 16 participants (3 NT1, 3 NT2, and 10 IH) [32] to 848 partici-
pants (453 narcolepsy patients and 395 IH) [45]. Mean age of NT1/
NT2 and IH ranged from 12 to 49 y (reported in 26 studies). Males as
percentages of NT1/NT2 patients and IH ranged from 0 to 100%
(reported in 25 studies). Eleven studies [8,10,32,34e36,41,42,
45,52,53] used AASM PSG criteria, six studies [14,17,33,44,46,51]
used R&K PSG criteria and the remaining 10 studies did not report
which PSG scoring rule they used. Six studies [35,38,40,50,51,54] did
not report or specify whether they included an adaptation night,
seven studies [8,14,33,41,43,44,48] included an adaptation night, and
the other 14 studies did not include an adaptation night. Four studies
[17,39,41,51] did not report or specify whether they excluded par-
ticipants who used medication impacting sleep, three studies
[32,40,50] did not exclude participants who used medication
impacting sleep, and 20 studies clearly stated that their participants
were drug naïve or had a washout period for medications impacting
sleep before PSG examinations. The quality assessments of these
studies are listed in Table S7.

Meta-analyses for comparisons between NT1 and IH, and between

NT2 and IH

Our analyses revealed that the effect sizes for differences in
some PSG parameters such as WASO, SE, SL, N1, N2, AI, and PLMI
between NT1 and IH were significantly different from those
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between NT2 and IH (p < 0.05). Specifically, there were statistically
significant increases in WASO, AI, N1 percentage, and PLMI, and
decreases in SE, SL, and N2 percentage in NT1 compared with IH
(p < 0.05), while there were no differences for these sleep param-
eters between NT2 and IH (p > 0.05) with the exception that NT2
showed a statistically significant decreased N2 percentage
compared with IH although its magnitude was less than that in
comparisons between NT1 and IH (p < 0.05) (Table 2).

For comparisons between NT1 and IH, publication bias was not
detected by Egger's test between groups (Figs. S1eS13). For com-
parisons between NT2 and IH, publication bias was detected by
Egger's test for the difference in N2 percentage between groups
(Figs. S14eS25). Adjustment for publication bias with the trim-and-
fill method failed to confirm the significantly decreased N2 per-
centage in NT2 compared with IH found in the original analysis
(SMD ¼ �0.122; 95% CI: �0.349 to 0.105).

Subgroup analysis according to IH with and without LST

As shown in Table 3, the effect sizes of differences in PSG pa-
rameters vary across the four possible comparisons among groups
(NT1 and IH with LST, NT1 and IH without LST, NT2 and IH with LST,
and NT2 and IH without LST). For example, increased N1 percent-
age was greater in subgroups comparing NT1 and IH with LST
(compared with those in subgroups comparing NT2 and IH with/
without LST) (p < 0.001). Decreased SL was found in subgroups
comparing NT1 with IH with/without LST, but not in subgroups
comparing NT2 with IH with/without LST (p ¼ 0.021). Increased
WASO was found in subgroups comparing NT1 with IH with/
without LST, but not in subgroups comparing NT2 with IH with/
without LST (p ¼ 0.009). For the comparisons between NT2 and IH
with LST, there were increased N1 percentages and decreased REM
latency in NT2 compared with IH with LST. For comparisons be-
tween NT2 and IH without LST, with the exception of REM sleep

percentage and REM latency, there were no significant differences
in PSG parameters between groups (p > 0.05).

Other moderator analysis

As shown in Tables S8eS9, subgroup analysis and sensitivity
analysis revealed that the presence of significant differences in
male percentage, age, and BMI between narcolepsy and IH patients
did not significantly alter the directions of changes in sleep conti-
nuity or sleep architecture in NT1/NT2 compared with IH.

Medication status was a significant source of heterogeneity for
differences in TST and REM latency between NT1 and IH (p < 0.05).
However, when limiting the analysis to studies excluding patients
taking psychoactive medications, the directions of changes in TST
and REM latency in NT1 compared with IH did not change.

Regarding daytime sleepiness, our meta-regression analysis
revealed that the increased ESS score in NT1 compared with IH was
significantly associated with increased WASO in NT1 patients
(p < 0.05). Furthermore, the decreased SL assessed by the MSLT in
NT1 compared with IH was significantly associated with increased
WASO in NT1 compared with IH (p < 0.05).

Methodologically, a subgroup analysis and sensitivity analysis
revealed that having an adaptation night (Yes vs. No) and scoring
method (AASM vs. R&K) were not significantly associated with
differences in PSG measured sleep continuity or sleep architecture
between NT1/NT2 and IH (p > 0.05).

Sleep parameters not meta-analyzed

As shown in Table S10, 24-h TST [48], PSA data [14,46] and CAP
parameters [14] were also explored for possible differences between
NT1/NT2 and IH patients. Howevermeta-analytic evaluation of these
parameters was not possible because of the limited number of
available studies and methodological differences across studies.

Fig. 1. Flow chart used for the identification of eligible studies. NT1, narcolepsy type 1; NT2, narcolepsy type 2; PSG, polysomnography; TST, total sleep time.
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Table 1

Study characteristics.

Study Sample size Percentage
of male

Mean age Mean BMI Including
patients
taking
psychoactive
medications

MSLT ESS Adaptation PSG scoring
methods

Anderson et al.,
2007 [51]

63 NT1 58.7% 44.0 ± 17.6 27 ± 6 NR 4.1 ± 2.6 18.6 ± 3.3 NR R&K
77 IH 49.4% 34.3 ± 12.0 25 ± 4 NR 8.3 ± 3.1 16.3 ± 3.3 NR R&K

Bassetti et al., 2003
[54]

4 NT1 50% NR 30 ± 6.93 No 3.38 ± 2.43 18 ± 2.45 NR NR
4 NT2 75% NR 26.25 ± 2.22 No 2.75 ± 1.71 18.5 ± 2.08 NR NR
5 IH 40% NR 26 ± 3 No 6 ± 3.74 17.4 ± 2.51 NR NR

Bin-Hasan et al.,
2018 [34]

11 NT1 54.6% 12.3 ± 2.6 25.5 ± 5.6 No 2.9 ± 2.2 17.8 ± 2.7 No AASM
6 NT2 83.3% 12.9 ± 3 23.9 ± 3.3 No 4.4 ± 2.8 15.4 ± 1.5 No AASM
12 IH 33.3% 15.3 ± 3.5 24.3 ± 4.7 No 8.5 ± 3 14.6 ± 4.8 No AASM

Cairns et al., 2019
[35]

24 NT1 42% 35.2 ± 14.6 31.7 ± 6.1 No NR 18.2 ± 4.5 NR AASM
30 NT2 40% 35.9 ± 12.1 30.2 ± 7.4 No NR 17.5 ± 4.2 NR AASM
25 IH 40% 36.4 ± 13.4 24.9 ± 3.7 No NR 15.1 ± 4.7 NR AASM

Drakatos et al.,
2013 [36]

24 NT1 29.2% 31 ± 12 29 ± 6 No NR NR No AASM
38 NT2 65.8% 34 ± 9 27 ± 5 No NR NR No AASM
21 IH 23.8% 34 ± 12 28 ± 8 No NR NR No AASM

Delrosso et al., 2013
[52]

8 narcolepsy
(4NT1 and 4NT2)

50% 27.5 ± 12.73 33.69 ± 7.37 No NR 19.75 ± 2.92 No AASM

8 IH 13% 32.62 ± 14.34 28.69 ± 5.35 No NR 16.63 ± 3.62 No AASM
Erdem et al., 2013

[37]
94 NT1 88.3% 25.10 ± 7.46 25.24 ± 3.89 No 2.4 ± 1.7 18.44 ± 2.93 No Unspecified
49 NT2 91.8% 24.92 ± 7.50 25.30 ± 4.20 No 4.1 ± 2.1 17.74 ± 3.65 No Unspecified
140 IH 80% 26.90 ± 6.84 24.21 ± 3.66 No 5.3 ± 2.6 18.20 ± 3.33 No Unspecified

Holm et al., 2014
[38]

12 NT1 33.3% 27.8 ± 6.84 22.70 ± 2.27 No NR 19.00 ± 2.09 NR NR
12 NT2 41.7% 29.8 ± 8.88 25.63 ± 4.96 No NR 16.33 ± 2.93 NR NR
12 IH 25.0% 31.4 ± 13.13 25.13 ± 4.34 No NR 16 ± 3.57 NR NR

Hong et al., 2006
[39]

79 NT1 57% 31.1 ± 14.22 25.2 ± 3.56 NR 2.1 ± 1.78 14.9 ± 4.44 No NR
22 NT2 72.7% 24.8 ± 9.38 22.4 ± 2.81 NR 2.5 ± 1.41 15.0 ± 4.69 No NR
20 IH 55% 29.3 ± 12.97 21.6 ± 3.13 NR 5.7 ± 2.68 13.6 ± 4.92 No NR

Kim et al., 2016 [40] 29 NT1 75.9% 29.4 ± 16.8 25.9 ± 4.0 Yes 2.2 ± 2.2 15.3 ± 5.4 NR NR
22 NT2 54.5% 21.6 ± 12.3 22.9 ± 4.10 Yes 3.7 ± 2.2 14.2 ± 3.8 NR NR
24 IH 29.2% 36.3 ± 17.9 24.9 ± 4.9 Yes 4.4 ± 2.3 15.5 ± 5.8 NR NR

Kretzschmar et al.,
2016 [49]

35 NT1 45% 40 ± 18 NR No 1.9 ± 1.6 16.6 ± 4.1 No Two both
8 IH 17% 34 ± 17 NR No 3.9 ± 3.5 16.3 ± 1.9 No Two both

Lippert et al., 2019
[41]

12 NT1 58% 31.9 24.1 ± 3.3 NR 4.3 ± 2.5 17 ± 2.5 Yes AASM
7 NT2 43% 34.4 24.9 ± 4.5 NR 4.5 ± 1.6 14 ± 3.1 Yes AASM
24 IH 42% 39.2 28.2 ± 5.6 NR 5.6 ± 1.8 15 ± 2.6 Yes AASM

Maski et al., 2020
[42]

150 NT1 55.4% 12 ± 3.6 24.5 ± 6.2 No 3.6 ± 2.9 15.1 ± 3.6 No AASM
22 NT2 59.1% 14.3 ± 2.6 23.5 ± 4.1 No 7.1 ± 4.7 13.3 ± 4.9 No AASM
27 IH 11.1% 15.6 ± 2.2 24.8 ± 2.9 No 9 ± 3.7 13.1 ± 5.4 No AASM

Maski et al., 2021
[10]

46 NT1 54.3% 12.9 ± 3.7 26.3 ± 6.3 No 3.3 ± 3 17.5 ± 2.8 No AASM
12 NT2 58.3% 14 ± 2.9 22.7 ± 4.1 No 4.8 ± 2.5 16.3 ± 3.2 No AASM
18 IH 11.1% 16 ± 2 23.9 ± 4.6 No 8.8 ± 4.1 13.18 ± 5.1 No AASM

Philip et al., 2013
[32]

3 NT1 33.3% 38.67 27.27 Yes 6.37 12.67 No AASM
3 NT2 0 32.33 22.4 Yes 5 13 No AASM
6 IH without LST 33.3% 39.5 22.8 Yes 5.8 12.5 No AASM
4 IH with LST 0% 41 20.35 No 11.28 9.75 No AASM

Pizza et al., 2011
[43]

44 NT1 59.1% 29 ± 16 NR No 3.9 ± 3 16 ± 4 Yes NR
7 NT2 57.1% 27 ± 10 NR No 5.3 ± 2.2 11 ± 3 Yes NR
16 IH 62.5% 49 ± 12 NR No 5.6 ± 1.3 16 ± 4 Yes NR

Pizza et al., 2013
[44]

39 NT1 51.3% 31.79 ± 15.39 26.32 ± 4.72 No 3.59 ± 2.36 17.31 ± 3.18 Yes R&K
7 NT2 85.7% 26.29 ± 6.82 24.18 ± 2.20 No 7.40 ± 4.39 15.17 ± 3.55 Yes R&K
19 IH 57.9% 43.84 ± 14.10 25.20 ± 3.59 No 5.90 ± 1.11 16.50 ± 4.36 Yes R&K

Pizza et al., 2013
[14]

17 NT1 76.5% 45.0 ± 12.94 NR No 3.3 ± 2.5 17 ± 3 Yes R&K
19 IH 68.4% 46.0 ± 12.75 25.8 ± 3.51 No 5.6 ± 1.37 NR Yes R&K

Pizza et al., 2015 [8] 79 NT1 57% 32.77 ± 15.34 27.16 ± 5.62 No 3.23 ± 2.27 16.75 ± 3.16 Yes AASM
22 NT2 63.6% 30.32 ± 11.19 25.20 ± 3.49 No 6.36 ± 1.56 16.25 ± 4.49 Yes AASM
22 IH 63.6% 39.36 ± 12.46 24.50 ± 3.68 No 6.03 ± 0.96 15.33 ± 4.44 Yes AASM

Poli et al., 2009 [48] 14 NT1 100% 38.21 ± 13.71 28 ± 4.4 No 4.30 ± 3.65 14.79 ± 4.63 Yes NR
14 IH 100% 33.29 ± 14.64 24.2 ± 2.8 No 6.35 ± 1.28 13.0 ± 3.06 Yes NR

Ramm et al., 2019
[47]

10 NT1 70% 26.7 NR No 2.5 18.4 No NR
14 IH 21.4% 33.6 NR No 5.3 15.2 No NR

Sasai-Sakuma et al.,
2015 [45]

158 NT1 49.4% 28.2 ± 10.9 23.9 ± 4.1 No 2.0 ± 1.9 17.1 ± 4.4 No AASM
295 NT2 58.0% 25.7 ± 8.7 21.7 ± 2.9 No 3.2 ± 1.9 16.3 ± 4.4 No AASM
395 IH 48.6% 29.0 ± 9.4 21.9 ± 3.5 No 4.5 ± 2.0 16.1 ± 4.5 No AASM

Sasai-Sakuma et al.,
2015 [46]

28 NT1 35.7% 29.6 ± 4.2 NR No 1.4 ± 1.4 15.4 ± 4.4 No R&K
16 NT2 with HLAþ 50% 24.9 ± 3.8 NR No 1.5 ± 1.1 15.8 ± 3.0 No R&K
22 NT2 with HLA- 54.5% 27.8 ± 7.2 NR No 3.3 ± 2.0 14.6 ± 3.6 No R&K
22 IH 40.9% 28.9 ± 4.5 NR No 4.1 ± 2.0 14.1 ± 5.2 No R&K

Suzuki et al., 2015
[50]

68 NT1 45.6% 34.2 ± 13.1 NR Yes NR 15.2 ± 5.8 NR NR
35 IH 45.7% 31.4 ± 9.2 NR Yes NR 15.1 ± 5.1 NR NR

(continued on next page)
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Discussion

Summary of findings

To our knowledge, this is the first meta-analysis to explore PSG
differences between NT1/NT2 and IH. There were significant in-
creases in WASO, AI, N1 percentage, and PLMI, and significant de-
creases in SE, SL, and N2 percentage in NT1 compared with IH,
while therewere no observed differences in these sleep parameters
in comparisons between NT2 and IH. In comparisons of NT2 and IH
without LST, we found that PSG parameters were similar. Micro-
structure methods (i.e., CAP) and sophisticated analyses (i.e., PSA)
are likely to be useful in assessing differences in sleep profiles be-
tween NT1/NT2 and IH, but the exact differences across conditions
have not been fully established due to limited available studies and
methodological differences across studies.

Effect sizes for differences in PSG parameters between NT1 and IH,

and between NT2 and IH

Ourmeta-analysis differentiated NT1 andNT2, and their potential
relationship to IH. NT1 differs from NT2 in that it is characterized by
cataplexy, different levels of orexin in the cerebrospinal fluid, and
greater loss of orexin neurons [55,56]. NT1 and NT2 are now
recognized as having clearly distinct pathophysiology [11] and
potentially different brain metabolism [57]. It therefore should be
asked whether the effect sizes for differences in PSG parameters
between NT1 and IH, and between NT2 and IH, are different. Our
analysis revealed a shallower and more fragmented sleep indicated
by an increased amount of stage N1 and AI in NT1 comparedwith IH;
this was not found in comparisons between NT2 and IH. This finding
indirectly indicates that NT1 has more severely disturbed nighttime
sleep, which is supported by our recent meta-analysis reporting
significantly decreased TST, SL, SE, N2 percentage, REM percentage,
REM latency, and increased WASO, AWN, SS, and N1 percentage in
NT1 patients compared with NT2 patients [15]. There have been
differing opinions regarding whether NT1 and NT2 should be re-
classified. In a recent position paper, Lammers et al. proposed that
people who meet current NT1 criteria and people who are strongly
suspected to be hypocretin deficient should be considered as a
separate entity, while most of those with current NT2 will instead
have idiopathic excessive sleepiness [19]. By comparison, Maski et al.
argued that this classification may introduce many non-hypocretin
deficient patients to the otherwise homogenous NT1 group [20],
and Billiard also suggested that the general frame of the ICSD-3
classification of CDH should be kept [4]. Regardless of how CDH
may be re-classified, innovations are always hoped for that will
improve our understandings on the nature of the disease and

provide clinical benefits for patients. From the perspective of
disturbed nighttime sleepwhich is a potential target of treatment for
narcolepsy [58], considering NT1 and NT2 as different populations
may be beneficial for management of the disease.

Comparisons between NT1 and IH

In comparisons between NT1 and IH, NT1 patients showed
increased AI, N1, WASO, and decreased N2 percentage, SE, SL, and
REM latency relative to IH patients. These comparisons suggest that
the overall PSG patterns in NT1 and IH are very different. Recently, a
[18F]-fluorodeoxyglucose positron emission tomography study
suggested differential regional brain metabolism between NT1 and
IH patients. This study revealed several areas of hypermetabolism
(i.e., left postecentral gyrus, paracentral lobule, anterior cingulate
gyrus, left parahippocampal gyrus, left superior temporal gyrus,
inferior frontal gyrus, and claustrum) in NT1 patients compared
with IH patients [59]. Some of these regions have been demon-
strated to be involved in sleep-wake regulation [60e62], and these
differences in regional brain metabolism may contribute to the
different PSG patterns between NT1 and IH.

Comparisons between NT2 and IH

We found the PSG features of NT2 are very similar to those of IH
with the exception of increased REM sleep percentage and
decreased REM latency in NT2. Additionally, the MSLT is often
unreliable for distinguishing NT2 from IH, raising concerns as to
whether they are even distinct disorders [20,63e65]. However, the
differences in REM sleep percentage and REM latency between NT2
and IH suggest that heterogeneity exists between the two diseases.

Previous studies have suggested that disturbed REM sleep is
associatedwithhypocretin deficiency, and that hypocretin deficiency
is linked to human leukocyte antigen (HLA)-DRB1*1501/DQB1*0602
[66e68]. Existing evidence suggests that some patients classified as
NT2 that have an unrecognized hypocretin deficiency likely to
resemble NT1, while thosewithout hypocretin deficiency likelymore
closely resemble patients with IH without LST [21]. Fronczek et al.
[21] thereforeproposed that IHwithout LSTandNT2patientswithout
hypocretin deficiency should be merged into a single disorder, “nar-
colepsy spectrum disorder,” while the NT2 patients with unrecog-
nized hypocretin deficiency should be merged with the original NT1
patients as NT1. Additionally, Sasai et al. reported that NT2, HLA-
DRB1*1501/DQB1*0602-negative patients showed similar clinical
features, including similar severity of hypersomnia and treatment
response, and similar rates of REM-related symptoms (i.e., sleep pa-
ralysis and hypnagogic hallucinations) compared with those in pa-
tients with IH without LST, while NT2, HLA-DRB1*1501/DQB1*0602-

Table 1 (continued )

Study Sample size Percentage
of male

Mean age Mean BMI Including
patients
taking
psychoactive
medications

MSLT ESS Adaptation PSG scoring
methods

Takei et al., 2012
[17]

52 NT1 46.2% 27.2 ± 8.9 NR NR 1.4 ± 1.3 14.6 ± 3.7 No R&K
62 NT2 48.4% 26.7 ± 7.4 NR NR 2.1 ± 1.6 14.9 ± 3.5 No R&K
50 IH 54% 29.5 ± 9.7 NR NR 3.9 ± 1.9 14.1 ± 4.8 No R&K

Thakrar et al., 2018
[53]

70 NT1 40% 38.3 ± 13.9 30.4 ± 7.5 No 3.5 ± 2.9 18.6 ± 3.5 No AASM
47 NT2 34% 38 ± 12.4 27.9 ± 7.1 No 4.2 ± 2.5 16.2 ± 4.4 No AASM
9 IH 33.3% 33.4 ± 9.1 26.0 ± 4.6 No 8.4 ± 4.7 16.2 ± 4.7 No AASM

Vankov�a et al., 2001
[33]

28 NT1 25% 34 ± 11.2 NR No 2 ± 1.2 NR Yes R&K
10 IH 30% 37.5 ± 8.3 NR No 6.2 ± 3 NR Yes R&K

þ, positive; -, negative; AASM, American Academy of Sleep Medicine; BMI, body mass index; ESS, Epworth Sleepiness Scale; R&K, HLA, HLA, human leukocyte antigen; IH,
idiopathic hypersomnia; MSLT, multiple sleep latency test; NR, not reported; NT1, narcolepsy type 1; NT2, narcolepsy type 2; R&K, Rechtschaffen and Kales; LST, long sleep
time.
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positive patients more closely resembled NT1 [69]. Thus, the Sasai
et al. study may be viewed as supporting the proposed re-
classifications by Fronczek et al. which merge NT2 patients without
hypocretin deficiency and IH without LST into one category.

Future directions

An appropriate re-classification of CDH which will be useful for
further determination of its underlying neurobiological causes and
that provides clearer directions for treatment or prevention and
healing [19] will require more effort discerning the PSG differences
between NT1/NT2 and IH. In addition to studies of sleep macro-
structure, efforts should explore PSG differences between NT1/NT2
and IH using other promising metrics including PSA, sleep spindles,
and CAP parameters. Regarding PSA, evidence suggests interme-
diate delta power in IH that is lower compared with HCs, but higher
compared with NT1 [14]. Sleep spindle index has also found to be
significantly increased in IH patients comparedwith that in amixed
sample of NT1 and NT2 [70]. Additionally, IH patients showed a
higher CAP rate in light NREM sleep compared with NT1 but a
lower rate compared with HCs in SWS, and a striking reduction of

the CAP A1 subtype [14]. However, it should be noted that the
number of studies focusing on these PSG metrics is currently
limited, and the findings discussed above are limited, confined to
comparisons between NT1 and IH [14], and between a mixed
sample of different NT1 and NT2, and IH [70]. Studies specifically
making comparisons between NT2 and IH on PSA, CAP and sleep
spindle data are needed, which will be useful to further understand
neurobiological difference between NT1/NT2 and IH, and to guide
potential re-classification of CDH.

Other considerations

In our meta-analysis, a few of our included studies showed
significant differences in sex (male percentage), age, and BMI be-
tween NT1/NT2 and IH patients. It therefore should be asked
whether these differences could bias our meta-analysis findings.
Our subgroup analysis revealed that differences in sex, age, and BMI
between groups were not significant sources of heterogeneity for
differences in sleep continuity and sleep architecture between NT1/
NT2 and IH patients, suggesting that these factors did not produce
an obvious impact on our meta-analysis findings.

Table 2

Polysomnographic differences between NT1/NT2 and IH.

No. of
Comparisons

No. of NT1/
NT2 and IH

Means of
NT1/NT2

Means
of IH

Differences in
means between
NT1/NT2 and IH

SMD (95%CI) Q I2 p for subgroup
effects

TST min 0.241
NT1 vs. IH 23 1067/917 451.190 460.949 �9.759 �0.179 (�0.368 to 0.009) 60.243c 63.481
NT2 vs. IH 18 632/831 450.278 460.180 �9.902 �0.020 (�0.208 to 0.167) 30.140a 43.596
WASO min <0.001
NT1 vs. IH 12 562/277 46.495 26.469 20.026 0.497 (0.344e0.650)c 9.579 0
NT2 vs. IH 9 188/209 20.882 25.817 �4.935 �0.089 (�0.290 to 0.113) 7.243 0
SE % <0.001
NT1 vs. IH 24 1102/978 87.405 90.809 �3.404 �0.366 (�0.566 to �0.166)c 77.294c 70.244
NT2 vs. IH 20 702/872 91.889 90.672 1.217 0.101 (�0.002 to 0.203) 16.392 0
SL min 0.005
NT1 vs. IH 18 938/562 7.348 12.591 �5.243 �0.516 (�0.723 to �0.309)c 50.094c 66.064
NT2 vs. IH 15 383/443 10.478 12.391 �1.913 �0.143 (�0.302 to 0.016) 15.859 11.724
SS (events/h) 0.780
NT1 vs. IH 3 135/60 15.393 14.170 1.223 0.203 (�0.650 to 1.057) 13.581b 85.274
NT2 vs. IH 2 29/41 14.409 14.280 0.129 0.063 (�0.425 to 0.552) 0.001 0
N1% 0.001
NT1 vs. IH 18 921/832 9.748 6.062 3.686 0.565 (0.279e0.851)c 95.672c 82.231
NT2 vs. IH 15 660/803 6.616 6.504 0.112 0.017 (�0.151 to 0.184) 22.038 36.474
N2%

NT1 vs. IH 18 921/832 43.163 51.758 �8.595 �0.822 (�1.102 to �0.542)c 89.366c 80.977 0.003
NT2 vs. IH 15 660/803 48.933 52.681 �3.748 �0.302 (�0.503 to �0.101)b 30.925b 54.729
SWS% 0.494
NT1 vs. IH 20 996/933 18.144 17.729 0.415 0.026 (�0.166 to 0.218) 54.561c 65.177
NT2 vs. IH 16 667/827 18.568 17.143 1.425 0.107 (�0.022 to 0.235) 16.855 11.055
REM% 0.003
NT1 vs. IH 18 921/844 21.154 21.019 0.135 0.008 (�0.141 to 0.157) 26.071 34.794
NT2 vs. IH 15 655/815 23.145 21.353 1.792 0.289 (0.182e0.396)c 11.311 0
REM latency min 0.172
NT1 vs. IH 17 737/447 36.576 91.802 �55.226 �1.184 (�1.517 to �0.850)c 86.348c 81.470
NT2 vs. IH 15 357/416 53.889 94.430 �40.541 �0.842 (�1.202 to �0.483)c 63.394c 77.916
AHI (events/h) 0.657
NT1 vs. IH 17 643/691 3.024 2.139 0.885 0.197 (0.006e0.387)a 28.932a 44.697
NT2 vs. IH 14 553/637 1.900 2.010 �0.110 0.126 (�0.124 to 0.375) 30.457b 57.317
AI (events/h) 0.006
NT1 vs. IH 9 513/592 18.095 13.185 4.910 0.622 (0.411e0.914)c 20.733b 61.414
NT2 vs. IH 9 535/579 13.166 12.602 0.564 0.149 (�0.113 to 0.411) 20.602b 61.169
PLMI (events/h) <0.001
NT1 vs. IH 11 532/591 4.746 1.651 3.095 0.322 (0.191e0.453)c 5.581 0
NT2 vs. IH 9 503/556 0.972 1.305 �0.333 �0.086 (�0.210 to 0.037) 7.264 0

%, percentage; Q, Cochran's Q statistic; AHI, apnea hypopnea index; AI, arousal index; IH, idiopathic hypersomnia; NT1, narcolepsy type 1; NT2, narcolepsy type 2; PLMI,
periodic limb movement index; PSG, polysomnographic; REM, rapid eye movement sleep; SWS, slow wave sleep; SE, sleep efficiency; SL, sleep latency; SMD, standardized
mean difference; SS, stage shifts; TST, total sleep time; WASO, wake time after sleep onset.

a p< 0.05.
b p < 0.01.
c p < 0.001.
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Table 3

Subgroup analysis across IH with and without LST.

No of
comparison

No. of NT1/NT2 and
IH with/without LST

Means of
NT1/NT2

Means
of IH

Differences in
means between
NT1/NT2 and IH
with/without LST

SMD (95%CI) Q I2 p for
subgroup
effects

TST min 0.670
NT1 vs. IH with LST 2 49/22 513.971 535.140 �21.169 �0.317 (�1.272 to 0.638) 1.735 42.350
NT1 vs. IH without LST 8 486/665 463.330 457.645 5.685 0.004 (�0.184 to 0.193) 11.313 38.126
NT2 vs. IH with LST 2 15/22 475.352 535.140 �59.788 �4.818 (�14.340 to 4.705) 11.891b 91.590
NT2 vs. IH without LST 7 445/646 454.071 461.258 �7.187 0.043 (�0.142 to 0.227) 7.918 24.222
WASO min 0.009
NT1 vs. IH with LST 1 46/18 56.500 26.600 29.90 0.814 (0.251e1.377)b 0.000 0
NT1 vs. IH without LST 4 152/104 20.166 11.808 8.358 0.419 (0.161e0.678)b 1.975 0
NT2 vs. IH with LST 1 12/18 21.000 26.600 �5.600 �0.252 (�0.985 to 0.481) 0 0
NT2 vs. IH without LST 3 76/85 4.820 11.598 �6.778 �0.091 (�0.411 to 0.228) 0.618 0
SE% 0.069
NT1 vs. IH with LST 3 73/43 88.332 90.062 �1.730 �0.304 (�0.693 to 0.084) 0.974 0
NT1 vs. IH without LST 9 514/687 88.580 89.513 �0.933 �0.125 (�0.331 to 0.082) 15.985a 49.954
NT2 vs. IH with LST 3 53/43 90.315 90.062 0.253 0.092 (�0.322 to 0.506) 0.319 0
NT2 vs. IH without LST 9 484/690 92.502 90.255 2.247 0.116 (�0.002 to 0.234) 6.880 0
SL min 0.021
NT1 vs. IH with LST 2 70/39 7.629 18.314 �10.685 �0.874 (�1.289 to �0.458)c 0.236 0
NT1 vs. IH without LST 7 353/286 5.855 9.919 �4.064 �0.375 (�0.590 to �0.159)b 8.909 32.654
NT2 vs. IH with LST 2 50/39 13.195 18.314 �5.119 �0.400 (�0.835 to 0.035) 0.156 0
NT2 vs. IH without LST 7 186/289 7.416 10.170 �2.754 �0.120 (�0.358 to 0.118) 8.085 25.791
SS (events/h) 0.786
NT1 vs. IH without LST 2 56/38 14.283 14.354 �0.071 �0.140 (�1.233 to 0.952) 6.272a 84.056
NT2 vs. IH without LST 1 7/19 15.100 14.910 0.190 0.053 (�0.814 to 0.920) 0.000 0.000
N1% <0.001
NT1 vs. IH with LST 2 70/39 10.532 4.874 5.658 1.040 (0.616e1.464)c 0.667 0
NT1 vs. IH without LST 6 428/646 10.651 7.530 3.121 0.261 (�0.232 to 0.753) 53.755c 90.699
NT2 vs. IH with LST 2 50/39 6.880 4.874 2.006 0.463 (0.027e0.899)a 0.003 0
NT2 vs. IH without LST 6 467/649 7.773 7.914 �0.141 �0.107 (�0.307 to 0.094) 8.325 39.940
N2% 0.028
NT1 vs. IH with LST 2 70/39 42.339 50.467 �8.128 �0.905 (�1.946 to 0.136) 6.124a 83.671
NT1 vs. IH without LST 6 428/646 45.664 53.299 �7.635 �0.698 (�1.218 to �0.178)b 58.991c 91.524
NT2 vs. IH with LST 2 50/39 43.195 50.467 �7.272 �0.943 (�2.241 to 0.355) 6.798b 85.291
NT2 vs. IH without LST 6 467/649 54.136 55.278 �1.142 �0.073 (�0.194 to 0.048) 4.424 0
SWS% 0.625
NT1 vs. IH with LST 2 70/39 24.480 21.626 2.854 0.320 (�0.825 to 1.465) 7.859b 87.276
NT1 vs. IH without LST 6 428/646 12.962 12.970 �0.008 �0.009 (�0.187 to 0.170) 7.396 32.394
NT2 vs. IH with LST 2 50/39 25.951 21.626 4.325 0.458 (�0.305 to 1.222) 2.725 63.298
NT2 vs. IH without LST 6 467/649 11.0477 11.617 �0.569 0.060 (�0.060 to 0.181) 4.102 0
REM% 0.023
NT1 vs. IH with LST 2 70/39 22.492 23.271 �0.779 �0.117 (�0.517 to 0.282) 0.088 0
NT1 vs. IH without LST 6 428/646 20.607 19.724 0.883 0.029 (�0.125 to 0.182) 6.008 16.774
NT2 vs. IH with LST 2 50/39 24.169 23.271 0.898 0.154 (�0.278 to 0.586) 0.938 0
NT2 vs. IH without LST 6 467/649 22.056 19.693 2.363 0.299 (0.177e0.420)c 4.272 0
REM latency min 0.776
NT1 vs. IH with LST 2 70/39 40.528 122.569 �82.041 �1.554 (�2.918 to �0.190)a 8.433b 88.142
NT1 vs. IH without LST 6 336/267 33.803 89.733 �55.930 �1.130 (�1.518 to �0.742)c 19.636b 74.536
NT2 vs. IH with LST 2 50/39 60.399 122.569 �62.170 �1.265 (�2.391 to �0.139)a 5.319a 81.199
NT2 vs. IH without LST 7 186/289 48.855 90.235 �41.380 �0.873 (�1.458 to �0.288)b 42.536c 85.891
AHI (events/h) 0.168
NT1 vs. IH with LST 1 3/4 1.500 4.130 �2.630 �0.871 (�2.435 to 0.694) 0 0
NT1 vs. IH without LST 7 376/531 3.228 2.412 0.816 0.234 (�0.018to 0.487) 11.702 48.726
NT2 vs. IH with LST 1 3/4 0.630 4.130 �3.500 �1.299 (�2.944 to 0.345) 0 0
NT2 vs. IH without LST 7 428/534 2.093 2.226 �0.133 0.130 (�0.180 to 0.441) 15.357a 60.929
AI (events/h) 0.094
NT1 vs. IH with LST 2 70/39 16.356 11.364 4.992 0.875 (0.459e1.290)c 0.610 0
NT1 vs. IH without LST 3 238/467 17.242 9.907 7.335 0.896 (0.390e1.401)b 10.299b 80.581
NT2 vs. IH with LST 2 50/39 12.339 11.364 0.975 0.270 (�0.358 to 0.897) 1.922 47.961
NT2 vs. IH without LST 4 396/489 10.864 9.354 1.510 0.274 (�0.144 to 0.693) 13.227b 77.319
PLMI (events/h) <0.001
NT1 vs. IH without LST 4 317/487 2.662 1.484 1.178 0.296 (0.143e0.448)c 1.227 0
NT2 vs. IH without LST 5 418/509 1.059 1.263 �0.204 �0.125 (�0.255 to 0.006) 3.701 0

%, percentage; Q, Cochran's Q statistic; AHI, apnea hypopnea index; AI, arousal index; IH, idiopathic hypersomnia; LST, long sleep time; NT1, narcolepsy type 1; NT2, narcolepsy
type 2; PLMI, periodic limb movement index; PSG, polysomnographic; REM, rapid eye movement sleep; SWS, slow wave sleep; SE, sleep efficiency; SL, sleep latency; SMD,
standardized mean difference; SS, stage shifts; TST, total sleep time; WASO, wake time after sleep onset.

a p< 0.05.
b p < 0.01.
c p < 0.001.
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Another concern is whether using medications impacting sleep
(i.e., antidepressants and gamma-hydroxybutyrate) could moder-
ate our meta-analysis findings. It is well known that antidepres-
sants may reduce REM sleep [55], and that sodium oxybate is
beneficial for decreasing SS, AWN, WASO, and N1 percentage, and
increasing SWS and SE in NT1 [71,72]. Our subgroup analysis
revealed that medication status was a significant source of het-
erogeneity for differences in TSTand REM latency between NT1 and
IH. When we reran the meta-analysis only in studies excluding
patients who used psychoactive medications, we found that the
directions (decrease) of changes in TST and REM latency did not
change. This finding suggests that taking psychoactive medications
also did not produce an obvious bias in our findings.

Limitations

This review has limitations. First, some factors, such as varia-
tions in bedtime schedule across sleep labs and discomfort from
wearing PSG devices, which may potentially impact sleep changes,
could not be accounted for in our meta-analysis, due to the lack of
data. Second, although we explored whether taking psychoactive
medications when performing PSG impacted our findings, we
could not specifically explore the effects of different medications
(e.g., modafinil, methylphenidate, sodium oxybate, antidepres-
sants, etc.). Third, it should be noted that different included studies
used different exclusion criteria (AHI>5, 10 or 15 events/h, etc.) to
exclude OSA patients from participants, which may also poten-
tially impact our findings. Unfortunately, we were unable to find
sufficient data to enable clarifying their effects on our findings.
Fourth, the data concerning the 24-h PSG data are limited and all
our meta-analysis findings were derived from nighttime PSG data.
These limitations suggest that our findings should be interpreted
cautiously.

Conclusions

The current meta-analysis demonstrates that NT1, but not NT2,
shows shallower and more fragmented sleep compared with IH.
With the exception of REM sleep and REM latency, sleep macro-
structure features are very similar betweenNT2 and IHwithout LST.
Furthermore, exploring differences in electroencephalogram fre-
quency components and CAP parameters between NT1/NT2 and IH
may be useful for assessing the neuropathological differences un-
derlying the three diseases. Our findings highlight the need to give
greater considerations to PSG differences between NT1/NT2 and IH,
and between NT1/NT2 and IH with/without LST to aid in under-
standing the neuropathology of CDH and for its potential re-
classification in the future.
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Practice points

1) Peoples with narcolepsy type 1 exhibit decreased sleep

continuity (i.e., decreased sleep efficiency, and

increased arousal index and wake time after sleep

onset) and more light sleep (increased N1) compared

with those with idiopathic hypersomnia. By compari-

son, there are no significant differences in majority of

sleep parameters in narcolepsy type 2 compared with

idiopathic hypersomnia.

2) The polysomnography parameters are similar between

narcolepsy type 2 and idiopathic hypersomnia without

long sleep time.

Research agenda

1) Investigate the 24-h polysomnography differences,

including sleep macrostructure, electroencephalo-

graphic frequency components, cyclic alternating

pattern, and sleep spindles between narcolepsy type 1/

type 2 and idiopathic hypersomnia with/without long

sleep time.

2) Investigate the re-classifications of central disorders of

hypersomnolence with nuanced consideration of clin-

ical/individual factors, and further application of neuro-

imaging and other research tools.
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