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Study Objectives: To examine repeatability of Multiple Sleep Latency Test (MSLT) results in narcolepsy type 1 (NT1) and narcolepsy type 2 (NT2) according
to the criteria of the International Classification of Sleep Disorders, Third Edition (ICSD-3).

Methods: Repeatability of the MSLT was retrospectively evaluated in NT1 (n = 60) and NT2 (n = 54) cases, and controls (n = 15). All subjects had
documented HLA-DQB1*06:02 status and/or hypocretin-1 levels from cerebrospinal fluid. All subjects had undergone 2 MSLTs (= 1 meeting ICSD-3

criteria for narcolepsy). Repeatability was explored in children versus adults and in those on versus not on medication(s). Subsample and multivariate
analysis were performed.

Results: Both MSLTs in unmedicated patients were positive for narcolepsy in 78%, 18%, and 7% of NT1, NT2, and controls, respectively. NT2 cases changed
to idiopathic hypersomnia or to a negative MSLT 26% and 57% of the time, respectively. Although NT1 cases were 10 to 14 times more likely to demonstrate
a second positive MSLT compared to NT2 cases (P < 107°) and controls (P < 107), respectively, NT2 cases were not significantly different from controls

(P = .64). Medication use (P =.009) but not adult versus children status (P = .85) significantly decreased the likelihood of a repeat positive MSLT.
Conclusions: In a clinical setting, a positive MSLT for narcolepsy is a more reproducible and stable feature in NT1 than NT2. The retrospective design

of this study hinders interpretation of these data, as there are many different, and possibly opposing, reasons to repeat a MSLT in NT1 versus NT2 (ie,
ascertainment bias). Additional systematic MSLT repeatability studies independent of confounds are ideally needed to confirm these findings.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Recent data have demonstrated poor repeatability of the MSLT in narcolepsy type 2 and idiopathic
hypersomnia. This retrospective study compared the repeatability of the MSLT in narcolepsy type 1, narcolepsy type 2, and controls according to the
criteria of the International Classification of Sleep Disorders, Third Edition.

Study Impact: We demonstrated that MSLT criterion for narcolepsy in a clinical sample is a more repeatable and stable finding in narcolepsy type 1
than narcolepsy type 2, and narcolepsy type 2 is not more repeatable than controls. Additional prospective MSLT repeatability studies are needed to
confirm these findings, as there are many different, and possibly opposing, reasons to repeat an MSLT in narcolepsy type 1 versus narcolepsy type 2,
which were largely unknown in this retrospective study.

INTRODUCTION for 15 minutes from sleep onset to increase the likelihood of

documenting REM sleep during a nap (the so-called “clinical
The Multiple Sleep Latency Test (MSLT) was first estab- MSLT”).! Additional studies established that a mean sleep la-
lished to document and quantify the intensity of sleepiness in  tency (MSL) of less than 5 minutes and at least 2 SOREMPs
the context of sleep deprivation, and called for the immediate during naps was sensitive and, therefore, by extension, diag-
awakening of the subject after sleep onset in each nap (the so- nostic for narcolepsy with cataplexy.*® This criteria was sub-
called “experimental MSLT”).! Because narcolepsy with cata- sequently modified to a MSL < 8 minutes and > 2 SOREMPs
plexy was shown to exhibit sleep onset rapid eye movement  as this raised the sensitivity from 70% to 80% to 90% to 95%
(REM) periods (SOREMPs) during nocturnal sleep only half  without a significant loss of specificity (~95%).%” In a recent
of the time,>? the MSLT was modified, extending the recording study of 479 patients with narcolepsy with cataplexy and 509
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controls, specificity and sensitivity were 98.6% and 92.9%, re-
spectively, making the MSLT a reasonable diagnostic test.?

As the field progressed, new clinical entities were described.
In Japan, Matsuki et al., in 1987, coined the term “Essential
Hypersomnia Syndrome” for a putatively milder form of nar-
colepsy (ie, sleepiness, restorative naps, and a weaker human
leukocyte antigen [HLA] association), clearly differentiating it
from narcolepsy with cataplexy.” These cases were often found
in relatives of individuals with narcolepsy with cataplexy.'”
The MSLT was not used in Japan at the time. In the Czech Re-
public, Roth, in 1976, stressed the importance of unrefreshing
sleep and long total sleep time to define an entity, also often fa-
milial in nature, which was called “Idiopathic Hypersomnia.”!"!
These cases were often diagnosed using continuous polysom-
nography (PSG) for 24 to 48 hours to objectively document
long sleep times.'!>

In the United States, the MSLT rapidly became the gold
standard for evaluating and diagnosing disorders of hyper-
somnolence. Historically, as adoption of the MSLT increased,
an increasing number of patients were found to satisfy MSLT
criteria for narcolepsy in the absence of cataplexy. These cases
were identified as “narcolepsy without cataplexy.”® However,
studies as early as 1997 by Aldrich et al.,"” and later in popula-
tion-based samples,'s'* suggested that widespread administra-
tion of the MSLT was bound to generate an increased number
of false positives, estimated at 2.5% to 4.7% in large case
series,” ™ due, in part, to the high frequency of sleep apnea
diagnoses in patients presenting to sleep clinics.” Extended
studies in large sets of population-based controls'®'® have also
shown that the MSLT can also be confounded by shift work
or circadian misalignment, and to a lesser extent by chronic
sleep restriction.'* Similarly, diagnostic criteria for idiopathic
hypersomnia (IH) evolved and included not only patients with
prolonged sleep (eg, habitual sleep time > 10 hours) but also
subjects with objective sleepiness based on MSL < 8 minutes
alone, an a priori defined cutoff derived from results in nar-
colepsy with cataplexy cases.® Using the MSL < 8 minutes to
define IH, according to studies in the general population, in-
dicated that approximately 22% of the population meets this
criteria,''® risking overdiagnosis of IH as well. In 2005, the
International Classification of Sleep Disorders, Second Edition
(ICSD-2) effectively captured these diagnostic categories as
narcolepsy with cataplexy, narcolepsy without cataplexy, and
idiopathic hypersomnia with and without long sleep time.*

Based on recent advances indicating that most cases of
narcolepsy with cataplexy are caused by hypocretin/orexin
deficiency, in 2014, the International Classification of Sleep
Disorders, Third Edition (ICSD-3) refers to narcolepsy with
and without cataplexy as narcolepsy type 1 (NT1) and nar-
colepsy type 2 (NT2), respectively.”’ Because a nocturnal
SOREMP is highly specific for narcolepsy (99%),t the ICSD-3
narcolepsy classification was modified to include a nocturnal
SOREMP in the total number of SOREMPs (ie, MSL < 8 min-
utes, > 2 SOREMPs).?! To date, studies suggest that counting a
nocturnal SOREMP in the total number of SOREMPs does not
lead to a significant change in diagnosis.®**** Regarding IH,
the ICSD-3 collapsed both with and without long sleep time
into one clinical entity.”!
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The overreliance of the ICSD-3 on the MSLT presents the
clinician with a number of diagnostic dilemmas. First, the
MSLT has only been properly validated in adult patients with
NTl1/narcolepsy with cataplexy. The other remaining diagnos-
tic entities subsumed under the umbrella of central disorders
of hypersomnia/hypersomnolence are essentially diagnoses
of exclusion that have relied upon a test prior to completion
of proper validation studies. Diagnoses are therefore fre-
quently rendered without regard to accumulating evidence
that: (1) population controls without any subjective complaints
of sleepiness can also demonstrate MSLT findings consistent
with NT1"; and (2) test-retest reliability of the MSLT outside
the context of NT1 appears poor.* A recent study, for example,
found that 10 of 15 subjects in whom a diagnosis of NT2 was
made on their first MSLT were reclassified as either normal
(n=7) or IH (n = 3) upon repeat testing.** Second, MSLT re-
quirements are especially problematic for patients with [H?*26
because: (1) false-negative MSLT results have been reported
in 71% of cases with IH with long sleep times?’; and (2) there
are no Food and Drug Administration-approved treatments for
IH.?*3! Third, the MSLT requires all treatments to be discon-
tinued in order to be valid,* and some patients with unequivo-
cal NT1, who have been successfully treated sometimes for
decades, have been required to undergo a valid, repeat MSLT.

In this study, we retrospectively explored the repeatability
of the MSLT in NTI cases (cataplexy and HLA-DQB1*06:02
positive, or hypocretin-1 deficient in cerebrospinal fluid [CSF])
or NT2 (no cataplexy/unclear cataplexy and HLA-DQB1*06:02
negative, or normal hypocretin level in cerebrospinal fluid).
All cases had either documented HLA status or hypocretin-1
levels from CSF. All subjects had undergone 2 MSLTs (> 1
meeting I[CSD-3 criteria for narcolepsy). The influence of med-
ication and pediatric status was examined, and the results were
compared to subjects exhibiting at least 1 positive MSLT from
the Wisconsin Sleep Cohort, a population-based sample.'

METHODS

Patients and Controls

Multiple centers retrospectively identified patients with an
ICSD-3 diagnosis of hypersomnia or narcolepsy who had at
least 2 clinical MSLTs. Requested information included age,
sex, body mass index (BMI), presence of narcolepsy symp-
toms, Epworth Sleepiness Scale, CSF hypocretin-1 (hypocre-
tin-1) level, HLA-DQB1*06:02 status, PSG/MSLT results with
medication status and time between the 2 MSLTs. We were not
able to systematically confirm reason(s) for each repeat MSLT.
Specific medications requested included antidepressants, psy-
chostimulants or other wake-promoting agents, and sodium
oxybate. When patients were on medication, antidepressant(s)
were administered as prescribed the day of the PSG and MSLT;
psychostimulants or other wake-promoting agents were held
the day of the MSLT; and, sodium oxybate was administered
the night of the PSG. Patients deemed untreated at the time of
the MSLT were free of these medications for at least 2 weeks.
Genetic typing of HLA-DQBI1*06:02 was performed using a se-
quence-specific polymerase chain reaction.* CSF hypocretin-1
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Table 1—Demographic and clinical data in NT1 and NT2, and controls.

NT1 (n = 60) NT2 (n = 54) P Controls (n = 15) p**

Age at first MSLT 31.9+25(58] 28.6 £2.1[53] 31 59.8+1.8 <10°
Children at first MSLT, % 31.7 25.9 500 0 .027
Male sex, % 58.3 55.6 .765 80.0 .086
Body mass index 28.1+£0.8 [58] 25.0 £ 0.7 [39] .006 31.7+£13 116
Sleep paralysis, % 58.2 [55] 39.4[33] .088 13.3 .346
Sleep-related hallucinations, % 61.8 [55] 44 4 [36] 103 6.7 .009
Disrupted nighttime sleep, % 81.5[27] 14.3 7] .001 60.0 742
Cataplexy, % 95 0 ** <10 0 233
HLA-DQB1*06:02 (+), % 100 [57] 14.7 [34] <107 0 .296
CSF hypocretin level, ng/dl 232 +4.9(38] 2754 +13.1[32] <102 - -
ESS 1 16.5+ 0.7 [52] 15.1 £ 0.8 [41] A73 1.3+11 273
ESS 2 14.1+£1.1[26] 144 +1.2[21] .868 1.3+1.1 239
PSG 1

Apnea-hypopnea index, events/h 4.8 +1.4[25] 3.11£0.6 [34] .255 259+6.7[13]  .005

REM sleep latency < 15 minutes, % 49.0 [49] 5.9 [34] <10+ 13.3 652

Total sleep time, minutes 4144 £ 11.7[45]  426.9 + 8.8 [35] 397 355.1£15.4 .363

Sleep efficiency 76.7 £ 4.9 [26] 88.3£1.2[34] .029 835+23 <10
PSG 2

Apnea-hypopnea index, events/h 52+24(30] 55+1.3[39] 901 270+6.9[13] .040

REM sleep latency < 15 minutes, % 42.9 [35] 3.4129] <10* 0 526

Total sleep time, minutes 4228 + 11.7[41] 4245+ 9.2[41] 909 351.9+15.4 147

Sleep efficiency 86.5 +2.1[12] 86.0 £ 1.6 [39] 861 80.1+29 <10
MSLT 1

Mean sleep latency, minutes 4+0. 6+0. <10 6.3+04 120

Number of naps with SOREMPS 36+0. 20+0.2 <10 20+0.2 931
MSLT 2

Mean sleep latency, minutes 331204 7.0+£0.6 <10 8.8+1.2 415

Naps with SOREMPs 35+0.2 21+02 <10°® 08+0.3 .362
On sleep-related medication(s) at time of first MSLT, % 1.7 14.8 .009 6.7 243
On sleep-related medication(s) at time of second MSLT, % 33.3 222 187 6.7 507
Time between MSLTs, years 29+ 0.5[57] 2.7+£0.5[53] .789 48+0.3 .580

Data are unadjusted mean * standard error mean, or percentage. The number of patients used for calculations is shown in brackets if lower than total
number due to missing data. A patient was defined as a child in this study if age at time of first MSLT was younger than 18 years. The definition of sleep
paralysis, sleep-related hallucinations, and disrupted nighttime sleep was not standardized across the centers and largely based upon subjective reports.
On sleep-related medication(s) at time of first or second MSLT may include stimulant, antidepressant, and/or sodium oxybate. ESS, PSG, and MSLT
followed by “1” and “2” refer to the results from the first and second test, respectively. * = statistical comparisons between NT1 and NT2 used ¢ test or chi-
square. ** = comparisons between NT2 and controls used f test or chi-square for age and sex, and linear regression adjusted for age and sex for other
variables. *** = 1 NT2 subject with a normal CSF hypocretin level had atypical cataplexy. CSF = cerebrospinal fluid, ESS = Epworth Sleepiness Scale,
HLA = human leukocyte antigen, MSLT = Multiple Sleep Latency Test, NT1 = narcolepsy type 1, NT2 = narcolepsy type 2, PSG = polysomnography,
REM = rapid eye movement, SOREMP = sleep onset rapid eye movement period.

concentrations were determined as previously described.** All
subjects had undergone PSG followed by a MSLT on 2 separate
occasions (> 1 meeting ICSD-3 criteria for narcolepsy). We di-
chotomized these patients into definitive NT1 (ie, CSF hypocre-
tin-1 < 110 pg/mL, or clear cataplexy plus HLA-DQB1*06:02
positive status) or NT2 (no clear cataplexy and either normal
CSF hypocretin-1 or HLA-DQB1*06:02 negative status). NT2
cases with HLA-DQBI1*06:02 positivity but with unknown
CSF hypocretin levels were excluded to avoid the possibil-
ity of pathophysiological overlap with NT1, as approximately
15% of patients with NT2 seen in sleep clinics have low CSF
hypocretin when tested.”’ NT2 was diagnosed after exclusion
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of sleep-disordered breathing defined as an apnea-hypopnea
index (AHI) > 10 events/h based upon the first PSG/MSLT. We
did not exclude subjects based upon AHI from the second PSG.
Delayed-type circadian rthythm disorder/shift work and major
depressive disorder were also excluded before diagnosing NT2
based upon clinical assessment (we did not systematically col-
lect sleep diaries and/or actigraphy). A total of 60 subjects with
NTI1 and 54 with NT2 were included in our analyses (Table 1).
These patients include 37 from Stanford University, 28 (includ-
ing 7 from a prior publication*!) from Emory University, 24
from Bologna University, 13 from Charles University, 9 from
Cincinnati Children’s Hospital, and 3 from Peking University.
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As an additional basis for comparison, we also included 15
subjects who were HLA negative, non-shift workers with at
least 2 clinical MSLTs (= 1 meeting MSLT ICSD-3 criteria for
narcolepsy) from the Wisconsin Sleep Cohort (from 273 cases
with repeated MSLTs) as published in Goldbart et al."® The rea-
son for selecting HLA negativity was to exclude the possibility
of undiagnosed NT1 cases without cataplexy, because HLA as-
sociation with hypocretin deficiency is over 97%. The presence
of a “control” subject with 2 positive MSLTs in the Wisconsin
cohort may reflect a genuine undiagnosed and rare narcolepsy
without cataplexy or the occurrence of 2 false-positive MSLTs
by chance. The subject was HLA negative and could not be re-
contacted for further evaluation. We did not exclude controls
based upon AHI findings from either PSG.

Statistical Analysis

First, demographics, symptoms, and clinical presentation were
first compared between NT1 and NT2, and Wisconsin Sleep
Cohort volunteers who had at least 1 positive MSLT (Table 1).
Demographic variables reported in the table are based on re-
sults obtained from the first PSG. The ¢ test was used for contin-
uous variables, and chi-square or Fisher exact tests were used
for dichotomous variables. Because Wisconsin Sleep Cohort
subjects were significantly older, comparisons with this group
were adjusted for age, but this may not have been sufficient
to eliminate group differences related to this variable. MSLT
sleep latency and propensity to REM sleep decreases with age
in both controls'™ and individuals with narcolepsy,* and this
may explain why repeatability in controls is even lower than
in NT2. Although Wisconsin Sleep Cohort subjects had a sig-
nificantly elevated AHI, we thought that these controls were
appropriate to include in this study given the design and goals
of the study. We analyzed the repeatability of an MSLT satis-
fying ICSD-3 narcolepsy criterion, reported as % repeatabil-
ity, before and after excluding all patients taking psychoactive
medication(s) at time of first and/or second MSLT. Second, we
used multivariate logistic regression analysis to probe for fac-
tors potentially influencing repeatability of the second MSLT
after a first positive MSLT, exploring the effect of the following
covariates: age (including children versus adults), sex, BMI,
AHI, sleep paralysis, sleep hallucinations, disrupted nighttime
sleep, and medication at time of the second MSLT (antide-
pressant, psychostimulant or other wake-promoting agent(s),
sodium oxybate, or any of the aforementioned medications).
Medication use (P = .009), but not adult versus children sta-
tus (P = .85), significantly decreased the likelihood of a repeat
positive MSLT. Other covariates did not significantly influ-
ence the repeatability of a positive MSLT. Our rationale for
requiring the first MSLT be positive, not negative, for narco-
lepsy, was that if the first MSLT was negative, according to
ICSD-3 criteria, the second MSLT would have to satisfy nar-
colepsy criteria (ie, a 100% chance), thereby precluding more
sophisticated analyses. Third, because only medication was
found to influence repeatability, we calculated % repeatability
and the odds ratio (OR) for obtaining a second positive MSLT
after a first positive MSLT in NT1 versus NT2, NT1 versus
controls, and NT2 versus controls, all subjects untreated at
the second MSLT for at least 2 weeks. As a small fraction of
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NT2 cases with an initial positive MSLT exhibited a second
positive MSLT (n = 9), we compared demographic and PSG
data between NT2 with “stable” MSLT findings versus other
NT2 cases with only an initial positive MSLT (n = 21). Forth,
Bland-Altman plots were created for repeatability of MSL and
SOREMPs for NT1 and NT2 after excluding all patients taking
medication(s) at the time of first and/or second MSLT. SPSS
Statistics for Macintosh, Version 23.0 (IBM Corp., Armonk,
New York, United States) was used to perform all statistical
analyses. Significance level was set at 5% (P < .05).

RESULTS

Sample Characteristics

Descriptive statistics are shown in Table 1. As expected from
the literature,®** subjects with NT1 had higher BMI, shorter
MSL on the MSLT, and more SOREMPs on the MSLT and
during nocturnal PSG in comparison with those with NT2.
Similar to previous reports,*?*? finding a SOREMP on noc-
turnal PSG, and factoring it into the total number of SOREMPs
as outlined by ICSD-3 criteria, did not change the results of a
single MSLT in this entire sample. Because NT2 mandates ex-
clusion of significant sleep-disordered breathing, patients with
NT2 also had a lower AHI than did those with NT1. Controls
from the Wisconsin Sleep Cohort were significantly older be-
cause they were recruited more than 20 years ago.” The AHI
was elevated in the Wisconsin Sleep Cohort compared to NT1
and NT2. Sleep efficiency was lowest in NT1. No significant
differences were found in time elapsed between the 2 MSLTs
in NT1 and NT2, although time was longer for the small sam-
ple of Wisconsin Sleep Controls. The first and second MSLT
results (ie, MSL and SOREMPs) were found largely compa-
rable within NT1, NT2, and controls but differed most across
disease categories. Significantly more individuals with NT2
than NT1 were actively taking psychoactive medication(s) at
time of the first MSLT but there was no significant difference
found at the second MSLT. In our more sophisticated analyses,
we still included medication(s) at the second MSLT as a co-
variate given the dearth of data on how medications affect the
MSLT in NT1 and NT2.

Both MSLTs satisfied narcolepsy criteria in 71.7%, 16.7%,
and 6.7% in NT1 (n = 60), NT2 (n = 54), and controls (n = 15),
respectively, irrespective of medication status (Figure 1). The
MSLTs (n = 17) from subjects with NT1 not meeting ICSD-3
criteria for narcolepsy were due to 17.6%, 47.1%, and 35.3% not
satisfying MSL, SOREMP, or both criteria, respectively. The
MSLTs (n =45) from the subjects with NT2 not meeting ICSD-3
criteria for narcolepsy were due to 16%, 31%, and 53% not satis-
fying MSL, SOREMP, or both criteria, respectively. As far as a
change in diagnosis from the first MSLT to the second, or vice
versa, NT2 cases changed from narcolepsy to IH criteria 25.9%
of the time, compared to controls and NT1 results changing
26.7% and 13.3% of the time, respectively. In addition, MSLT
results in NT2 cases changed from narcolepsy to not meeting
IH or narcolepsy MSLT criteria (ie, a negative MSLT) 57.4% of
the time, compared to controls and NT1 results changing 66.7%
and 15% of the time, respectively. After excluding patients with
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Figure 1—MSLT repeatability for NT1, NT2, and controls.

NT1 (n=60) NT2 (n=54 Controls (n=15)
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MSLT1 and MSLT2 refer to the first and second MSLT, respectively. Each positive and negative sign denotes whether the MSLT was positive or negative for

narcolepsy criteria (MSL < 8 minutes, = 2 SOREMPs based on ICSD-3 criteria), respectively. Data are % (n) (of total population). ICSD-3 =

International

Classification of Sleep Disorders, Third Edition, MSL = mean sleep latency, MSLT = Multiple Sleep Latency Test, NT1 = narcolepsy type 1, NT2 = narcolepsy

type 2, SOREMP = sleep onset rapid eye movement period.

Figure 2—MSLT repeatability for NT1 and NT2 after excluding patients taking medication(s) at time of first and/or second MSLT.
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MSLT1 and MSLT2 refer to the first and second MSLT, respectively. Each positive and negative sign denotes whether the MSLT was positive or negative
for narcolepsy criteria (MSL < 8 minutes, = 2 SOREMPs based on ICSD-3 criteria), respectively. Data are % (n) (of total population). Medication(s) may

include stimulant(s), antidepressant, and/or sodium oxybate at time of second MSLT. ICSD-3 =

International Classification of Sleep Disorders, Third Edition,

MSL = mean sleep latency, MSLT = Multiple Sleep Latency Test, NT1 = narcolepsy type 1, NT2 = narcolepsy type 2, SOREMP = sleep onset rapid eye

movement period.

NT1 and NT2 taking medication(s) at time of first and/or sec-
ond MSLT, both MSLTs satisfied narcolepsy criteria in 77.5%
(n=40) and 18% (n = 39), respectively (Figure 2).

Because this is retrospective study, the clinical decision to
repeat a MSLT was not random. As a result, many more sub-
jects with NT2 (44.4%) versus NT1 (11.7%) narcolepsy had an
initial MSLT that was negative (OR = 6.1, P <.001) (Figure 1).
In controls, subjects who had a first positive MSLT were also
preferentially selected for replication,”® again, biasing the
sample (subjects with multiple positive MSLTs were typically
shift workers). According to ICSD-3 criteria, a diagnosis of
narcolepsy cannot be made without at least 1 positive MSLT;
therefore, more sophisticated analyses could not be performed
on those with an initial negative MSLT (as discussed in the

Journal of Clinical Sleep Medicine, Vol. 14, No. 1

69

methods). As a consequence, additional analyses of repeat-
ability, including all reported ORs, were performed in subjects
with an initial positive MSLT, thus reducing our sample size
in each category (NT1, n = 53; NT2, n = 30; controls, n = 13).

Repeatability of MSLTs Between and Within NT1 and NT2
We conducted multivariate analyses with the dependent vari-
able being whether or not the MSLT repeats positive for narco-
lepsy both times and the independent variables being diagnosis
(NT1 versus NT2; NT1/NT2 versus controls); age (continuous,
and adults versus children < 18 years); and medication status
(antidepressant, psychostimulant or other wake-promoting
agent(s), or sodium oxybate). Overall, repeatability of a posi-
tive MSLT in subjects with an initial positive MSLT was 81.1%,
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Table 2—Comparisons of MSLT repeatability between NT1, NT2, and controls.

Comparison
NT1 (n = 53) versus NT2 (n = 30)
NT1 hert deficient (n = 35) versus NT2 normal hert (n = 21)
NT1 (n = 53) versus controls (n = 13)
NT1 hert deficient (n = 35) versus controls (n = 13)
NT2 (n = 30) versus controls (n = 13)
NT2 normal hert (n = 21) versus controls (n = 13)

Unadjusted Adjusted*
10.0 (3.54-28.41) P<10° 15.8 (4.57-54.99) P<10*
12.3 (3.26-46.28) P< 10 18.4(3.99-84.64) P<107
14.3 (3.32-61.86) P< 10 35.9 (3.95-327.03) P<107°
9.6 (2.16-43.00) P< 107 14.3 (1.29-159.9) P=.03
14(0.32-6.46) P=.64 0.1(0.002-3.60) P=.20
0.8(0.15-4.24) P=.78 0.2 (0.003-10.47) P= .40

The odds ratios for obtaining a second positive MSLT after an initial positive MSLT between NT1 versus NT2, NT1 versus controls, and NT2 versus controls.
Data are presented as odds ratio (confidence intervals). * = all odds ratios adjusted for medication(s) at time of the second MSLT; in addition, given the large
age difference in controls, odds ratios involving controls were also adjusted for age as a continuous variable. NT1 = narcolepsy type 1, NT2 = narcolepsy
type 2, hert deficient = hypocretin-1 level in cerebrospinal fluid < 110 ng/dl, normal hert = hypocretin level in cerebrospinal fluid > 110 ng/dL.

30%, and 7.7% in NT1 (n = 53), NT2 (n = 30), and controls
(n = 13). In all models, diagnosis was highly significant but
age was not. We also explored the effects of no medication ver-
sus any medication(s) on the repeatability of a positive MSLT.
We found a significant effect of medication(s) (ie, untreated
versus treated) in NT1 (OR = 6.03 [1.34-27.23], P = .02) but
not in NT2 (OR 4.92 [0.52—-47.10], P = .17). Medication sta-
tus, however, was not significant when the effect of individual
psychoactive drug classes (ie, antidepressant(s), stimulant(s),
or sodium oxybate) were analyzed. Although we did not find
a significant effect of age (ie, > 18 years versus < 18 years) in
NT1 nor NT2, adult subjects with NT1 not on any medications
(n = 23) had a repeat positive MSLT 95.7% of the time (see
also Figure S1 and Figure S2 in the supplemental material). For
these reasons, all further models are presented as both unad-
justed and adjusted for medication(s) at the time of the second
MSLT (Table 2). Because a large age difference is present in
controls, comparisons with controls were also adjusted for age
as a continuous variable (Table 2).

We explored the repeatability in subjects with NT1 versus
NT2 after an initial positive MSLT (Table 2). As expected,
repeatability was significantly higher in NTI1 versus NT2
(OR =10.0, P < 107°) and only increased after excluding those
on medication(s) at time of second MSLT (OR = 16.8 [3.84—
73.51], P < 107%). Repeatability was significantly higher in
adults with NT1 versus adults with NT2 (OR = 17 [4.70—61.24],
P < 1075) but not significantly higher in children (OR = 2.5
[0.35-18.04], P = .357). This nonsignificant finding in children
is likely due, in part, to a small sample size (NT1 children,
n = 13; NT2 children, n = 7). Furthermore, there was not a
significant difference in repeatability in adults versus children
within NT1 (P =.655) or NT2 (P = .073).

Repeatability of MSLTs in Narcolepsy Versus Controls

In comparison to controls, repeatability of an initial positive
MSLT was significantly higher in NT1 but not in NT2 subjects
(Table 2). A similarly high repeatability was found in the sub-
group of NT1 cases whose CSF hypocretin-1 was documented
to be < 110 pg/mL, thereby indicating that our conservative def-
inition of NT1 to also include subjects with HLA-DQB1*06:02
and cataplexy (ie, absent CSF determination of hypocretin-1)
was justified. Repeatability of a positive MSLT was not signifi-
cantly different in NT2 cases versus controls. Similar results
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were obtained when adjusting for age and medication (Table 2)
with the caveat that age was older and age range narrower in
the controls. MSLT SOREMP propensity slightly decreases
with age in NT1,* whereas the effect is unclear in controls or
NT2 cases.'*!® Nonetheless, this may explain why repeatability
in controls was even lower (although not statistically so) than
in NT2 in this study.

Characteristics of NT2 With Concordant MSLTs

After an initial positive MSLT for narcolepsy, the second
MSLT did not satisfy the > 2 SOREMPs, MSL < 8 minutes,
and neither criteria (= 2 SOREMPS and MSL < § minutes) in
13.3%, 13.3%, and 43.3% of NT2 cases (n = 30), respectively.
As 30% of NT2 demonstrated a positive MSLT upon repeat
testing, which exceeds the 8% observed in controls (nonsig-
nificant), it is feasible that a portion of NT2 cases may have
a unique and stable trait-like level of sleepiness as measured
by MSL and increased propensity to REM sleep as measured
by SOREMPs on the MSLT as part of their core phenotype.
There were only 9 subjects with NT2 whose 2 MSLTs were
concordant. Although these small sample sizes forbid us from
performing statistical analyses, we still investigated for any
potential differences in demographics and PSG characteristics
between these two groups. There were no discernible differ-
ences between these two groups (data not shown).

Bland-Altman Plots for MSL and SOREMPs in

NT1 and NT2

Afterexcluding patients with NT1 and NT2 taking medication(s)
at time of first and/or second MSLT, Bland-Altman plots for
MSL had narrower limits of agreement for NT1 than NT2
(Figure 3). Both NT1 and NT2 demonstrated less variability at
the lower mean MSL values with NT1 demonstrating the least
variability. Bland-Altman plots for SOREMPs had narrower
limits of agreement for NT1 than NT2. Although there was a
tendency for SOREMPs to vary less at the higher mean values
for NT1, there was no clear trend for SOREMPs for NT2.

DISCUSSION

Our finding of a high concordance for a positive MSLT (vary-
ing from 72% to 78% depending on medication status) in
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Figure 3—Bland-Altman plots for NT1 and NT2 after excluding patients taking medication(s) at either MSLT.
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Bland Altman Plots for repeatability of MSL and SOREMPs for NT1 and NT2 after excluding patients taking medication(s) at time of first and/or second
MSLT. MSL1 and MSL2 represent MSL on first and second MSLT, respectively. SOREMP1 and SOREMP2 represent number of SOREMPs on first
and second MSLT, respectively. MSL = mean sleep latency, MSLT = Multiple Sleep Latency Test, NT1 = narcolepsy type 1, NT2 = narcolepsy type 2,

SOREMP = sleep onset rapid eye movement period.

NT1 supports the concept that MSLT criteria for narcolepsy
as defined by the ICSD-3 is a core feature of NT1. Although
this is consistent with past studies in which most of the cases
were defined by the presence of cataplexy alone, all subjects
in this study had biologic data (ie, documented HLA status
and/or hypocretin-1 levels from CSF) to help confirm diagno-
sis.*>153% Although the NT1 group was shown to have a higher
prevalence of nocturnal SOREMPs (approximately 50%), a
nocturnal SOREMP did not change a single MSLT result (ie,
either the first or second MSLT) in this study when interpreted
using ICSD-3 criteria, which is consistent with previous re-
ports.?2237 Our data suggest that repeating a PSG-MSLT after
an initial positive MSLT (ie, documenting 2 positive MSLTs for
narcolepsy) may help to confirm a diagnosis of NT1 if there is a
strong suspicion of hypocretin deficiency or if the diagnosis is
in question (eg, conversion disorder).**** Even though our data
suggest that 2 positive MSLTs for narcolepsy significantly in-
creases the odds for NT1, we are not suggesting that repeating
MSLTs become routine clinical practice because performing
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a lumbar puncture to determine CSF hypocretin-1 concentra-
tions is much more definitive. Not surprisingly, in NT1 cases,
taking a psychoactive medication(s) significantly decreased the
repeatability of a positive MSLT but this finding did not persist
when we analyzed individual psychoactive drug classes (ie, an-
tidepressants, stimulants, or sodium oxybate).

These results stand in stark contrast to data obtained in
subjects with NT2. In our sample of subjects with NT2, the
concordance for a positive MSLT was quite low (varying from
17% to 18% depending on medication status) and not signifi-
cantly different than controls (7%). Further, 26% of the NT2
cases changed from narcolepsy to IH, and vice versa. Regard-
ing the 30 subjects with NT2 and an initial positive MSLT,
13.3%, 13,3%, and 43.3% did not replicate due to lack of > 2
SOREMPs, MSL > 8 minutes, and not meeting either criteria,
respectively, leaving only 30% of subjects with NT2 with re-
peat positive MSLTs. Our inclusion criteria for the NT2 group
was exceedingly strict in order to minimize potential con-
founders and type 1 (false positives) error. Inclusion criteria for
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this group was no clear cataplexy and either normal CSF hypo-
cretin-1 or HLA-DQB1*06:02 negative status, minimizing the
possibility of unrecognized NT1 (eg, HLA positive cases with
no cataplexy but hypocretin deficiency*®). In addition, psycho-
active medication(s) did—albeit not significantly—decrease
the repeatability of a positive MSLT in NT2. These results ex-
pand upon data reported by Trotti et al.,* suggesting a single
positive MSLT as defined by ICSD-3 has little diagnostic value
as currently defined. This study, in contrast to that of Trotti et
al., included NT1 and controls in addition to NT2 cases with
biologic data available on all subjects (ie, documented HLA
status and/or CSF hypocretin levels). It seems that the contin-
ued use of the MSLT as per ICSD-3 to differentiate NT2 from
IH should be reevaluated.

Although the small sample sizes in the NT2 cases with ver-
sus without concordant MSLTs precluded us from performing
statistical analyses, we did not find any striking differences
between these two groups, arguing against the possibility of a
clinically distinct subgroup of NT2 with repeatable, trait-like
MSLT findings (eg, subjects with hypocretin receptor or other
downstream abnormalities). Because we did not systematically
collect actigraphy and/or sleep diaries, it is possible that some
of these subjects with NT2 may have had undetected abnormal
circadian abnormalities or increased sleep debt at the time of
positive testing, associations that have been shown in controls,
which could explain the poor repeatability in this group.'®-244
Systematically following standardized MSLT procedures in-
cluding the routine use of actigraphy and sleep diaries prior
to testing, in addition to collecting a comprehensive history in
patients with excessive daytime sleepiness, may be a critical
step in routine clinical practice that has not been given enough
attention to date.

This study has strengths and limitations. The strengths in-
clude a large sample size collected in a clinical setting with
CSF and/or HLA testing available for all subjects with NT1
and NT2 as well as controls. Limitations include a sampling
bias in that the database comprised patients from various
medical facilities (threshold for re-testing and testing protocols
likely vary and reason(s) for retesting were not taken into ac-
count), a retrospective design, missing data, and the difficulty
in ensuring that all differential diagnoses (notably insufficient
sleep and circadian phase abnormalities since actigraphy and/
or sleep diaries were not systematically collected in this study)
were excluded equally across sites. Because CSF hypocretin-1
level was measured only when it is indicated based on clini-
cal suspicion, subjects with CSF hypocretin levels available
for study was nonrandom. Because at least one positive MSLT
was required for inclusion in our study and diagnosis, we were
unable to assess how many subjects suspected of NT1, and
especially NT2 given our findings, might have failed to meet
narcolepsy criteria in 2 MSLTs (ie, 2 negative MSLTs). Most of
all, we were not able to confirm the reason(s) why the repeat
MSLT was performed. There are many different, and possibly
opposing, reasons a clinician may request a repeat MSLT in
NT1 versus NT2 (eg, suspect false-negative or false-positive
result; patient’s condition spontaneously improves; initial test
performed under medication(s); patient reported being dis-
turbed at initial MSLT due to emotional/environmental issues;
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testing protocol variation(s); insufficient sleep/irregular sleep
not entirely ruled out with objective data; overnight sleep test-
ing times misaligned with habitual sleep times; and for insur-
ance purposes), potentially placing our sample at high risk for
heterogeneity. Nevertheless, NT1 and NT2 cases were retro-
spectively identified using the same objective selection criteria
(ie, at least one positive MSLT for narcolepsy along with spe-
cific biologic data) across all centers. And, despite using the
same selection criteria in this study, the NT1 and NT2 cases
showed dramatically different MSLT characteristics.

The study raises important questions that mandate addi-
tional systematic studies and re-evaluation of current diagnos-
tic criteria for NT2 and IH, as ICSD-3 criteria heavily depends
on the MSLT to render these diagnoses. Although the MSLT is
sensitive to sleep deprivation and a clinically useful objective
tool for NT1, it may not be the best test for other pathologies of
excessive daytime sleepiness according to ICSD-3 criteria. As
noted by others, the MSLT measures “sleep-ability,” the abil-
ity to fall asleep in a quiet environment, rather than the ability
to stay awake (‘wake-ability,” the major complaint of patients
with these pathologies), a feature that may be best measured
by the Maintenance of Wakefulness Test (MWT). Only a few
studies have explored correlations between MSLT and MWT
assessments, and in samples mostly composed of patients with
NT1, demonstrating only partial correlations. This, together
with the poor correlation of these measures with subjective as-
sessments, such as the Epworth Sleepiness Scale, notably in
the context of depression,**#® mandates better characterization
of “sleepiness” in individual patients before diagnostic catego-
ries can be created. Ideally, a multisite prospective study of
repeatability of drug free MSLTs and MWTs, with subjective
and objective measures of sleep history (sleep logs and ac-
tigraphy, respectively), circadian phase assessments (eg, dim
light melatonin onset [DLMO]), and neuropsychological test-
ing is needed to better distinguish subgroups of patients. In
addition to routine overnight PSG and actigraphy, long-term
(ie, 24—48-hour) PSG, which is routinely performed in many
European countries to evaluate central nervous system hyper-
somnias, should be collected. Analysis of daytime, nocturnal
and long-term recordings should include traditional scoring
methods in addition to other measures such as sleep stage se-
quence analysis.?47-%

ABBREVIATIONS

AHI, apnea-hypopnea index

BMI, body mass index

CSF, cerebrospinal fluid

DLMO, dim light melatonin onset
ESS, Epworth Sleepiness Scale
HLA, human leukocyte antigen
ICSD, International Classification of Sleep Disorders
IH, idiopathic hypersomnia

MSL, mean sleep latency

MSLT, Multiple Sleep Latency Test
MSLT]I, refers to the first MSLT
MSLT2, refers to the second MSLT

January 15, 2018



C Ruoff, F Pizza, LM Trotti, et al.

NT1, narcolepsy type 1

NT2, narcolepsy type 2

PSG, polysomnography

REM, rapid eye movement

SOREMP, sleep onset rapid eye movement period
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