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Study Objectives: Differentiation of narcolepsy without cata-
plexy from idiopathic hypersomnia relies entirely upon the
multiple sleep latency test (MSLT). However, the test-retest
reliability for these central nervous system hypersomnias has
never been determined.

Methods: Patients with narcolepsy without cataplexy, idio-
pathic hypersomnia, and physiologic hypersomnia who under-
went two diagnostic multiple sleep latency tests were identified
retrospectively. Correlations between the mean sleep latencies
on the two studies were evaluated, and we probed for demo-
graphic and clinical features associated with reproducibility
versus change in diagnosis.

Results: Thirty-six patients (58% women, mean age 34
years) were included. Inter-test interval was 4.2 + 3.8 years
(range 2.5 months to 16.9 years). Mean sleep latencies on
the first and second tests were 5.5 (+ 3.7 SD) and 7.3 (+ 3.9)
minutes, respectively, with no significant correlation (r = 0.17,
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p = 0.31). A change in diagnosis occurred in 53% of patients,
and was accounted for by a difference in the mean sleep la-
tency (N = 15, 42%) or the number of sleep onset REM pe-
riods (N = 11, 31%). The only feature predictive of a diag-
nosis change was a history of hypnagogic or hypnopompic
hallucinations.

Conclusions: The multiple sleep latency test demonstrates
poor test-retest reliability in a clinical population of patients with
central nervous system hypersomnia evaluated in a tertiary re-
ferral center. Alternative diagnostic tools are needed.
Keywords: Multiple sleep latency test, idiopathic hypersom-
nia, narcolepsy without cataplexy, CNS hypersomnia, test-
retest reliability
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he central nervous system (CNS) hypersomnias manifest
as excessive daytime sleepiness with or without prolonged
nocturnal sleep in the absence of demonstrable nocturnal sleep
pathology or insufficient sleep. They include the entities of
narcolepsy with and without cataplexy and idiopathic hyper-
somnia. Narcolepsy with cataplexy is a chronic disease char-
acterized by short latencies to both sleep and REM sleep on
daytime nap opportunities during the multiple sleep latency test
(MSLT) and is caused by immunogenetically mediated loss of
hypocretin.! Cataplexy is a clinical feature highly specific to
hypocretin-deficient narcolepsy, although is not always evident
near the onset of sleepiness. The remaining CNS hypersomnias
begin at a similar age, are much less likely to be associated
with hypocretin deficiency,'* and lack a pathognomonic sign
or symptom.>* They have many features in common, including
hallucinations and sleep paralysis,'* unrefreshing naps,’® sleep
drunkenness,"”® and prolonged nocturnal sleep.®'® Therefore,
differentiation between narcolepsy without cataplexy and idio-
pathic hypersomnia relies solely on the MSLT* and the propen-
sity for REM sleep to intrude into more than one daytime nap.
Perhaps because of the lack of a single defining characteris-
tic or known pathophysiology, patients with narcolepsy without
cataplexy and idiopathic hypersomnia not infrequently present
to tertiary sleep centers for a second opinion regarding their di-
agnoses. In such instances, the clinical question frequently aris-
es of whether or not to repeat an MSLT. Test-retest reliability of
the MSLT is high in narcoleptics when two testing protocols are

BRIEF SUMMARY

Current Knowledge/Study Rationale: Differentiation of the syndromes
of idiopathic hypersomnia and narcolepsy without cataplexy relies exclu-
sively on the presence or absence of REM periods during the multiple
sleep latency test. The test-retest reliability of the MSLT in these condi-
tions, when applied in clinical practice, is unknown.

Study Impact: Test-retest reliability of the MSLT is poor in idiopathic
hypersomnia and narcolepsy without cataplexy, because of changes in
measured sleepiness and in number of REM onsets. Alternative diag-
nostic strategies are needed.

conducted within three weeks of each other." Inter-test inter-
vals are generally much longer in clinical practice, and in that
case the stability of MSLT features has not been established.
We therefore evaluated the test-retest reliability of the MSLT
in a clinic population of patients with narcolepsy without cata-
plexy and idiopathic hypersomnia.

METHODS

Patient Selection

Patients with a clinical syndrome consistent with a CNS
hypersomnia (i.e., reports of problematic, excessive daytime
sleepiness persisting > 3 months despite adequate or supra-nor-
mal habitual sleep durations, not explained by other causes of
daytime sleepiness) who had undergone 2 MSLTs were identi-
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fied using separate billing, clinic, and research databases of dif-
ferent durations collectively spanning a period of 18 years. All
patients diagnosed with narcolepsy without cataplexy or idio-
pathic hypersomnia were included. To minimize potential bias
that could be introduced by relying upon an MSL threshold pre-
defined as pathological in a study intended to examine the test’s
reliability, we also included subjects identified with “physi-
ologic hypersomnia.” This designation required the presence of
a clinical syndrome otherwise indistinguishable from idiopathic
hypersomnia or narcolepsy without cataplexy but that did not
meet the MSL threshold of < 8 min required for these diagno-
ses. Patients with unequivocal cataplexy or incomplete MSLT
data (e.g., absence of data regarding mean sleep latency or sleep
onset REM periods (SOREMS)) were excluded. Additionally,
data were collected regarding patient demographics and clini-
cal characteristics (Epworth Sleepiness Scale [ESS] scores, age
at symptom onset, presence of sleep paralysis or sleep-related
hallucinations, habitual sleep duration, medication use at the
time of study, family history of hypersomnia, and body mass
index [BMI]). This study was approved by our institutional
review board.

Statistical Analysis

Correlation between mean sleep latencies (MSL) on the 2
MSLTs was performed using Spearman correlation. Bland-
Altman plots were constructed to allow visual inspection
of the data, with the 95% limits of agreement calculated as
+ 1.96*(standard deviation of the difference between paired
test measurements). To determine the stability of clinical di-
agnosis based on MSLT, a diagnosis was assigned following
ICSD-2 criteria’ as follows: sleep latency < 8 min and > 1 sleep
onset REM period was diagnosed as narcolepsy without cata-
plexy; sleep latency < 8 min and <2 SOREMs was diagnosed
as idiopathic hypersomnia; sleep latency > 8 min (regardless
of the presence or absence of SOREMs) was diagnosed as nor-
mal. Diagnoses for each individual were compared between
the 2 MSLTs. To evaluate for the effects of medication on
the stability of MSLT-based diagnosis, medication usage was
characterized as changed or unchanged (specifically consider-
ing wake-promoting medications and selective serotonin and/
or noradrenergic reuptake inhibitors), and a Fisher exact test
was performed comparing medication class changes with di-
agnosis change. As an exploratory analysis, demographic and
clinical features were compared between those whose diagnosis
changed and those whose diagnosis remained the same, using
x* or Fisher exact test for categorical variables and Wilcoxon-
Mann-Whitney test for continuous variables. Clinical charac-
teristics across final diagnostic categories were compared using
the Fisher test for categorical variables and Kruskal-Wallis test
for continuous variables.

RESULTS

Patient Characteristics

Thirty-six patients met inclusion criteria (see Table 1). The
cohort was 58% female with a mean age of 34 (+ 13) years at
the time of first MSLT (range 15-56 years). Symptoms began at
the age of 22 (+ 11) years. The mean Epworth Sleepiness Score
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was 16 (£ 5). One-third of patients had a family history of a
central nervous system hypersomnia or undiagnosed excessive
daytime sleepiness. Two subjects were a mother-daughter pair.
Cerebrospinal fluid measurements of hypocretin were available
in 18 subjects (mean 290.2, SD 114.7). The time between stud-
ies ranged from 2.5 months to 16.9 years with an average length
between studies of 4.2 + 3.8 years. Based on the final MSLT,
diagnoses included idiopathic hypersomnia (N = 13), narco-
lepsy without cataplexy (N = 7), and physiologic hypersomnia
(N = 16); clinical features by diagnostic category are presented
in Table 2 and were similar across groups except the presence of
hallucinations, age of onset, and severity of sleepiness as mea-
sured by ESS. Based on the initial MSLT-based diagnosis, none
of these 3 or other clinical features were significantly different
across diagnostic categories, except female gender (85.7% of
idiopathic hypersomnia patients, 33.3% of narcolepsy without
cataplexy patients, and 57.1% of physiologic hypersomnia pa-
tients, p = 0.01) and age at first study (32.9 years for idiopathic
hypersomnia, 38.3 years for narcolepsy without cataplexy, and
25.3 years for physiologic hypersomnia, p = 0.046). Diagnoses
of comorbid mood disorders were common, primarily depres-
sion (N = 9), but also bipolar disorder (N = 2). Serious medical
comorbidities occurred in 28% of subjects, and included HIV
(N =1), diabetes (N = 2), pulmonary hypertension (N = 1), ane-
mia (N = 2), treated obstructive sleep apnea (N = 1), polycystic
ovarian syndrome (N = 1), ulcerative colitis (N = 1), thyroid
disease (N = 2), and epilepsy (N = 1). At the time of the first
MSLT, 3 patients were taking a psychostimulant (dextroam-
phetamine, dextroamphetamine/amphetamine, or pemoline),
and 3 were taking an antidepressant (fluoxetine, sertraline). For
the second MSLT, 3 patients were taking a wake-promoting
agent (dextroamphetamine/amphetamine, modafinil) and 7
antidepressants (citalopram, duloxetine, escitalopram, fluox-
etine, sertraline, venlafaxine). Overall, change in stimulant or
antidepressant medication between studies was not uncommon,
occurring in 40% of patients.

MSLT Results

The average mean sleep latency on the first MSLT was 5.5
min (+ 3.7) and on the repeat study was 7.3 (+ 3.9) min, with
mean sleep latencies ranging from 1 min to 18.4 min. There was
no significant correlation of mean sleep latencies between stud-
ies (r=0.17,p=0.31). On the first study, 27.8% of subjects had
no SOREMs and 50% had > 2 SOREMs. On the second study,
50% of subjects had no SOREMs and 30.6% had > 2. Bland-
Altman plots of these variables (Figure 1) reveal very wide 95%
limits of agreement for both mean sleep latencies and SOREMs,
as well as a tendency for those with the highest mean values
to exhibit the greatest variability. MSLT-based diagnosis fre-
quently changed between studies (Figure 2). On repeat testing,
only 17 patients (47%) retained the same diagnosis: 8 with IH,
5 with narcolepsy without cataplexy, and 4 normal (regardless
of the number of SOREMs). Changes in diagnosis resulted from
the mean sleep latency crossing the threshold of 8 min (N = 15,
42%) and the number of SOREMs crossing the threshold of > 2
(N =11, 31%), with both dependent variables crossing their di-
agnostic thresholds in 4 (11%) patients. Changes in diagnosis
were not related to a change in stimulant or antidepressant medi-
cation (Table 1). Considering only those patients known to have
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Table 1—Patient characteristics

Age at first study, years
Female
Diagnosis based on first study

All (N = 36)
337 (12.8)
21 (58.3%)

IH 14 (38.9%)

N-C 15 (41. 7%)

PH 7(19.4%)
Diagnosis based on second study

IH 13 (36.1%)

N-C 7(19.4%)

PH 16 (44.4%)
Weekly sleep' in hours 64.3 (13.4)
Hallucinations 6 (17.7%)
Sleep paralysis 6 (17.7%)
Age of onset 223(11.2)
BMI 247 (3.8)
ESS 16 1(4.7)
Family history of EDS/hypersomnia 11 (33.3%)
Mood disorder 11(31.4%)
Medical disease 10 (27.8%)
Time between, years 2(3.8)
Stimulant medication change* 5(25.0%)
Antidepressant change* 5(23.8%)
Difference in total sleep time, min* -27.0 (81.3)
Difference in sleep efficiency,%* 0.6% (8.8%)
Change in mean sleep latency across 15 (41.7%)
an 8 minute threshold between studies
Change in SOREMS across a threshold 11 (30.6%)

of 2 between studies

Diagnosis changed (N=19)  Diagnosis same (N=17)  p-value

32.2 (12.3) 354 (13.5) 0.66
9 (47.4%) 12 (70.6) 0.16

0.39
6 (31.6%) 8 (47.1%)
10 (52.6%) 5(29.4%)
3 (15.8%) 4 (23.5%)
0.052
5 (26.3%) 8 (47.1%)
2 (10.5%) 5(29.4%)
12 (63.2%) 4 (23.5%)

68.0 (11.3) 60.1 (14.7) 0.13
6 (33.3%) 0 (0%) 0.02
5(27.8%) 1(6.25%) 0.18

20.2(9.8) 245 (12.5) 0.14

252 (3.4) 23.9(4.3) 0.16

14.6 (5.5) 17.7 (3.1) 0.13
6 (33.3%) 5(33.3%) 1.0
6 (31.6%) 5(31.3%) 0.98
7(36.8%) 3(18.8%) 0.29

4.1(3.4) 44 (4.3) 0.92
3 (25.0%) 2 (25.0%) 1.0
2 (15.4%) 3 (37.5%) 0.33
-33.8(99.9) -19.5(58.9) 1.0
3.5% (7.1%) -2.8% (9.6%) 0.15
15 (79.0%)
8 (42.1%) 3(17.7%)

Analyses are reported as mean (+ SD) for continuous variables and numbers (percentages) for categorical variables. EDS, excessive daytime sleepiness;
BMI, body mass index; ESS, Epworth Sleepiness Scale score; IH, idiopathic hypersomnia (with or without long sleep time); N-C, narcolepsy without cataplexy;
PH, physiologic hypersomnia with MSL > 8 minutes. 'Reflects the sum of all nocturnal sleep periods and daytime naps as reported by the patient for a typical
week. *Percentage of patients who either began or stopped a given class of medications from the time of the first to second study. *Difference in this variable
during the nocturnal polysomnograms preceding the first to the second studies. Values in bold refelect p < 0.05.

been free of stimulant and antidepressant medications for both
MSLTs, diagnosis remained the same in 45%. In exploratory
analyses, a change in diagnostic category was not related to time
between studies, findings on the preceding overnight polysom-
nography, the presence of comorbid psychiatric or medical dis-
orders, or most symptoms of hypersomnia. The only variable
that differed between those whose diagnosis changed and those
whose diagnosis remained the same was the more frequent pres-
ence of hypnogogic or hypnopompic hallucinations (present in
33% of the diagnosis change group and none of the other group,
p=0.02). All 6 patients with hallucinations changed to a final di-
agnosis of physiologic hypersomnia, 4 from a diagnosis of nar-
colepsy without cataplexy and 2 from idiopathic hypersomnia.

DISCUSSION

MSLT-based diagnoses of narcolepsy without cataplexy and
idiopathic hypersomnia demonstrated poor stability in clinical
practice among patients evaluated in a tertiary clinic. Diagnoses
changed in half of patients over an average of four years. This
occurred because of changes in both sleepiness level (i.e., the

MSL) and the propensity for REM sleep (i.e., SOREMs). Over
40% of patients had a change in MSL that crossed the conven-
tional hypersomnia threshold of 8 minutes.” In three patients, an
apparently pathological level of sleepiness emerged after the ini-
tial diagnostic MSLT was interpreted as normal. In twelve, there
was presumptive resolution of previously documented objective
sleepiness, despite persistence of clinically significant subjective
sleepiness. Such high rates of false negative and false positive
MSLT results have also been highlighted in previous studies. An
8-minute MSL threshold, for example, fails to capture 22% to
39% of patients who otherwise meet clinical criteria for a CNS
hypersomnia.”'? Consistent with this, an average MSL of 8.3
minutes has been reported for patients with idiopathic hypersom-
nia.” Type I error may also be problematic, as MSL < 8 was
reported in 25% of one population-based sample.'* Collectively,
these studies and our data call into question the appropriateness
of an 8-minute threshold in capturing the complaint of sleepi-
ness expressed by patients with non-hypocretin deficient CNS
hypersomnias, and differentiating it from asymptomatic controls.

Over thirty percent of our patients crossed the threshold of
two or more SOREMs between studies. Three patients initially
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Table 2—Clinical characteristics by final diagnostic category

IH (N =13)
Female 6 (46.2%)
Weekly sleep' in hours 62.4 (14.9)
Hallucinations 0
Sleep paralysis 1(7.7%)
Age of onset 25.2(12.8)
BMI 25.3(3.9)
ESS 16.6 (3.9)
Family history of EDS/hypersomnia 3 (23.1%)
Mood disorder 4(30.8%)
Medical disease 4 (30.8%)
Stimulant medication use* 0
Antidepressant use* 3 (25%)
% free of stimulant and antidepressant 9 (75.0%)
medication at time of MSLT*
Total sleep time, min* 408.4 (76.9)
Sleep efficiency, %* 88.1(7.5)
Mean sleep latency 4.7 (1.6)
Sleep onset REM periods 0.2 (0.4)

N-C(N=7) PH (N = 16) p-value

5 (71.4%) 10 (62.5%) 0.56

67.5 (13.4) 65.1 (12.7) 0.67

0 6 (37.5%) 0.03

0 5 (31.3%) 0.17

28.1(14.2) 17.3 (5.4) 0.03

26.1(4.3) 23.8(3.6) 0.50

19.8 (2.3) 14.2(5.3) 0.04

1(25%) 7 (43.8%) 0.53

3 (50%) 4(25%) 0.56

1(16.7%) 5 (31.3%) 0.89

0 3 (27.3%) 0.10

0 4(33.3%) 0.62

4 (100%) 6 (54.6%) 0.23

410.4 (69.4) 4143 (88.7) 0.98

90.7 (10.6) 89.1(6.3) 0.48
41(12) 10.9 (2.8)
2.6(0.8) 0.9(1.1)

Analyses are reported as mean (+ SD) for continuous variables and numbers (percentages) for categorical variables. EDS, excessive daytime sleepiness;
BMI, body mass index; ESS, Epworth Sleepiness Scale score; IH, idiopathic hypersomnia (with or without long sleep time); N-C, narcolepsy without cataplexy;
PH, physiologic hypersomnia with MSL > 8 minutes. 'Sum of all nocturnal sleep periods and daytime naps as reported by the patient for a typical week.
*Percentage of patients using a given class of medications at the time of the second study. *During the nocturnal polysomnogram preceding the MSLT. Values

in bold refelect p < 0.05.

diagnosed with narcolepsy met criteria for idiopathic hyper-
somnia on repeat testing, and one patient’s diagnosis changed
from idiopathic hypersomnia to narcolepsy without cataplexy.
Excellent specificity of two or more SOREMs for narcolepsy
has been suggested.'S Extension of the MSLT to diverse medi-
cal and neurological populations, however, demonstrates that
although sensitive for hypocretin-deficient narcolepsy,” the
specificity of multiple SOREMs is poor. Multiple SOREMs
can occur in other conditions associated with sleepiness, such
as sleep apnea, Kleine-Levin syndrome, and Parkinson dis-
ease.'*!%!7 Multiple SOREMs are also common in the general
population, occurring in 3.9% to 13.1% of subjects.'*'® None-
theless, SOREMs remain the sole electrodiagnostic feature that
discriminates narcolepsy without cataplexy from idiopathic
hypersomnia.* The number of SOREMs is influenced by sex,
sedating antidepressants, and shift work,'* but neither of the
first two factors were associated with diagnosis change in our
patients (shift work status was unknown). Collectively, these
data and the absence of apparent therapeutic or biological sig-
nificance to multiple SOREMs'" argue that the continued use
of SOREMs to distinguish narcolepsy without cataplexy from
idiopathic hypersomnia is not justified.

To some extent, the frequent change in MSLT results in
our study may have reflected a key feature of the central hy-
persomnias, namely fluctuations in symptom severity. Prior
work with the MSLT has shown that MSLT retest reliability
is highly dependent on the population under study. In healthy
subjects, the MSL has retest reliability as high as 0.97 over
4-14 months.? In contrast, in Parkinson disease, the correla-
tion between mean sleep latencies on consecutive days is only
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0.53-0.73,%" and in insomniacs studied over eight months,
it is only 0.44.%

Alternatively, there were limitations to our study that might
have affected the results. Only patients with a clinical indica-
tion for repeat MSLT, i.e., persistent sleepiness, were eligible
for inclusion. This may have created selection bias for more
severely affected, medically refractory patients. A spontane-
ous remission rate of 11% has been reported in patients with
idiopathic hypersomnia.’®* As all patients in the present study
reported persistent subjective sleepiness, our data do not ad-
dress the test retest reliability of the MSLT in patients with pri-
mary hypersomnias but spontaneous remission of symptoms.
Repeat testing was less often performed when the initial diag-
nostic MSLT was normal (< 20%). The choice to retest patients
with MSLT-based diagnoses of idiopathic hypersomnia or nar-
colepsy without cataplexy might reflect physician or patient
discomfort with these diagnoses, in which pathophysiology,
treatment, socioeconomic, and prognostic implications remain
ill-defined.” In idiopathic hypersomnia in particular, evidence-
based treatment standards are lacking,* and data suggest that
wake promoting agents are often incompletely effective.'>*
The average of 4 years between studies, with a maximum of
17 years, speaks to the chronicity of sleepiness experienced by
these patients, but might have contributed to poor test-retest
reliability. We sought to determine the reliability of testing as
it is performed in clinical practice, rather than in a controlled,
prospective research setting. With such a study design, as in
clinical practice, factors such as treatment effects and changes
in sleep-wake cycle that may affect the MSLT could not be held
constant. We were unable to detect any relationships between
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Figure 1—Bland-Altman plots for test-retest reliability of mean sleep latency and sleep onset REMs
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sleep onset REM period (SOREM1 and SOREM2 for first and second test, respectively).

medication changes, time between MSLTs, or other available not allow us to entirely rule out this possibility. Other factors
clinical features (excluding sleep-related hallucinations) with a for which data were not available, such as changes in depres-
change in diagnosis, but our relatively small sample size does  sion severity or sleep wake schedule, might have influenced
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Figure 2—MSLT-based diagnosis on repeat MSLT
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Arrows represent patients whose diagnosis changed from the first to the
second MSLT. MSLT1, first MSLT; MSLT2, second MSLT; SOREMs, sleep
onset REM periods. N-C, narcolepsy without cataplexy; IH, idiopathic
hypersomnia.

the results. Alternatively, differences in the performance or in-
terpretation of MSLTs may have affected the results (e.g., the
MSLTs were generally performed at different sleep laborato-
ries and interpreted by different individuals). The MSLT, for
example, is well known to be affected by physiological levels
of arousal that are distinct from sleepiness.”® The factors in-
fluencing arousal per se can be difficult to control on a single
clinical MSLT, let alone a second one performed in a unique
environment and under different conditions. It is less likely that
scoring variability accounts for our findings as the MSLT has
high inter-rater and intra-rater reliability.'**"?® Given these fac-
tors, our data suggests poor test-retest reliability of the MSLT
in the non-hypocretin deficient CNS hypersomnias when used
over time in clinical practice, although it is possible that test
retest reliability would improve if tested within the confines of
a tightly controlled research protocol.

Our results suggest that continued adherence to the 8-min-
ute MSL threshold in defining hypersomnia syndromes in
clinical practice is problematic. The distinction between narco-
lepsy without cataplexy and idiopathic hypersomnia based on
MSLT testing alone also does not appear justified. It is possible
that idiopathic hypersomnia and narcolepsy without cataplexy
are manifestations of the same underlying pathology or exist
along a spectrum with overlapping features. Family studies
of narcolepsy (with and without cataplexy) support this asser-
tion, as family members of narcoleptics have higher rates of
narcolepsy, but also of idiopathic hypersomnia, excessive day-
time sleepiness, and abnormal multiple sleep latency tests.?*
Idiopathic hypersomnia is sometimes characterized as a rare
disease,' but one implication of our findings is that prevalence
estimates in clinical or population cohorts are likely to be un-
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derestimates. Alternative diagnostic strategies are needed to
more accurately and reliably characterize the non-hypocretin
deficient CNS hypersomnias. Recognizing this need, some in-
vestigators have advocated for continuous daytime polysom-
nography, ad libitum sleep polysomnography, or changes to
the MSLT scoring criteria.>'>* Similar to the MSLT, however,
these alternatives are time and labor intensive. More cost-ef-
fective measures are needed, in addition to identification of a
biomarker with diagnostic and therapeutic significance. While
deficiencies in histamine have been proffered as one such bio-
marker,” these results were not replicable with more sensitive
technologies.** Recent work suggests that somnolence in the
CNS hypersomnias may derive from a gain in function in en-
dogenous y-aminobutyric acid (GABA) signaling mediated
by a naturally occurring constituent of cerebrospinal fluid that
allosterically modulates GABA receptors.’> Ultimately, the
identification of biomarkers will improve diagnostic accuracy
in these conditions.
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