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Abstract  

Study Objectives: This retrospective cross sectional observational study explored the diagnostic 

value of selected sleep and vigilance tests (SVT) beyond the multiple sleep latency test to 

differentiate between various central disorders of hypersomnolence (CDH) and fatigue syndromes. 

Methods: Data from patients who underwent the multiple sleep latency test and at least one 

additional SVT were extracted from the Bern sleep database (1997-2018). 1,352 patients with a CDH 

(106 narcolepsy type 1, 90 narcolepsy type 2, 119 idiopathic hypersomnia, 192 nonorganic 

hypersomnia, 205 insufficient sleep syndrome), fatigue syndromes (n=183), and a subgroup of 

patients with sleep apnoea (n=457) were analysed. Classification based on SVT parameters was 

compared with the final clinical diagnosis serving as a reference. 

Results: An overall model predicted the final diagnosis in 49.5% of patients. However, for the 

pairwise differentiation of two clinically suspected diagnoses, many SVT parameters showed a 

sensitivity and specificity above 70%. While the overall discrimination power of the multiple sleep 

latency test was slightly better than the one of the maintenance of wakefulness test, the latter 

differentiated best between narcolepsy and idiopathic hypersomnia with prolonged sleep need. 

Disproportionally poor results in reaction tests (e.g. steer clear test), despite comparable or lower 

sleepiness levels (SLAT, WLAT), were valuable for differentiating nonorganic hypersomnia from 

idiopathic hypersomnia/sleep insufficiency syndrome. 

Conclusion: This study demonstrates how the combination of a careful clinical assessment and a 

selection of SVTs can improve the differentiation of CDH, whereas it was not possible to establish an 

overall prediction model based on SVTs alone. 

Keywords: narcolepsy; idiopathic hypersomnia; nonorganic hypersomnia; maintenance of 

wakefulness test; multiple sleep latency test, vigilance tests, hypersomnolence 
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Statement of significance  

The differential diagnosis of central disorders of hypersomnolence is challenging but of great 

importance for patient care. Unlike the multiple sleep latency test, vigilance tests have not been 

routinely applied so far for diagnostic purposes. This is the first large-scale retrospective cross-

sectional observational study analysing the diagnostic value of many different sleep and vigilance 

tests. The results suggest that selected vigilance tests can improve the identification of the final 

diagnosis out of the clinically determined suspected diagnoses. Particularly for the difficult 

differentiation of narcolepsy without cataplexy and idiopathic hypersomnia with prolonged sleep 

need, the maintenance of wakefulness test seems to be of great additive value. Furthermore, 

performance tests help to separate nonorganic hypersomnia from organic disorders of 

hypersomnolence. 
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Introduction 

“Hypersomnolence” was introduced in 2014 as an umbrella term by the American Association of 

Sleep Medicine in the chapter title “Central disorders of Hypersomnolence” of the most recent 

International Classification of Sleep Disorders (ICSD-3) [1]. The chapter covers a broad spectrum of 

disorders whose main symptoms range from excessive daytime sleepiness (EDS), hypersomnia, to 

tiredness, and fatigue. Therefore, in this study the term “hypersomnolence” will be used as an 

umbrella term as well, covering all of the above symptoms [1]. In an attempt to disentangle these 

subjective complaints as accurately as possible, physicians are faced with the fact that all these 

characteristics can overlap and/or appear simultaneously in the same patient [2]. As a result, these 

terms are often confused or used interchangeably by the patients and sometimes also by physicians 

or researchers. However, differentiating its precise meaning, as described below, will help to 

establish the correct diagnosis. 

EDS is the cardinal symptom in many central disorders of hypersomnolence (CDH) and the ICSD-3 

defines EDS as the inability to maintain wakefulness and alertness during the major waking episodes 

of the day, with sleep occurring unintentionally or at inappropriate times almost daily for at least 

three months [1]. Sleepiness is mainly perceived in passive situations and can be masked at least 

temporarily by any type of activity. The prevalence of EDS in a healthy population is estimated 

between two to 28%, depending on methodological approaches, definitions, and populations under 

investigation [2, 3]. EDS is often mistaken for a disease in itself, but it should rather be understood as 

a severe and disabling symptom of many different underlying disorders [4].  

The term ‘hypersomnia’ is generally used in association with specific disorders of hypersomnolence, 

such as idiopathic hypersomnia or periodic hypersomnia in Kleine-Levin Syndrome characterised by 

prolonged sleeping periods of 11-14 hours, a feature which was recently called “excessive need for 

sleep”, or “pleiosomnia” *5, 6, 7, 8+. However, a precise definition of ‘hypersomnia’ on a symptom 

level does not exist yet. Patients with hypersomnia experience EDS despite prolonged sleeping 

periods which is in contrast to ‘long sleepers’ (normal variant) who also need more sleep (often >10 

hours) but do not experience EDS when sufficiently rested [1]. Typically, patients with hypersomnia 

report prolonged difficulties of waking up in the morning (sleep inertia) and frequent long and 

unrefreshing naps. 

‘Tiredness’ is a poorly defined term. In healthy adults, tiredness usually implies a reversible state of 

physical or mental exhaustion. In daily activities, tiredness can be understood as a biological 

consequence of decreased reserve capacities and decreased resistance to stressors which can be 

restored through rest but not necessarily requiring sleep. It is often used interchangeably with lack 

of energy and/or lack of initiative and typically occurs in patients with depressive symptoms [9].  

‘Fatigue’ is another widely used term throughout literature which lacks a coherent definition. In 

relation to fitness to drive, the term is often used synonymously with EDS [10, 11]. In a clinical 

context, fatigue is one of the most disabling symptoms, and its meaning is closer to that of tiredness 

[12]. Fatigue was originally defined as the decline in performance, physical or mental, carried out 

over time (‘time on task performance decrement’) *13, 14+. With increasing fatigue, it becomes more 

difficult to carry out a certain task, and therefore more psychic energy is needed to maintain 
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performance. Consequently, fatigue may be defined as a subjectively experienced aversion to 

investing further effort into a given task. It is important to acknowledge that EDS or tiredness may 

exacerbate fatigue and thereby lead to performance decrements as well [15]. Unlike patients with 

sleepiness, those with severe fatigue cannot counteract or mask their symptoms by physical or 

mental activity, as this rather increases their exhaustion [15]. 

In summary, CDH include a broad spectrum of disorders which are all difficult to separate from each 

other and also from (chronic) fatigue syndromes (FS) by clinical means [1]. The CDH-spectrum ranges 

from narcolepsy with (NT1) and without cataplexy (NT2), idiopathic hypersomnia, periodic 

hypersomnia (Kleine-Levin-Syndrome) and insufficient sleep syndrome, nonorganic hypersomnia 

(hypersomnia associated with a psychiatric disorder), to hypersomnia due to medical disorders or 

medication/substance.  

It is not the aim of this paper to repeat the well-established clinical and paraclinical characteristics, 

definitions and the pathomechanisms of the CDH disorders, which are precisely described in the 

ICSD manuals [1].  

Some of these disorders, such as NT1, hypersomnia due to medical disorders or due to substances, 

are easy to diagnose based on their pathognomonic clinical presentation or by specific laboratory 

findings. However, most CDH are rather difficult to differentiate clinically and require a battery of 

sleep and vigilance tests (SVT), complementing the careful long-term history of nocturnal and 

daytime symptoms [16]. In order to quantify subjective sleepiness, simple questionnaires such as the 

Epworth Sleepiness Scale (ESS) are used [17], and fatigue or tiredness are assessed by using the 

Fatigue Severity Scale. Objective measures of sleepiness are obtained by using the multiple sleep 

latency test (MSLT), to assess sleep propensity, and/or the maintenance of wakefulness test (MWT) 

to measure the ability to stay awake [18]. A polysomnography (PSG) or video-polysomnography is 

indicated to prove or disprove any causes of non-restorative sleep, such as sleep-related breathing 

disorders or sleep-related movement disorders as well as parasomnias or sleep-related seizures. 

Sleep efficiency in the PSG (PSE) is a valuable biomarker of sleep quality. Wrist actigraphy helps to 

disclose abnormal sleep-wake rhythms and poor sleep hygiene or long-lasting inactivity periods 

during the day [16]. In both research and in clinical sleep-wake medicine, various types of more or 

less sophisticated driving simulators or other vigilance tests such as the Steer Clear Test (SCT), the 

psychomotor vigilance test (PVT), and the pupillary unrest index (PUI) are used to judge fitness to 

drive. This is particularly important if a patient’s professional activity involves participation in motor 

vehicle traffic [19, 20]. 

To the best of our knowledge, these tests have not been used specifically to determine the 

underlying cause of hypersomnolence so far, apart from the sleep latency in the MSLT (SLAT) and 

sleep onset REM periods (SOREMPs), but they may yield useful information when differentiating 

between CDH groups, including differentiation from the fatigue syndromes [16]. 

Therefore, we aimed to investigate the diagnostic value of frequently collected SVT parameters in 

the differentiation of CDH beyond SLAT and SOREMPs in the MSLT [20].  

The primary aim was to explore possible specific SVT patterns within CDH, known to present great 

differential diagnostic ambiguities. The first objective was to conduct an explorative data analysis of 

SVT results collected from patients diagnosed with CDH, fatigue syndromes, or sleep apnoea. The 
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second objective was to assess the differences in SVT results between the diagnostic groups and to 

describe their distribution range and possible grouping clusters. 

The secondary aim was to assess to which extent SVT parameters could be useful for the 

differentiation of the diagnoses of interest, particularly for CDH. Hence, the first objective of the 

secondary aim was to evaluate the diagnostic value of each SVT for each pairwise comparison. The 

second objective of the secondary aim was to assess whether the combination of multiple SVT 

parameters could improve the discrimination between multiple ambiguous diagnoses among CDH. 

Methods 

Ethical approval 

Ethical approval for the analysis of clinical data was granted by the institutional board of the 

Inselspital and the local ethical committee (KEK Nr. 185/06, Inselspital-Nr. 1267). Due to the 

retrospective nature of this study, no protocol was registered. 

Study population and diagnostic system 

The data for this retrospective cross sectional observational study were extracted from the Bern 

Sleep Database, established in 1997 and continuously expanded since [21]. The clinical database 

contains more than 20,000 SVT results, obtained from all patients with sleep-wake disorders 

referred to the Sleep-Wake-Epilepsy Centre since 1997. The encrypted database extract consists of 

1) demographic and clinical variables (e.g. age, weight), diagnosis and limited information on the 

medical history (medication); 2) the most important paraclinical parameters, i.e. SVT results, derived 

from PSG, MSLT, MWT, actigraphy, PVT, SCT, and pupillography; 3) scales and scores (e.g. ESS, 

Karolinska Sleepiness Scale, Fatigue Severity Score). Patients only underwent the clinically relevant 

tests, i.e. only few patients underwent all tests. 

PSG, MSLT, and MWT were recorded with Somnologica, EMBLA, ResMed, San Diego, Calif., USA. The 

SCT was performed according to Findley et al. [22]. The PVT was performed with a device from 

Ambulatory Monitoring Inc. For the calculation of the PUI, a pupillography device from AMTech 

GmbH, Germany, was used. Actigraphy was recorded with an actimeter from Ambulatory 

Monitoring Inc. All recordings were performed according to international guidelines [20]. 

In principle, patients were diagnosed according to the most recent edition of the ICSD, namely ICSD-

1 up to 2005, ICSD-2 up to 2014 and ICSD-3 since [1, 23, 24]. The only deviations from the ICSD 

diagnostic criteria were made for the diagnosis of idiopathic hypersomnia. Since the founding of the 

sleep centre in Bern, idiopathic hypersomnia was diagnosed exclusively in the presence of prolonged 

sleep need. Therefore, ‘idiopathic hypersomnia’ in this study always refers to the subgroup with 

prolonged sleep need. In the absence of prolonged sleep need, patients complaining exclusively 

about EDS were diagnosed as ‘EDS of unknown origin’ a group similar to the ICSD-2 diagnosis 
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“Physiological (organic) Hypersomnia, unspecified” *23+. This group also included other poorly 

defined disorders such as “Subjective DOES complaint without objective findings” (DOES: disorders 

of excessive sleepiness) and “Psychophysiological DOES” according to the first edition of ICSD, in 

which the category of idiopathic hypersomnia without prolonged sleep did not formally exist [24]. 

The diagnostic process in this heterogeneous group, possibly containing also unrecognised NT2 or 

nonorganic hypersomnia, was not terminated and, therefore, no final diagnoses could be reached. 

This was substantiated by the frequent reclassification of diagnosis over time. Consequently, this 

mixed group of patients with different CDH would not have been suitable to reach our primary aim, 

namely to characterise typical SVT features within distinct CDH, and thus, was excluded from this 

study. 

Insufficient sleep syndrome was diagnosed if patients with hypersomnolence (i) reported a shorter 

mean sleep duration than expected for their age, typically shorter on working days than on holiday; 

(ii) actigraphy showed shorter inactivity periods than expected, typically shorter on working than 

non-working days; or if (iii) prolongation of sleep duration improved their hypersomnolence. The 

term ‘poor sleep hygiene’ was used if either bedtimes or getting-up time greatly varied (more than 

two hours according to the medical history or actigraphy) in patients with hypersomnolence. If a 

patient was diagnosed with insufficient sleep syndrome and poor sleep hygiene, insufficient sleep 

syndrome was considered to be more important with respect to hypersomnolence and therefore 

defined as primary diagnosis. 

The final clinical diagnosis was based on all information available, including SVT results analysed in 

this study, and is therefore subject to a certain circular reasoning. 

Extraction and eligibility criteria 

The process of data extraction and selection and compilation of datasets is illustrated in figure 1. 

Encrypted data from 1997 to 2018 were extracted excluding recordings collected under treatment 

with stimulants (e.g. methylphenidate or modafinil) or continuous positive airway pressure, as well 

as assessments for fitness to drive. Recordings collected under treatment with non-stimulant drugs 

for mood disorders, neurodegenerative diseases (i.e. Parkinson’s or dementia), restless legs 

syndrome, and epilepsy were marked but not excluded.  

Data of patients with multiple consultations and/or paraclinical investigations were reviewed and 

the oldest recordings including an MSLT and a second SVT obtained within 3 months were selected, 

as long as the patient was not undergoing any kind of treatment. 

In order to establish the most accurate and fact-based primary diagnosis, clinicians selected the 

diagnosis most likely explaining the patient’s symptoms. The selection was based on history and any 

SVT results available in the clinical records. 

Patients with multiple diagnoses were sorted in the following manner: the primary or main diagnosis 

was defined as the one most likely resulting in EDS; the secondary diagnosis was defined as the 

second most likely diagnosis for EDS; the tertiary diagnosis was defined as the most relevant among 

the remaining diagnoses. The likelihood of a diagnosis causing EDS was defined according to the 

clinical experience of the authors and the diagnoses of interest are listed with decreasing severity of 
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EDS in the following order: NT1, NT2, idiopathic hypersomnia, nonorganic hypersomnia, insufficient 

sleep syndrome, fatigue syndromes. Exceptions were only made if a more likely diagnosis was only 

suspected while a less likely diagnosis was confirmed. Sleep apnoea was only accepted as the 

primary diagnosis in case of an apnoea-hypopnoea index (AHI) ≥5/h in the absence of a diagnosis of 

interest. To reduce bias resulting from comorbidity, patients with multiple diagnoses of interest 

were included for the descriptive statistical analysis (dataset A) but excluded for further analysis 

(datasets B and C). 

Selection of diagnostic groups and SVT parameters of interest 

NT1, NT2, idiopathic hypersomnia, insufficient sleep syndrome, and nonorganic hypersomnia are the 

most challenging sleep-wake disorders to diagnose, due to their ambiguity with similar signs and 

symptoms and were therefore selected as the diagnostic groups of key interest. Fatigue syndromes 

was selected in addition to CDH due to its important role as a differential diagnosis. Patients 

diagnosed with sleep apnoea as the primary cause for EDS served as comparison group to CDH. 

For each SVT, only the most important parameters, considered to be potentially valuable in the 

diagnostic process, were analysed in this study, as listed in table 1. In order to reduce circular 

reasoning and potentially identify new differentiating variables, we deliberately excluded SOREMPs 

in the MSLT and PSG recordings. 

Statistical analysis 

SPSS Statistics (IBM Corp. Released 2019. IBM SPSS Statistics for Macintosh, Version 26.0. Armonk, 

NY: IBM Corp.) was used for the statistical analysis. 

To compare SVT results between diagnostic groups, a Kruskal-Wallis test was applied. Chi-Square 

(χ2) was reported as test statistic result, with p < 0.05 as the level for statistical significance. 

Subsequently, pairwise comparisons were performed using Dunn's (1964) procedure and Bonferroni 

correction for multiple comparisons. The sample-size-adjusted effect size of each pairwise 

comparison was calculated using the standardised test statistic output (z-score). Results were 

reported as medians with interquartile range (IQR) as a measure of spread. Effect size was reported 

as Cohen’s r (1988), describing effects as small (0.1 - 0.3), intermediate (0.3 - 0.5), and strong (≥ 0.5) 

[25]. For statistically significant pairwise comparisons between two diagnostic groups, receiver 

operating characteristics (ROC) curves were calculated. For each pairwise comparison, the three best 

discriminating SVT (highest effect size, largest area under the curve) and the corresponding optimal 

cut-off values were identified using the Index of Union (IU) method [26]. 

Dataset C was created by missing values imputation in dataset B, using the Estimated-Means 

method [27]. As exploratory analysis, all SVT parameters were correlated with each other (Pearson 

correlation matrix) and a ‘TwoStep’ cluster analysis was performed using SVT parameters and 

diagnostic categories as predictors. The silhouette measure of cohesion was used as measure of fit. 

A Multinomial Logistic Regression was performed to ascertain the weight of SVT parameters in the 

differentiation of diagnostic groups and the likelihood with which the diagnostic groups could be 
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predicted. Chi-Square (χ2) values of Likelihood Ratio Tests and Pseudo-R2 (McFadden) measures 

were reported for overall goodness of fit. For all tests applied, statistical significance was defined as 

p < 0.05. 

Data availability  

The ethical approval for this study enabled us to perform and publish a retrospective analysis of 

clinical patient data, however, we are not permitted to publish the clinical data set as such. 

 

Results  

Demographics (datasets A and B) 

A demographic overview of the 1,352 patients is summarised in table 2. The most frequent primary 

diagnosis was sleep apnoea (33.8%), followed by insufficient sleep syndrome (15.2%), nonorganic 

hypersomnia (14.2%), fatigue syndromes (13.5%), idiopathic hypersomnia (8.8%), NT1 (7.8%), and 

NT2 (6.7%) (table 2).  

Among patients primarily diagnosed with NT1, NT2, nonorganic hypersomnia, or insufficient sleep 

syndrome, the most common secondary diagnosis was sleep apnoea (14.1 - 22.9%). For idiopathic 

hypersomnia, the most frequent secondary diagnosis was nonorganic hypersomnia (14.3%) and 

fatigue syndromes patients were most often diagnosed with poor sleep hygiene as secondary 

diagnosis (23.5%). Please note that at the early stage of the diagnostic process the secondary 

diagnosis sometimes in fact represents a differential diagnosis to the primary diagnosis. 

Pairwise comparisons (Kruskal-Wallis test) showed several significant differences in age and sex 

distribution between diagnostic groups in dataset B. Sleep apnoea patients were significantly older 

than all other groups except NT2, and idiopathic hypersomnia patients were significantly younger 

than all other groups. As expected from the official criteria for the final clinical diagnosis, two or 

more SOREMPs in the MSLT were most frequent in NT1 (86.5%) and in NT2 (84.3%) but rare (< 3%) 

in all other diagnostic groups. In sleep apnoea and insufficient sleep syndrome, the proportion of 

males was significantly higher and in idiopathic hypersomnia, nonorganic hypersomnia, and fatigue 

syndromes significantly lower compared to the proportion of females (table 2). Despite these 

significant differences across groups, age and sex did not substantially influence the overall 

diagnostic group prediction rate in the Multinomial Logistic Regression model (correct prediction of 

diagnostic group in 49.9% (+0.4%) of cases; see subchapter on the Multinomial Logistic Regression 

model, dataset C). 
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Pairwise differences in SVT between patient groups (dataset B) 

Excluding patients with multiple diagnoses of interest (n = 251) resulted in 1,101 patients and a total 

of 8,391 SVT, constituting dataset B (table 2b, table S1). SVT results for each patient group are 

presented in table 3 and figure 2. Even though a great overlap between patient groups exists in most 

SVT (figure 2), pairwise comparison between patient groups pointed to potentially valuable 

diagnostic differences (figure 3, table S2), except for NT1 and NT2 that did not significantly differ in 

any SVT. In the following subchapters, the results of the pairwise comparisons between the 

diagnoses of interests will be reported, excluding the results on the AHI and the comparisons 

between sleep apnoea and any other diagnosis which will be reported later in a separate 

subchapter. Mean & standard deviation are reported in table S3. 

MSLT, MWT, and ESS 

A similar distribution of SLAT (in the MSLT) and the sleep latency in the MWT (WLAT) across the 

different CDH patient groups and fatigue syndromes was observed, with the ESS inversely following 

that pattern. For these SVT, the similar results in some patient groups enabled to subdivide CDH and 

fatigue syndromes into the following three ‘categories’: the narcolepsy category (NT1, NT2), the 

intermediate category (idiopathic hypersomnia, nonorganic hypersomnia, insufficient sleep 

syndrome), and fatigue syndromes as the third category. Within each of the three categories, no 

significant differences were found for SLAT, WLAT, or ESS.  

The median SLAT and WLAT was short for the narcolepsy category, moderate for the intermediate 

category, and long for fatigue syndromes (table 3, figures 2&3). Similarly, but inverse, the median 

ESS scores were highest (≥ 16) for the narcolepsy category, moderate (12-13) for the intermediate 

category, and lowest (10) for fatigue syndromes (table 3, figures 2&3). 

SCT, PVT, and PSG (PSE) 

No significant differences were found within the narcolepsy category. However, interesting 

deviances from the systematic differences in the MSLT, MWT, and ESS were found for the pairwise 

comparisons of the narcolepsy category with the intermediate category or fatigue syndromes, for 

comparisons within the intermediate category, and the comparison between the intermediate 

category and fatigue syndromes. 

Interestingly, the median results of the narcolepsy category did not significantly differ from those of 

nonorganic hypersomnia in any of these three SVT parameters (table 3, figures 2&3). In addition, no 

significant difference was found between NT2 and idiopathic hypersomnia in the PVT in which the 

narcolepsy category showed the longest reaction time (PVTrt). In contrast, the median PSE differed 

between NT1 and idiopathic hypersomnia and also between NT2 and fatigue syndromes, but no 

significant difference was found for the other diagnoses. These differences may be explained by the 

fact that idiopathic hypersomnia was only diagnosed in the presence of a subjectively increased 

sleep need, and thus the median PSE was highest in idiopathic hypersomnia (followed by NT2) while 

it was lowest in fatigue syndromes and only slightly higher in NT1. The (non-significant) difference in 
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the median PSE between NT1 and NT2 may be explained by cases in the NT2 group resembling 

idiopathic hypersomnia. Narcolepsy with a begin in adolescence often starts as NT2, associated with 

excessive need for sleep, whereas later in the course of the disease the evolvement into NT1 goes 

along with maintenance insomnia [1, 28].  

Within the intermediate category, nonorganic hypersomnia patients showed significantly higher 

error rates in the SCT (SCTer), longer PVTrt and a lower PSE compared to either idiopathic 

hypersomnia or insufficient sleep syndrome, or both (table 3, table S2, figures 2&3). This is in 

contrast to all other six SVT parameters, for which no significant differences were found within the 

intermediate category. Of note, nonorganic hypersomnia patients showed a disproportionately high 

SCTer compared to both idiopathic hypersomnia and insufficient sleep syndrome (p < 0.001), a 

longer PVTrt compared to insufficient sleep syndrome (p < 0.001), and a significantly lower PSE 

compared to idiopathic hypersomnia patients (p < 0.001) (table S2).  

The pairwise comparison of SCT and PVT between fatigue syndromes and the intermediate category 

resulted in non-significant differences, except for the comparison with nonorganic hypersomnia 

where PVTrt was significantly longer (p = 0.011). The median PSE of fatigue syndromes patients was 

significantly lower compared to idiopathic hypersomnia and insufficient sleep syndrome while it did 

not differ from other diagnoses. 

Pupillography and actigraphy 

Within the narcolepsy category and the intermediate category, no significant differences were found 

for the median PUI and actigraphy index (ACTI). Interestingly, pairwise comparisons for PUI and ACTI 

remained mostly non-significant across all diagnoses of interest. The median PUI was highest in the 

narcolepsy category with a significant difference compared only to the nonorganic causes 

nonorganic hypersomnia and fatigue syndromes. The median ACTI was highest in fatigue syndromes 

and significantly lower in NT1 and insufficient sleep syndrome patients.  

AHI and pairwise comparison of sleep apnoea with CDH and fatigue 

syndromes 

The highest median AHI was found in sleep apnoea (20/h), which is not surprising since an AHI < 5/h 

could, by definition, not occur in sleep apnoea patients. The median AHI of all other diagnoses was 

significantly lower (< 5/h) and no significant difference was found between those diagnoses (table 3, 

figure 3).  

The pairwise comparison with the narcolepsy category resulted in significantly longer median SLAT 

and WLAT, lower ESS scores, and lower PUI for sleep apnoea. The median SCTer and PSE in sleep 

apnoea were lower than the ones in the narcolepsy category, but the difference was only significant 

for NT1 (SCTer) and NT2 (PSE) respectively.  

For the comparison of sleep apnoea with the intermediate category, the median differences of SLAT 

and WLAT were non-significant while the median PSE was significantly lower in sleep apnoea. SCTer 

was higher in sleep apnoea compared to idiopathic hypersomnia and insufficient sleep syndrome but 
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not nonorganic hypersomnia. Furthermore, median ESS scores, PUI, and ACTI were significantly 

lower in sleep apnoea compared to idiopathic hypersomnia and PVTrt was significantly higher in 

sleep apnoea compared to insufficient sleep syndrome. 

Pairwise comparisons between sleep apnoea and fatigue syndromes revealed non-significant results 

for ESS, PSE, and PUI while SLAT and WLAT were shorter, SCTer higher, PVTrt longer, and ACTI lower 

in sleep apnoea. 

Best discriminating SVT and cut-off values (dataset B) 

In a first step, among all pairwise comparisons across all SVT, only those resulting in significant 

differences were identified. In a second step, they were ranked for each pairwise comparison 

according to their effect size. As a result, the best three discriminating SVT parameters for each 

pairwise comparison are reported in table 4. In addition, the corresponding cut-off values resulting 

in the best combination of sensitivity and specificity are reported. Excluding sleep apnoea, the best 

discriminating SVT parameters among the 15 pairs of diagnoses of CDH and fatigue syndromes were 

SLAT (7 pairs), WLAT (4 pairs), and PSE / PVTrt (each 1 pair). For discrimination between NT1 and 

NT2 and between idiopathic hypersomnia and insufficient sleep syndrome, no SVT was found. For 

second- and third-ranking SVT see table 4. 

After exclusion of sleep apnoea and AHI, among the best three discriminating SVT parameters with 

decreasing frequency were WLAT (11 pairs) and SLAT (10 pairs), ESS (6 pairs), SCTer (5 pairs), PSE (2 

pairs), and PVTrt, ACTI and PUI (1 pair each). 

The range or single value of the optimal cut-off values for those parameters, as listed in table 4, 

were: WLAT = 17.6 – 35.4 min, SLAT = 3.6 – 9.4 min, ESS = 11.5 – 15.5, SCTer = 3 – 3.5%, PSE = 0.93 – 

0.94, PVTrt = 284 ms, ACTI = 35 %, and PUI = 8.8. A broad range suggests that different cut-off values 

are required for many pairs of patient groups. 

The highest sensitivity and specificity (both ≥ 0.95) was found for the discrimination of NT1 and 

fatigue syndromes by SLAT, while the lowest sensitivity and specificity (both < 0.65) was found for 

the discrimination of idiopathic hypersomnia and nonorganic hypersomnia by PSE or SCTer. 

Cluster analysis (dataset C) 

A total of 1,518 (15.3%) missing values were imputed to form a complete dataset with 9,909 SVT 

results. The mean, standard deviation, and distribution of SVT results among patient groups 

remained statistically identical (table S4). Correlations between SVT parameters are illustrated in a 

correlation matrix (table S5). WLAT was the SVT for which the most significant correlation 

coefficients > |0.3| were found in comparison to other SVT parameters. 

 

The initial ‘TwoStep’ cluster analysis, with automatic selection of best fitting cluster count, resulted 

in two clusters: those with and those without sleep apnoea. Therefore, we decided to run a second 
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‘TwoStep’ cluster analysis excluding patients with sleep apnoea. This analysis resulted in a fair model 

quality (silhouette measure of cohesion = 0.2). Four clusters were formed as ‘best model fit’. They 

used the parameters in the following decreasing order of importance: SCTer, PVTrt, WLAT, SLAT, 

PSE, diagnostic group, ESS, ACTI, and PUI. The four clusters consisted of the following diagnostic 

group proportions: Cluster one = FS (52%) + ISS (20%) + NOH (17%) + IH (9%) + NT1 (1%) + NT2 (1%); 

cluster two = ISS (28%) + NOH (23%) + IH (17%) + NT1 (14%) + NT2 (12%) + FS (6%); cluster three = FS 

(49%) + NOH (24%) + IH (13%) + ISS (12%) + NT1 (1%) + NT2 (1%); cluster four = NT1 (38%) + NT2 

(29%) + NOH (16%) + FS (8%) + ISS (6%) + IH (3%). 

Prediction within multiple diagnostic groups (dataset C) 

After the missing value imputation, the Multinomial Logistic Regression model showed a good and 

significant overall goodness of fit, with a Likelihood Ratio Test χ2(54) = 1761.1, p < 0.001, and 

Pseudo-R2 (McFadden) = 0.458. All SVT parameters were statistically significant (p < 0.05) while AHI 

(χ2(6) = 1049.1, p < 0.001) and SLAT (χ2(6) = 148.4, p < 0.001) were by far the strongest weighted 

parameters. Other SVT parameters were weighted by the model in the following decreasing order: 

PVTrt, WLAT, ACTI, ESS, PSE, PUI, SCTer. The best prediction of the model resulted for sleep apnoea 

(94.7%), while it predicted the correct diagnosis in 64.6% of cases overall (table 5). The subsequent 

exclusion of sleep apnoea and AHI did not reveal a relevant impact on the Multinomial Logistic 

Regression model (Likelihood Ratio Test χ2(40) = 623.9, p < 0.001, Pseudo-R2 (McFadden) = 0.261). 

Again, all SVT variables were statistically significant (p < 0.05) and SLAT resulted as the most 

important parameter (χ2(5) = 146.0, p < 0.001), other SVT parameters were weighted in the same 

order as mentioned above. Overall, the model predicted the correct diagnosis in 49.5% of cases 

(table 5). The best prediction was obtained for fatigue syndromes (78.0%) and NT1 (62.2%). In both 

models, idiopathic hypersomnia was least likely to be correctly predicted (19.3 %) followed by NT2 

(23.9%). 

Discussion  

This is the first study which systematically analysed the diagnostic value of a great number of SVT in 

a large clinical population over a long period of time. A total of 8,391 SVT data from 1,101 patients 

diagnosed with CDH (NT1, NT2, idiopathic hypersomnia, nonorganic hypersomnia, insufficient sleep 

syndrome), fatigue syndromes, or sleep apnoea were retrospectively analysed (table 3). Since by 

definition, sleep apnoea could be clearly differentiated from the other diagnoses by the AHI (figure 

2) this patient group was treated separately.  

The first aim of the study was to characterise the spectrum between sleepiness, hypersomnia, 

tiredness, and fatigue by analysing a variety of SVT assessing sleep propensity, sleep duration, sleep 

quality, and the capacity to counteract sleepiness.  

In the case of multiple diagnoses in a patient, the primary diagnosis was selected based on a ranking 

of diagnoses (and categories) in terms of EDS severity, which was defined according to clinical 

experience in the following descending order: NT1, NT2 (narcolepsy category), idiopathic 
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hypersomnia, nonorganic hypersomnia, insufficient sleep syndrome (intermediate category), and 

fatigue syndromes (third category). The explorative analysis showed the same order for WLAT (short 

to long), ESS (high to low), and PUI (high to low). Except for the median SLAT in insufficient sleep 

syndrome, which was non-significantly shorter than the one of idiopathic hypersomnia and 

nonorganic hypersomnia, the same order also applied for SLAT (short to long).  

Rather unexpectedly, a short SLAT was present in the majority of patients with nonorganic 

hypersomnia (table 3, table S6). This underlines the fact, that at least a subgroup of patients with a 

psychiatric disorder and a subjective complaint of EDS or prolonged sleep need is indeed objectively 

sleepy in the course of their illness. 

The narcolepsy category differed from the intermediate category and fatigue syndromes, and the 

intermediate category also differed from fatigue syndromes (figure 3) in most SVT. No differences 

were found in this respect between NT1 and NT2. Within the intermediate category, significant 

differences were found for pairwise comparisons with nonorganic hypersomnia, however, only for 

SCTer, PVTrt, and PSE.  

Based on pairwise comparisons across diagnoses (excluding sleep apnoea), the most important SVT 

parameters were identified, and the corresponding cut-off values calculated (table 4). No single SVT 

was able to differentiate between all patient groups, which is explained by the considerable overlap 

of SVT results among all patient groups (figure 2). However, specific SVT were able to differentiate 

between specific pairs of patient groups with great sensitivity and specificity. Among the top three 

SVT variables for each pairwise comparison, WLAT and SLAT proved to be most important, followed 

by ESS, SCTer, PSE, PVTrt, ACTI, and PUI. 

In the cluster analysis after exclusion of patients with sleep apnoea, the four clusters formed were 

somewhat comparable to the three diagnostic categories (narcolepsies in cluster four, intermediate 

category in cluster two and fatigue syndromes in cluster one and three), but much less to the 

established diagnostic groups. Therefore, the identified clusters do not help to differentiate the most 

ambiguous diagnoses. Interestingly, the most important parameters forming the clusters were the 

SCTer and PVTrt, followed by WLAT and SLAT.  

The Multinomial Logistic Regression model predicted the correct diagnosis in only 49.5% of patients 

(excluding patients with sleep apnoea and the AHI parameter). The mathematical model had a 

particularly poor prediction rate for idiopathic hypersomnia (19.3%), NT2 (23.9%), and nonorganic 

hypersomnia with prolonged sleep need (31.2 %). 

A well-established SVT variable for the differentiation of CDH (and fatigue syndromes) is the number 

or the latency of SOREMPs *29+. However, the comparison of SVT results with a ‘clinical’ diagnosis 

which also partly relies on SVT results obviously leads to a certain degree of circular reasoning, which 

we aimed to avoid as far as possible. Therefore, we excluded SOREMs as an SVT variable and used it 

only for the clinical diagnosis.  

While the present SVT results did not allow discrimination between NT1 and NT2, rather strong 

diagnostic criteria for NT1 are often found (cataplexy, low hypocretin) which have not been taken 

into account in this study [1]. In contrast, the diagnostic criteria of NT2 and even its existence and 

differentiation from idiopathic hypersomnia are subject to an ongoing and controversial debate [7, 

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/advance-article/doi/10.1093/sleep/zsac017/6509928 by E-Library Insel user on 20 January 2022



Acc
ep

ted
 M

an
us

cri
pt

30]. The most ambiguous diagnoses among CDH, and therefore most difficult to identify, are 

probably NT2, idiopathic hypersomnia, nonorganic hypersomnia, and insufficient sleep syndrome.  

The most prominent SVT parameter discriminating NT2 from idiopathic hypersomnia, nonorganic 

hypersomnia, and insufficient sleep syndrome was a WLAT < 19 min (figure 2, table 4), a tool that 

has not been broadly used in clinical work-up for discriminating CDH so far. Idiopathic hypersomnia 

and insufficient sleep syndrome are the most difficult diagnoses to differentiate by SVT results alone, 

suggesting a similar pathogenesis. Idiopathic hypersomnia could theoretically represent a more 

pronounced form of insufficient sleep syndrome in patients with an even greater need for sleep. The 

rather well preserved capacity to remain awake in the MWT, found in idiopathic hypersomnia and 

insufficient sleep syndrome compared to NT1 and NT2, could suggest a different pathology. We can 

only speculate, that the narcolepsy category is affected by both an increased sleepiness level but 

also by an impaired capacity to maintain wakefulness, while the latter is preserved in insufficient 

sleep syndrome and idiopathic hypersomnia. The PSE was highest in patients with idiopathic 

hypersomnia but did not significantly differ from the ones with insufficient sleep syndrome, nor did 

any other SVT between those two diagnoses. In clinical practice, both diagnoses are usually 

differentiated by instructing the patient to extend the sleep period, since sleepiness in insufficient 

sleep syndrome resolves when extending the total sleep time while it does not in idiopathic 

hypersomnia [1, 31].  

Patients with nonorganic hypersomnia, a term used as a synonym of hypersomnia due to psychiatric 

disorder (depression, anxiety, attention deficit hyperactivity disorder etc.), are unfortunately only 

rarely included in larger studies. Consequently, nonorganic hypersomnia is poorly investigated by 

objective measurements and often not included in reviews of CDH [32, 33]. Nevertheless, 

nonorganic hypersomnia represents a common differential diagnosis within CDH [34]. In this study, 

several SVT parameters were found useful for discriminating nonorganic hypersomnia among other 

ambiguous diagnoses: The SCTer was disproportionately high in nonorganic hypersomnia compared 

to idiopathic hypersomnia and insufficient sleep syndrome, the PVTrt longer compared to 

insufficient sleep syndrome, and the PSE lower compared to idiopathic hypersomnia (figure 2, table 

4). We speculated earlier that the disproportionately poor performance in the active performance 

tests of patients with nonorganic hypersomnia (compared to SLAT and WLAT) is not related to true 

sleepiness but rather to a reduced amount of psychic energy and motivation in patients with a 

nonorganic disorder [35]. The better discriminating power of the SCT compared to the PVT is 

probably related to its ‘go/no go’ principle, requiring a greater vigilance level compared to the 

simple reaction task in the PVT. Due to clinical similarities with CDH, we also included fatigue 

syndromes which could be differentiated primarily by a long SLAT (> 9.4 min; figure 2, table 4). 

It could be argued, that within the spectrum of CDH the differentiation between diagnostic groups 

has not the same impact on treatment as for e.g. sleep apnoea or insufficient sleep syndrome. This 

might be true for drug treatment, except for the differentiation of nonorganic hypersomnia from 

other disorders. However, the correct differentiation between e.g. NT2 and idiopathic hypersomnia 

might influence behavioural treatment (napping method) and may affect the difficulties for 

reimbursement by the insurances.  

In addition to the pairwise comparison of SVT, the present study analysed if a combination of SVT 

could improve the discrimination between diagnoses. From our clinical experience, we have 
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postulated many years ago that the aim should not be to find ‘the one’ best SVT to assess sleepiness, 

but rather to find a combination of SVT tailored to the specific clinical problem [36]. This proposition 

was based on the assumption that sleepiness is a multi-dimensional construct and CDH can differ in 

various dimensions, between sleepiness (~ sleep propensity), tiredness (loss of energy), and fatigue 

(time on task performance decrement) [37].  

The results of this study suggest that a ‘tailored’ selection of important SVT variables could support 

clinicians in the differential diagnostic process. However, it might be difficult to create an overall 

model for the identification of the correct diagnosis based on such a selection, especially for the 

most ambiguous diagnoses. The additional inclusion of a greater number of clinical and paraclinical 

data (‘big data’) could most certainly deliver better results and support particularly clinicians with 

less experience in sleep-wake medicine [38]. It is open to debate if such an approach could 

outperform the diagnostic skills of an experienced sleep-wake clinician, who recognises patterns of 

many subtle symptoms and signs in the diagnostic process leading to the final diagnosis.  

The present study made a first step towards a hybrid approach, which relies on the clinician to, 

firstly, narrow down the differential diagnosis, secondly, to consult the corresponding suggested SVT 

results, and finally, to verify the suggested diagnosis in the clinical context. 

We were able to confirm our hypothesis that a combination of multiple SVT assessing not only sleep 

propensity but also the capacity to counteract EDS was superior compared to the use of a single SVT. 

The best discrimination power of the SVT battery was achieved when combined with clinical 

judgement in order to reduce the differentiation to the pair of most probable CDH diagnoses (table 

4). 

One of the main strengths of this study is the data set. In the Sleep-Wake-Epilepsy-Centre in Bern, 

we aimed at a multimodal diagnostic vigilance battery early on and started in 2002 to systematically 

add the MWT and various performance tests to the standard assessment of patients with suspected 

CDH (PSG, MSLT, and actigraphy) for the following reason: We and others recognised that the 

capacity to remain awake despite sleepiness or tiredness as measured e.g. by the MWT does not 

merely reflect the reciprocal of sleep propensity as measured by the MSLT [36, 39]. Therefore, a 

great number of SVT were not only used for treatment control or to assess fitness to drive but also 

as diagnostic tools. However, such an extensive vigilance battery has not been widely used so far in 

the clinical diagnostic process, mainly because of the large resources such a battery requires. 

Limitations 

The present analysis provides the approximate diagnostic values of a limited number of SVT 

parameters in the work-up of patients suspected with CDH, diagnosed according to the various ICSD 

versions. Since only a highly specific selection of relatively few parameters of available SVT 

parameters were analysed, the inclusion of a wider spectrum of SVT and more (para-)clinical 

parameters may increase the diagnostic power even more. Also, the present calculations of SVT 

parameter cut-off values are just a first attempt and have not yet been verified in other datasets. 

The selection of SVT was based on long-standing clinical expertise, particularly when assessing 

fitness to drive. However, the number of tests that could be included in the clinical routine protocol 
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was limited. For example the SCT and the sustained attention to response task (SART) [40], 

represent a similar go/no-go paradigm, however, only one of them could be selected.  

The diagnostic value of the MSLT and MWT beyond sleep latency and SOREMPs could be increased 

by analysing the individual naps and adding also the sleep efficiencies within each nap to get more 

information about sleep propensity during the day. Moreover, it has been shown previously by 

several authors that the sequence of sleep stages before rapid eye movement onset and the precise 

way of falling asleep contains important information of diagnostic power [41, 42]. 

The limited sleeping time during clinical routine polysomnography and use of the average inactivity 

index over a two-week period of actigraphy do not allow thorough assessments of sleep need and 

rest duration. Measurements of sleep duration and fragmentation beside efficiency, would be 

valuable during ‘ad libitum’ polysomnography but due to time and cost constraints, it is impossible 

to systematically perform this type of polysomnography in the clinical setting. The comparison of the 

inactivity index between workdays and weekends or holidays is much more feasible and could 

eventually enhance the diagnostic value of the actigraphy [43, 44]. However, the differentiation of 

sleep and awake inactivity outside of polysomnography remains a challenge and clinical studies with 

mobile applications or wearables are pending [45]. Therefore, we defined prolonged sleep time 

using the number of night-sleep hours during days off (e.g. holidays) indicated in the medical history, 

with a cut-off value of > 10 hours.  

We must acknowledge that the gold standard chosen here, “final clinical diagnosis”, is rarely truly 

final. And the diagnostic classifications will stand only until they are replaced due to new insights. As 

already stated by Bedrich Roth in 1962, “we must constantly remember that any classification is 

basically an artificial simplification of reality, which should not become a brake for scientific 

progress” *8+. Such reflections have most recently culminated in a promising proposition for a new 

diagnostic schematic of CDH [6, 7]. The results of the initial MSLT included in this study did not 

always fit the later final diagnosis which was occasionally only confirmed by a subsequent MSLT. This 

explains why SLAT in NT2 and idiopathic hypersomnia was sometimes longer than the diagnostic 

limit of eight minutes (table S6). Furthermore, it is in line with evidence that when testing 

repetitively, SLAT can vary, which is of diagnostic relevance in particular for NT2 and idiopathic 

hypersomnia [46]. 

The rather limited impact on correct classification by the SVTs and the outcome of only four clusters 

(after exclusion of sleep apnoea) in the cluster analysis could support the view of many sleep 

experts, that the current classification based on clearly defined entities might be problematic. The 

great overlap of SVT parameters would probably better fit to a concept of a ‘hypersomnolence 

spectrum disorder’ with individually varying weights of the multiple underlying comorbidities, 

including e.g. genetic, psychological and life-style factors. We agree with Lammers et. al, that the 

multidimensional aspects of hypersomnolence, complemented by levels of certainty, would profit 

from a ‘pattern recognition based diagnostic process’ which would optimise clinical care, tailored to 

individual patients [6]. An example of this great overlap of symptoms can be observed in narcolepsy 

patients with onset during adolescence, in which many aspects of idiopathic hypersomnia can be 

found such as prolonged sleep duration and non-restorative naps [28].  

The important overlap of SVT results between idiopathic and nonorganic hypersomnia indicates that 

patients with nonorganic hypersomnia can be objectively sleepy. It can be speculated that these 
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similarities could be explained by a common risk factor, i.e. ‘long-sleeper type’, often present 

already in childhood. Future long-term studies should be performed, to clarify if patients with 

psychiatric disorders who have described themselves as ‘short sleepers’ preferentially develop 

insomnia while ‘long sleepers’ more often develop hypersomnolence. 

It should be underlined that the diagnosis ‘nonorganic hypersomnia’ does not implicate absence of 

any organic cause in a narrower sense. In patients with nonorganic hypersomnia, hypersomnolence 

may be particularly resistant to antidepressive treatment [35, 47], and therefore, the term 

‘nonorganic hypersomnia’ simply stands for a temporary association of hypersomnolence with a 

psychiatric disorder or psychiatric symptoms. Consequently, an increased depression score and/or a 

current psychiatric diagnosis (e.g. depression) was not required for diagnosing nonorganic 

hypersomnia. This is one reason explaining why depression as a secondary or tertiary diagnosis 

occurred rather rarely in our population of patients with nonorganic hypersomnia. Another reason is 

the referral bias. Patients with a clear diagnosis of depression and EDS are generally not referred to a 

sleep laboratory because the aetiology of their sleepiness is not questioned and the MSLT is not 

mandatory for diagnosis (nor would it be reimbursed by the health insurance in Switzerland).  

Furthermore, the combination of multiple co-morbidities in the same patient inevitably will affect 

diagnostic values of SVT and other parameters, ultimately requiring a more complex mathematical 

model. An organic handicap such as idiopathic hypersomnia or narcolepsy often causes later 

evolving psychiatric disorders such as depression, resulting in a mixture of symptoms and signs as 

exemplified in a survey with subjective scales by Drooglever et al. [48]. In such patients, objective 

biological findings would be particularly helpful to allow the diagnosis of both underlying disorders. 

A limitation of this study is, that idiopathic hypersomnia was restricted to those with prolonged 

sleep need because, for more than two decades in our centre, patients not complaining of prolonged 

sleep need were diagnosed with ‘EDS of unknown origin’. Among others, this included patients with 

idiopathic hypersomnia without prolonged sleep need, characterised by EDS but not hypersomnia in 

a strict sense. This mixed group of ‘EDS of unknown origin’ was not suitable for this study with the 

primary aim of investigating disease-specific SVT characteristics. However, this mixed group is of 

very high interest for future preferentially prospective studies that focus on the identification of new 

disease clusters using an optimised and extended selection of clinical and paraclinical biomarkers 

(incl. SVT) [49]. 

Finally, a certain degree of circular reasoning has to be taken into account, since the final clinical 

diagnoses recorded in the Bern Sleep Database were based on any available information on a given 

patient to the unblinded clinician, including the SVT results. The presence of cut-off values derived 

from SVT, e.g. AHI or SLAT, certainly had a major impact on some diagnoses such as sleep apnoea, 

NT1, NT2, or idiopathic hypersomnia.  
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Conclusion 

The optimal SVT parameters should be carefully selected in order to allow a reliable differentiation 

between the two most probable diagnoses as suspected from clinical judgement. An individual test 

or a combination of a limited number of SVT parameters cannot differentiate reliably between all 

diagnostic groups. Our findings underline the importance of the MSLT as most valuable SVT in the 

diagnostic work-up battery of CDH but suggests adding further SVT. In particular, the MWT could 

further improve the diagnostic accuracy, especially when differentiating between the narcolepsies 

and other CDHs with severe daytime sleepiness (idiopathic hypersomnia, nonorganic hypersomnia, 

and insufficient sleep syndrome). The MWT results could be diagnostically helpful in patients with 

NT2 or IH showing only one SOREMP in the MSLT. Additionally, the inclusion of a performance-based 

vigilance test such as the SCT may be helpful for the differentiation of nonorganic hypersomnia from 

idiopathic hypersomnia or insufficient sleep syndrome. 
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Figure captions 

Figure 1 Flowchart illustrating data extraction, selection, and analysis. Central disorders of 

hypersomnolence (CDH): narcolepsy with (NT1) and without cataplexy (NT2), idiopathic 

hypersomnia (IH), nonorganic hypersomnia (NOH), insufficient sleep syndrome (ISS) and fatigue 

syndromes (FS). Abbreviations: Multiple Sleep Latency Test (MSLT); Sleep and Vigilance Test (SVT); 

sleep apnoea (SA). 

Figure 2 Boxplots of Sleep and Vigilance Test results. Narcolepsy with (NT1) and without cataplexy 

(NT2), idiopathic hypersomnia (IH), nonorganic hypersomnia (NOH), insufficient sleep syndrome 

(ISS), fatigue syndromes (FS), and sleep apnoea (SA). Boxplots consist of interquartile range (IQR: 25 

to 75 % or Q1 to Q3; box), median (line in box), whiskers (minimum: Q1 - 1.5*IQR, maximum: Q3 + 

1.5*IQR), and outliers below minimum or above maximum (circles = outliers (>1.5*IQR), stars = 

extreme values (>3.0*IQR)). 

Figure 3 Effect size of pairwise comparisons in Sleep and Vigilance Tests. The sample-size-adjusted 

effect size of each pairwise comparison was calculated using the standardised test statistic output (z-

score), in order to determine which pairwise differences were most relevant within sleep and 

vigilance tests (SVT) and in order to compare differences between diagnostic groups among SVT. 

Effect size (rounded, for unrounded values see supplementary table S2) was reported as Cohen’s r 

(1988), where the following intervals are reported: 0.1 to 0.3: small effect; 0.3 to 0.5: intermediate 

effect; 0.5 and higher: strong effect. *: Count of significant pairwise comparisons. Abbreviations: 

Narcolepsy with (NT1) and without cataplexy (NT2), idiopathic hypersomnia (IH), nonorganic 

hypersomnia (NOH), insufficient sleep syndrome (ISS), fatigue syndromes (FS), and sleep apnoea 

(SA). Multiple Sleep Latency Test (MSLT), Maintenance of Wakefulness Test (MWT), Epworth 

Sleepiness Scale (ESS), Polysomnography (PSG), Actigraphy (ACT), Steer Clear Test (SCT), 

Psychomotor Vigilance Test (PVT), Pupillary Unrest Index (PUI), and Apnoea-Hypopnoea Index in 

polysomnography (AHI). 
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Table 1: Overview of sleep and vigilance tests and the related parameters relevant to this study 

Test Description Aim Parameter [unit; range] 

Multiple sleep 

latency test 
(MSLT) 

exposure to a sleep-promoting condition and 

allowing sleep to occur (4-5 trials spread over one 
day, determination of the (mean) sleep latency) 

assess sleep propensity  
sleep latency (SLAT) [min; 0 
- 20] 

Maintenance of 
wakefulness test 

(MWT) 

exposure to a sleep-promoting condition with the 

instruction to maintain wakefulness (4-5 trials spread 
over one day, determination of the (mean) sleep 
latency) 

assess the ability to stay 
awake 

sleep latency (WLAT) [min; 
0 - 40] 

Epworth 
sleepiness scale 
(ESS) 

8-item questionnaire (Likert-scale, 0-3 points) to 
determine the likelihood of falling asleep in specific 
situations 

quantify excessive daytime 

sleepiness 

sleepiness score (ESS) 

[score; 0 - 24] 

Steer clear test 
(SCT) 

virtual steering test (possibility to switch between 
two lanes), instruction not to hit any obstacle ahead 

representing a 'go/no-go' paradigm  

vigilance measurement 
error rate (SCTer)  
[%, 0 - 100] 

Psychomotor 

vigilance test 

(PVT) 

visual stimuli prompting a motor reaction vigilance measurement 
reaction time (PVTrt) [ms; 
≥ 0] 

Polysomnography 
(PSG) 

sleep monitoring based on biophysiological signals 
(e.g. electroencephalogram and breathing)  

measurement of all aspects 
of sleep (e.g. duration or 
quality) 

sleep efficiency (PSE) 
[fraction; 0 - 1] 

apnoea-hypopnoea index 
(AHI)  

[events/h; ≥ 0] 

Pupillography 
(PUP) 

pupil recording (i.e. pupillary size and derived 
functions) in a sleep-promoting environment  

measure sleepiness based 
on autonomous nervous 

system functions 

pupillary unrest index (PUI) 
[mm/min; ≥ 0] 

Wrist actigraphy 
(ACT) 

determination of physical activity by sensors on the 
wrist measuring acceleration, recording of multiple 

24h epochs (mostly 1-2 weeks) 

assess sleep-wake pattern 
inactivity index (ACTI) [%, 0 
- 100] 
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Table 2a: Demographics (dataset A) 

 Overall (%) NT1 (%) NT2 (%) IH (%) NOH (%) ISS (%) FS (%) SA (%) 

N (%) 1352 (100) 106 (7.8) 90 (6.7) 119 (8.8) 192 (14.2) 205 (15.2) 183 (13.5) 457 (33.8) 

Sex female (%) 598 (44.2) 50 (47.1) 39 (43.3) 72 (60.5) 119 (62.0) 81 (39.5) 115 (62.8) 122 (26.7) 

Age mean [SD] 40 [16] 38 [17] 31 [15] 27 [10] 36 [13] 36 [13] 37 [14] 51 [14] 

Secondary Diagnosis 

none 611 (45.2) 66 (62.3) 41 (45.6) 49 (41.2) 73 (38) 66 (32.2) 106 (57.9) 210 (46) 

HYG 174 (12.9) - 4 (4.4) 9 (7.6) 23 (12) 27 (13.2) 43 (23.5) 68 (14.9) 

SA 117 (8.7) 23 (21.7) 14 (15.6) 6 (5) 27 (14.1) 47 (22.9) - - 

SRMD 115 (8.5) 10 (9.5) 8 (8.9) 3 (2.5) 8 (4.2) 9 (4.4) 9 (4.9) 68 (14.9) 

EDSU 99 (7.3) - 9 (10) 14 (11.8) 23 (12) 38 (18.5) - 15 (3.3) 

Insomnia 57 (4.2) - 1 (1.1) 1 (0.8) 8 (4.2) - 17 (9.3) 30 (6.6) 

Parasomnias 45 (3.3) 6 (5.6) 4 (4.4) 7 (6.3) 3 (1.5) 2 (1) 2 (1.1) 21 (4.6) 

FS 44 (3.3) - - 1 (0.8) 11 (5.7) 4 (2) - 28 (6.1) 

ISS 38 (2.8) 1 (0.9) 3 (3.3) 12 (10.1) 12 (6.2) - 2 (1.1) 8 (1.8) 

NOH 30 (2.2) - 5 (5.5) 17 (14.3) - 2 (1) 2 (1.1) 4 (0.9) 

IH 16 (1.2) - 1 (1.1) - 3 (1.6) 5 (2.4) 2 (1.1) 5 (1.1) 

NT2 6 (0.4) - - - 1 (0.5) 5 (2.4) - - 

Tertiary Diagnosis 

none 1126 (83.3) 104 (98.1) 75 (83.7) 98 (82.4) 158 (82.3) 170 (82.9) 163 (89.1) 358 (78.3) 

HYG 49 (3.6) - 3 (3.3) 8 (6.7) 8 (4.2) 14 (6.8) 4 (2.2) 12 (2.6) 

SRMD 23 (1.7) - 2 (2.2) - 3 (1.6) 4 (2) - 14 (3.1) 

Insomnia 19 (1.4) - - - 6 (3.1) 2 (1) 5 (2.7) 6 (1.3) 

EDSU 14 (1) - 3 (3.3) 4 (3.4) 1 (0.5) 3 (1.5) - 3 (0.7) 

Parasomnias 8 (0.6) 1 (0.9) - 2 (1.7) 1 (0.5) 2 (1) - 2 (0.4) 

ISS 5 (0.4) - 3 (3.3) 1 (0.8) 1 (0.5) - - - 

SA 2 (0.15) - 1 (1.1) - - 1 (0.5) - - 

FS 1 (0.05) - - - 1 (0.5) - - - 

Non-sleep related 

Parkinson 

Syndrome 
47 (3.5) - - 1 (0.8) - 2 (1) 1 (0.5) 43 (9.4) 

Depression 41 (3.0) - 2 (2.2) 5 (4.2) 12 (6.3) 3 (1.5) 7 (3.8) 12 (2.6) 

Epilepsy 15 (1.1) - 1 (1.1) - 1 (0.5) 4 (2) 2 (1.1) 7 (1.5) 

Multiple Sclerosis 2 (0.15) 1 (0.9) - - - - 1 (0.5) - 
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Table 2b: Demographics (dataset B) 

 Overall (%) NT1 (%) NT2 (%) IH (%) NOH (%) ISS (%) FS (%) SA (%) 

N (%) 1101 (100) 82 (7.5) 67 (6.0) 83 (7.5) 138 (12.5) 142 (13.0) 177 (16.0) 412 (37.5) 

Sex female (%) 504 (45.8) 46 (56.1) 29 (43.3) 54 (65.1) 90 (65.2) 64 (45.1) 113 (63.8) 108 (26.2) 

Age mean [SD] 40 [16] 35 [16] 30 [14] 26 [10] 35 [13] 34 [14] 37 [14] 52 [14] 

Secondary Diagnosis 

none 611 (55.5) 66 (80.5) 41 (61.2) 49 (59.0) 73 (52.9) 66 (46.5) 106 (59.9) 210 (51.0) 

HYG 174 (15.8) - 4 (6.0) 9 (10.8) 23 (16.7) 27 (19.0) 43 (24.3) 68 (16.5) 

SRMD 115 (10.4) 10 (12.2) 8 (12.0) 3 (3.6) 8 (5.8) 9 (6.3) 9 (5.1) 68 (16.5) 

EDSU 99 (9.0) - 9 (13.4) 14 (16.9) 23 (16.7) 38 (26.8) - 15 (3.6) 

Insomnia 57 (5.2) - 1 (1.5) 1 (1.2) 8 (5.8) - 17 (9.6) 30 (7.3) 

Parasomnias 45 (4.1) 6 (7.4) 4 (6.0) 7 (8.4) 3 (2.1) 2 (1.4) 2 (1.1) 21 (5.1) 

 

Abbreviations: Narcolepsy with (NT1) and without cataplexy (NT2), idiopathic hypersomnia (IH), nonorganic hypersomnia (NOH), 

insufficient sleep syndrome (ISS), fatigue syndromes (FS), sleep apnoea (SA), poor sleep hygiene (HYG), sleep-related movement disorders 

(SRMD), excessive daytime sleepiness of unknown origin (EDSU). 
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Table 3: Descriptive statistics (dataset B) 

  Overall NT1 NT2 IH 

Parameter [unit] N Median IQR N Median IQR N Median IQR N Median IQR 

SLAT [min] 1101 6.9 6.5 82 2.5 2.8 67 3.9 3.8 83 6.8 4.8 

WLAT [min] 751 29.6 23.6 38 9.9 12.1 38 10.9 10.7 53 27.6 20.1 

ESS [score] 1053 12 7 78 17 5.25 63 16 6 82 13 6 

SCTer [%] 1018 4 6.8 76 6.5 15.3 63 5 9.6 77 2 5 

PVTrt [ms] 642 288 107 27 325 578 31 312 347 48 268 79 

PSE [fraction] 1048 0.91 0.14 75 0.89 0.13 60 0.93 0.09 78 0.95 0.06 

PUI [mm/min] 895 7.2 5.3 58 10.3 6.9 54 9.6 6.4 74 9.1 6.4 

ACTI [%] 835 34 8 51 33 6.8 51 32.9 9.3 66 35 8 

AHI [events/h] 1048 4.8 14.9 74 1.8 4.7 60 1.5 2.7 78 1.3 2 
  

 NOH ISS FS SA 

Parameter [unit] N Median IQR N Median IQR N Median IQR N Median IQR 

SLAT [min] 138 6.7 4.8 142 5.7 4.6 177 12.1 5.1 412 6.5 5.9 

WLAT [min] 106 28.7 18.9 99 32 17.25 116 39.5 12.4 301 30.4 23.6 

ESS [score] 136 13 6 138 12 6.25 171 10 8 385 12 7 

SCTer [%] 129 4 6 130 3 4.25 167 3 5 376 4 7 

PVTrt [ms] 90 308 139 81 270 68 111 271 63 254 302 109 

PSE [fraction] 124 0.93 0.13 136 0.93 0.08 164 0.89 0.14 411 0.86 0.17 

PUI [mm/min] 116 7.2 4.8 117 7.2 5.2 153 6 4.6 323 6.5 4.6 

ACTI [%] 110 34.7 6.9 112 33.5 7.2 136 36.6 8.9 309 33 8.6 

AHI [events/h] 125 1.5 2.8 135 2.1 3.3 164 2.1 3 412 20 23.2 

 

Abbreviations: Interquartile range (IQR), Narcolepsy with (NT1) and without cataplexy (NT2), idiopathic hypersomnia (IH), nonorganic 

hypersomnia (NOH), insufficient sleep syndrome (ISS), fatigue syndromes (FS), sleep apnoea (SA). Sleep latency in Multiple Sleep Latency 

Test (SLAT), sleep latency in Maintenance of Wakefulness Test (WLAT), Epworth Sleepiness Scale (ESS), sleep efficiency in 

Polysomnography (PSE), Actigraphy inactivity index (ACTI), Steer Clear Test error rate (SCTer), Psychomotor Vigilance Test reaction 

time (PVTrt), Pupillary Unrest Index (PUI), Apnoea-Hypopnoea Index in polysomnography (AHI). 
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Table 4: Best discriminating SVT and cut-off values (dataset B) 

Comparison 1st Cut-off Sens Spec 2nd Cut-off Sens Spec 3rd Cut-off Sens Spec 

NT1 

NT2 -       -       -       

IH SLAT < 4.1 0.70 0.72 WLAT < 19.5 0.81 0.70 SCTer > 3.5 0.70 0.64 

NOH SLAT < 4.6 0.89 0.79 WLAT < 17.6 0.81 0.78 ESS > 15.5 0.62 0.72 

ISS WLAT < 17.6 0.81 0.79 SLAT < 3.6 0.76 0.79 ESS > 14.5 0.68 0.71 

FS SLAT < 6.4 0.95 0.97 WLAT < 22.6 0.84 0.90 ESS > 13.5 0.76 0.76 

SA AHI < 7.6 0.87 0.95 SLAT < 3.9 0.70 0.81 ESS > 13.5 0.79 0.66 

NT2 

NT1 -       -       -       

IH WLAT < 19.5 0.81 0.70 SLAT < 4.1 0.70 0.72 SCTer > 3.5 0.70 0.64 

NOH WLAT < 19.1 0.77 0.79 SLAT < 4.7 0.77 0.78 PUI > 8.8 0.71 0.69 

ISS WLAT < 20.7 0.86 0.75 SCTer > 3.5 0.69 0.60 ESS > 14.5 0.60 0.70 

FS SLAT < 7.2 0.94 0.94 WLAT < 21.2 0.89 0.92 ESS > 11.5 0.78 0.63 

SA AHI < 6.0 0.97 1.00 WLAT < 17.9 0.80 0.74 ESS > 14.5 0.60 0.73 

IH 

NT1 SLAT > 4.1 0.72 0.70 WLAT > 19.5 0.70 0.81 SCTer < 3.5 0.64 0.70 

NT2 WLAT > 19.5 0.70 0.81 SLAT > 4.1 0.72 0.70 SCTer < 3.5 0.64 0.70 

NOH PSE > 0.94 0.64 0.59 SCTer < 3.0 0.63 0.56 -     

ISS -     -     -     

FS SLAT < 8.9 0.83 0.80 PSE > 0.93 0.73 0.63 WLAT < 30.7 0.62 0.71 

SA AHI < 6.7 0.96 0.98 PSE > 0.92 0.76 0.66 PUI > 8.6 0.59 0.70 

NOH 

NT1 SLAT > 4.6 0.79 0.89 WLAT > 17.6 0.78 0.81 ESS < 15.5 0.72 0.62 

NT2 WLAT > 19.1 0.79 0.77 SLAT > 4.7 0.78 0.77 PUI < 8.8 0.69 0.71 

IH PSE < 0.94 0.59 0.64 SCTer > 3.0 0.56 0.63 -     

ISS PVTrt > 284 0.63 0.65 SCTer > 3.5 0.57 0.69 -     

FS SLAT < 9.4 0.75 0.76 WLAT < 32.3 0.65 0.64 ESS > 11.5 0.62 0.63 

SA AHI < 7.1 0.96 0.98 PSE > 0.9 0.59 0.62 -       

ISS 

NT1 WLAT > 17.6 0.79 0.81 SLAT > 3.6 0.79 0.76 ESS < 14.5 0.71 0.68 

NT2 WLAT > 20.7 0.75 0.86 SCTer < 3.5 0.60 0.69 ESS < 14.5 0.70 0.60 

IH -     -     -     

NOH PVTrt < 284 0.65 0.63 SCTer < 3.5 0.69 0.57 -     

FS SLAT < 8.0 0.78 0.99 ACTI < 35.0 0.68 0.60 WLAT < 35.4 0.67 0.54 

SA AHI < 7.0 0.96 0.97 PSE > 0.92 0.75 0.67 PVTrt > 282 0.62 0.60 

FS 

NT1 SLAT > 6.4 0.97 0.95 WLAT > 22.6 0.90 0.84 ESS < 13.5 0.76 0.76 

NT2 SLAT > 7.2 0.94 0.94 WLAT > 21.2 0.92 0.89 ESS < 11.5 0.63 0.78 

IH SLAT > 8.9 0.80 0.83 PSE < 0.93 0.63 0.73 WLAT > 30.7 0.71 0.62 

NOH SLAT > 9.4 0.76 0.75 WLAT > 32.3 0.64 0.65 ESS < 11.5 0.63 0.62 

ISS SLAT > 8.0 0.99 0.78 ACTI > 35.0 0.60 0.68 WLAT > 35.4 0.54 0.67 

SA AHI < 7.3 0.93 0.96 SLAT > 10.0 0.73 0.74 ACTI > 35.1 0.61 0.63 

SA 

NT1 AHI > 7.6 0.95 0.87 SLAT > 3.9 0.81 0.70 ESS < 13.5 0.66 0.79 

NT2 AHI > 6.0 0.99 0.97 WLAT > 17.9 0.74 0.80 ESS < 14.5 0.73 0.60 

IH AHI > 6.7 0.98 0.96 PSE < 0.92 0.66 0.76 PUI < 8.6 0.70 0.59 

NOH AHI > 7.1 0.98 0.96 PSE < 0.9 0.62 0.59 -     

ISS AHI > 7.0 0.97 0.96 PSE < 0.92 0.67 0.75 PVTrt < 282 0.60 0.62 

FS AHI > 7.3 0.96 0.93 SLAT < 10.0 0.74 0.73 ACTI < 35.1 0.63 0.61 

 

Abbreviations and units: Sensitivity (Sens), Specificity (Spec), Narcolepsy with (NT1) and without cataplexy (NT2), idiopathic hypersomnia 
(IH), nonorganic hypersomnia (NOH), insufficient sleep syndrome (ISS), fatigue syndromes (FS), sleep apnoea (SA). Sleep latency in 

Multiple Sleep Latency Test [min] (SLAT), sleep latency in Maintenance of Wakefulness Test [min] (WLAT), Epworth Sleepiness Scale 
[score; 0 – 24] (ESS), sleep efficiency in Polysomnography [fraction; 0 – 1] (PSE), Actigraphy inactivity index [%] (ACTI), Steer Clear Test 
error rate [%] (SCTer), Psychomotor Vigilance Test reaction time [ms] (PVTrt), Pupillary Unrest Index [mm/min] (PUI), Apnoea-

Hypopnoea Index in polysomnography [events/hour] (AHI). 
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Table 5: Classification performance (dataset C) 

 Predicted (SA included) 

Observed NT1 NT2 IH NOH ISS FS SA Correct 

NT1 44 8 3 7 12 2 6 53.7% 

NT2 19 17 3 12 11 4 1 25.4% 

IH 3 6 16 10 28 17 3 19.3% 

NOH 6 4 13 42 40 26 7 30.4% 

ISS 12 5 10 12 76 19 8 53.5% 

FS 0 0 6 16 17 126 12 71.2% 

SA 4 1 0 1 7 9 390 94.7% 

Overall 8.0% 3.7% 4.6% 9.1% 17.3% 18.4% 38.8% 64.6% 

  

 Predicted (SA excluded) 

Observed NT1 NT2 IH NOH ISS FS SA Correct 

NT1 51 5 6 7 11 2 - 62.2% 

NT2 22 16 2 9 15 3 - 23.9% 

IH 1 7 16 10 31 18 - 19.3% 

NOH 8 3 12 43 41 31 - 31.2% 

ISS 12 4 13 12 77 24 - 54.2% 

FS 0 0 4 18 17 138 - 78.0% 

Overall 13.6% 5.1% 7.7% 14.4% 27.9% 31.3% - 49.5% 
 

Abbreviations: Narcolepsy with (NT1) and without cataplexy (NT2), idiopathic hypersomnia (IH), nonorganic hypersomnia (NOH), 

insufficient sleep syndrome (ISS), fatigue syndromes (FS), sleep apnoea (SA). 
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Figure 1 
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Figure 2 
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Figure 3 
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