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SUMMARY



The aim of the investigations was to explore the nature and the severity of cognitive deﬁcits in narcolepsy patients. In two studies, narcolepsy patients were compared with matched control subjects on a range of attention, memory and executive control tasks. Impairments were only observed on attention and executive function tasks which involved higher demands on inhibition or task management abilities whereas relatively routine memory and attention tasks yielded intact performance in narcolepsy patients. The overall pattern of results indicates an executive control deﬁcit in narcolepsy which might be related to a reduction of available cognitive processing resources because of the need for continuous allocation of resources to monitoring and maintenance of vigilance. keywords
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INTRODUCTION Narcolepsy is a sleep disorder which was ﬁrst described by Gelineau in 1880. It is characterized by excessive daytime sleepiness, cataplectic attacks and rapid eye movement (REM) sleep phenomena, such as sleep paralysis and hypnagogic hallucinations (American Academy of Sleep Medicine, 2005). The prevalence varies between 2 and 16 in 10 000 cases (Hublin et al., 1994; Partinen and Hublin, 2000). Although the pathophysiological mechanisms in narcolepsy remain to be fully uncovered, multiple neurotransmitter abnormalities have been reported, aﬀecting the noradrenaline, serotonin, dopamine and acetylcholine systems (Nishino and Mignot, 1997). Recent research has focused on dysfunction of the hypocretin (or orexin) system which may, at least in part, underlie the syndrome of human narcolepsy (Peyron et al., 2000; Thannickal et al., 2000). The system entails two peptides, hypocretin 1 (orexin A) and hypocretin 2 (orexin B) synthesized by a small number of neurones in the lateral hypothalamus and perifornical area. Hypocretin axons are found throughout the brain, with dense projections to the monoaminergic and cholinergic systems in the locus coeruleus, raphe nuclei and basal forebrain regions. These ﬁndings have led to the hypothesis that dysfunction of the hypocretin innervation of the monoaminergic and cholinergic nuclei of the brainstem Correspondence: Irene Daum, Department of Neuropsychology, Institute of Cognitive Neuroscience, Ruhr-University of Bochum, 44780 Bochum, Germany. Tel.: +49-(0)-234-32-22674; fax: +49-(0)-234-3214622; e-mail: [email protected] Ó 2006 European Sleep Research Society



may be responsible for the characteristic narcolepsy symptoms (Thannickal et al., 2000). While dysfunctions of the hypocretin system have been observed in narcolepsy patients (Peyron et al., 2000; Thannickal et al., 2000), it should be noted, however, that a morphometry study failed to show structural changes in the brains of narcolepsy patients (Overeem et al., 2003). Given the well documented involvement of monoaminergic and cholinergic neurotransmitter systems in a wide range of cognitive processes (Coull, 1998), cognitive impairments might accompany the sleep symptoms in narcolepsy (see Naumann and Daum, 2003). Early case reports described concentration problems and forgetfulness, independent of the degree of sleepiness (Ganado, 1958). In later surveys of large samples, up to 40–50% of narcolepsy patients complained of memory problems (e.g. Broughton et al., 1981; Smith et al., 1992). Concentration and learning diﬃculties were also reported by a signiﬁcant proportion of narcolepsy suﬀerers (Smith et al., 1992). In contrast to self-report ﬁndings, standardized neuropsychological assessment of memory abilities mostly yielded intact short- and long-term memory in narcoleptics (e.g. Aguirre et al., 1985; Rogers and Rosenberg, 1990; Smith et al., 1992). Mild verbal memory problems observed in one study were attributed to deﬁcient perceptual encoding (Henry et al., 1993). Antinarcoleptic medication generally did not aﬀect memory performance (Aguirre et al., 1985; Henry et al., 1993). Taken together, mild memory deﬁcits in narcoleptic patients have only been observed in a few studies which used very
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diﬀerent tasks (see Fulda and Schulz, 2001). There is as yet little empirical evidence for a genuine memory deﬁcit in narcolepsy, and factors such as aﬀective changes and psychosocial adjustment diﬃculties might inﬂuence the subjective complaints of memory deterioration (see Hood and Bruck, 1997). Not surprisingly, assessment of attention yielded deﬁcits in vigilance and sustaining attention as well as high ﬂuctuations of alertness in narcolepsy, in particular during long and repetitive tasks (e.g. Godbout and Montaplaisir, 1986; Mitler et al., 1982; Valley and Broughton, 1981; see Fulda and Schulz, 2001). Performance on briefer, more challenging tasks was intact in most cases (Rogers and Rosenberg, 1990; Valley and Broughton, 1981) and deﬁcits have only rarely been observed (Rieger et al., 2003). It is possible that altered sleep regulation mechanisms aﬀect the ability to sustain attention at a high level over longer periods of time and they thereby interfere not only with attention, but also with memory or executive functions (see Naumann and Daum, 2003). Attentional control mechanisms in narcolepsy are not fully understood. A recent study using event-related potentials provided evidence of changes in both preattentive auditory processing and selective attention in narcolepsy suﬀerers, possibly related to functional changes in the prefrontal cortex (PFC) (Naumann et al., 2001). Executive functions, the cognitive domain most tightly linked to the PFC, have rarely been studied in narcolepsy. The term executive function describes superordinate cognitive control mechanisms which involve a range of subcomponents, such as inhibition, set-shifting, multitasking, planning and working memory (Smith and Jonides, 1999). With one exception (Henry et al., 1993), performance on tasks thought to reﬂect working memory was unimpaired in narcolepsy, as were verbal ﬂuency and reasoning (e.g. Aguirre et al., 1985; Rogers and Rosenberg, 1990). The small number of studies and the small sample sizes as well as the diﬀerences in the approaches to tap executive control do not allow a clear picture of the executive function proﬁle in narcolepsy. Taken together, the evidence for cognitive dysfunction in narcolepsy is sparse and the results are often contradictory (Hood and Bruck, 1996; Naumann and Daum, 2003). To arrive at a more comprehensive picture of cognitive function in narcolepsy patients, two studies were carried out based on the assessment of a range of attentional abilities, memory and executive function. STUDY 1: ATTENTION DYSFUNCTION IN NARCOLEPSY The ﬁrst study aimed to characterize the pattern of spared and impaired attentional abilities of narcolepsy patients across a range of attention system subcomponents, i.e. alertness, selective attention, divided attention and concentration. A working memory task with high demands on the ability to continuously maintain selective attention was also included. Given the signiﬁcant involvement of monoaminergic and



cholinergic neurotransmitter systems in the control of attention (see Coull, 1998), narcolepsy patients were expected to show attention impairments.



Methods Subjects Fifteen patients suﬀering from narcolepsy and 15 healthy control subjects participated in this study. All patients suﬀered from uncontrollable sleep attacks and cataplectic attacks. As revealed by polysomnographic recordings, all patients had characteristic sleep onset REM periods (SOREMP). To enter the study, patients sleep onset latency (SOL) had to be shorter than 10 min and the SOREMP had to be shorter than 15 min. Mean disease duration was 19.1 years (SD ¼ 14.5). Eleven patients were on medication for the treatment of narcolepsy, such as Ritalin or Vigil. To assess patients at their optimal level of functioning and to avoid withdrawal symptoms, patients were tested while on appropriate medication. There were no signiﬁcant diﬀerences between medicated and unmedicated patients in any of the cognitive variables assessed. Healthy control subjects were recruited by advertisements and selected to match the narcolepsy patients on age, sex and general intellectual abilities as assessed by a short German version of the WAIS (Dahl, 1972). None of the control subjects were taking medication or had a history of neurological or psychiatric illness. All subjects were right-handed. There were six men and nine women in each group. Mean age was 38.3 years, SD ¼ 15.9) in the narcolepsy and 38.8 years (SD ¼ 16.2) in the control group. Mean IQ estimate was 110.7 (SD ¼ 8.4) in the narcolepsy and 112.4 (SD ¼ 9.5) in the control group. The two groups did not diﬀer on either variable (both P > 0.6). The study was approved by the local Ethics Committee. Subjective arousal ratings To assess the potential eﬀect of drowsiness, a German version of the Stanford Sleepiness Scale (Hoddes et al., 1973) was administered before cognitive testing. Present-state aﬀect and arousal were registered using visual analogue scales (Bond and Lader, 1974). Subjects were required to evaluate their current mood by marking positions on each of 16 continuous 100 mm scales. The endpoints of these scales are formed by pairs of opposing adjectives such as happy-sad or alert-tired. The distance between the marked position and the positive endpoint is determined and the mean of all 16 ratings is calculated. Assessment of attention Attention spans The digit span tests from the Wechsler Memory Scale-Revised (Wechsler, 1987) were administered according to a standard Ó 2006 European Sleep Research Society, J. Sleep Res., 15, 329–338



Cognitive deﬁcits in narcolepsy protocol (Wechsler, 1987), including both forward and backward reproduction of number sequences. Alertness Tonic and phasic alertness were assessed with a simple and a forewarned reaction time (RT) task, respectively (see Zimmermann and Fimm, 1993). In the simple RT part, subjects have to press a key to the appearance of a visual target (a cross) on the centre of a computer screen. In the forewarned RT part, the visual target is preceded by a tone. Sustained attention/concentration The Ôd2Õ attention test (Brickenkamp, 1981) taps the ability to continuously sustain selective attention across 4–5 min. Subjects are asked to mark all targets (i.e. the letter ÔdÕ accompanied by two short lines) in 14 lines among diﬀerent distractors as fast and accurately as possible. The subject is given 20 s to scan each line and mark the target letters. Divided attention This test entails visual and acoustic subtasks which have to be performed in parallel (Zimmermann and Fimm, 1993). In the visual task, a response key has to be pressed if four crosses appearing at random positions on a screen form a square. In the acoustic subtask, the response key has to be pressed if a deviation in a regular sequence of high and deep tones occurs. Working memory Working memory was screened with a two-back procedure, which taps both selective attention and the ability to maintain alertness. In this task, subjects have to press a response key as fast as possible, when a digit appearing on the computer screen is identical to the penultimate digit (for details see Zimmermann and Fimm, 1993). Incompatibility The incompatibility test used in this study assesses the ability to focus attention and to suppress task-irrelevant stimuli. It therefore also taps susceptibility to interference. In random order, arrows are presented on the left or the right side of a ﬁxation point on a screen. Subjects are instructed to press a left or right response key, depending on the direction of the arrowhead, ignoring the spatial location of the arrow (i.e. left or right of the ﬁxation point).



After subjects had signed informed consent forms, mood ratings were taken. Then the Stanford Sleepiness Scale was completed by the subjects and neuropsychological assessment started.



Results Subjective ratings The mean scores for the Stanford Sleepiness Scale were 1.9 (SD ¼ 0.9) in the narcolepsy group and 1.8 (SD ¼ 0.8) in the control group. The mean aﬀect-arousal score was 26.9 (SD ¼ 12.5) in the narcolepsy group and 22.2 (SD ¼ 11.9) in the control group. These group diﬀerences were not signiﬁcant (both P > 0.28). Attention spans, alertness and sustained attention The results for the attention spans and a range of other attention variables are presented in Table 1. Narcoleptics and controls did not diﬀer signiﬁcantly on forward or backward reproduction of digit sequences (both P > 0.35). Analysis of the alertness task by anova with Condition and Group as factors did not yield any signiﬁcant eﬀects involving the Group factor (both P > 0.29). On the concentration task, the narcolepsy patients processed fewer items than the controls within the given time limit (t ¼ 2.55, P ¼ 0.02), while there was no signiﬁcant group diﬀerence for error rates (t ¼ 1.66, P ¼ 0.11). Divided attention The narcolepsy patients did not diﬀer from controls on the number of hits and errors in the divided attention task [mean hits: 29.6 (SD ¼ 1.6) for narcolepsy patients and 30.0 (SD ¼ 1.7) for controls; mean error rates: 1.3 (SD ¼ 1.2) for narcolepsy patients and 0.9 (SD ¼ 1.1) for controls; all P > 0.44]. Narcolepsy patients were, however, signiﬁcantly slower than controls in detecting the targets (t ¼ 2.67, P ¼ 0.014). The mean RTs are illustrated in Fig. 1.



Table 1 Results for attention spans, alertness and sustained attention (mean and SD)



Procedure Patients and control subjects were tested at the Institute of Cognitive Neuroscience at the Ruhr-University Bochum. All cognitive tests were administered in one session. Patients were asked to choose the time of day at which they felt at their optimal functional level, and assessment was scheduled accordingly. There were no systematic variations of assessment time of day between the patient and control groups. Sessions lasted approximately 1.5 h. After about 45 min there was a 10min break. The order of tests was the same for all participants. Ó 2006 European Sleep Research Society, J. Sleep Res., 15, 329–338
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Digit spans Forward reproduction Backward reproduction Concentration (d2 test) Stimuli processed Errors Alertness Simple RT Forewarned RT



Narcolepsy



Controls



P



6.5 ± 1.3 4.9 ± 1.3



6.5 ± 0.9 5.4 ± 1.3



n.s. n.s.



427.3 ± 62.5 2.4 ± 2.07



493.9 ± 79.28 3.6 ± 2.06



0.02 n.s.



243.6 (38.8) 227.7 (31.9)



231.7 (32.3) 217.6 (25.4)



n.s. n.s.



RT, reaction time; n.s., not signiﬁcant.
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Figure 2. Reaction times for compatible and incompatible trials (mean and SD).
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Summary of results Figure 1. Reaction times for the divided attention and working memory tasks (mean and SD). *P 0.7). Subjective arousal ratings Present-state sleepiness, arousal and aﬀect were assessed by means of the Stanford Sleepiness Scale and a mood rating scale (see Study 1). Memory Verbal memory Verbal memory was assessed by immediate and delayed free recall (after 30 min) of a prose passage from the Wechsler Memory Scale (Wechsler, 1981). Verbal recall was assessed further by three diﬀerently structured 16-item word lists matched for word length and frequency (Channon et al., 1989). The random (RR) list is made up of 16 unrelated items. The consecutive categories (CC) list contains four items of four superordinate categories (vegetables, metals, etc.) presented in order of category membership, i.e. semantic organization is provided. In the RC list, four members of four diﬀerent categories are presented in random order, and self-generated organizational strategies are therefore required. Free recall was assessed immediately after presentation and after a 30-min delay. List order was random, but counterbalanced in each group. Visual memory Visual recall was examined by the Benton Revised Visual Retention Test (Form C, Benton, 1955). The test entails 10 geometrical patterns, each being made up by one or more ﬁgures. Each pattern is presented for 10 s, and immediately Ó 2006 European Sleep Research Society, J. Sleep Res., 15, 329–338
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after presentation, subjects are asked to draw the ﬁgures from memory. Executive function Hayling Sentence Completion Test A German version of the Hayling Sentence Completion Test (HSCT; Burgess and Shallice, 1996, 1997) was administered to assess the capacity to suppress a habitual response. The HSCT was developed to examine both initiation and inhibition processes. Thirty sentences are presented, with the last word (a high probability ending) omitted. In the ﬁrst 15-item part of the test (A), which addresses initiation, sentences are read and subjects have to complete the sentence with the obvious ending. In the 15-item part B which addresses response suppression, subjects are asked to complete the sentence with an unrelated word. Two error categories are assessed in part B: high probability completions and semantically related completions/ missing responses. Four test scores are derived. The ﬁrst two scores are based on RTs in subtests A and B, the third score (C) is based on the number of errors in subtest B. All measures are transformed into scaled scores, which range from 1 to 7 (for score A) and 1 to 8 (scores B and C) respectively. The total score is based on a combination of these three scores and ranges from 1 to 10. In all cases, high scores indicate better performance. Verbal ﬂuency A verbal ﬂuency test involving rule-guided search and retrieval strategies required subjects to generate as many exemplars as possible from diﬀerent categories (semantic: country names; phonemic; nouns beginning with the letter B; alternation: male ﬁrst names and vegetables) within a time limit of 1 min each (see Daum et al., 1996). Procedure The testing procedure for Study 2 was similar to the procedure in Study 1. Testing sessions took place at the time of subjective best performance. After signing informed consent forms, subjects completed sleepiness and present-state mood ratings, before neuropsychological assessment started. On average, the testing session took 1.5 h, divided by a 10-min break. For those patients who participated in both studies, the two testing sessions were separated by several days.



Results Subjective arousal ratings The mean scores for the Stanford Sleepiness Scale were 1.9 (SD ¼ 0.9) in the narcolepsy and 1.7 (SD ¼ 0.7) in the control group; this diﬀerence was not signiﬁcant (P ¼ 0.46). There was, however, a signiﬁcant diﬀerence on the aﬀect-arousal scale (t ¼ 2.39, P ¼ 0.02), with a mean score of 29.3 (SD ¼ 11.9) in the narcolepsy patients and 20.9 (SD ¼ 10.8)
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Figure 3. Number of correctly recalled items for immediate and delayed recall of a prose passage (mean and SD). *P 
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