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PREFACE 
 
 
 

In October 1999 I started with the insomnia project. At that time we 
–Sander van Eekelen, Pieter-Bas Schutte and myself– were conducting a 
study on the relationship between sleep stages/cycles and autonomous 
cardiac control, under the supervision of  prof. dr. Gerard Kerkhof. Gerard 
told me he was working on a proposal for the insomnia project and I was 
immediately interested. An exciting aspect of the project was that I would be 
working together with a number of institutes, i.e. the University of 
Amsterdam, the Centre for Sleep and Wake Disorders in the Hague, Leiden 
University, and the Institute for Public Health, Environment and Nature 
(RIVM). Moreover, the project would be part of the ‘Fatigue at Work’ 
program of the Netherlands Organisation for Scientific Research. This 
program included fundamental and applied research approaches from 
several academic disciplines. Thus, the insomnia project would be embedded 
in a larger framework. It was a challenge I eagerly accepted. At the present, I 
can say that working on an intersection of disciplines was an exciting 
experience and enabled me to learn how to apply both laboratory and field 
assessments in a clinical population.  

The problem with insomnia is that everyone has had some past 
experience with poor sleep. As a result, people can relate to chronic 
insomnia, but only to some extent. And that is the very reason why chronic 
insomniacs are so often misunderstood. As the sleep problems of most people 
dissolve after some time, the sleep problems of chronic insomniacs remain, or 
will even get worse. Thus, a large number of insomniacs not only have to 
struggle with their sleep problems (and its daytime consequences), but also 
with poor understanding of others. Hopefully, this dissertation will contribute 
in making people more aware of the characteristics of chronic insomnia 
–especially health care professionals–, and will eventually lead to improved 
treatment. 
 
 

 
Michel Varkevisser 

April 2005   
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“This was my situation: the heat consumed me in the daytime and the 

cold at night, and sleep fled from my eyes.” 
 

Jacob 
Genesis 31: 40 
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CHAPTER 1 
 

Primary Characteristics in Chronic 
Insomnia: exploring the ‘facts’ 
 
 
 

CASE REPORT 
 
 
Patient W. Dormer, a middle-aged man, has recently experienced a highly 
stressful period in his life due to problems at work. Unable to cope with the 
stress he has started to experience trouble in falling asleep. He reported to his 
primary physician that while he is wide-awake in bed, the stressful events 
seem to play on and on in front of him like a movie he is forced to watch. 
Closing his eyes the movie keeps on playing. He then desperately tries to fall 
asleep, but the harder he tries, the tenser he gets. After finally falling asleep, 
patient Dormer wakes up several times during the night with the idea he has 
not slept at all. Upon awakening in the morning, he feels unrefreshed and 
distressed, and he knows what the consequences will be on his work: fatigue, 
lack of concentration, a negative mood and poor efficiency. At the end of the 
day he feels exhausted, and around bedtime he desperately wants to catch up 
some sleep. Thus, Dormer tries even harder to fall asleep, but in vain. And 
while he is wide-awake in bed, the same movie starts playing again. His chief 
concern during the day has become the desire to get a good night’s sleep. 
However, because he is unable to predict whether he will actually sleep well 
in the forthcoming night, an occasional good night does not really reduce the 
experienced sleep problems. Feelings of depression have emerged the last 
couple of days. Sleep medication seems to have some positive effect on sleep 
quality, however, without reducing the feelings of excessive fatigue. The 
primary physician decided to refer Mister Dormer to a specialized centre for 
sleep and wake disorders for further treatment. 
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INTRODUCTION 
 
 
 Chronic insomnia is a widespread sleep disorder that occurs more 
frequently with increasing age, especially beyond the age of 40 years. People 
with chronic insomnia, such as mister Dormer, experience inadequate 
nocturnal sleep (i.e. sleep onset and/or sleep maintenance problems) and as a 
consequence feel unrefreshed upon awakening in the morning. They 
generally report daytime sequelae, such as excessive fatigue, disturbed 
concentration, and reduced behavioral efficiency. Based on these subjective 
reports, one would expect objectively measurable performance impairment. 
Surprisingly, this is not supported unequivocally by the results of relevant 
studies. The purpose of this chapter is to look into this discrepancy, by briefly 
discussing the primary characteristics involved in insomnia. The study of 
daytime functioning in insomniacs is important because daytime deficits or 
the absence thereof have important treatment implications. The 
identification of (specific) objective daytime impairments would guide 
researchers and clinicians in selecting areas of daytime functioning to assess 
during the treatment process.  
 
 
 

PERSONALITY MATTERS 
  
 
 The International Classification of Sleep Disorders Revised (2001) 
suggests that the diagnosis of insomnia lies on a continuum with a number of 
other diagnostic categories, e.g. generalized anxiety disorder, and affective 
disorders such as depression. Although insomnia has become increasingly 
recognized as a distinct disorder, the nonspecific nature of the insomnia 
diagnosis has contributed to difficulties in identifying the etiology of chronic 
insomnia. Available data suggest that the individual’s emotional and 
behavioral response to stress-related phenomena plays an important role in 
the development of insomnia (Sateia, 2000; Espie, 2002). There is limited 
understanding in the role of personality characteristics. For instance, it is 
largely unknown to what extent insomniacs are intrinsically vulnerable to 
life-stress. Recent findings have shown that individuals reporting a negative 
psychological response to acute stress-related sleep disturbances are 
predisposed to develop chronic sleep problems. In a study by Drake et al. 
(2003) it was shown that individuals who score high on a subjective measure 
of stress-related sleep disturbances also have elevated sleep latencies on the 
multiple sleep latency test (MSLT) in the subsequent day. These and other 
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findings suggest that some individuals are more prone to anxiety, worry, and 
tension than other individuals, which may result in a short period of sleep 
problems and psychological distress, i.e. transient insomnia (Harvey, 2002). 
Once these sleep problems start to increase, the person feels he has got to 
sleep, but the harder he tries, the tenser he gets and the more difficult it is to 
actually fall asleep. Concerns about sleep quality then grow progressively, 
until they have become the person’s chief worry. Finally, the sleep problems 
and psychological distress develop into a chronic disorder; a vicious circle of 
nighttime wakefulness/arousability and daytime distress/dysfunctioning 
(Espie, 2002).  
 It has been shown that insomniacs mainly want to be relieved from 
the psychological symptoms (e.g. dysfunction, fatigue, negative mood), which 
they perceive to be caused by poor sleep (Stepanski et al., 1989). Personality 
traits and daytime actions of insomniacs are likely to influence sleep at night 
and vice versa. Most researchers agree upon the notion that insomniacs are 
more anxious, depressed, and somatized than healthy control subjects (Drake 
et al., 2003). Also, they appear to avoid emotional confrontations, prefer 
routine to excitement (Hauri and Fisher, 1986) and are more preoccupied 
with self (Marchini et al., 1983) as compared with control subjects. These 
characteristics have a distinct negative impact on the quality of life (Léger et 
al., 2002). A study by Coyle (1998) has shown that a relatively increased level 
of anxiety and depression in a group of insomniacs was predictive of the 
perception of daytime functioning. In other words, the insomniacs’ 
perception on functioning, e.g. thinking one is incompetent to complete a 
task, appeared to be largely dependent on the personality characteristics. 
This was corroborated by findings of Hart (1995) who found that perception 
of subjective sleep quality was the most consistent predictor of 
neuropsychological functioning in a group of elderly insomniacs. 
Additionally, a study by Morin et al. (2003) showed that the perceived 
impact of stressors was higher for poor sleepers, although the frequency of 
daily minor stressors was comparable for good and poor sleepers. 
Consequently, insomniacs have shown evidence for a negative perception of 
sleep and subsequent daytime functioning, which is closely related to their 
personality characteristics. 
 Most studies investigating the relation between insomnia and 
daytime sequelae have included self-reported insomniacs through public 
announcements. However, the personality characteristics of patients who 
seek treatment for insomnia seem to differ from those of insomniacs who do 
not seek treatment. Stepanski and colleagues (1989), although not finding 
differences in objective sleep quality, showed that a group of clinical patients 
were more distressed and more aroused during daytime compared to a self-
referred insomnia group. In addition, the authors hypothesized that the 
clinical patients may have been more vulnerable to the effects of insomnia 
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and also may have attributed their negative mood to the insomnia. A similar 
approach was suggested by Alapin et al. (2000) who distinguished high- and 
low-distressed poor sleepers. While both sub-groups did not differ in sleep 
parameters, highly distressed poor sleepers reported consistently more 
difficulty in daytime functioning and experienced greater tension and 
depression than the low-distressed poor sleepers. These results suggest that 
clinical and/or highly distressed insomniacs display a more negative set of 
personality characteristics. 
 Other thoughts concerning the insomniacs’ distress, focus on the 
occurrence of arousal. Some researchers have hypothesized that insomnia is 
the product of the internalization of psychological distress, leading to a 
chronic state of psychological and/or physiological arousal (Bonnet and 
Arand, 1997). Insomniacs typically inhibit, deny, and repress conflicts during 
the day. The suppression of emotional thoughts might elevate the level of 
arousal, and eventually lead to a chronic elevation, i.e. hyperarousal (Lundh 
and Broman, 2000). In the next section, we will elaborate on this issue. 
 
 
 

HYPERAROUSAL AND THE PARADOX OF NON-SLEEPY 
INSOMNIACS 
 
 
 Hyperarousal has been identified as the key concept in theories 
about the etiology of insomnia. The hyperarousal hypothesis argues that 
poor sleep and daytime impairment are a result of a chronically increased 
level of central nervous system arousal (Bonnet and Arand, 1997). 
Hyperarousal in insomniacs may be invoked by both an elevated basic 
(predisposed) level of arousal and a tendency to respond strongly to stressors 
(Lundh and Broman, 2000). It should be noted that once the insomnia has 
developed into a chronic disorder, it is difficult to measure the impact of 
personality characteristics independent of the reactivity to a stressor, as these 
processes interact (see previous section). A further complication in the 
hypothesis is the fact that several studies have found evidence for different 
aspects of hyperarousal. For instance, Waters et al. (1993) showed a strong 
physiological reactivity to stressors in a group of insomniacs and a longer 
time to recover from exposure to stressors relative to control subjects. Studies 
that showed mainly cognitive hyperactivation in insomniacs  (Harvey, 2002),   
suggest distinct psychological and physiological mechanisms of hyperarousal. 
Nevertheless, due to the different assessments involved in both types of 
arousal (i.e. self-report vs. physiological measurements), in practice it is 
difficult to differentiate between them (Lundh and Broman, 2000; Zorick, 
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2000). One could even argue that both components ultimately entail 
different aspects of the same underlying mechanism.    
  During the pre-sleep period, insomniacs are more likely to worry 
about daytime events and about not sleeping compared to healthy sleepers 
(Harvey 2002; Tang and Harvey). Excessive worry about the insomnia has 
been found to interfere with sleep onset and sleep maintenance (Harvey, 
2000; Means et al., 2000). In her cognitive model of insomnia, Harvey (2002) 
suggests that excessive worries and ruminations trigger autonomic and 
emotional distress. Once the individual is in an anxious state, it will be 
difficult to fall asleep. In support of this, a study by Gross and Borkovec 
(1982) demonstrated that experimentally increasing pre-sleep cognitive 
arousal in good sleepers increased their sleep onset latency. Additional 
problems seem to arise in the maintenance of sleep. In a study by Mercer et 
al. (2002), upon waking in the night due to experimentally induced auditory 
stimuli, insomniacs reported that they were not asleep at all, thus 
experiencing longer periods of wakefulness as compared to a group of 
healthy sleepers. The authors hypothesized that increased activation and 
frustration (i.e. hyperarousal) may lead to a delay in subsequent sleep onset 
(see also Haynes et al., 1985).   
 A limited number of studies have focussed on the physiological 
aspects of arousal. Laboratory studies measuring markers of arousal such as 
body temperature (Adam et al., 1986; Aguirre et al., 1996), auditory 
threshold during sleep (Hauri and Fischer, 1986; Mendelson et al., 1986), 24 
hour metabolic rate (Bonnet and Arand, 1995), heart rate variability (Bonnet 
and Arand, 1998) and cortisol (Vgontzas et al., 2000) have, at least to some 
extent, shown elevated levels of arousal. Furthermore, Stepanski et al. (1988) 
have shown insomniacs who were more alert compared with control subjects 
as measured by the multiple sleep latency test, after an objectively measured 
night of poor sleep. These findings suggest that hyperarousal not only leads 
to a higher likelihood of poor sleep, but may also contribute to deficits in 
daytime functioning, suggesting a chronic state of hyperarousal related to 
insomnia. Thus, hyperarousal entails different interacting aspects of arousal 
(e.g. predisposition, cognitive, physiological), and appears to underly chronic 
insomnia. 
  Nonetheless, other arousal studies measuring physiological aspects 
of hyperarousal, indicated that insomniacs’ pupillary diameter (Lichstein and 
Johnson, 1994), cortisol level (Riemann et al., 2000) and sleep onset latency 
(Stepanski et al., 2000) did not show evidence of a relationship between 
insomnia and arousal. In a study by Mendelson et al. (1986) controls and 
insomniacs were aroused by means of auditory stimuli during sleep to 
determine their arousal threshold. They hypothesized that if the insomniacs’ 
sleep were ‘lighter’ -due to hyperarousal-, they would show lower thresholds. 
The results suggested however that the arousal thresholds in both groups 
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were comparable. Hence, although the body of evidence seems to favor the 
hyperarousal hypothesis, the impact of the physiological aspects of arousal 
involved in insomnia remains unclear. 
  
 
 

SLEEP CHARACTERISTICS: CONSCIOUS SLEEP? 
 
 
Basics 
 

Sleep need is highly variable between individuals and is dependent 
on several factors, such as age, work, health, etc. Some individuals can suffice 
with just a few hours of sleep (<5 h), whereas others need at least eight hours 
of sleep on an average night. A night with normal sleep consists of four to 
five sleep cycles each containing non-REM and REM sleep, with an average 
duration of 90-100 minutes per cycle. Deep sleep or slow wave sleep (SWS) 
can be found mainly in the beginning of the sleep period and decreases 
during the night. The duration of REM sleep increases during the nocturnal 
period, with the largest REM periods at the end of the night. Sleep duration 
and the amount of slow wave sleep naturally decrease with advanced age. A 
study by Van Cauter et al. (2000) showed that the percentage of SWS 
decreased from 18.9% in early adulthood to 3.4% during midlife and was 
replaced by lighter sleep. Due to the natural decline in sleep duration and 
SWA sleep, some individuals may think that they have a sleep problem. All 
of these components of sleep are part of the so-called ‘sleep architecture’ or 
macrostructure of sleep, and are typically derived from polysomnographic 
(PSG) measurements.  

Besides the macrostructure of sleep, other factors such as 
fragmentation, arousability, and the amount of slow wave activity are 
essential elements in the perception of sleep. These elements reflect aspects of 
the microstructure of sleep. Fragmentation refers to an interruption of a sleep 
stage as a result of a lighter stage, or to the occurrence of wakefulness, which 
leads to disrupted nREM-REM sleep cycles. Arousability reflects the ease of 
awakening from any stage of sleep. If someone experiences several short 
intermittent awakenings (seconds to minutes), he/she could still feel 
unrefreshed upon awakening, despite a physiologically sufficient amount of 
SWS and REM sleep. With respect to slow wave activity, it has been shown 
that individuals experiencing sleep problems exhibit an unusual amount of 
beta EEG activity during polysomnographically monitored sleep, suggesting 
elevated cortical arousal (Perlis et al., 2001). Thus, a polysomnographically 
defined good night sleep (macrostructure) does not necessarily lead to the 
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experience of restorative sleep, as disturbances on the level of microstructure 
may have a negative impact on sleep perception. 
 
Sleep and Insomnia 
 
 Sleep characteristics of chronic insomniacs have been discussed 
extensively in the literature. As we have discussed before, the insomniacs’ 
subjective evaluation of sleep seems to be a key issue in the nighttime 
complaints. A theoretical insomnia model, proposed by Lundh and Broman 
(2000), illustrates the relationship between vulnerability to stress and 
subsequent sleep disturbances. According to this model, insomniacs react to 
stressors by engaging in sleep-interfering and sleep-interpreting processes. 
Sleep-interfering processes involve some component of hyperarousal, while 
sleep-interpreting processes involve negative sleep-related beliefs (i.e. daytime 
dysfunctioning as a direct result of poor sleep).  
 The role of distorted sleep perception in the maintenance of 
insomnia has been increasingly recognized. Due to this perception on sleep, 
insomniacs typically underestimate the duration of their sleep and 
overestimate the total duration of their nighttime awakenings, whereas their 
polysomnographically recorded sleep is relatively normal or only mildly 
disturbed (Chambers & Keller, 1993). In a study by Hauri and Fischer (1986) 
“psychophysiologic insomniacs” were measured, i.e. subjects known to have 
polysomnographically detectable sleep disturbances. Overall, minor 
differences were detected in most ‘standard’ PSG parameters (e.g. total sleep 
time, percentages of sleep stages) compared with normal sleepers, whereas 
subjective indices showed significant differences. This finding was 
corroborated by a review of 14 studies comparing insomniacs with normal 
sleepers (Chambers and Keller, 1993). A minor difference of about 35 
minutes was found in total sleep time, which seems to be of little clinical 
relevance. It could well be that PSG-measures focussing on the 
macrostructure of sleep are not sufficiently sensitive to detect the subtle 
changes involved with insomnia. 
 A possible explanation for the discrepancy between ‘standard’ PSG-
outcomes and subjective reports by the insomniacs could be that insomnia is 
primarily related to the microstructure of sleep, i.e. fragmentation and 
arousability. There is increasing evidence of a psychological deficiency in 
sleep-wake discriminability, which is likely to play a role in the persistence of 
the insomnia complaints. Mercer et al. (2002) demonstrated that when 
insomniacs were awakened from sleep during the night, they were much 
more likely than good sleepers to report being awake, irrespective of whether 
they were awakened early or late in the nocturnal sleep period. This is in 
correspondence with Hauri and Fischer (1986) who not only found problems 
in sleep-wake discriminability, but also found a lower arousal threshold 
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across sleep stages in the insomnia group. In that study, arousability was 
assessed by awakening insomniacs and controls, presenting auditory stimuli 
with different decibel levels. The insomniacs awakened easier (higher 
arousability) than the control subjects, suggesting a close relationship 
between nocturnal arousability and sleep maintenance. Thus, disturbances in 
the micro architecture of sleep and the insomniac’s seem to play an 
important part in the insomniacs’ sleep perception upon awakening. 
 Several authors have proposed that a number of insomniacs may be 
naturally short sleepers who require less sleep than the average individual. 
Despite the minimal sleep requirement, some individuals may be convinced 
of the need to sleep 8 hours, which could lead to frustration and anxiety, and 
consequentely reduce the quality of sleep (Chambers and Keller, 1993). The 
natural occurrence of decline of slow wave sleep during life may further 
increase the complaints of insomnia (Van Cauter et al., 2000). This may 
explain why insomnia complaints are more common in middle-aged and 
elderly individuals than in adolescent individuals. 
  
Poor Sleep vs. Sleep Deprivation 
 
  Although in the past it was assumed that insomniacs are (mildly) 
sleep deprived, in light of the findings described in the previous section, the 
relationship between the assumption of mild sleep deprivation and insomnia 
should be seriously questioned.  As was  previously discussed, insomnia is 
mainly a) apparent on the level of the microstructure of sleep, and b) a 
problem of sleep perception (sleep interpreting processes). In addition, the 
symptoms of insomnia differ from the typical symptoms of sleep deprivation. 
One of the primary consequences of sleep deprivation is daytime sleepiness 
(Carskadon and Dement, 1982). Nonetheless, insomniacs show little evidence 
of sleepiness as assessed by subjective measures (e.g. sleepiness 
questionnaires) and objective measures (e.g. multiple sleep latency test), as 
reviewed by Chambers and Keller (1993). Additionally, insomniacs complain 
more of fatigue or tiredness than of daytime sleepiness. This was supported 
by the results of a study by Bonnet and Arand (1996) who tried to mimic 
insomnia in a group of healthy subjects by rousing them several times during 
the nocturnal period. The authors made sure that the sleep disturbances of 
the healthy subjects resembled the typical EEG pattern of insomniacs. 
Surprisingly, the daytime complaints of the healthy subjects (i.e. reports of 
sleepiness) were characteristic of the complaints reported after partial sleep 
deprivation. Another study revealed that despite the fact that insomniacs 
slept significantly worse than controls, sleep tendency during the day was 
about the same in both groups (Seidel et al., 1984). Hence, poor sleep as 
experienced by insomniacs does not appear to be similar to the symptoms of 
(mild) sleep deprivation in healthy subjects.  



 21 

CIRCADIAN RHYTHMICITY 
 
Basics 
 
 It is common knowledge that the longer one is awake, the higher the 
need for sleep. After falling asleep, the need for sleep gradually decreases, 
until the moment of awakening. The 24-hour rhythmicity of sleeping and 
waking is regulated by the biological clock (i.e. the circadian pacemaker) 
located in the suprachiasmatic nuclei of the hypothalamus. Environmental 
time indicators or Zeitgebers such as the light/dark cycle are known to 
synchronize the biological clock with the day/night cycle. The central clock 
mechanism, in turn, synchronizes the control mechanisms of most 
physiological, biochemical and behavioral processes. The two-process model 
of sleep is a widely accepted model, describing an interaction between 
process C (Circadian) and process S (Sleep) (Borbély, 1984; Daan et al., 
1984). According to this model, the moments of sleep onset and waking up 
are determined by the interaction of two processes: a homeostatic process S 
mediating the rise in “sleep pressure” during waking and its dissipation 
during sleep; and a circadian process C, a clock-like mechanism defining the 
alternation of periods with high and low sleep propensity and basically 
independent of prior sleep and wakefulness. Process C follows a time course 
which closely parallels that of the body temperature curve, and process S 
shows an exponential rise during wakefulness and an exponential decline 
during sleep. Slow wave acitivity, i.e. EEG power density in nREM sleep (1.0 
- 4.5 Hz.), has been established as an index of the time course of process S 
during sleep (Borbély et al., 1981).   
 
Rhythmicity and Insomnia 
 
 The 24-hour rhythmicity is unique for each individual and long-term 
disturbances in the influence of the biological clock on several processes, can 
have serious consequences for our health. A few studies have investigated 
disturbances in circadian regulation in insomniacs. In a constant routine 
study (i.e. constant environmental conditions), Morris et al. (1990) tried to 
determine whether sleep-onset insomniacs have phase delayed body 
temperature rhythms. Core body temperature was used as a marker of the 
biological clock. The findings of this study suggested that the sleep-onset 
difficulties of the insomnia subjects resulted from phase delayed temperature 
rhythms. The authors argue that this phase delay may have been a 
consequence of either a behavioral factor (e.g. poor sleep hygiene), a longer 
endogenous period length, or an abnormal phase response (e.g. reduced 
sensitivity to Zeitgebers). It is important to note that the sleep-onset insomnia 
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in this study may have been a consequence of a delayed phase and not a 
cause, suggesting a mild form of Delayed Sleep Phase Syndrome (for details, 
see ICSD-Revised, 2001). Another study also measured insomniacs under 
constant routine conditions (Benoit and Aguirre, 1996). In contrast to the 
Morris et al. study (1990), body temperature was found to be significantly 
elevated with a trend toward an earlier minimum. The authors concluded 
that the findings did not support a deficiency in sleep/wake regulation, 
although they suggested an underlying mechanism of hyperarousal affecting 
temperature and performance. In support of this, Lushington et al. (2000) 
reported elevated body temperature during constant wakefulness in elderly 
poor sleepers. They suggested that physiological activation might underlie 
chronic insomnia. Furthermore, Merica et al. (1998) reported that 
homeostatic control of SWS activity was intact (no deficiency in regulation), 
but that central nervous system arousal and a reduction in the amount of 
slow wave activity were apparent. In conclusion, while most published 
outcomes offer no support for a deficiency in the insomniacs’ circadian or 
homeostatic regulation, hyperarousal seems to influence physiological 
processes driven by the biological clock. 
 
 
 

PERFORMANCE IMPAIRMENT: FACT OR FICTION? 
 
 
 There is a major discrepancy between subjective and objective 
measures of daytime functioning. Insomniacs typically report adverse effects 
of sleep disturbance in social and occupational activities, mood, 
concentration, memory, etc. (Sateia et al., 2000). Based on these reports one 
would expect to find significant impairment in objectively measured 
performance. Several laboratory studies have tried to find evidence for a 
performance deficit in insomniacs, but most studies have failed to show a 
decrease in the level of performance in chronic insomniacs.   
 In interpreting these contradictory results, several issues must be 
considered. The negative affect generally involved in insomnia (see 
‘Personality Matters’ section) does not automatically necessitate that 
insomniacs feel tired and worrisome at a given moment. The findings of 
Mendelson et al. (1984) suggest that although insomniacs habitually 
experienced distress, they were not different from controls when asked about 
subjective functioning on a moment-to-moment basis. This was confirmed 
by the findings of Hauri and Fisher (1986) who showed no differences in the 
subjective reports with respect to mood, sleepiness, tiredness and anxiety at a 
given moment. These results could implicate that if an acute stressor such as 
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a cognitive test is presented, a higher responsiveness (e.g. more acute effort) 
to the stressor might be expected in insomniacs relative to control subjects, 
resulting in comparable levels of performance and subjective well being 
(Kloss, 2003). 
 Another issue which should be considered in explaining the 
discrepancy between subjective reports and objective findings, is that nearly 
all studies investigating insomnia and daytime consequences were carried out 
under semi-controlled laboratory conditions. This may have several 
implications for performance, since external and internal factors may mask 
the intrinsic level of performance. Posture, bright light exposure, 
temperature changes, etc., are all known to influence behavior (Duffy and 
Dijk, 2002). These masking factors may have maintained the insomniacs’ 
level of performance on a higher level than expected from their subjective 
reports. Since most studies employed short testing periods the insomniacs 
probably were able to exert compensatory effort and thus completed the tests 
relatively well. The exertion of additional effort may also give an explanation 
why insomniacs show lower levels of physical and mental energy during 
daytime (Marchini et al., 1983). Controlling for the above-mentioned 
masking factors might reveal a real (intrinsic) performance deficit. 
 A possible effect of test setting may have further influenced 
subsequent performance comparisons between insomniacs and controls. A 
study by Edinger et al. (2003) showed that patients who underwent home 
PSG monitoring were more alert than patients who underwent laboratory 
PSG monitoring, and also showed deviant performance patterns. The 
authors speculated that the elevated ‘alertness’, as measured by the MSLT, 
might reflect a state of hyperarousal, and that the level of hyperarousal may 
vary as a function of test setting. 
 Sleep variability could also provide an answer for the discrepancy 
between subjective and objective functioning. Chronic insomniacs are known 
to be variable sleepers (Espie, 1991; Edinger et al., 1991). It seems likely that 
sleep variability will in some way influence the level of performance, i.e. good 
sleep in the prior night may result in better performance whereas poor sleep 
may result in impaired performance. This is confirmed by laboratory-based 
evidence, indicating that higher subjective sleep quality in a group of elderly 
insomniacs is associated with better performance in the subsequent day 
(Bastien et al. 2003). A study by Hauri (1997) also seemed to point to that 
direction, although the results in this study did not reach significance. On the 
other hand, it could well be that due to the unpredictable nature of their 
sleep, insomniacs will, despite an occasional good night, generally report 
unrefreshing sleep and consequently daytime dysfunction. Further research 
should make clear to what extent sleep variability has an impact on daytime 
functioning. 
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 As mentioned in a previous section, heterogeneity in the 
characteristics of insomnia may have obscured objective daytime deficits, as 
in most studies insomniacs were recruited through public announcements 
and/or self-report. Some of these insomniacs showed polysomnographic 
(PSG) evidence of sleep problems, while others did not (Chambers and 
Keller, 1993). Results have indicated that people with subjective insomnia 
(no PSG evidence) as compared to people with objective insomnia show 
decreased vigilance (Sugarman et al., 1985) and a larger pupil diameter 
(Lichstein and Johnson, 1994). According to Sateia et al. (2000) subjective 
insomnia may represent a transitional state between normal sleep and 
objectively assessed poor sleep. It is likely that these subjects have been 
included in several studies. Moreover, as previously discussed, people seeking 
treatment generally differ in their personality characteristics compared with 
people who do not seek treatment for their sleep problems (Stepanski et al., 
1989). Besides, only a small number of insomniacs have been included in 
most studies, probably further decreasing the likelihood of detecting 
differences in performance compared to healthy controls. Considering these 
concerns, we argue that stricter criteria should be applied in respect to 
laboratory conditions, sleep variability, group characteristics, and/or sample 
size to detect possible performance deficits in insomniacs. 
 
 
 

IN SHORT 
 
 
 The vicious circle of insomnia described in this chapter, is outlined in 
Figure 1. According to this diagram, the typical insomniac experiences 
problems with sleep, i.e. sleep onset problems or sleep maintenance 
problems. Intermittent awakenings produce additional arousal, which could 
lead to longer periods of (subjective) awakening. Both sleep problems and 
elevated arousal lead to initial distress upon awakening. Due to the initial 
state of distress and mediated by dysfunctional beliefs (e.g. learned 
helplessness) the insomniac has to exert compensatory effort to maintain a 
relatively normal level of performance. However, at some point during 
daytime, the exertion of compensatory effort will lead to fatigue, which in 
turn necessitates more effort. Eventually, fatigue will lead to (subjective) 
performance impairments. Both cognitive effort −mediated by physical 
arousal− and dysfunctioning −mediated by worry− will lead to 
cognitive/physical activation in the pre-sleep period. This activation 
interferes with sleep, i.e. longer sleep latencies and/or intermittent 
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awakenings. Note that sleep timing is not included in this diagram, but 
indeed contributes to the nocturnal sleep problems and arousal.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The vicious circle of chronic insomnia. 
 
 

CONSEQUENTLY... 
 
 
  Several aspects can be identified that should be taken into 
consideration to investigate the impact of chronic insomnia on daytime 
performance. Firstly, it is not sufficient to include merely people who report 
insomnia-like complaints. A well-defined subcategory of insomniacs should 
be included to investigate the disorder, i.e. psychophysiological insomniacs, 
since other insomnia subtypes such as idiopathic insomnia or secondary 
insomnia probably have different etiological backgrounds. Secondly, factors 
that could (favorably) influence performance of insomniacs, e.g. posture, 
lighting conditions, physical exercise, should be controlled for. Thirdly, while 
it is known that insomniacs are highly variable in their behavior, repeated 
assessment of subjective and objective measures should be implemented in 
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the study design. Furthermore, it could well be that insomniacs are only 
partially impaired with respect to processing of information. Thus, a number 
of tests should be implemented to assess different aspects of performance. 
Finally, to test whether the results in a controlled laboratory setting also 
apply to real life situations, insomniacs should also be investigated under 
normal daytime conditions.    

In this dissertation these aspects were taken into consideration to 
determine whether chronic insomnia is related to objectively measurable 
performance deficits. The first step in the current project was to design a test 
battery sensitive for the influence of circadian regulation and for different 
components of the information processing system (Chapter 2). Therefore, we 
investigated whether a self-constructed test battery was sensitive for 
fluctuations during a 24 hour period. To control for exogenous factors, e.g. 
light/dark cycle, a group of healthy subjects was measured under strictly 
controlled conditions. Under similar conditions, performance was assessed in 
a group of chronic insomniacs and compared to an age- and sex-matched 
control group, to investigate whether an intrinsic performance impairment is 
related to insomnia (Chapter 3). In addition, physiological aspects were 
assessed to establish whether insomniacs show elevated levels of arousal as 
observed in several other laboratory studies (Chapter 4). Finally, a field study 
was conducted to assess the insomniacs’ level of performance and arousal in 
a normal daytime routine (Chapter 5). The main findings and implications 
are discussed in Chapter 6.  

 
  
 

SUMMARY 
 
 
The research presented in this dissertation is concerned with the relation 
between chronic insomnia, performance and hyperarousal. In this 
introductory chapter, we gave a brief overview of the primary characteristics 
of chronic insomnia. In most insomniacs, predisposed vulnerability to stress 
seems to play a key role in their evaluation of the overall quality of life. The 
insomniacs’ perception of sleep has considerable consequences for daytime 
well being, i.e. the experience of nonrestorative sleep is closely related to the 
typical reports of daytime dysfunctioning. However, it is unclear whether an 
intrinsic performance deficit is related to insomnia. Chronic hyperarousal is 
thought to underly the reported insomnia symptoms. In relation to arousal, 
some aspects of circadian regulation were discussed. This chapter was 
concluded with a summary of the limitations of previous studies, and a 
preview of the experimental chapters in this dissertation. 
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 “Give not sleep to thine eyes, nor slumber to thine eyelids.” 
 

King Solomon 
Proverbs 6: 4 
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CHAPTER 2 
 

Validating a Self-Constructed Test 
Battery 
 
 
 

SUMMARY 
 
 
A test battery was constructed on a palmtop computer for ambulatory 
purposes. This study explored whether the test battery could assess circadian 
rhythmicity under constant routine conditions. Performance, body 
temperature and subjective sleepiness of 12 healthy subjects were measured. 
The test battery consisted of a sleepiness questionnaire and three 
performance tests: a vigilance detection test, a working memory test, and a 
choice-reaction time test. The subjects were divided into an early-start and a 
late-start group and were subjected to the constant-routine protocol. All tests 
showed a trough in performance in the early morning at around 07:00 h and 
a peak in the evening between 21:00 and 23:00 h. In addition, an afternoon 
decrement in performance was observed between 15:00 and 17:00 h. On 
average, the circadian (peak-to-trough) variation of the performance 
variables amounted to 16.9% ± 1.7 SEM across subjects. The late starters 
showed a larger impairment in performance during the morning than the 
early starters. This could be attributed to prior wakefulness. The 
characteristics of the performance rhythms found in this study replicate 
findings in several other studies carried out under constant routine 
conditions. In conclusion, the present test battery appeared to be a good tool 
for future assessment of performance under natural conditions.  
 
 
 
Varkevisser M, Kerkhof GA. (2003). 24 Hour assessment of performance on a palmtop  
computer: validating a self-constructed test battery. Chronobiology International, 20(1): 109-
121. 
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INTRODUCTION 
 
 

Ambulatory assessment of human performance by means of palmtop 
computers has only recently been introduced in psychological research. 
Typically, a test battery consisting of standardized tests is programmed on a 
palmtop computer and used for the assessment of several aspects of 
performance under natural conditions. The advantage of standardized tests 
is the possibility to compare ambulatory data with the results of laboratory-
based measurements. In this way the impact of situational factors may be 
determined.  

In an ambulatory study, Folkard and Totterdell (1993) demonstrated 
the feasibility of a test battery on a palmtop computer used under natural 
work conditions. This battery consisted of a mood questionnaire, a relatively 
short reaction time test, a memory-search test, and a search and memory 
test, which all proved to be sensitive to fluctuations in performance during 
shift work. Similar findings were also shown by an ambulatory study 
conducted by Fahrenberg et al. (1999) who assessed daytime changes in 
mood and attention in a group of students. These authors used a working 
memory test and a sustained attention test, programmed on a palmtop 
computer. The outcome parameters proved to be sensitive to diurnal 
changes in performance. Therefore, it is evident that this device can be a 
practical and sensitive tool for use in psychological field studies assessing 
various aspects of performance and affect. 
 In the present study a palmtop computer was programmed for the 
administration of three well known behavioral test paradigms representing 
the main aspects of performance, i.e. perceptual, cognitive, and motor 
processes. These tests were: a vigilance test, a working memory test, and a 
choice-reaction time test, respectively. Furthermore, sleep quality, sleep 
efficiency, sleepiness, mood, and fatigue were included as subjective 
measures. Preliminary results of an ambulatory study of performance of 
insomniacs showed that the palmtop computer is usable in field studies. 
 Attempts were made to determine the sensitivity of the chosen tests 
and test parameters to the impact of circadian rhythmicity. The influence of 
the circadian oscillator can best be assessed without the confounding by 
exogenous masking factors. The constant routine protocol is a suitable means 
for this assessment. Earlier research using the constant routine protocol has 
shown a clear influence of circadian rhythmicity on human performance 
(Babkoff et al., 1988; Johnson et al., 1992; Monk et al., 1997). However, the 
disadvantage of this protocol is the unavoidable occurrence of sleep 
deprivation, with its potential deteriorating effects upon alertness, mood, and 
performance (Kjellberg, 1977; Pilcher and Huffcutt, 1996). In the present 
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study the effect of sleep deprivation was estimated by including two groups of 
subjects -one group starting in the morning, the other starting in the evening- 
after at least 12 hours of prior wakefulness. 
 
 
 

MATERIALS AND METHODS 
 
Subjects 
 
Thirteen subjects (9 female, 4 male) participated in this study (mean ± SD 
age: 21.4 ± 3.8; range 18-32 years). All participants were Dutch students at 
Leiden University. Prior to the onset of the experiment the participants were 
screened for a normal sleep-wake rhythm (mean habitual bed time 12:30 
a.m. ± 1.3 h; waketime 09:06 a.m. ± 1.2 hours). The morningness-
eveningness questionnaire (Kerkhof, 1984) indicated that 5 subjects were 
neither morning- nor evening-types, 6 subjects were moderate evening-types, 
and 2 were definitely evening types. They were also screened for physical 
and mental health status and for drug use by means of a medical checklist. 
All subjects were free of psychotropic medication and had no history of 
psychiatric disorders, cardiovascular problems, or clinical sleep disorders. 
The subjects gave written consent and were paid for participation in the 
experiment. 
 

 
 

 
 
 
 
 
 
 
 
 
 

Figure 1. Psion Palmtop Computer 
 
Materials 
 
 The tests were carried out on a Psion palmtop computer type 3A or 
3C (see Figure 1): size 165mm x 85mm x 22mm, weight 275g, 44mm x 
127mm graphic LCD screen of 480 x 160 pixels, 16bit CPU 7.68 Mhz, high 
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resolution counter (1/1024 sec), 1Mb or 2 Mb RAM memory, and 
QWERTY keyboard.  

The Psion computer is very reliable and shockproof (Totterdell and 
Folkard, 1992). The software is available from the authors for those who are 
interested. Wrist movements were measured with an actigraph (Gaehwiler) 
prior to the experiment onset. Body temperature was measured with a rectal 
thermistor (Yellow Springs Instruments), and recorded on a Smart Reader 
(ASKEY). Subjective sleepiness was assessed using the Dutch version of the 
Activation-Deactivation Adjective Checklist questionnaire (Thayer, 1978). 
 
Procedure 
 
 During the 2-day pre-experimental period the subjects had to 
complete four training sessions on the palmtop computer. From two earlier 
pilot studies (N=9), using the same test battery, it became clear that the mean 
learning curve reached a plateau after four training sessions. The use of the 
device was explained to the subjects, and they familiarized themselves with 
its operation before actually carrying out the training sessions. The users 
were barred from the normal functioning of the palmtop by means of a 
password. Upon waking in the morning the subjects had to fill out a sleep 
questionnaire programmed on the palmtop computer. In order to assess the 
occurrence of naps the subjects were instructed to wear wrist activity 
monitors throughout the pre-experimental period. Naps were defined as 
periods of 10 min or more of minimal or no activity. Two subjects of the 
late-start group were suspected of brief napping during the daytime prior to 
experiment onset (<15 min). Results on the training tests showed minor 
learning effects on the response latencies of the memory and the choice 
reaction time test (CRT), whereas percentages correct of the three tests 
showed no learning effects.  

During the entire course of the 24-h constant routine protocol 
(Dongen et al., 1997) the participants had to stay awake while in bed in 
supine position. Subjects were not allowed to drink coffee, tea, or alcoholic 
beverages at least 12 hours preceding the start of the experiment. Standard, 
isocaloric meals (liquid and solid foods) were supplied once every hour, 
starting 1 hour after the experiment onset. After each meal subjective 
sleepiness was assessed. Core body temperature was measured at 6 min 
intervals. With the use of a randomization table, subjects were blindly 
assigned to one of two groups, an early-start group (N=6) and a late-start 
group (N=7). The onset of the experiment was at 09:00 h for the early 
starters, and at 21:00 h for the late starters. The latter group was allowed to 
engage in normal activities during the day (e.g. work, attend lectures). Both 
groups commenced with a 2-h adaptation period -in supine position- in 
which they were occupied with non-strenuous activities. The first test battery 
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was administered to the early starters at 11:00h, and to the late starters at 
23:00 h. Both groups were given 12 test batteries, one in every 2 hours. Each 
battery required approximately 20 min. The device was not programmed to 
signal subjects. Participants were allowed to read, play board games, study, 
etc. between successive tests. 
 
Performance Tasks 
 
 Three different performance tests were constructed to measure 
different aspects of performance under ambulatory conditions (see also 
Appendix).   

A vigilance detection test having an average duration of 10 min. 
During each of the 545 trials one of two figures was presented in the middle 
of the screen for 200 ms (see Fig. 2). Each figure consisted of a matrix of 24 x 
25 dots, with a central bold fixation point. The frequently presented non-
target figure (left panel in Fig. 2) contained a vertical line to the left of the 
fixation point, whereas the 10 % target figures (right panel in Fig. 2) 
contained an identical line to the right of the fixation point. The subjects had 
to respond  within 1100 ms to the target figure by pressing a target button 
using the index finger. Immediately following this interval the next trial was 
started. According to Parasuraman et al. (1989) this particular test can be 
categorized as a test with a high event rate. All tests started with 10 
‘warming-up’ trials, which were not included in the analyses.  
 
 
 
 
 
 
 
 
 
 

             
Figure 2. Non-target (left) and target panels (right) in the vigilance test; subjects  
were to respond to the right panel. 

 
 
The following output parameters were calculated per subject per session: 
mean response latency (mean reaction time ± standard error of mean) of the 
hits, the signal detection parameters P(A) and B, and the number of very 
long reaction times (so called ‘lapses of attention’). The parameters P(A) and 
B are based upon the Theory of Signal Detection (Green and Swets, 1966), 
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which holds that the proportion of correct detections of a stimulus (especially 
a weak one) depends not only on the sensitivity of the observer’s sensory 
system, but also on non-sensory factors. These non-sensory factors represent 
factors which bias the response strategy of the subject, e.g. the expected 
profit or loss associated with a ‘yes’ or a ‘no’ response. The impact of these 
non-sensory factors is referred to as ‘response bias’. Sensory sensitivity and 
response bias are represented by the parameters P(A) and B, respectively. A 
high value of P(A) reflects a high sensory sensitivity, and a high value of B 
reflects a preference for ‘no’ responses. A ‘lapse of attention’ is defined as a 
momentary loss of concentration, resulting in a diminished responsiveness to 
stimuli and in an increase in the unevenness of performance (Dinges, 1992). 
Lapses of attention were operationally defined as reaction times larger than 
the individual grand mean plus 1.5 standard deviation. After logarithmic 
transformation of the data, normality was determined (Kolmogorov-
Smirnoff). 
 A sequential digit task (also called the ‘N-back’ task) was constructed 
to assess working memory performance (Cohen et al., 1997). Twelve sets of 
100 randomly generated digits (30% target) were constructed and presented 
in fixed order. Each digit was presented for 500 ms and followed by a 
response interval of 2500 ms. The target was any digit identical to the one 
presented two trials back. The subjects had to respond to each digit with ‘yes’ 
or ‘no’ by pressing a target or a non-target key using the index fingers. The 
following parameters were calculated per subject per session: mean response 
latency (± standard error of mean) of the correct responses (hits + correct 
rejections), and percentage of correct responses. 
 A choice-reaction time test was constructed following Totterdell and 
Folkard (1992) to assess motor control, and spatial processing. A fixation 
point was presented for 200ms. After the fixation point an asterisk was 
presented randomly (with an equal probability) on one of four locations of 
the screen for 200 ms. The subjects had to respond to the location of the 
asterisk within an interval of 1000ms by pressing one of four corresponding 
keys of the keyboard (Q, X, M, O) using their index and middle fingers. The 
response interval was followed by a fixed interval of 500 ms. Each session 
consisted of 300 trials. The following parameters were calculated per subject 
per session: mean response latency of the hits (± standard error of mean), 
and percentage hits. 
 The computer automatically alternated the order in which the 
reaction time test and memory test were presented, i.e. if the computer 
started with the reaction time test on one session, it started with the memory 
test on the next session. The vigilance task always came last. The total 
duration of the three tests was approximately 20 min. 
 
 



 37 

Analyses 
 
 The overall sleep efficiency index (SE = (time in bed - sleep latency - 
time awake) / time in bed) of the night prior to testing was calculated. The 
individual and mean level of SE was well within the range of good sleepers 
(SE > 85%). 

For the temperature data, outliers (defined as acute temperature 
changes which exceeded 0.25° Celcius) were marked as missing values. Four 
subjects (2 from the early-start group and 2 from the late-start group) were 
excluded from further temperature analysis due to equipment failure. 
Missing values data in the remaining 8 subjects that resulted from probe-
related errors (4% across subjects) were replaced by linear interpolation. 
Relative temperature (residual) values were calculated by subtracting the 
individual 24 h mean from the raw data. A combined 24h fundamental and 
a 12h harmonic sinusoidal curve (Brown and Czeisler, 1991) was fitted to the 
individual temperature residuals and the minimum calculated. Goodness-of-
fit chi-square tests indicated significant individual fits to the data of all 8 
subjects (p<.05).   
 Missing values in the remaining individual performance data sets 
amounted to 6.7% and was due to improper responses (wrong key) or 
response latencies outside the response interval. These missing data were 
replaced by linear interpolation. One subject from the evening group was 
excluded from all further analyses due to a large amount of missing 
performance data. The performance data of the remaining 12 subjects were 
subjected to a repeated-measures analyses of variance (ANOVA) with Group 
as a between-subjects factor and Time of Day as a within-subjects factor. 
Time of Day consisted of 24 levels (temperature, sleepiness, fatigue; every 
hour), or 9 levels (performance; every 3 hours). The data were rearranged in 
such a way that both time series started at 11.00h. Significance levels were 
determined after Huyn-Feldt correction. The individual performance data 
were fitted by a 24 h and a 24 h + 12 h sinusoidal curve (Carrier and Monk, 
1999). The clock times of the trough values of the performance curves and 
the clock times of the peak values of the subjective sleepiness curves were 
used as estimates of circadian phase. Analysis of correlation between the 
subjective sleepiness phase and performance measures phases was carried out 
by calculation of Spearman’s Rho. 
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RESULTS 
 
Temperature and Subjective Sleepiness 
 
 For body temperature, no differences were found between the early-
start and the late-start group (F=1.24; p=.31), and no Groups x Time of Day 
interaction was observed (F=1.21, p=.33). Therefore, the data of both groups 
were pooled. Figure 3 illustrates the pooled mean and standard error values 
of the body temperature residuals (N=8). A consistent circadian pattern was 
observed in all subjects; the maximum value was achieved in the early 
evening and the minimum value during the early morning. The minimum 
value across subjects occurred on average at 04:42 hours (± 33min SEM). 
The 24 h, peak-to-trough variation, amounted to 0.55 ºC. (± .06ºC SEM).  

 
 

 
 

 

Figure 3. Mean ± SEM values of body temperature residuals in ºC (N=8). 
 

 
 Subjective sleepiness showed a circadian rhythmicity, which was 
similar in phase to that of body temperature. Visual inspection of the data of 
the early starters (Fig.3) revealed a gradual decline in sleepiness during the 
daytime (with the exception of a minor, local sleepiness peak in the afternoon) 
towards a minimum in the evening, followed by a steep increase during the 
nighttime, and reaching a maximum in the early morning. For the late 
starters a similar pattern was observed, except for only a minor descent 
during the daytime. In support of this a significant Group x Time of Day 
interaction was observed (Table I).   
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 The combined 24 h + 12 h sinusoidal curve was fitted to the 
individual sleepiness data and the time of maximum calculated. Goodness-of-
fit tests indicated significant individual fits for all subjects (chi-square test, 
p<.05). The mean value of the individually determined times of maxima 
(Fig.3) was 06:01 h (± 34min SEM). 
 
 
 

 
          

Figure 4. Mean factor scores ± SEM of subjective sleepiness for both groups     
(N=12). MSG and ESG denote morning-start group and evening-start group, 
respectively. 

 
 
Performance 
 
 The mean temporal variations of the various response latency and 
accuracy measures for both groups are illustrated in chronological order in 
Figure 5. Note that in all cases, increases on the Y-axis represent ‘better’ 
performance. Most variables show highly similar circadian patterns. Overall, 
a gradual improvement in performance (see also Table I) occurred during 
the daytime, reaching peak levels between 21:00 and 23:00h, followed by a 
marked deterioration, i.e. a decrease in accuracy and an increase in response 
latency.  
 Performance minima were reached in the early morning between 
06:00 - 07:00h. Most curves also showed a minor performance decrement in 
the afternoon between 15:00 - 17:00h. Vigilance performance, as expressed 
by the sensory sensitivity and response bias parameters, clearly reflected the 
impact of prior wakefulness, evidenced by a significant Groups x Time of 
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Day interaction (see Table I). During the night, both the late-start and early-
start groups reached the same level of performance decrement. However, as 
contrasted with the early starters, the late starters failed to show an 
improvement in performance during the daytime. No significant interactions 
were found for the other two vigilance parameters or the memory and motor 
control parameters. Also, the Group factor did not reach statistical 
significance.             
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(figure continues on next page) 
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Figure 5. Mean latency and accuracy variables + SEM: Vig RL=vigilance response latency, 
Vig P(A)=vigilance perceptual accuracy, Vig B=vigilance response bias, Vig Lapse=number 
of vigilance lapses, Mem RL=memory response latency, Mem Acc=memory accuracy, Motor 
RL=motor control response latency, Motor Acc=motor control accuracy. MSG and ESG 
denote morning-start group and evening-start group, respectively. 
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Table I also shows the number of statistically significant 24 h and 24 h + 12 
h sinusoidal fits. Most subjects showed reliable 24 h + 12 h fits. Overall, the 
mean circadian (peak-to-trough) variation of the performance variables 
amounted to 16.9% ± 1.7 SEM. Except for motor control accuracy, the 
phases of all other performance curves were in the same range as sleepiness. 
However, the variation in performance phases was generally not associated 
with the variation in sleepiness phases. Of the eight performance parameters, 
only memory accuracy phase was reliably associated with sleepiness phase 
(Spearman’s Rho .60; p<.05). 
 
 
 

DISCUSSION 
 
 
 The results of the present study are consistent with earlier studies 
carried out under (semi) constant routine conditions (Gillooly et al., 1990; 
Johnson et al., 1992; Babkoff et al., 1992; Monk et al., 1997; Gillberg and 
Akerstedt, 1998), thus argueing in favor of the validity and sensitivity of 
measurements carried out on a palmtop computer. Most performance 
parameters showed a circadian pattern, which was similar to that of body 
temperature and (inverted) subjective sleepiness, i.e. a gradual improvement 
during the daytime followed by a steady deterioration during the night, 
reaching the lowest level in the early morning. In addition, even under the 
conditions of a constant routine, a minor decrement in performance was 
found in the afternoon (Monk et al., 1996; Owens et al., 2000). The duration 
of prior wakefulness interacted with this circadian pattern of performance, 
mainly by inhibiting or reducing the daytime improvement after a night 
without sleep.  
 The vigilance test appeared to be most sensitive to the modulatory 
influence of circadian rhythmicity and sleep deprivation (Akerstedt and 
Folkard, 1997). As shown in the group of late starters (cf. Fig.4) 24 h of prior 
wakefulness decreased the daytime levels of perceptual accuracy. This 
corresponds with the results of a study by Gillberg et al. (1998), in which a 
34-min visual vigilance task was performed every 3 h across 64 h of sleep 
deprivation. These authors found a decrease in the level of attention 
mediated by both sleep deprivation and the circadian oscillator. This was 
already evident within a few minutes after task onset. The present results 
reveal that, in contrast to the suggestion made by Gillberg et al. (1998), these 
effects can also be observed in a task of short duration. Even if individuals 
were able to invest extra effort (“pull themselves together”) in an attempt to 
compensate for any deterioration, it appeared insufficient to maintain a 
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stable level of performance. Calculation of the response bias parameter 
indicated that these effects applied not only to perceptual accuracy, but also 
to response strategy. Thus, a decline in performance accuracy was parallelled 
by an increasing preference for ‘no’ responses, i.e. an increasing 
conservatism in responding.   
 Overall, the results for the working memory task and motor control 
tasks reflected less consistent effects of circadian rhythmicity and prior 
wakefulness. The response latency curve of the memory task was almost flat 
during the daytime, with large variations between subjects. This absence of a 
consistent overall variation is similar to the outcomes of earlier studies by 
Johnson et al. (1992) and Monk et al. (1997). In these studies a more or less 
constant level of working memory performance was observed during 
daytime, which was followed by a pronounced deterioration during the 
nighttime. In addition, these studies also showed large deviations in accuracy 
and correct responses. A possible explanation for this large inter-individual 
variation might be the compensatory effort that some subjects effectively 
invested in their task performance, while others did not in order to maintain 
a stable level of performance (Thomas et al., 2000). Complex tasks with an 
intrinsic challenge to the subject then would be likely to challenge a subject 
to invest extra effort, more so than a simple, monotonous vigilance task.  
 The performance measures did not parallel subjective sleepiness, 
indicating that the trough in performance cannot be predicted from peak 
values in sleepiness (Akerstedt, 1991). As these data suggest, the highest risk 
of critical errors apparently occurs in the early morning (Tilley et al., 1982; 
Akerstedt, 1991; Ranney et al., 1999). Maximal sleepiness occurs within the 
same period, although it does not appear to covary with minimal 
performance. 
 The test battery on a palmtop computer was proven to be sensitive 
to circadian rhythmicity in performance, as found in earlier studies. It is 
promising that these effects were found by administering relatively short tests 
(Dinges and Kribbs, 1991; Dinges, 1992) and relying on different 
components of the information processing system. Furthermore, no 
difficulties were encountered in the use of the palmtop computer. It can be 
safely concluded that with this tool various aspects of information processing 
can be investigated in ambulatory studies such as shift work, clinical, and 
epidemiological studies.  
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“When I lie down I say: “When shall I arise?” But the night is long, 
and I am full of tossing till the dawn.” 

 
Job 

Job 7: 4 
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CHAPTER 3 
 

Intrinsic Level of Performance 
 
 
 

 
SUMMARY 
 
 
Insomniacs report daytime functioning problems, but studies of 
neurobehavioral functioning in insomniacs have shown little objective 
evidence of impairment. In addition, very little is known about the influence 
of the circadian clock on performance in chronic insomniacs. In the present 
study, we investigated whether chronic insomnia is associated with an overall 
performance deficit, and what the effect is of circadian rhythmicity, under 
strictly controlled laboratory conditions. A 24-hour experiment was carried 
out under constant routine conditions. Psychomotor performance, body 
temperature, and subjective functioning of eleven insomniacs and thirteen 
healthy subjects were assessed. The insomniacs showed significant overall 
performance impairments in vigilance, working-memory, and motor control. 
In addition, body temperature, performance, and subjective functioning 
showed a circadian pattern similar to healthy subjects, with trough values in 
the late night/early morning and peak values in the early evening. Self-
reported functioning among the insomniacs indicated mood disturbances, 
concentration problems, elevated fatigue and elevated sleepiness. The results 
indicated that chronic insomnia is associated with a substantial lowering of 
the 24h level of performance and subjective functioning, irrespective of the 
type of task and/or the particular parameter, and without differential effects 
of circadian rhythmicity. Apparently, chronic insomnia has a negative 
impact upon performance as measured under strictly controlled, unmasked 
conditions. 
 
 
Varkevisser M, Kerkhof GA. (2005). Chronic Insomnia and Performance in a 24-Hour 
Constant Routine Study. Journal of Sleep Research, 14: 49-59. 



 50 

INTRODUCTION 
 
 
 Disrupted sleep, generally demonstrated in studies of individuals 
suffering from chronic insomnia, is expected to have a detrimental effect on 
daytime functioning. Indeed, most insomniacs report problems in their 
functioning, i.e. deterioration of mood and concentration, the occurrence of 
anxiety, etc, which, to their belief, have negative daytime consequences 
(Chambers and Keller, 1993). Several laboratory studies have investigated 
the consequences of chronic insomnia on daytime performance. Surprisingly, 
most studies found no clear evidence of performance impairments during the 
day (Adams et al., 1986; Hauri, 1997; Schneider-Helmert, 1987). Similarly, 
when asked about their functioning at a specific time, e.g. before or after 
bedtime, no differences were found between insomniacs and normal sleepers 
(Bonnet and Arand, 1998). This absence of a difference in time-specific 
reports of daytime functioning, as contrasted to global reports, may reflect a 
‘trait’ component of dysfunctional beliefs about the impact of disturbed sleep 
in insomniacs (Hart et al., 1995). On the basis of such results it has been 
concluded that either insomnia does not impair objective daytime 
functioning, or that it affects only specific aspects of performance, such as 
vigilance and immediate memory (Fulda and Schulz, 2001, Schneider-
Helmert, 1987).  
 Most laboratory studies investigating insomnia in relation to daytime 
functioning did not take account for factors such as postural changes, food 
intake, light exposure and social interactions, which are known to have a 
profound impact on daytime behaviour. Insomniacs may profit from these 
factors, which may reinforce compensatory efforts, resulting in increased 
performance (Kloss, 2003). These so-called masking effects can largely be 
eliminated or neutralized by the use of a constant routine protocol (Mills and 
Waterhouse, 1984; Duffy and Dijk, 2002), but only one study of insomniacs 
to date have employed this experimental paradigm (Benoit and Aguirre, 
1996).   
 In earlier studies, subjects labelled as ‘insomniac’ may have 
constituted a heterogenous group and/or may have suffered only from a 
mild form of insomnia, as they were mostly recruited through advertisement 
and were not objectively diagnosed in a sleep disorders clinic (Riedel and 
Lichstein, 2000; Seidel et al., 1984; Stepanski et al., 1989). Clinical patients 
typically show more severe personality dysfunction, emotional distress, and 
daytime consequences (e.g. fatigue) as compared to persons recruited from 
advertisements (Kloss, 2003). Therefore, in order to enhance the strength of 
the present study, subjects were recruited from a sleep disorders clinic.   
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 Another important issue in this area of research is the potential 
presence of sleepiness and its presumed impact on insomniacs’ functioning. 
Objective assessments of daytime sleepiness appear to contradict what may 
be expected in insomniacs, i.e. elevated levels of sleepiness (Stepanski et al., 
2000). A number of studies applying the multiple sleep latency test as an 
objective measure of sleepiness (Carskadon et al., 1986) found no differences 
in sleep latency between insomniacs and normal sleepers (Lichstein et al., 
1994; Mendelson et al., 1984; Stepanski et al., 1988). Lichstein et al. (1994) 
noted that the absence of sleepiness could be due to an underlying 
physiological hyperarousal in insomniacs. This hypothesis was corroborated 
by a study of Bonnet and Arand (1995) in which a 24h increase in metabolic 
rate was found in a group of insomniacs. In this latter study, objective tests 
sensitive to sleepiness, e.g. a vigilance task and the multiple sleep latency test, 
yielded no distinct differences between insomniacs and non-insomniacs 
during daytime either. In fact, the insomniacs showed longer latencies in the 
multiple sleep latency tests, suggesting a state of hyperarousal.  
 Little is known about the influence of the circadian clock on 
physiological and behavioural processes in insomniacs. In healthy normals, 
circadian rhythmicity can be detected in a wide range of neurobehavioral 
indices (Monk, et al., 1997; Van Dongen and Dinges, 2000; Varkevisser and 
Kerkhof, 2003). The constant routine procedure which Benoit and Aguirre 
(1996) applied to a small group of five young insomniacs showed no 
conclusive evidence for the presence of either time-of-day effects in 
performance or any overall performance impairment. However, the mean 
body temperature in the insomniacs was higher than in the healthy controls, 
and their temperature minimum occurred somewhat earlier. The authors 
concluded that this could be due to the influence of hyperarousal. In view of 
the small number of subjects and their young age (20-29 yrs), these results 
should be interpreted with caution. Another study measured performance of 
a group of elderly insomniacs on five fixed time intervals during nighttime in 
a 40h period of sleep deprivation (Bonnet, 1985). The mean response 
latencies of insomniacs on a simple reaction time task and on a word 
memory task did not differ from those of normal subjects. The outcomes of 
this study are difficult to interpret, however, because of the presence of 
masking effects, as the subjects were allowed to follow their usual daily 
routine (e.g. work). 
 The present study aimed to avoid the occurrence of masking effects 
by employing a constant routine protocol, and was designed to assess the 
overall level of performance in clinically relevant chronic insomniacs 
compared to healthy controls during an extended period of repeated testing. 
In addition, any effect of insomnia on circadian rhythmicity, as measured by 
body temperature, performance, and subjective perception on functioning 
were evaluated. Thus, it could be determined whether chronic insomnia is 
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only associated with retrospective, negative impressions of functioning or also 
with objective difference. 
 
 
 

METHODS 
 
Subjects 
 
 Thirteen patients diagnosed with chronic psychophysiological 
insomnia (seven male, six female) participated in this study (mean age ± SD: 
43.7 ± 8.2; range 31-54 years). Patients were selected from individuals who 
had been referred by their general practitioner to the Centre for Sleep and 
Wake Disorders at the Westeinde Hospital (The Hague, The Netherlands). 
The average duration of their complaint was 16.3 ± 15.9 years. On a routine 
basis, all patients underwent 48h ambulatory polysomnography. The results 
of the second recording night were weighed in the decision to include the 
patient into the study. The inclusion criteria for insomnia patients were taken 
from the International Classification of Sleep Disorders (1990), according to 
which the insomnia complaint (a) should have a duration of more than 6 
months, (b) had to occur 3 nights or more per week, and (c) was confirmed 
by polysomnography (sleep efficiency less than 85%; sleep latency more than 
30 min and/or waketime during sleep more than 45 min). Patients doing 
shift work were not included.  
 Out of 13 patients who participated in the study, two were excluded 
from the data analyses, because of their daily medication intake (lithium and 
anti-depressants). Four out of the 11 remaining insomniacs were taking 
medication, which was not considered to interfere with their inclusion in the 
analyses. Two of these subjects took anti-depressants, on average three times 
a week (1 SSRI, 1 TCA), and one subject took sleep medication, on average 
once a week (benzodiazepine). Finally, another subject took a muscle 
relaxant (daily, for spasms in the right leg), which was not suspected to have 
any detrimental effect on sleep or daytime functioning. One week prior to 
their laboratory recording, the experimenters asked these subjects to 
minimize their medication intake if possible. During their stay in the 
laboratory, the subjects refrained from medication intake. None of the 
insomniacs had any evidence of psychiatric history. The chronotype of the 
insomniacs was assessed by means of the morningness-eveningness 
questionnaire (Kerkhof, 1984), which indicated that six subjects were 
moderate morning types, five subjects were neither morning- nor evening 
types, and one subject was an evening type. One subject did not fill out the 
questionnaire.  
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 The control group consisted of 13 healthy volunteers (mean age ± 
SD: 44.9 ± 7.7; range 33-53 years), recruited through advertisements, and 
individually age- and sex-matched to the insomniacs. The control subjects 
had no history of medical illness. In the control group one subject was a 
morning type, one subject was a moderate morning type, nine subjects were 
neither morning- nor evening types, and two subjects were moderate evening 
types.  
 
Procedures 
 
Pre-experimental period 
 
 During a 3-day pre-experimental period the subjects had to 
complete five training sessions of performance testing at home on a palmtop 
computer. Preceding studies have shown that five training sessions are 
sufficient to reach relatively stable levels of performance (Varkevisser and 
Kerkhof, 2003). The use of the device was explained to the subjects, and they 
familiarized themselves with its operation before the first training session. 
The users were barred from the standard functions of the palmtop. Upon 
waking in the morning the subjects had to fill out a sleep questionnaire 
programmed on the palmtop computer. The subjects were instructed to wear 
a wrist activity monitor and were required to keep a sleep diary 
(programmed on the palmtop) on a daily basis. During this pre-experimental 
period subjects slept at home. The decision for not having subjects sleep in 
the laboratory prior to the constant routine was motivated by the study of 
Edinger et al. (1997), who showed that insomniacs sleep relatively well in a 
laboratory compared to sleeping at home, probably due to the absence of 
negative associations with their own bedroom.  
  
Constant routine procedures 
 
 The constant routine procedure was conducted in the sleep 
laboratory of the University of Leiden. This procedure aims to control for 
the masking effects of sleep, posture, physical activity changes, etc., on e.g. 
performance by requiring subjects to remain awake in a semi-recumbent 
position for a period of 26 hours. Lighting conditions (30-50 lux, as measured 
in the horizontal angle of gaze) and temperature (18° C) in the laboratory 
were kept constant. Also, the effect of irregular food intake was minimized by 
means of standard, isocaloric snacks (100-120 kcal) provided every hour. 
Before each snack, subjective sleepiness and subjective fatigue were assessed. 
Two subjects at a time, each in his own bedroom, were measured per 
constant routine session. Subjects were under constant surveillance of the 
experimenters by means of two cameras in each bedroom, to assure that they 
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remained awake. For both groups the experiment started at 09:00 hours with 
a 2h adaptation period in which they were occupied with non-strenuous 
activities in bed (semi-recumbent position). The first test-bout was 
administered at 11:00 h, and every 3 hours thereafter, for a total of 9 test 
sessions. Each session had a duration of approximately 22 min. Between 
successive sessions, participants were allowed non-vigorous activities, such as 
playing board games, reading, etc. 
 
Measurements 
 
 During the three pre-experimental days, general motor behaviour 
was assessed with a wrist activity monitor (Actiwatch, Cambridge 
Neurotechnology Ltd.). The activity data were analyzed with the Actiwatch 
Sleep Analysis software (version 1.06).  

Performance tests and the sleep diary were assessed on a Psion palmtop 
computer type 3C: size 165mm x 85mm x 22mm; weight 275g; 44mm x 
127mm graphic LCD screen of 480 x 160 pixels; 16bit CPU 7.68 Mhz; high 
resolution counter (1/1024 sec); 1Mb or 2 Mb RAM memory; and 
QWERTY keyboard. Immediately after the tests, the level of mood and 
concentration each had to be rated on a five-point rating scale: mood 
(1=bad, 5=good), concentration (1=low, 5=high). During the pre-
experimental period the subjects had to fill in a sleep diary. The following 
parameters were recorded: ‘bed-in time’, ‘sleep latency’, ‘final wake time’, 
and ‘bed-out time’.  
 Body temperature was measured with a rectal thermistor (ASKEY), 
and recorded at 6 minutes intervals on an Escort Junior Data Logger (EDL 
Systems Ltd.).  
 Subjective personality characteristics (Results section, Table 1) were 
taken from various questionnaires. The Dutch versions of the following 
questionnaires were used in this study: Symptom Check List (SCL-90; 
Arrindell and Ettema, 1981), Rand-36 Health Survey (Rand-36; Van der 
Zee et al., 1996), and Checklist Individual Strength (CIS; Vercoulen et al., 
1996). Subjective sleepiness was assessed using the translated and validated 
Dutch version of the Activation-Deactivation Adjective Checklist (AD-ACL; 
Kerkhof, 1998). Subjective fatigue was measured by means of the Profile of 
Mood States questionnaire (McNair et al., 1971). For the measurement of 
subjective sleep quality, the Groninger Sleep Quality questionnaire was used 
(Meijman et al., 1988).  
 
Performance Tasks 
 
 Three different performance tests were administered per session. 
Details on the test battery can be read in Varkevisser and Kerkhof (2003). 
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The vigilance detection test, constructed to measure sustained attention, 
consisted of 545 trials. In each trial a square was presented in the middle of 
the screen for 200 ms. The matrix of each square consisted of 25 x 25 dots, 
with a central bold fixation point. The non-target figure contained a vertical 
line to the left of the fixation point, whereas the target figure (probability of 
occurrence 10%) contained an identical vertical line to the right of the 
fixation point. The subjects had to respond within 1100 ms to the target 
figure by pressing a button using the index finger. Immediately following the 
response interval, the next trial was presented. In addition to mean response 
latency per session, mean P(A) and B were calculated per session. These 
parameters are based upon the Theory of Signal Detection (Green and 
Swets, 1966), reflecting the proportion of correct detections of a weak 
stimulus which depends both on the sensory sensitivity (P(A)) of the observer, 
and on non-sensory factors (B). These non-sensory factors represent factors, 
which bias the response strategy of the subject. A high value of P(A) reflects a 
high sensory sensitivity, and a value of B > 1.0 reflects a preference for ‘no’ 
responses (see also Varkevisser and Kerkhof, 2003). 
 The 2-back memory task (Smith and Jonides, 1997) was 
administered to assess working-memory performance. One hundred 
randomly generated digits were presented for 500 ms and followed by a 
response interval of 2500 ms. The subjects were instructed to respond to 
each digit with ‘yes’ or ‘no’ by pressing a target or a non-target key using 
their index finger. The target (30%) was any digit identical to the digit 
presented two trials before. Mean response latency and accuracy of the 
correct responses (hits and correct rejections) were calculated per subject per 
session. 
 The 4-choice serial reaction time test assessed motor control and 
spatial processing. A fixation point was presented for 200 ms and 
immediately after that, an asterisk appeared randomly on one of four fixed 
locations on the screen for a duration of 200 ms. The subjects were asked to 
respond to the location of the asterisk within an interval of 1000 ms by 
pressing one of four spatially corresponding keys on the keyboard (Q, X, M, 
O) using their index and middle finger. The response was always followed by 
a pause of 500 ms. Each session consisted of 300 trials and had a duration of 
approximately 6 minutes. Mean response latency and accuracy were 
calculated per subject per session.  
 Each test started with 10 ‘warming-up’ trials, which were not 
included in the analyses. The computer automatically alternated the order in 
which the reaction time test and memory test were presented, i.e. if the 
computer started with the reaction time test on one session, it started with 
the memory test on the next session. The vigilance task was always presented 
last.  
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Analyses 
 
 Objective sleep efficiency (SE = 100% x (time in bed -  sleep latency 
- time awake) / time in bed) was calculated according to the following 
procedure. Sleep onset was determined as the start of the first period of 7 
minutes of complete immobility after bed-in time (Horne et al., 1994). The 
clock times of ‘bed-in’, ‘final wake’ and ‘bed-out’ were derived from the sleep 
log. The amount of intermittent wakefulness (‘time awake’) was detected by 
the Actiwatch software. Due to mail problems, one insomniac did not receive 
the Actiwatch in time. Another subject was excluded from the analyses, due 
to equipment failure. 
 Acute core body temperature changes exceeding 0.3° Celcius were 
marked as missing values. The temperature data were averaged per hour.   
 In the performance tasks, some responses were outside the fixed 
response interval and marked as missing. The number of randomly missing 
values across the three performance tests amounted to 3.7%. All repeatedly 
measured parameters were subjected to a repeated measures analysis of 
variance (ANOVA) with ‘Group’ as between-subjects factor and ‘Time-of-
day’ as within-subjects factor. For the performance parameters, the Time-of-
day factor had 9 levels, i.e. one value for every 3 hours (starting from 11:00 
h), whereas for body temperature and subjective sleepiness 24 levels were 
included, i.e. one value for every hour, starting from 11:00 h. The missing 
data were replaced by linear interpolation. Significance levels were 
determined after Huyn-Feldt correction.   
 For the questionnaires mean raw scores were calculated, except for 
the AD-ACL, for which factor scores were computed (Kerkhof, 1998). The 
individual differences between the insomniacs and the controls in the 
biographical scores (Table I), chronotype and education level were tested 
non-parametrically (Wilcoxon Signed-Ranks test).  
 In order to estimate the impact of the circadian rhythmicity, 24-h 
sinusoidal curves were fitted to the data of body temperature, subjective 
measures, and performance. A nonlinear mixed-model analysis (Wolfinger, 
2000; Van Dongen et al., 2004), considering all subjects at once, was used to 
fit the 24h sinusoids, with planned contrasts for amplitude and phase. In the 
nonlinear mixed-model analysis both within-subjects as well as between-
subjects variance are taken into account, and missing data - if randomly 
distributed - are allowed. Differences between the two groups in phase and 
amplitude were tested by means of a t test. 
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RESULTS 
 
Biographic and sleep characteristics 
 
 The biographic characteristics of the insomniacs and the control 
subjects are given in Table I. The differences between the insomnia and 
control group all reached statistical significance, except for subjective 
concentration, which showed a trend in the data. Overall, the questionnaire 
scores showed mildly elevated levels of daytime dysfunction in the insomnia 
group. Except for the CIS subscales, values did not differ more than 1 SD 
from a healthy population (see Table I footnotes). Because of the relatively 
high values on the CIS questionnaire, values for a clinical population 
(chronic fatigue syndrome patients) are also provided in the legend of Table 
1. These characteristics correspond with the complaints typically observed in 
severe chronic insomnia (Hauri and Fisher, 1986; Riedel and Lichstein, 
2000; Stepanski et al., 1989). 
 With respect to chronotype, no differences were found (Wilcoxon 
Signed-Rank statistic = 0.356; p>.10). Also, education levels of the two 
groups were comparable (Wilcoxon Signed-Rank statistic = 0.425; p>0.10). 
 Table II shows the actigraphically determined sleep data as recorded 
in the three days before the constant routine. Minor differences were 
detected in total sleep time (insomniacs < controls). Sleep efficiency and 
subjective sleep quality were significantly lower in the insomnia group. No 
differences were found in total bedtime, sleep onset latency and mean wake 
time.  
 
Body Temperature 
 
 Figure 1 shows the core body temperature profiles of the insomniac 
and control groups during the constant routine. The data for 11 insomniacs 
and 12 controls were available for analysis; due to equipment failure, one 
control subject was discarded. A clear circadian pattern was observed, with 
little difference between the two groups. Repeated-measures ANOVA 
yielded a significant effect for Time-of-day (Fdf23,483 = 17.55, p = 0.00), but 
no effect of Group (Fdf1,21 = 1.31;  p>0.10) and no interaction effect (Fdf23,483 
= 0.79, p>0.10).  
Nonlinear mixed-model analysis of circadian rhythmicity revealed that 
circadian amplitude averaged 0.20 ± 0.01 ºC for the insomniacs and 0.17 ± 
0.01 ºC for the controls (mean ± standard error); the difference was not 
statistically significant (tdf19  = 1.38; p >0.10). The temperature minimum 
was estimated to occur at 04:47 hours ± 15 min in the insomnia group and 
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at 04:22 hours ± 17 min in the controls; the difference was not statistically 
significant (tdf19 = 1.09; p >0.10). 
 
 
Table I.  Biographic questionnaire data. The values represent the mean raw scores (between 
bracket: standard deviation) for the various subscales of the questionnaires used in this study. 
The insomniacs were compared with the controls by means of the Wilcoxon Signed-Ranks 
test. Reference scores (± standard deviation) for healthy and pathological range (CIS only) are 
given in the footnotes. 
 

 Insomniacs Controls p value 
SCL-90a    
  Anxiety 16.6 (6.5) 11.3 (1.9) 0.017 
  Depression 26.8 (8.1) 20.2 (4.1) 0.028 
  Somatic Complaints 21.8 (4.6) 14.3 (2.2) 0.008 
  Psychoneuroticism 145.8 (23.0) 109.4 (12.0) 0.008 
Rand-36b    
  General Health 54.9 (13.8) 86.1 (7.8) 0.012 
  Social Functioning 65.6 (18.6) 91.7 (16.5) 0.034 
CISc    
  Subjective Fatigue 40.4 (9.6) 12.1 (6.1) 0.005 
  Reduction in Concentration 19.6 (6.3) 11.5 (9.0)  0.074 
  Reduction in Motivation 14.6 (6.6)   6.9 (3.5) 0.025 

 
 
Table II  Mean values (between brackets: standard deviation) of the sleep indices obtained 
from three nights of actigraphy, and comparison of the insomniacs with the controls by means 
of a Wilcoxon Signed Ranks test. Subjective sleep quality was assessed by the Groninger Sleep 
Quality Questionnaire: mean score of three nights; original scores inverted (scores above 9 
represent normal sleep here).  
 

 Insomniacs Controls p value* 
Time in Bed (min) 454  (50) 478  (50) n.s. 
Total Sleep Time (min) 339  (84) 393  (57) 0.093 
Sleep Onset Latency (min) 34    (17) 19    (10) n.s 
Mean Wake Time (min) 48    (37) 43    (28) n.s 
Sleep Efficiency (%) 73.3 (3.6) 82.3 (6.7) 0.036 
Subjective Sleep Quality  4.9   (1.9) 11.3 (2.5) 0.007 

               * n.s. denotes non-significant (P>0.10) 
 
 
a SCL-90 (healthy subjects): Anxiety 13.9 ± 5.2, Depression 22.5 ± 7.9, Somatic Complaints 17.8 ± 6.6, 
Psychoneuroticism 123.9 ± 33.3 (Vercoulen et al., 1994). 
b Rand-36 (healthy subjects): General Health 72.7 ± 22.7, Social Functioning 86.9 ± 20.5 (Van der Zee  et 
al., 1996).  
c CIS (healthy subjects): Subjective Fatigue 17.3 ± 10.1 (<35 = healthy), Reduction in Concentration (RC) 
9.5 ± 5.0, Reduction in Motivation (RM) 7.9 ± 4.1; CIS (chronic fatigue syndrome subjects): SF 51.7 ± 
4.6, RC 27.5 ± 7.0, RM 17.0 ± 6.5 (Vercoulen et al., 1996). 
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Figure 1. Group mean values of body temperature (error bars denote standard  
errors). The solid line represents the insomniacs; the dashed line represents the  
controls. 

 
 
Subjective Measures 
 
 Figure 2 illustrates the mean values for the subjective indices during the 
constant routine. Table III shows the statistical results of repeated-measures 
ANOVA, and Table IV shows the results of nonlinear mixed-model analyses of 
circadian rhythmicity. All subjective measures showed a significant effect of 
Time-of-Day. Also, statistical significance was reached for the Group factor, 
except for sleepiness, which showed a trend in the data.  
 For both groups, subjective sleepiness showed an increase over the 
course of the experiment. Figure 2a reveals that the mean values of the 
insomniacs already started at a relatively higher morning level (a trend for a 
between-group difference was observed). Figure 2b presents the mean values of 
the subjective fatigue scores. Two subjects from the insomnia group could not 
fill out the fatigue questionnaire, because it was not available at that time. The 
24h pattern mainly consisted of gradually rising values, a trend which was 
corroborated by a significant Time-of-Day effect. In addition, throughout the 
entire 24h period, the insomniacs showed higher levels of subjective fatigue than 
the controls, which was confirmed by a significant Group effect. Subjective 
mood (Fig. 2c) differed between the groups, with insomniacs experiencing lower 
mood levels than the controls. A Group x Time-of-Day interaction was 
observed for concentration (Table III). In particular during daytime, the groups 
showed considerable differences in concentration (Fig. 2d). Also, an overall 
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significant Group difference was reached, with lower levels of concentration in 
the insomnia group. 

Nonlinear mixed-model analyses showed the following results. The 
amplitude of the sleepiness curve was smaller in the insomnia group than in 
the control group, whereas no phase difference was observed. In fatigue, no 
differences with respect to phase and amplitude were found. Amplitude 
estimates for mood tended to differ, with a smaller amplitude in the insomnia 
group. Due to a relatively large standard error no statistical significance was 
reached in phase, despite a phase difference of over 60 minutes. For 
concentration, a smaller amplitude was found in the insomnia group. No 
differences were observed between the phase estimates of both groups. 
 
Task Performance 
 
 Figure 3 shows the mean values of the performance measurements 
during the constant routine. Table III gives the corresponding results of 
repeated-measures ANOVAs, and Table IV displays the results of mixed-
model analyses. The vigilance test outcomes of 2 subjects (1 insomniac, 1 
control), and the working-memory test outcomes of 3 subjects (1 insomniac, 
2 controls) were removed from the data set, because these subjects were 
found to have misinterpreted the demand characteristics of the specific tests. 
Figure 3 reveals that the insomniacs showed consistently lower levels of 
performance across all tasks, corroborated by significant differences between 
the groups. Except for working-memory response latency (Fig. 3d), no 
interactions were observed. A significant Time-of-Day variation was found 
for all parameters, except for working-memory accuracy, showing on 
average a rather constant level of performance during the day and a 
decreased level of performance during the night. Performance troughs were 
reached at around 05:00-07:00h (Table IV).   
 Nonlinear mixed-level analyses revealed the following outcomes (see 
also Table IV). Within the groups, the amplitudes of all performance 
parameters reached statistical significance, except for the 2 working-memory 
parameters in the insomnia group, and motor control accuracy in the control 
group. In comparing the groups, vigilance response latency and motor 
control accuracy showed reduced amplitudes in the insomnia group (Table 
IV). The phase estimates of working-memory response latency and vigilance 
response latency showed earlier timing in the insomnia group as compared 
to the control group. However, it should be noted that the insomniacs’ 
circadian amplitude in working-memory response latency did not reach 
significance, which probably resulted in an inaccurate estimation of the 
phase.  
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Figure 2. Group mean values of the subjective variables (error bars denote standard error). 
Plotted are (a) factor scores of sleepiness (range 2.6–12), (b) fatigue (range 6–30), (c) mood 
(range 1–5), and (d) concentration (full range 1–5). The solid line represents the insomniacs; 
the dashed line represents the controls. 
 
 
 
 

 
 
(figure continued on next page) 
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Figure 3.  Group mean values of the performance variables (error bars denote standard errors). 
Plotted are (a) vigilance response latency (range 150-1100ms), (b) vigilance sensory sensitivity 
(full range 0.5–1.0), (c) vigilance response bias (full range 0.5–1.5), (d) working memory 
response latency, (e) working memory accuracy, (f) motor control response latency, and (g) 
motor control accuracy. In all higher values on the ordinate represents better performance. 
The solid line represents the insomniacs; the dashed line represents the controls. 
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Table III  Repeated-measures ANOVA results. The F T-o-D column shows the Time-of-Day 
F-values. The F T-o-D x Group column shows the F-values for the Time-of-Day x Group 
interaction. The F Group column shows the F-values for the between-group tests. 
 

 
F 

T-o-D 
F 

T-o-D x 
Group 

F 
Group 

Sleepiness 17.98**   1.29   3.91† 
Fatigue 23.01**   0.39 20.03** 
Concentration 16.43**   2.44* 23.25** 
Mood   4.53**   1.11   7.26* 
Vigilance    
   Response Latency   4.49**   1.58   8.89* 
   Perceptual Sensitivity   5.90**   0.22   7.29* 
   Response Bias   8.58**   0.40   6.78* 
Working Memory    
   Response Latency   4.21**   2.45*   9.13* 
   Accuracy   1.74   1.14   6.55* 
Motor Control    
   Response Latency   3.49*   0.39   7.64* 
   Accuracy   3.84*   1.18   4.81* 

         † p<0.1, * p<0.05, **p<0.001. 
 
 
Table IV  Results of nonlinear mixed-model analyses of circadian rhythmicity. The table 
shows the estimated group means (between brackets: standard errors), with amplitude 
estimates in the unit of the corresponding variables and phase estimates in hh:mm format 
(with standard errors in minutes); and the differences between the two groups (expressed in 
minutes for phase) as well as the results of comparison by t test. All amplitudes within the 
groups were statistically significant, unless indicated otherwise. 
 

AMPLITUDE 
 Insomniacs Controls Ins-Con Diff p value* 
Sleepiness 1.52 (0.18) 2.31 (0.16)  -0.78 (0.24) 0.003 
Fatigue 4.60 (0.37) 4.60 (0.31)   0.00 (0.49) n.s. 
Mood 0.35 (0.12) 0.65 (0.11)  -0.30 (0.17) 0.086 
Concentration 0.50 (0.12) 0.92 (0.11)  -0.42 (0.16) 0.016 
Vigilance     
    Response Latency (ms) 16.9 (6.3) 32.4 (5.9)   -15.5 (8.7) 0.089 
    Perceptual Sensitivity 0.04 (0.01) 0.04 (0.01)    0.00 (0.01) n.s. 
    Response Bias 0.05 (0.01) 0.06 (0.01)   -0.01 (0.01) n.s. 
Working –Memory     
    Response Latency(ms) 15.5 (11.7) a 40.2 (11.2)  -24.7 (16.2) n.s. 
    Accuracy (%) 1.98 (1.18) a 3.47 (1.14)  -1.49 (1.64) n.s. 
Motor Control     
    Response Latency (ms) 14.1 (4.8) 15.3 (4.3)  -1.18 (6.41) n.s. 
    Accuracy (%) 5.70 (1.15) 1.97 (1.03) a   3.73 (1.54) 0.025 
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Table IV  continued. 
 

PHASE 
 Insomniacs Controls Ins-Con Diff p value* 
Sleepiness 04:57 (25) 04:24 (15)  32 (30) n.s. 
Fatigue 06:11 (18) 05:31 (37)  35 (24) n.s. 
Mood 05:44 (74) 04:36 (36)  68 (82) n.s. 
Concentration 04:33 (49) 05:15 (25) -43 (55) n.s. 
Vigilance     
    Response Latency  02:30 (83) 05:35 (38) -185 (91) 0.056 
    Perceptual Sensitivity 05:21 (42) 05:09 (43)   12 (60) n.s. 
    Response Bias 05:19 (42) 05:21 (33)    -2 (53) n.s. 
Working-Memory     
    Response Latency  01:53 (171) a 07:08 (61) -315 (182) 0.000 
    Accuracy  02:35 (131) a 05:29 (69) -174 (148) n.s. 
Motor Control     
    Response Latency  05:35 (70) 04:28 (58)   67 (91) n.s. 
    Accuracy  05:51 (42) 06:17 (110) a  -26 (118) n.s. 
* Between-group differences, n.s. denotes non-significant (p>0.10) 
a Circadian amplitude not statistically significant; phase estimates may therefore be inaccurate 
 
 
 

DISCUSSION 
 
 
 Under strictly controlled conditions, chronic psychophysiological 
insomnia was found to be associated with an overall performance deficit in 
comparison with healthy age and gender matched controls. Across all tasks, 
which varied in their load on sensory-motor and cognitive capacities, a 
substantial lowering in performance levels in the insomnia group was 
observed. Nevertheless, most measures of task performance and subjective 
functioning showed comparable circadian patterns in both groups.  
 As mentioned, the main findings from our study support the 
widespread assumption of a performance deficit related to chronic insomnia 
(Chambers and Keller, 1993; Riedel and Lichstein, 2000). However, until 
now, the majority of studies focussing on daytime functioning found only 
minor differences between insomniacs and healthy control subjects, or even 
no differences at all (Bonnet and Arand, 1996; Hauri, 1997; Seidel et al., 
1984). Minor difficulties in sustaining attention have been reported in only a 
few studies (e.g. Schneider-Helmert, 1987). Our findings on the vigilance 
task showed that insomnia is associated with a distinct deterioration in both 
sensory sensitivity and response latency. In the same task, the insomniacs’ 
response bias showed an increased preference for ‘no’ responses (i.e. a more 
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conservative strategy), possibly related to an elevated level of sleepiness 
and/or fatigue. This reserve in responding may increase the likelihood of 
missing vital information when insomniacs have to perform a task in which 
sustained attention is required. 

Unlike the relatively minor differences reported in some earlier 
studies (Hauri, 1997; Mendelson et al., 1984; Schneider-Helmert, 1987), a 
clear deterioration in memory response latency and accuracy was observed 
in the present study. Also, the complex motor control task showed longer 
latencies and less accuracy for the insomnia group than for the control 
group. In short, insomniacs appeared to perform worse than controls, 
regardless of the particular aspect of their performance.  
 A circadian pattern was observed in most of the objective and 
subjective parameters of both groups, showing no significant differences in 
circadian phase. As such, it seems that an overall performance minimum in 
the insomnia group was reached at about the same time-of-day, i.e. the late 
night/early morning. The results do not provide evidence for distinct 
circadian differences between insomniacs and healthy controls. However, 
these results should be interpreted with some caution, considering the 
relatively small circadian amplitudes in most parameters in both groups, 
suggesting a relatively minor systematic contribution of the circadian clock 
on performance. It should also be noted that a second, homeostatic 
component, interacting with the circadian process, influences performance. 
The complexity of this interaction -i.e. a nonlinear relation between the two 
components (Van Dongen and Dinges, 2003)- is largely unknown.  
 In earlier studies, there are indications that insomniacs show 
increased levels of body temperature relative to control subjects. Adam et al. 
(1986) compared oral temperature values over a period of 40 hours and 
reported a higher temperature level in insomniacs. Another study, carried 
out under constant routine conditions, showed an elevation in the level of 
core body temperature in the insomnia group (Benoit and Aguirre, 1996). 
These and other studies (e.g. Bonnet and Arand, 1995) suggested 
hyperarousal as an underlying mechanism of insomnia, in which insomniacs 
fail to downregulate their body temperature. The present constant routine 
study failed to replicate elevations in body temperature, and thus does not 
support the hyperarousal hypothesis. It should be emphasized that a constant 
routine protocol is essential for correctly measuring core body temperature 
(Mills and Waterhouse, 1984). Presently, we are investigating more 
physiological measures sensitive to hyperarousal to verify this outcome. 
 Beside insomniacs’ global reports of daytime dysfunction (Mendelson 
et al., 1986), such as the occurrence of fatigue and the loss of concentration 
and mood, most researchers have reported that insomniacs do not exhibit 
subjective differences when asked how they are feeling at a particular 
moment (Bonnet & Arand, 1998; Chambers and Keller, 1993). In contrast to 
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the latter finding, our data showed consistent level differences in all 
subjective indices, i.e. mood, concentration, fatigue, and sleepiness. 
Insomniacs rated all of these indices worse, particularly during daytime. This 
shows that insomniacs, as compared to healthy sleepers, are characterized by 
a negative perception of their daytime functioning, as repeatedly assessed at 
different times of day, which is in agreement with the present objective 
performance assessments. Thus, insomniacs’ perception of daytime 
functioning seems to be not only impaired on a ‘retrospective’ level (Table 1), 
but also on a time-specific level, i.e. when assessed at specific times.  
 There are several possibilities that could explain the discrepancy 
between the present results and earlier findings. Perhaps the lack of 
difference observed between insomniacs and controls in earlier studies is due 
to sampling bias. Most studies included a heterogenous group of insomniacs, 
consisting mainly of subjects recruited from the general population. In 
contrast to these studies, the present study carefully screened the insomniacs 
as suffering from a well defined, clinically diagnosed chronic sleep disorder. 
Another explanation could be related to the applied methodology. Possibly, 
in most previous studies, external motivating factors ‘aroused’ the insomniacs 
in such a way that they were able to maintain a relatively high level of 
performance. The impact of these factors is kept constant or is minimized in 
a constant routine protocol.  
 A few insomniacs in the present study were infrequent users of CNS 
medication. Therefore, the results might be confounded by behavioural 
effects of anti-depressants or hypnotics (Hindmarch, 1984). In most 
investigations of insomniacs this confounding is a potential problem of 
unknown impact as these studies rely upon the subjective reports of 
medication intake. Self-reports of medication intake are not likely to be very 
reliable (Nolan and O'Malley, 1988). Also, daytime effects of medication use 
depend upon frequency of intake, dosage and type of medication 
(Hindmarch, 1984). Moreover, after cessation of medication intake, the 
duration of withdrawal/rebound effects may vary widely between types of 
medication and individuals (Oswald et al., 1982). Thus, in the future more 
attention should be given to measures preventing this confounding. 

In the light of the present results, earlier studies should be reviewed 
critically. We argue that in order to reveal differences between normal 
sleepers and insomniacs a rigid laboratory routine should be considered. 
Moreover, a prolonged experimental period involving repeated 
measurements is required to determine whether a true deficit exists in 
insomniacs’ performance. Finally, an assessment period after home sleep 
rather than after laboratory sleep could reduce the reversed-night effect often 
observed in insomniacs.  
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“In the second year of his reign, Nebuchadnezzar had dreams; his  

mind was troubled and he could not sleep.” 
       

Daniel 
Daniel 2:1  
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Chapter 4 
 

Intrinsic Level of Arousal 
 
 
 

 

SUMMARY 
 
It has been hypothesized that general hyperarousal, present during both 
sleep and wake, may underlie chronic insomnia. The present study explored, 
under strictly controlled conditions, whether chronic insomnia is associated 
with altered physiological indices of sympathovagal influence both in 
absolute levels and in terms of circadian rhythmicity, relative to controls. A 
24–hour constant–routine protocol was implemented to assess physiological 
measures. Eleven clinically diagnosed chronic insomniacs were compared to 
thirteen healthy matched controls. The insomniacs and control subjects 
underwent physiological parameter recordings and cognitive performance 
testing during 24 hours of total sleep deprivation. Sympathovagal control of 
cardiac activity (pre-ejection period, heart rate variability) was assessed as a 
primary marker of the physiological characteristics of arousal. 
Cardiovascular parameters, free cortisol, and body temperature were 
subjected to mixed-effects analysis of variance and nonlinear mixed-effects 
regression analysis. Overall, no differences were found in either the absolute 
level or the circadian parameters (amplitude, phase) of these variables 
between the insomniacs and control subjects. There appeared to be no 
indication of hyperarousal in insomniacs measured under strictly controlled 
conditions with continuous wakefulness. Thus, general hyperarousal was not 
a major contributor to chronic insomnia in our sample. If hyperarousal was 
involved in the pathology of insomnia at all, it must have been specific to the 
sleep state. 
 
 
 
Varkevisser M, Van Dongen HPA, Kerkhof GA. Physiological indices in chronic insomnia 
during a constant routine: Evidence for general hyperarousal? Revised manuscript submitted 
to Sleep. 
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INTRODUCTION 
 
 Several studies have suggested a chronic state of hyperarousal as the 
underlying mechanism of chronic insomnia (Benoit and Aguirre, 1996; 
Bonnet and Arand, 1997; Vgontzas et al., 2001). In a similar vein, 
insomniacs’ complaints of elevated daytime levels of anxiety and fatigue have 
been hypothesized to be attributable to chronic hyperarousal, rather than 
being a consequence of the previous night’s poor sleep (Bonnet and Arand, 
1992; Morin et al., 2003; Drake et al., 2004). Such hyperarousal could result 
from a combination of internalization of significant stressful events (e.g. 
divorce, poor job satisfaction) and certain predisposing factors (Bonnet and 
Arand, 1997; Hauri, 2002; Drake et al., 2004). In the context of insomnia, 
hyperarousal is often conceptually differentiated in cognitive, emotional and 
physiological hyperarousal. In experimental studies of insomnia it has been 
difficult to discriminate these concepts (Lundh and Broman, 2000), 
suggesting that they may have the same underlying mechanism.    
 Bonnet and Arand (1998) assessed cardiac autonomic activity in 
insomniacs and good sleepers as a marker of physiological arousal. They 
reported that insomniacs showed increased sympathetic and decreased 
parasympathetic nervous system activity during sleep, which the authors 
attributed to the influence of hyperarousal. Domitrovich et al. (2004) 
observed decreased parasympathetic activity specifically in non-REM sleep 
in a group of insomniacs. The increase in physiological arousal that would 
accompany this change in sympathovagal influence is thought to prevent 
insomniacs from sleeping well (Harvey, 2002). 
 Other indices have been employed to assess the presence of 
physiological arousal as well. For instance, in a study by Vgontzas et al. 
(1999) an increase in the insomniacs’ cortisol level during the nocturnal 
period was found, particularly around the sleep onset period. The authors 
related the increase in nighttime cortisol secretion to hyperarousal rather 
than to the previous night’s poor sleep, based on the finding that sleep loss 
does not disrupt the usual pattern of cortisol levels in healthy young adults 
(Vgontzas et al., 1999). Further studies have shown an increase in alpha and 
beta frequencies in the EEG of insomniacs during sleep (Freedman, 1986; 
Perlis et al., 2001) an increase in 24-hour whole-body metabolism (Bonnet 
and Aran, 1995) and brain metabolism (Nofzinger et al., 2004), and an 
elevation in body temperature (Adams et al., 1986; Benoit and Aguirre, 
1996; Morris et al., 1990). These effects have also been interpreted as 
evidence of a relationship between insomnia and hyperarousal.  
 Despite these consistent findings, there is still doubt whether 
insomnia is caused by physiological hyperarousal. A study by Riemann and 
colleagues (2002) measuring nocturnal plasma cortisol did not replicate the 
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findings of Vgontzas et al. (2001). Furthermore, in a study of Stepanski et al. 
(2000) no evidence of hyperarousal was found when insomniacs were sleep 
deprived. In the latter study, the influence of hyperarousal was expected to 
moderate sleepiness as induced by sleep loss. However, the level of 
physiological sleepiness after a night of sleep deprivation was comparable in 
the insomnia group and in a healthy control group. Finally, in a laboratory 
study by Lichstein et al. (1994) daytime pupillometry was applied as an index 
for arousal in the sympathetic nervous system. The results showed no 
differences in pupil diameter between insomniacs and healthy controls, 
indicating no daytime differences in sympathetic nervous system activity. 
While the majority of published studies offer support for some type of 
hyperarousal, these contradictory findings suggest that the role of arousal as 
a major contributor to poor sleep and daytime symptoms (i.e., sleepiness) in 
insomnia should be reconsidered.  
 Most studies to date did not control for exogenous and/or 
physiological factors that could influence the level of arousal, such as posture, 
light exposure, etc. In the present study, the constant-routine protocol (Mills 
and Waterhouse, 1984) was employed in order to neutralize these so-called 
masking factors. We found that under strictly controlled conditions, cognitive 
performance is consistently impaired in insomniacs compared to healthy 
controls (Varkevisser and Kerkhof, 2005); whereas in most other laboratory 
studies no distinct differences were found, as reviewed previously by Riedel 
and Lichstein (2000).  
 The aim of the present study was to assess, in the absence of masking 
influences, whether changes in sympathovagal activity, and changes in 
cortisol levels across the 24-hour day, are indeed associated with chronic 
insomnia. Our study hypothesis was that throughout the 24 hours, 
insomniacs would display an increased level of arousal relative to healthy 
controls. We expected to observe one of three possible outcomes: a) a 
chronically elevated level of arousal (i.e., general hyperarousal across the 24-
hour day); b) a nocturnal increase in arousal (at the normal time for sleep); or 
c) no differences in the level of arousal between insomniacs and healthy 
controls.   
 
 
 

METHODS 
 
Subjects 
 
 The patient group of this study consisted of thirteen individuals 
diagnosed with chronic psychophysiological insomnia (seven males, six 
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females; mean age ± standard deviation: 43.8 ± 8.9 years; range 31-54). 
Patients had been referred to the Centre for Sleep and Wake Disorders at 
the Westeinde Hospital (The Hague) by their physician. All patients 
underwent 48-hour ambulatory polysomnography according to the standard 
protocol of the Centre for Sleep and Wake Disorders. Inclusion criteria were 
taken from the International Classification of Sleep Disorders Revised 
(2001), according to which the insomnia complaint should (a) have a 
duration of more than six months, (b) occur three nights or more per week, 
and (c) be confirmed by polysomnography (sleep efficiency less than 85%; 
sleep latency more than 30 minutes and/or wake time during sleep more 
than 45 minutes). Shift workers were not included in the study.  

None of the insomniacs had evidence of psychiatric disease as 
indicated by the SCL-90 (Derogatis et al., 1976). Two subjects (one male, 
one female) of the original thirteen subjects were excluded from data analysis 
due to daily intake of an anti-depressant. Three subjects of the remaining 
eleven patients took CNS active medication occasionally, as prescribed by 
their physician: a benzodiazepine (one subject; on average once a week) and 
an anti-depressant (two subjects; on average three times a week). Medication 
was taken primarily to improve sleep (Rodenbeck et al., 2003). During the 
laboratory component of the study, medication intake was not allowed.  

The control group of this study consisted of thirteen healthy 
volunteers (seven males, six females; mean age ± standard deviation: 44.9 ± 
7.7; range 33-53 years) who were recruited through advertisements. History 
of medical/psychiatric illness and sleep times was obtained in a standardized 
telephone interview and questionnaires. No psychiatric or medical illnesses in 
recent years were reported (for further details; Varkevisser and Kerkhof, 
2005). All control subjects were free from medication and were excluded if 
they reported excessive consumption of alcohol or other drugs. The self-
reported sleep times of the control subjects were between 22:00−01:00h (bed-
in) and 06:00−09:00h (bed-out), indicating a normal sleep range. The control 
subjects were individually age- and sex-matched to the insomniacs.  
 After thorough explanation of the experiment, subjects gave consent 
to participate. This work was approved by the Medical Ethics Committee of 
the MCH Westeinde hospital, The Hague, The Netherlands. 
 
Experimental Procedures 
 
 A constant-routine study was conducted in the Sleep Research 
Laboratory of the University of Leiden to record 24-hour physiology and 
performance, controlling for the masking effects of sleep, posture changes, 
and physical activity. Subjects remained awake in a semi-recumbent position 
for a period of 26 hours under constant supervision. Lighting conditions (30–
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50 lux, as measured in the horizontal angle of gaze) and ambient 
temperature (18° C) were kept constant throughout the laboratory 
experiment. Food intake was standardized by means of isocaloric snacks 
(100–120 kcal) provided every hour. Before each snack, subjective sleepiness 
and subjective fatigue were assessed.  

The experiment started at 09:00 hours with a 2-hour adaptation 
period in which subjects were engaged in non-strenuous activities in bed. 
Details on the cognitive performance tests are presented elsewhere 
(Varkevisser and Kerkhof, 2003). Between test bouts, participants were 
allowed to read, play board games, study, etc., but no vigorous activities were 
allowed. 

Subjects were instructed to wear a wrist activity monitor during the 3 
days prior to the experimental period, and were required to keep a sleep 
diary on a daily basis. During this pre-experimental period subjects slept at 
home. 
 
Measurements 
  
 Core body temperature (CBT) was used as a biological marker of 
circadian rhythmicity. It was measured with a rectal thermistor (ASKEY, 
Leiden, The Netherlands) and recorded at 6-minute intervals on an Escort 
Junior Data Logger (EDL Systems Ltd., Sydney, Australia). Outliers in the 
body temperature data (defined as acute temperature changes that exceeded 
0.3 °C) were marked as missing values. Due to equipment failure, the CBT 
data from one subject in the insomnia group and two subjects in the control 
group could not be used for analysis. Temperature values were averaged per 
hour before analysis.  
 Cardiac activity was continuously recorded with the VU-AMS v4.6 
ambulatory system (Free University, Amsterdam, The Netherlands), and pre-
processed with dedicated software. The VU-AMS device used six Ag/AgCl 
electrodes to record both electrocardiography and impedance cardiography. 
Details on electrode placement, R-peak detection, and thoracic impedance 
(dZ) assessed by this device can be found in De Geus et al. (1995). The 
sampling rate of the VU-AMS device for the inter-beat-interval (IBI) time 
series was 1000 Hz. 
 At 3-hour intervals, cardiovascular data were extracted from 30-
minute periods preceding performance testing. Artifacts in these data were 
removed first by detecting and rejecting outlier IBI values (<300 ms or 
>1800 ms). From the R-peak time series, heart rate average (HRA) was 
analyzed for each participant in 30-second segments.    

The root mean of the squared successive differences (rMSSD) of the 
IBIs was computed as an estimate of the short-term component of heart rate 
variability, which is an index of vagal tone (Malik et al., 1996; Penttilä et al., 
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2001). The rMSSD for consecutive beats in each 30-second segment was 
calculated by: rMSSD = √(1/n Σi (IBIi - IBIi-1)2). Values exceeding 200 ms 
were considered outliers and discarded per 30-second segment.  

The pre-ejection period (PEP), an index of sympathetic cardiac 
regulation (Berntson et al., 1994), was assessed with the following procedure. 
The maximum velocity of ejection (dZ/dt), obtained from the thoracic 
impedance (dZ) data and sampled at 250 Hz around each R-wave, was 
ensemble-averaged over each 30-second segment. The onset of dZ/dt 
upstroke (opening of the aortic valves) was manually determined for each 
ensemble-averaged complex, and the PEP values were determined by adding 
a fixed Q-wave-to-R-wave interval of 48 ms to the R-B interval time (De 
Geus et al., 1995).  

From each selected 30-minute periods, one 5-minute continuous and 
artifact-free block was extracted. The mean HRA, rMSSD, and PEP were 
averaged per subject over the 30-second segments in each 5-minute block. 
 Free cortisol was measured from saliva samples collected every 3 
hours, prior to performance testing. Saliva was collected in non-coated, 
absorbent swabs (Salivettes™; Sarstedt, Nümbrecht, Germany) placed under 
the tongue for 2 minutes. After centrifugation (4 minutes at 2500 rpm) the 
saliva was stored at  –20° C until analysis. The concentration of free cortisol 
was determined by ELISA (DSL, Etten-Leur, the Netherlands). Sensitivity of 
the assay was 1 ng/ml.  

During the three pre-experimental days, general motor behavior was 
assessed with a wrist activity monitor (Actiwatch; Cambridge 
Neurotechnology Ltd., UK). The activity data were analyzed with dedicated 
Actiwatch Sleep Analysis software (version 1.06).  

Finally, the Dutch versions of the following questionnaires were used 
in this study: Symptom Check List (SCL-90; Derogatis et al., 1976) and 
Checklist Individual Strength (CIS; Vercoulen et al., 1996). 

 
Analyses 
 

Primary analyses were performed using SAS version 8.0. All 
cardiovascular parameters, free cortisol, and body temperature data were 
subjected to mixed-model analysis of variance (ANOVA; Van Dongen et al., 
2004), which is a statistically more powerful analysis for time series than 
repeated-measures ANOVA because it accounts for inter-individual 
variability. In mixed-model ANOVA, both fixed effects (changes over time) 
and random effects (inter-individual variability around the fixed effects) are 
involved. Mixed-model ANOVA is robust to missing values, so there was no 
need to replace missing data points (no more than 6% of the data was 
missing).  
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For the HRA, PEP, rMSSD, and cortisol variables, which were 
determined at 3-hour intervals across the 24-hour recording period, the 
ANOVA model consisted of a fixed Time of Day effect (9 levels), a fixed 
Group effect (insomniacs vs. controls), a fixed interaction term (Time of Day 
by Group), and an intercept with a random effect. The Time of Day and 
interaction effects were tested with an F-test and the Group term effects were 
tested with a t-test. For body temperature, which was assessed at 1-hour 
intervals across the 24 hours, the model had 24 levels for Time of Day, but 
was otherwise the same. In the case of significant Group or interaction 
effects, planned contrasts (t-tests; one-tailed) were implemented to detect 
differences between the groups on the specific levels of Time of Day.  
 To estimate the relative contribution of circadian rhythmicity in the 
physiological indices, 24-hour sinusoidal curves were fitted to the data by 
nonlinear mixed-model harmonic regression (Mikulich et al., 2003; Van 
Dongen et al., 2004). This analysis considered the data from all subjects at 
once while explicitly considering group differences (fixed effect) and 
individual differences (random effect). Planned contrasts (t-tests) between 
groups were implemented for overall level, circadian amplitude and 
circadian phase.  
 Multivariate analysis of variance (MANOVA) was carried out (SPSS 
9.0) to assess overall differences in cardiac activity between insomniacs and 
controls during habitual wake time (11:00 - 20:00h), habitual sleep time 
(23:00 - 08:00h), and the whole 24-hour period. For this analysis, HRA, 
rMSSD and PEP were averaged for each time interval, so that one value per 
parameter remained for each subject. Homogeneity was tested by means of 
Box’s Test of Equality. Wilk’s lambda was used to determine statistical 
significance of the omnibus test.  
 
Power Calculations 
 
 Based on the results of comparing the insomniacs with the control 
group in terms of performance in this study as reported earlier (Varkevisser 
and Kerkhof, 2005), and based on results from other published studies 
(Lushington et al., 2000; Vgontzas et al., 2001), we performed power 
calculations to assess the probability that any differences in physiological 
variables might be overlooked due to a lack of statistical power. Effect sizes 
were calculated for the overall level resulting from the nonlinear mixed-
model harmonic regression. Effect sizes for performance variables varied 
from 0.966 (motor control accuracy) to 1.431 (working memory response 
latency); for subjective fatigue the effect size was 2.069. Assuming a type I 
error threshold of 0.05 and using two-sided t-tests to compare groups, 
statistical power for the present investigation was calculated using nQuery 
(Elashoff, 2000). 
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RESULTS 
 
 

Table I shows the sleep and personality characteristics of the two 
groups. Sleep efficiency showed lower values for the insomnia group, and 
almost all personality scores differed between groups as well. More details on 
characteristics of sleep, subjective well-being, and performance for both 
groups can be found elsewhere (Varkevisser and Kerkhof, 2005). 

Figures 1-3 illustrate the 24-hour patterns of body temperature, 
cardiac reactivity, and cortisol, respectively. Higher values of rMSSD 
represent more vagal activity (Fig 2b), and lower values of PEP represent 
more sympathetic activity (Fig 2c). Note that the standard error of mean in 
figures 1-3 represents the standard error of the between-subjects differences 
(SEM[controls–insomniacs]). They were arbitrarily placed on the insomnia 
curves rather than the control curves. Table II shows the results from the 
mixed-model ANOVAs, and Table III shows the results from the nonlinear 
mixed-effects harmonic regressions.  

 
 

Table I. Mean values (± standard deviation) of descriptive variables, and comparison of the 
insomniacs with the controls by means of a Wilcoxon Signed Ranks test (p value column).   
 

 Insomniacs Controls p value* 
Actiwatch    
  Time in Bed (min)   454 (50)   478 (50) n.s. 
  Total Sleep Time (min)   339 (84)   393 (57) 0.093 
  Sleep Onset Latency (min)     34 (17)     19 (10) n.s. 
  Mean Wake Time (min)     48 (37)     43 (28) n.s. 
  Sleep Efficiency (%)  73.3 (3.6)  82.3 (6.7) 0.036 
SCL-90    
  Anxiety   16.6 (6.5)   11.3 (1.9) 0.017 
  Depression   26.8 (8.1)   20.2 (4.1) 0.028 
  Psychoneuroticism 145.8 (23.0) 109.4 (12.0) 0.008 
CIS    
  Subjective Fatigue   40.4 (9.6)   12.1 (6.1) 0.005 
  Reduction in Concentration   19.6 (6.3)   11.5 (9.0)  0.074 
  Reduction in Motivation   14.6 (6.6)     6.9 (3.5) 0.025 
* n.s. denotes non-significant (p>0.10) 
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Table II. Mixed-model ANOVA results. The F columns show the F-values for the effect of 
Time of Day and for the interaction, respectively, with degrees of freedom (df1, df2). The t 
column shows the t-values for the effect of Group, with degrees of freedom (df). The p 
columns show the p-values for each analysis.  
 

 
Temperature 
 
 Figure 1 shows the temperature data for the insomniacs and the 
controls. Mixed-model ANOVA revealed a significant Time of Day effect in 
the temperature data of both groups. No significant interaction or Group 
effect was found (Table II). Also, no differences were found in the planned 
contrasts. There was circadian rhythmicity in the temperature data of both 
groups as indicated by the significance of the amplitude parameters in the 
nonlinear mixed-model harmonic regression (Table III). The two groups 
were not significantly different in circadian amplitude or phase. Minimum 
temperature in both groups occurred at around 04:30. There was no 
significant difference in overall level between the two groups, which is in 
agreement with the absence of a Group effect in the mixed-model ANOVA. 
 

 
 

Figure 1. Group mean core body temperature (CBT) profiles. The solid  
curve represents the insomniacs; the dashed curve represents the controls.  
Error bars on the insomnia curve denote standard error of the differences  
between the two groups from the mixed-model ANOVA.  

 Time of Day Group Interaction 
     F(df1, df2)            p       t(df)              p             F(df1, df2)            p 
Temperature 0.00 0.64  0.62 (23, 429) 0.92 
Cortisol 0.00 0.39  0.50 (8, 167) 0.86 
HRA 0.00 0.24  0.68 (8, 162) 0.71 
rMSSD 0.01 0.37  1.29 (8, 162) 0.25 
PEP 

19.96(23, 429) 
7.27  (8, 167)  
7.67  (8, 162) 
2.76  (8, 162) 
0.78  (8, 162) 0.62

0.46 (429) 
0.86 (167) 
1.18 (162) 
0.91 (162) 
0.56 (162) 0.58 0.79 (8, 162) 0.61 
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Cardiac Activity 
 
 HRA: Mixed-model ANOVA indicated a Time of Day effect in the 
HRA data (Fig 2a). No statistical significance was reached in Group or 
interaction effects (Table II). Nonlinear mixed-model harmonic regression 
revealed that the amplitude parameters within the groups reached 
significance, indicating circadian rhythmicity (Table III). The two groups did 
not differ significantly with respect to overall level, amplitude and phase.  
 rMSSD: Visual inspection of figure 2b shows peak values during the 
nocturnal period in the rMSSD patterns of both groups. This was 
corroborated by the results of mixed-model ANOVA, revealing a Time of 
Day effect in the data of the two groups. Neither the Group effect nor the 
Time of Day by Group interaction reached statistical significance (Table II). 
A circadian rhythm was found in the HRA data of both groups as indicated 
by the significant amplitude parameters in the nonlinear mixed-model 
harmonic regression (Table III). No differences were detected in overall level, 
amplitude and phase between the groups.  
 PEP: The results of mixed-model ANOVA showed no significant 
effects in the PEP data for either Time of Day, Group, or interaction (Table 
II). With respect to circadian rhythmicity, nonlinear mixed-model harmonic 
regression indicated a significant amplitude in the PEP data of the control 
group only (Table III). Estimated amplitude in the insomnia group did not 
reach statistical significance. No differences were found in amplitude and 
overall level between the two groups. 
 Overall cardiac activity: The results of MANOVA showed no 
significant differences in overall cardiac activity (composite of HRA, rMSSD, 
PEP) between the two groups for the full 24-hour interval (Wilk’s λ = 0.92; 
F3,20 = 0.60; p = 0.62), for habitual wake time (Wilk’s λ = 0.91; F3,20 = 0.64; p 
= 0.60), and for habitual sleep time (Wilk’s λ = 0.95; F3,20 = 0.37; p = 0.77). 
Homogeneity of variance was met in each case (p>0.05). 
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Figure 2. Group mean 
profiles of the cardiac 
variables. Plotted are (a) 
heart rate average (HRA), 
(b) root mean of the 
squared successive differ-
ences (rMSSD), and (c) 
pre-ejection period (PEP). 
The solid curves represent 
the insomniacs; the dashed 
curves represent the 
controls. Error bars on the 
insomnia curves denote 
standard error of the 
differences between the 
two groups from the 
mixed-model output. 
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Cortisol 
 
 Mixed-effects ANOVA showed no differences between the cortisol 
patterns of both groups (Table II). A distinct Time of Day effect was found, 
as illustrated in Figure 3. Nonlinear mixed-model harmonic regression 
revealed a significant amplitude in both the insomnia and control groups, 
with cortisol maximum in both groups occurring at around 09:00 (Table III). 
No differences were detected between the circadian amplitudes, phases, or 
overall levels of the two groups.  
 

 
 

   
Figure 3. Group mean profiles of saliva cortisol concentrations. The solid  
curve represents the insomniacs; the dashed curve represents the controls.  
Error bars on the insomnia curve denote standard error of the differences 
between the two groups from the mixed-model output.  

 
 
Statistical Power 
 

Power calculations showed that with the present sample size (11 
insomniacs and 13 controls), any effect of insomnia in the physiological 
variables with a standardized effect size equal to or greater than what we 
previously observed for subjective fatigue -i.e., the largest standardized effect 
size observed in Varkevisser and Kerkhof (2005)- would have been detected 
with more than 99% power (at the conventional type I error threshold of 
0.05). Even if standardized effect sizes in the present data set would have 
been equivalent to those previously observed for working memory and 
vigilance performance (Varkevisser and Kerkhof, 2005), the present 
statistical power would have been at least 80%.  
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To get an indication of statistical power from independent sources, 
we considered previous laboratory studies of insomniacs and controls as 
reported in the literature. Laboratory studies investigating autonomic cardiac 
control either did not provide enough quantitative detail to calculate effect 
sizes, or reported non-significant results. A study by Vgontzas et al. (2001) 
documented a small difference in the 24-hour overall level of plasma cortisol, 
with higher values for insomniacs (218.0 ± 11.0 nmol) than for controls 
(190.4 ± 8.3 nmol). The difference between groups was not statistically 
significant (although a trend was reported); but it involved a notably large 
standardized effect size of 2.00. A power calculation revealed that with the 
present sample size, we would have had more than 99% power to detect 
such a cortisol effect with statistical significance. Since cortisol in our study 
was measured from saliva, which is noisier than plasma assessments, this 
statistical result must be seen as an upper limit. 

One constant routine study by Lushington et al. (2000), involving 
elderly insomniacs, documented a statistically significant difference in the 
overall level of CBT (mean ± s.d.: 36.84 ± 0.06 ºC for insomniacs; 36.66 ± 
0.06 ºC for controls) corresponding to a standardized effect size of 2.12. 
There was also a statistically significant difference in the amplitude of body 
temperature (mean ± s.d.: 0.38 ± 0.06 ºC for insomniacs; 0.55 ± 0.06 ºC for 
controls) corresponding to a standardized effect size of 2.00. Power 
calculations revealed that with the present sample size, we would have had 
more than 99% power to detect such temperature effects with statistical 
significance.   

These power calculations, together with the fact that mixed-model 
analyses are more powerful than the traditional analysis strategies for which 
the power calculations were set up (Burton et al., 1998), suggest that the 
absence of statistically significant differences between insomniacs and 
controls in the present study was not due to a lack of statistical power. 
 
 
 

DISCUSSION 
 
 
 In the present sample of psychophysiological insomniacs, no 
evidence was found for physiological hyperarousal. In the published 
literature it has remained unclear whether hyperarousal is a primary 
contributor to sleep disruption and daytime dysfunctioning in insomniacs. 
The physiological parameters we studied, all of which are known to be 
sensitive to fluctuations in the level of arousal (Morris et al., 1990; Bonnet 
and Arand, 1998, Vgontzas et al., 2001), showed no evidence of overall level 
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differences or circadian differences between insomniacs and normal sleepers. 
Power calculation showed these results to be statistically reliable.   
 To our knowledge, this is the first study to measure cardiac 
autonomous activity in a group of chronic insomniacs under strictly 
controlled conditions. In an earlier study, autonomic cardiac control during 
sleep has been shown to differ in insomniacs compared to good sleepers due 
to hyperarousal (Bonnet and Arand, 1998; Domitrovich et al., 2004). 
Accordingly, we hypothesized that in our study, when both groups were not 
allowed to sleep, sympathetic activity would be higher and vagal tone would 
be lower in the insomniacs relative to the normal controls. Indeed, vagal tone 
seemed to show a modest decrease in the insomnia group throughout the 
experiment. Also, sympathetic control and heart rate appeared mildly 
elevated. However, these apparent differences were not statistically 
significant, even though we used state-of-the-art statistical techniques that 
controlled for individual differences to enhance statistical power.  
 No circadian variation was present for sympathetic influence as 
measured by the pre-ejection period, as was also found in other studies 
measuring healthy subjects in a constant routine setting (Burgess et al., 1997; 
Van Eekelen et al., 2004). The circadian rhythms in average heart rate 
(HRA) and heart rate variability (rMSSD) resembled those found in other 
studies (Kräuchi and Wirz-Justice, 1994; Van Eekelen et al., 2004), and were 
similar in the insomniacs and the controls. Thus, the two groups responded 
to the experimental protocol in the same way. Again, the insomniacs showed 
no evidence of hyperarousal in autonomic control. 
 A few earlier studies measured CBT in a group of insomniacs under 
strictly controlled conditions (Morris et al., 1990; Benoit and Aguirre, 1996; 
Lushington et al., 2000). In these studies, the level of body temperature was 
higher in the insomnia group than in the control group. Also, the circadian 
phase of body temperature was (somewhat) advanced in the insomnia group. 
These results are not supported by the present outcomes. A possible 
explanation for this discrepancy may involve the selection criteria used in the 
other studies, which recruited their subjects by means of public 
announcements. This may have resulted in heterogeneous groups of 
insomniacs ranging from mild to severe complaints and with different 
etiologies, and maybe also subjects with sleep state misperception or 
circadian rhythm disorders (Harvey, 2000). In the present study, the patient 
group consisted exclusively of individuals diagnosed with chronic 
psychophysiological insomnia by the criteria as defined in the International 
Classification of Sleep Disorders Revised (ICSD-R, 2001). 
 Contrary to the study of Vgontzas et al. (2001), for cortisol we 
observed neither an overall 24-hour hypersecretion nor a nocturnal or 
diurnal elevation. This could be explained by differences in experimental 
design. In the study by Vgontzas et al. (2001) subjects were allowed to sleep. 
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The hypersecretion of cortisol around the sleep period in the insomnia group 
reported by Vgontzas et al. (2001) could be due to an anticipatory reaction to 
sleep (Shaver et al., 2002). Indeed, insomniacs are characterized by increased 
worry about sleep, especially during the pre-sleep period (Harvey, 2000; 
Lundh and Broman, 2000). Conditioned arousal in the bedroom and 
performance anxiety (i.e., trying too hard to sleep) are typical features in 
insomnia (ICSD-R, 2001). Not allowing subjects to sleep, as in the present 
study, may have prevented the subjects from worrying about sleep, which 
may explain the absence of cortisol hypersecretion. In addition, it is possible 
that the insomniacs in the present study were more relaxed, even sleepy, 
because they were in a standardized, monotonous bedroom, whereas in the 
Vgontzas study (2001) the subjects were ambulatory during daytime. Hence, 
the subjects in that study were exposed to changing and/or stimulating 
environments, which could have had a marked effect on cortisol secretion.  

Thus, while it is possible that hyperarousal was not present at all in 
our sample of clinical insomniacs, it is also possible that they did normally 
experience arousal, but specifically as a result of pre-sleep worrying. This 
may be interpreted as a hypersensitivity to specific, sleep-related matters. 
Insomniacs may react differently to sleep-related instructions (e.g., ‘try to fall 
asleep’) than control subjects. In this view, sleepiness assessment tools such as 
the multiple sleep latency test (MSLT; Stepanski et al., 1988; Chambers and 
Keller, 1993) and multiple relaxation test (MRT; Schneider-Helmert, 1987) 
would seem to be of limited value in insomnia patients.   

Limitations of the present study include the moderate sample size (11 
insomniacs and 13 controls), which limited our ability to investigate 
relationships between the different outcome variables. In addition, three 
insomniacs occasionally took CNS active medication (benzodiazepines and 
anti-depressants) to improve their sleep. HPA-axis activity, sleep quality and 
performance can be affected by the benzodiazepines and anti-depressants 
(Bastien et al., 2003; Rodenbeck et al., 2003). Even so, these three individuals 
were within the same range as the medication-free insomniacs, and 
medication was not allowed during the study proper. 
 The outcomes of this study may have important clinical 
consequences. Based on the present results, we would not expect general 
relaxation therapy to be an effective treatment in insomniacs, as we found no 
evidence of daytime hyperarousal. Rather, the focus of treatment should be 
on the sleep onset period (sleep expectations, stimulus control, beliefs, etc.) as 
has been suggested by others (Morin and Espie, 2003). Future research is 
needed to explore whether the hypothesized relationship between pre-sleep 
worrying and insomnia is causal. When causality -or the absence thereof- is 
established, better inferences can be made with respect to treatment options.  
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“I have labored and toiled and have often gone without sleep ...” 
       

Paul the Apostle 
II Corinthians 11:27 
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CHAPTER 5 
 

Functioning under Normal Daytime 
Conditions 
 
 
 

SUMMARY 
 
In the present study, the relationship between ambulatory daytime 
performance and chronic insomnia was investigated. Although insomniacs 
typically report adverse effects of sleep disturbance in daytime functioning, 
semi-controlled laboratory studies failed to find a lower level of performance 
in insomniacs as compared with control subjects. The study sample was 
composed of 39 chronic insomniacs and 20 control subjects. The subjects’ 
performance and well-being were assessed by means of a validated test-
battery programmed on a palmtop computer. The intra-individual sleep 
variability (poor, moderate, and good sleep) was explicitly taken into 
account. Salivary cortisol was sampled in the evening. Subjective well-being 
was compromised in insomniacs as compared with control subjects. The 
results revealed no differences in the level of performance between 
insomniacs and controls. Sleep variability and time of testing did not 
significantly influence performance. No evidence was found for an elevation 
in the level of salivary cortisol concentration. The findings suggest that 
chronic insomnia is not related to a lower level of performance in a daily 
routine. It is argued that under these circumstances, the insomniacs’ intrinsic 
lower level of performance as found in an earlier study is masked. 
Insomniacs may be able to sustain adequate levels of performance by 
exerting compensatory effort.  
 
 
Varkevisser M, Van Dongen HPA, Van Amsterdam JGC, Kerkhof GA. Chronic insomnia 
and daytime functioning: A field assessment. Submitted to Journal of Psychosomatic Research 
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INTRODUCTION 
 
 
 The widely held opinion that insomnia leads to daytime dysfunction 
is based primarily on subjective reports. The most common daytime 
complaints reported by chronic insomniacs are cognitive dysfunction, 
excessive fatigue, and negative mood changes (Sateia et al., 2000). Also, trait-
like characteristics such as elevated levels of anxiety, depression and 
somatisation are frequently reported (Drake et al., 2003). Surprisingly, 
objective measurements of daytime functioning in insomniacs living under 
normal daily circumstances are lacking. Until now, only laboratory-based 
objective performance measurements have been reported. As reviewed by 
Riedel and Lichstein (2000), the results generally show no significant 
differences in functioning between chronic insomniacs and healthy subjects.  

The absence of objective performance impairment as assessed in the 
laboratory is in clear contrast with chronic insomniacs’ complaints of 
excessive daytime fatigue and cognitive dysfunction. A possible explanation 
might be found in the stimulating conditions of most laboratory studies: e.g. 
between sessions, subjects are often allowed to leave the laboratory and 
engage in invigorating activities (such as studying or playing games), they are 
exposed to varying amounts of bright light or environmental noise, and/or 
they are given feedback about their performance. Such stimulating 
circumstances may invoke compensatory effort (i.e. arousal), by which the 
subjects may be able to sustain adequate levels of performance (Bastien et al., 
2003; Kloss, 2003). Thus, in a stimulating environment, chronic insomniacs 
may be able to maintain performance over prolonged periods of time, 
although this may not be without cost, as insomniacs typically report feeling 
exhausted during daytime (Chambers and Keller, 1993).  

In a recent 24 h constant routine laboratory study in which chronic 
insomniacs and sex- and age-matched control subjects were tested under 
strictly controlled circumstances, i.e. without bright light, vigorous activities 
or other exogenous stimuli, it was observed that the insomniacs did perform 
worse than the control subjects, regardless of the time of day (Varkevisser 
and Kerkhof, 2005). Across all tasks, varying in their load on sensory-motor 
and cognitive capacities, a relatively lower level of performance in the 
insomnia group was observed. In discussing these results the authors 
suggested that the performance impairment reported by the insomniacs may 
only reveal itself under unmasking conditions, i.e. conditions lacking 
externally stimulating factors. The latter was confirmed by an absence of 
physiological arousal throughout the 24 h period (Varkevisser and Kerkhof, 
submitted). 
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 In the present study, designed to clarify the discrepancy between 
objective laboratory findings and subjective reports from daily life, daytime 
performance was measured objectively in chronic insomniacs and control 
subjects. Both groups were engaged in normal daily activities and no 
laboratory measurements were involved. No other studies were found in the 
literature in which cognitive performance was assessed under normal 
daytime conditions. In order to deal with the increased error variance 
unavoidably associated with investigations in the field, the insomniacs were 
measured over several days. This also served to deal with the variability in 
insomniacs’ sleep patterns (Espie, 1991). The intra-individual sleep variability 
was explicitly taken into account in the present study, which to our 
knowledge has not been done before. It was expected that if differences in 
level of performance were to be detected at all, this would be most apparent 
after poor sleep. For the measurement of daytime functioning, a (palmtop) 
computerized test battery was employed that had previously been used in a 
laboratory constant routine study (Varkevisser and Kerkhof, 2005). In 
applying the palmtop computer, the performance tests were embedded in the 
subjects’ daily routine, i.e. on the work-floor while in a working situation. To 
evaluate the level of physiological arousal in the subjects after a working day, 
salivary cortisol was sampled repeatedly in the evening.  
 The aim of our study was to examine whether cognitive performance 
as measured by a validated test battery, was impaired in a group of well-
defined chronic insomniacs (i.e. psychophysiological insomniacs) during a 
normal daytime routine. As an accumulation of fatigue was expected in the 
course of the day, which could have a negative impact on efficiency, 
performance was tested on two occasions during working-time. In addition, 
it was investigated whether the intra-individual sleep quality of sleep in the 
previous night was related to the level of subsequent daytime functioning in 
insomniacs, and whether there was physiological arousal due to daytime 
stress and/or sleep anticipation (Bonnet and Arand, 1997). 
 
 
 

METHODS 
 
Subjects 
 
 The subjects in this study were recruited from chronic insomniacs 
(n=39) and healthy controls (n=20). In the insomnia group, 18 subjects (7 
males, 11 females; age 40.8 years ± 9.7 (SD), range 22-58) had been referred 
to a sleep disorders clinic (MCH Westeinde, The Hague, The Netherlands) 
and were diagnosed with chronic psychophysiological insomnia. This 
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subgroup is referred to here as “clinical.” The other 21 insomniacs (9 males, 
12 females; age 41.1 years ± 8.7 (SD), range 26-55) were recruited among 
individuals attending their family physician and reporting severe sleep 
problems. This subgroup is referred to here as “pre-clinical.” They were pre-
screened by way of a standardized telephone interview. The control group 
consisted of 20 subjects (10 males, 10 females; age 42.6 years ± 6.8 (SD), 
range 31-54). They were recruited by means of community advertisements.  
 The inclusion criteria for the chronic insomniacs were taken from 
the International Classification of Sleep Disorders Revised (ICSD-R, 2001), 
according to which the insomnia complaint should (a) have a duration of 
more than 6 months, (b) occur 3 nights or more per week, and (c) be 
confirmed by polysomnography (sleep efficiency less than 85%, sleep latency 
more than 30 min and/or wake time during sleep more than 45 min). 
Criteria (a) and (b) were confirmed for both subgroups, but criterion (c) was 
confirmed only for the 18 subjects diagnosed in the sleep disorders clinic. 
Thus, the sample of chronic insomniacs may have been heterogeneous with 
regard to the polysomnographic characteristics of their sleep, which was 
taken into account in the statistical analyses procedures of the study.  

Some insomniacs used sleep medications and/or anti-depressants on 
an intermittent basis. In the clinical group, one patient took an anti-
depressant (SSRI), seven took benzodiazepines, and one took a beta-blocker. 
In the pre-clinical group, nine patients took benzodiazepines, one took a 
beta-blocker, and one took both a benzodiazepine and an anti-depressant 
(SSRI). Medication was taken primarily to improve sleep. None of the 
insomniacs had evidence of psychiatric disease as indicated by the Symptom 
Check List (SCL-90; Derogatis et al., 1976). All patients had a part-time or 
full-time job.  
 For the control subjects, history of medical/psychiatric illness and 
sleep times were obtained in a standardized telephone interview and by 
means of the SCL-90. All control subjects were free from medication and 
reported no excessive consumption of alcohol or other drugs. Shift-workers 
were excluded from the study.  

After explanation of the experimental procedures, all subjects gave 
written informed consent to participate in the study. This work was approved 
by the Medical Ethics Committee of the University of Amsterdam, The 
Netherlands. 
 
Procedures 
 
Chronic Insomniacs 
 
 Prior to the experimental period of the study, the insomniacs were 
asked to complete a sleep diary upon awakening in the morning for five 
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working days. Among other things, the diary required them to enter the 
times of ‘bed-in’, ‘sleep onset’ (i.e., estimated time of falling asleep), 
‘intermittent wakefulness’ (i.e., estimated duration of wakefulness after sleep 
onset), ‘final wake’ and ‘bed-out’. From these data, the subjective baseline 
sleep efficiency (SEbase) and its standard deviation (SD) over five nights was 
calculated. The insomniacs also filled out several questionnaires (see ‘Other 
Measurements’ section below).  

After the five ‘pre-experimental’ days, the insomniacs reported to the 
Centre of Sleep and Wake Disorders (The Hague, The Netherlands) for 
detailed instructions for the subsequent experimental period. They were first 
instructed on the use of a palmtop computer (Psion series 3c) for entering 
subjective sleep parameters and assessing daytime functioning; then they 
familiarized themselves with its operation and carried out training sessions. 
They were instructed to complete at least four training sessions in the two 
days following the pre-experimental period. 

After the training period, the insomniacs started a 10-day period of 
ambulatory self-measurements (only on working-days). To consider the effect 
of sleep variability on daytime performance, the insomniacs had to perform 
performance tests after a relatively poor night of sleep, a relatively moderate 
night of sleep, and a relatively good night of sleep. To assess subjective sleep 
efficiency, the subjects were instructed to fill out a computerized sleep diary 
each day upon awakening, entering the information for ‘bed-in’, ‘sleep 
onset’, ‘intermittent wakefulness’, ‘final wake’ and ‘bed-out’ as described 
above. From these data, the subjective sleep efficiency (SEsub) was calculated 
and intra-individually compared with the value of the baseline sleep 
efficiency (SEbase), assessed during the pre-experimental period. In this 
manner, it was determined whether the preceding night consisted of a 
relatively: 

• poor sleep (SEsub ≤ SEbase – ½ SD),  
• moderate sleep (SEbase – ½ SD ≤ SEsub ≤ SEbase + ½ SD), or  
• good sleep (SEsub ≥ SEbase + ½ SD)  

 
For each of these three conditions, only one day of performance testing was 
required. Therefore, a message appeared on the screen informing the 
subjects whether or not to engage in testing during that day.  
 On a measurement day, the insomniacs had to take the palmtop 
computer to work and had to complete the tests twice, i.e. in the morning 
(between 09:00 and 12:00) and in the afternoon (between 14:00 and 17:00). 
Furthermore, the insomniacs had to collect saliva samples at three times 
during the evening: at 20:00 h, 1.5 hour before bed time, and 15 minutes 
before bed time. If not all three sleep conditions had occurred by the 10th 
day, subjects were instructed to perform the tests on the last day(s) of the 
experimental period anyway, thereby ignoring the computer’s message not 
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do so. During the 10-day period, general motor behaviour was assessed with 
a wrist activity monitor. 
 
Control Subjects 
 
 The control subjects underwent only five experimental days. 
Throughout this period they wore a wrist activity meter, and questionnaires 
had to be filled out (see ‘Other Measurements’ section). Upon awakening on 
each of the five days, the subjects had to complete the computerized sleep 
diary. On the first two days, they were instructed to complete at least four 
training sessions. During one of the following three days, as decided by the 
controls, they completed the cognitive performance tests on the work-floor 
(morning and afternoon), and collected saliva in the evening.  
 
Performance Measurements 
 
 The cognitive performance tests (and the computerized sleep diary) 
were implemented on a Psion palmtop computer type 3C: size 165mm x 
85mm x 22mm; weight 275 g; 44mm x 127mm graphic LCD screen of 480 x 
160 pixels; 16 bit CPU at 7.68 Mhz; high resolution counter (1/1024 sec); 1 
Mb or 2 Mb of RAM memory; and QWERTY keyboard. During each test 
session three cognitive performance tests were carried out: a vigilance 
detection task, a 2-back working memory task, and a 4-choice serial reaction 
time task. The total duration of the three tests was approximately 22 
minutes.  

The vigilance detection test was designed to measure sustained 
attention, and involved 545 trials. A matrix (25 x 25 dots) was presented with 
a central bold fixation point. A figure appeared which could either be a 
target (probability of occurrence 10%) consisting of a vertical line to the right 
of the fixation point, or a non-target figure consisting of a vertical line left of 
the fixation point. The subject had to respond within 1100 ms to the target 
figure by pressing a button using the index finger.  

The 2-back task was administered to assess working memory 
performance, and involved 100 trials. A random digit appeared on the 
screen, which was a target if it was identical to the digit presented two trials 
before (probability of occurrence 30%). The subject always had to respond 
with either ‘yes’ or ‘no’. For the first two trials subjects were instructed to 
answer ‘no’. 

The 4-choice serial reaction time task assessed hand-eye 
coordination and involved 300 trials. An asterisk appeared on the screen at 
one of four fixed locations. The subject had to respond by pressing one of 
four spatially corresponding keys, within an interval of 1000 ms.  
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For all three tests, mean reaction time (RT) ± standard error of the 
mean (SEM) and accuracy ± SEM were calculated. For the 2-back task, 
accuracy was defined as the percentage of correct responses (i.e., hits and 
correct rejections). For the other two tasks, accuracy was defined as the 
percentage of hits. Further details on the test battery can be found in a recent 
publication of a validation study (Varkevisser and Kerkhof, 2003).  

Immediately after the performance tests, the subject was asked to 
assess his/her well being over the past 2 hours by rating on a five-point scale: 
concentration (1=low, 5=high), mood (1=bad, 5=good) and sleepiness 
(1=very sleepy, 5=not sleepy). Furthermore, subjective fatigue was measured 
by means of the fatigue sub-scale of an adapted version of the Profile of 
Mood States questionnaire (Nyenhuis et al., 1999).  
 
Other Measurements 
 

Subjective sleep quality of the preceding night was measured by 
means of a computerized version of the Groninger Sleep Quality 
questionnaire (night-specific subscale; Meijman et al., 1988). The subjects 
were instructed to fill out the questionnaire each day upon awakening, 
together with the sleep diary. 

Free cortisol was measured from saliva samples collected in non-
coated, absorbent swabs (Salivettes™; Sarstedt, Nümbrecht, Germany) 
placed under the tongue for 2 minutes. Subjects kept the samples in the 
refrigerator and delivered them to the investigators after the experimental 
period. After centrifugation (4 minutes at 2500 rpm), the saliva was stored at 
–20 °C until analysis. The concentration of free cortisol was determined by 
means of the Access Immunoassay System (Beckman Coulter, Mijdrecht, 
The Netherlands). Minimum sensitivity of the assay was 4 �g/l; the 
coefficient of variation was less than 12%. 

General motor behaviour was assessed with a wrist actigraph 
(Actiwatch; Cambridge Neurotechnology Ltd., Cambridge, UK), which the 
insomniacs and controls wore on the non-dominant wrist throughout their 
respective experimental periods. The activity data were analyzed with the 
Actiwatch Sleep Analysis software (version 1.06); total sleep time (TST), sleep 
onset latency (SOL), intermittent wake time (IWT), and sleep efficiency 
(SEact) were estimated. Actigraph estimates of sleep parameters as compared 
with polysomnography have previously been shown to a) be appropriate for 
examining sleep variability in insomniacs (Ancoli-Israel et al., 2003), b) 
correlate higher than sleep log data with PSG (Friedman et al., 2000). 

At the beginning of the study, health and personality characteristics 
were assessed on the basis of the following questionnaires (Dutch versions): 
Symptom Check List (SCL-90; Derogatis et al., 1976), Rand-36 Health 
Survey (Rand-36; Van der Zee et al., 1996), Checklist Individual Strength 
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(CIS, Vercoulen et al., 1994), Utrecht Burn-Out Scale (UBOS, Schaufeli and 
Enzmann, 1998), and Questionnaire on the Experience and Assessment of 
Work (VBBA; Van Veldhoven and Meijman, 1994). Level of education was 
assessed on a seven-point scale by means of the above-mentioned VBBA: 1 = 
primary education to 7 = university education. For the measurement of 
general subjective sleep quality, the Groninger Sleep Quality questionnaire 
(GSQ: general subscale) was used. The chronotype of the insomniacs was 
assessed by means of the morningness-eveningness questionnaire (Kerkhof, 
1984).   
 
Analysis 
 
 Variables representing the characteristics of our sample (age, level of 
education, chronotype and all other questionnaire scores) were analyzed and 
compared among groups. Each of these variables was subjected to a one-way 
analysis of variance (ANOVA) and compared among groups using SPSS 
(version 9.0; SPSS Inc, Chicago, Illinois, USA). For statistically significant 
group effects, Bonferroni post-hoc testing of pair-wise group differences was 
performed.  

As our sample of chronic insomniacs may have been heterogeneous 
with regard to the polysomnographic characteristics of their sleep, we used 
mixed-effects models for statistical analyses of repeatedly measured variables, 
in order to deal with individual differences (Van Dongen et al., 2004).  The 
daytime functioning variables, cortisol concentrations, and 
actigraph/subjective sleep parameters were subjected to mixed-model 
ANOVA using SAS (version 9; SAS Institute Inc, Cary, North Carolina, 
USA). Mixed-model ANOVA is robust to randomly occurring missing 
values, which occurred due to incorrect interpretation of the protocol, or not 
meeting all three conditions (poor, moderate, good sleep) during the 
experimental period. The ranges of missing values are indicated in the figure 
legends. 

 
First, mixed-model ANOVA was applied to the sleep parameters of 

the two insomnia groups (clinical versus pre-clinical) to determine if the 
distinction between these two groups was statistically relevant. This model 
consisted of a fixed Sleep Condition effect (three levels: poor, moderate and 
good), a fixed Group effect (two levels: clinical and pre-clinical), a fixed 
interaction term (Sleep Condition by Group), and an intercept with a 
random effect over subjects. Contingent upon the absence of a Group effect 
and Sleep Condition by Group interaction, the two insomnia groups were 
pooled. The sleep parameters were then analyzed per condition (poor, 
moderate and good), using one-way ANOVA to compare the insomniacs 
with the control subjects. Since each of these comparisons involved the same 
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data for the control subjects, a Bonferroni correction for multiple 
comparisons was applied (i.e., the type I error threshold was set to 0.05/3 = 
0.0167). 

To determine the effect of sleep condition and time of day on the 
measures of daytime functioning in the insomniacs, mixed-model ANOVA 
was applied in the cognitive performance variables and subjective 
assessments. This analysis included a fixed Sleep Condition effect (three 
levels), a fixed Time of Day effect (two levels: morning and afternoon), a 
fixed interaction term (Sleep Condition by Time of Day), and an intercept 
with a random effect over subjects. To determine the level of arousal, a 
similar model was applied in the cortisol data, with three levels in Time of 
Day (three assessments in the evening).   

In order to compare daytime functioning of the insomniacs with that 
of the control subjects, the data from the insomniacs (pooled depending on 
the sleep results) collected after a night of poor sleep and the data from the 
control subjects were entered into a mixed-model ANOVA with a fixed 
Time of Day effect (two levels), a fixed Group effect (two levels), a fixed 
interaction term (Time of Day by Group), and an intercept with a random 
effect over subjects. Equivalent models were used for the insomniacs’ 
moderate and good sleep conditions. Because the same control data were 
used in each of these analyses, a Bonferroni correction for multiple 
comparisons was applied. A similar model was applied in the cortisol data, 
with three levels in Time of Day (three assessments in the evening). 
 
 
 

Results 
 
Subject Sample Characteristics 
 
 No differences were detected in age, level of education, and 
chronotype. Table I shows the significant results (after Bonferroni correction) 
of the one-way ANOVAs for variables describing the characteristics of our 
sample. Post-hoc testing revealed no significant differences between the 
clinical and pre-clinical insomnias. For the following parameters only 
significant differences between the clinical insomnia group and the control 
group were found: ‘Anxiety’ (SCL-90), ‘Competence’ (VBBA), ‘Pleasure in 
Work (VBBA), ‘Physical Functioning’ (RAND-36) and ‘General health’ 
(RAND-36); in each case the most favorable scores were seen in the control 
group. There were no differences between the clinical and pre-clinical 
insomniacs.   
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Table I. Variables from the general questionnaires describing the sample characteristics 
(mean, SD between brackets) of the clinical insomnia group (Clin Insom), pre-clinical 
insomnia group (Pre-Clin Insom) and control group. Only variables showing a statistically 
significant difference between the three groups (after Bonferroni correction) are shown (and 
the associated F-values and p-values). 
 

Questionnaire Clin 
Insom 

Pre-Clin 
Insom 

Control F p 

SCL-90      
    Anxiety  16.8 (7.4)  14.7 (3.6)  12.0 (2.8)   4.74 0.012 
    Depression  29.9 (11.2)  29.4 (11.3)  20.1 (5.2)   6.52 0.003 
    Somatization  23.6 (7.9)  20.5 (6.2)  15.7 (3.9)   8.00 0.001 
    Obsessive-Compulsive  20.6 (7.2)  18.3 (6.0)  11.9 (3.9) 11.48 0.000 
    Psychoneuroticism   160 (46)   152 (38)   114 (27)   8.37 0.001 
VBBA      
   Competence    4.0 (0.9)    4.3 (1)    4.8 (0.6)   3.63 0.034 
   Pleasure in work  34.6 (31.4)  16.4 (21.4)  15.2 (14.9)   3.89 0.027 
   Recuperation needs  74.3 (18.5)  59.8 (30.3)  22.7 (24.2)  21.30 0.000 
   Sleep Quality  75.4 (18.0)  76.3 (17.7)  12.5 (15.9)  88.30 0.000 
CIS      
    Fatigue  42.5 (11.3)  37.4 (11.8)  19.3 (13.3)  19.45 0.000 
    Concentration  21.9 (9.4)  21.4 (7.9)    9.2 (5.2)  17.47 0.000 
    Motivation  15.9 (5.3)  14.9 (6.3)    8.5 (3.7)  11.69 0.000 
    Physical activity  11.2 (4.6)  10.6 (5.9)    6.4 (3.3)    5.97 0.004 
RAND-36       
    Physical functioning  80.8 (16.8)  82.9 (17.0)  93.8 (8.7)    4.40 0.017 
    Social functioning  63.2 (22.9)  58.3 (28.0)  87.5 (18.1)    8.90 0.000 
    Mental health  62.0 (16.7)  63.3 (16.4)  78.8 (12.1)    7.47 0.001 
    Vitality  38.3 (16.9)  47.9 (23.1)  72.5 (16.6)  16.86 0.000 
    General health  51.1 (19.9)  63.1 (22.7)  74.0 (15.1)    6.50 0.003 
UBOS      
    Exhaustion    3.3 (1.3)    3.1 (1.3)    1.2 (0.9)  19.22 0.000 
    Competence    4.0 (0.9)    4.3 (1.0)    4.8 (0.6)    3.63 0.034 

 
 
Sleep Parameters 
 
Clinical vs pre-clinical insomniacs 
 

Table II shows the actigraphically and subjectively derived sleep 
parameters for each sub-group. The numbers of subjects meeting the criteria 
of each sleep condition were respectively: 24 subjects (poor sleep), 33 subjects 
(moderate sleep), and 33 subjects (good sleep). Mixed-model ANOVA for the 
sleep parameters of the two insomnia groups (clinical versus pre-clinical) 
showed the following results. No Group effect was found for any of the sleep 
parameters; nor was any significant Group x Sleep Condition interaction 
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observed. Therefore, the data for the two sub-groups were pooled for all 
subsequent analyses. Sleep Condition effects were found for total sleep time 
(F2,52=6.62; p=0.003), actigraph sleep efficiency (F2,50=26.43; p<0.001), 
subjective sleep efficiency (F2,50=60.47; p<0.001), and subjective sleep quality 
(F2,55=18.18; p<0.001), showing improvement in sleep from the poor sleep 
condition to the good sleep condition in both actigraph and subjective 
parameters.  

 
Insomniacs vs controls 
 
 The one-way ANOVAs comparing the sleep parameters of the 
insomnia group with the control group, showed the following results (after 
Bonferroni correction). Total sleep time showed a significant reduction in the 
insomniacs for the poor sleep condition (F1,43=11.18; p=0.002). Actigraph 
sleep efficiency was significantly lower in the insomnia group after poor sleep 
(F1,43=29.54; p<0.001) and after moderate sleep (F1,54=10.77; p=0.002). 
Subjective sleep efficiency and sleep quality were significantly lower in the 
insomnia group in all sleep conditions compared to the control group 
(p<0.001). None of the other differences reached statistical significance.  
 
Daytime Functioning in the Insomnia Group 
 
 Table III shows the mixed-model ANOVA results for measurements 
of well being and objective daytime functioning in the insomnia and control 
group (see also Figure 1 and 2). Overall, the ANOVAs no statistically 
significant effects emerged in subjective well-being, except for a significant 
Time of Day effect for Concentration (t129= 2.36; p =0.020), and a trend for 
an effect of Sleep Condition effect in Fatigue (F2,129=2.75; p = 0.068). As for 
the performance tests (Fig. 1 and 2), the ANOVAs showed no main or 
interaction effects, except for a Time of Day effect for working memory 
response latency and accuracy (t125=2.50; p=0.014 and t125=2.49; p=0.014 
respectively), and a trend for a Sleep Condition by Time of Day interaction 
in accuracy in the motor control test (F2,129=2.67; p=0.073). 
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Comparison of Daytime Functioning between the Insomnia and 
Control Groups 
 
 The results of the mixed-model ANOVAs on the data of subjective 
well being comparing the insomnia group with the control group, revealed 
(after Bonferroni correction) a significant Group effect for all parameters in 
all sleep conditions (Table II). None of the main effects or interactions 
reached statistical significance. As for the performance tests, visual inspection 
of Figure 2 shows an overall decline in the insomniacs’ accuracy in the 
afternoon. This was not confirmed by the mixed-model ANOVAs. Overall, 
the analyses revealed (after Bonferroni correction) no significant main or 
interaction effects. Minor trends were found for a Time of Day by Group 
interaction for memory accuracy after a poor night sleep (F1,37=3.41; 
p=0.072), and for a Time of Day by Group interaction for memory accuracy 
after a good night sleep (F1,41=3.44; p=0.071).  
 
Cortisol 
 
  The mixed-model ANOVA for cortisol within the insomnia group 
yielded a significant Time of Day effect (t196=2.54; p=0.012), indicating a 
decline of cortisol across the evening in each sleep condition (Figure 3). 
Mixed-model ANOVAs comparing the insomniacs and controls per sleep 
condition revealed (after Bonferroni correction) no significant differences for 
the poor sleep condition (t73=0.33; p=0.739); but in the moderate and good 
sleep conditions the cortisol values in the insomnia group were somewhat 
lower than in the control group (Figure 3), as indicated by a trend for an 
effect of Group (t74=2.34; p=0.022 and t73=2.25; p=0.027, respectively).  
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Figure 1. Mean (± SEM) reaction time for the three performance tests. Poor1 and poor2 
denote the insomniacs’ assessment after poor sleep in the morning (1) and the afternoon (2); 
mod and good denote assessment after a moderate and a good sleep respectively; control 
reflects assessment of the control subjects. The range of insomniacs’ missing data across tests 
and sleep conditions was 17.9% (lowest) to 38.5% (highest). 
 

 
 

Figure 2. Mean (± SEM) accuracy for the three performance tests. Poor1 and poor2 denote 
the insomniacs’ assessment after poor sleep in the morning (1) and the afternoon (2); moderate 
and good denote assessment after a moderate and a good sleep respectively; control reflects 
assessment of the control subjects. The range of insomniacs’ missing data across tests and sleep 
conditions was 17.9% (lowest) to 38.5% (highest). 
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Figure 3. Mean (± SEM) cortisol levels. Poor1, poor2, and poor3 denote the insomniacs’ 
assessment after poor sleep at 20:00 h (1), 1½ hour before bedtime (2), and 15 minutes before 
bedtime (3); moderate and good denote assessment after a moderate and a good sleep 
respectively; control reflects assessment of the control subjects.  The range of insomniacs’ 
missing data across sleep conditions was 31.4% (lowest) to 41.17% (highest). 
 
 

DISCUSSION 
 
 The present study investigated whether insomnia is related to 
performance deterioration in a daily routine. Distinct negative differences 
were shown in personality and subjective daytime characteristics between the 
insomniacs and the control groups (Table 1), which is in agreement with 
other studies (Sateia et al., 2000; Drake et al., 2003). Despite the insomniacs’ 
subjective complaints during the day, no clear evidence was found for 
cognitive or psychomotor dysfunction. Additionally, neither the quality of 
prior sleep nor the time of testing seemed to play an important role in 
subjective and objective functioning. Finally, the cortisol results did not give 
evidence of an evening elevation in physiological arousal in insomniacs.  
 In the present study, the insomniacs were measured during their 
daily routine, i.e. during working-time. Despite the fact that the test-battery 
was ‘embedded’ in their normal working routine, insomniacs showed a 
performance level comparable to that of the control group. Earlier findings 
indeed have reported consequences of insomnia in social and occupational 
activities. For instance, the probability of reenlistment or promotion - as 
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index of global achievement - appeared smaller in a group of self-reported 
poor sleepers as compared to a group of good sleepers (Johnson and 
Spinweber, 1983). In addition, a study by Leigh (1991) indicated that 
insomnia was the primary predictor of absenteeism. However, these 
indications are long-term consequences of insomnia, whereas our results 
reflect the actual level of performance.  
 This is in agreement with findings under semi-controlled laboratory 
conditions (Riedel and Lichstein, 2000), which also failed to show a lower 
level of performance in insomniacs. In contrast, an earlier study under 
strictly controlled laboratory conditions showed a significantly lower level of 
performance during a 24-hour period of wakefulness (Varkevisser and 
Kerkhof, 2005). It might well be that under constant routine conditions, a 
lower intrinsic level of performance becomes apparent in insomniacs, 
whereas under daily and semi-controlled conditions this lower level is 
masked. Under these circumstances insomniacs are probably stimulated to 
compensate for their self-perceived performance deficits. Their complaints of 
fatigue, loss of concentration and negative mood are possibly due to the 
exertion of the extra, compensatory effort.  
 In an attempt to measure the impact of sleep variability, the 
insomniacs in the present study were instructed to complete the psychomotor 
tests after a subjectively poor, moderate and good sleep. Although the values 
of total sleep time and sleep efficiency showed a gradual increase from poor 
to good sleep, daytime functioning showed no significant differences across 
the sleep conditions. The results are in agreement with the findings of Hauri 
(1997) who also found no significant increase in cognitive impairments when 
insomniacs had a poor night sleep as compared to when they had a good 
night sleep. It should be noted, however, that particularly the criteria for the 
poor sleep condition were not met by all subjects. An explanation for this 
may be found in the fact that insomniacs generally tend to overestimate the 
amount of sleep loss (Sateia et al., 2000). Since the calculation of sleep 
efficiency was based on subjective measures, this may have led to a floor-
effect, i.e. at baseline most insomniacs already reached low levels of sleep 
efficiency.  
 Time of day did not seem to be of major influence in daytime 
functioning, but this could also be due to a lack of power in the analyses. 
Subjectively, concentration showed a decrease in the afternoon. Also, 
working-memory performance showed a time of day effect, showing shorter 
response latencies and poorer accuracy in the afternoon following poor and 
moderate sleep. This suggests a speed-accuracy trade-off in memory 
function. The overall findings are similar to the studies of Mendelson et al. 
(1984) and Schneider-Helmert (1987) who also reported no significant role of 
time of testing. 
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 Several semi-controlled laboratory studies reported evidence for a 
pre-sleep and/or nocturnal elevation in physical arousal (Vgontzas et al., 
2001; Bonnet and Arand, 1995). This was not confirmed by the present 
results. Another ambulatory study measuring cortisol showed a similar 
finding in insomniacs prior to sleep (Backhaus et al., 2004). In a recent study, 
temperature, autonomic cardiac control, and cortisol were measured during 
a 24-hour period of strictly controlled wakefulness (Varkevisser, Van Dongen 
and Kerkhof, submitted). In that study we also failed to find evidence of 
hyperarousal. This should be considered with caution, as cortisol is only one 
of the many markers of arousal. Also, a relatively large amount of data was 
missing. Thus, it remains unclear whether chronic insomnia is related to a 
higher stress level in the pre-sleep period. Consequently, it should be further 
investigated whether insomnia is a specifically sleep-related psychological 
problem in which individuals show elevated levels of arousal (Harvey, 2000; 
Tang and Harvey, 2004). 
 In conclusion, under habitual daytime conditions we found no 
evidence for a performance deficit related to chronic insomnia. We 
hypothesize that insomniacs are -to some extent- able to maintain a relatively 
high level of performance by exertion of compensatory effort. Neither sleep 
variability nor time of day differentiated the insomniacs’ performance and 
subjective well-being. Thus, insomniacs are characterised by a chronic 
subjective impairment. Future research should elaborate on the effect of the 
insomniacs’ (habitual) surroundings on performance in order to provide an 
answer whether experimental setting is or is not a mediator between 
insomnia and performance (Edinger et al., 2003). Finally, the duration of a 
test-battery and the number of repeated measurements should be 
experimentally altered to determine the period after which insomniacs 
exhaust their ability to exert compensatory effort.  
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“Answer me when I call to you,  
O my righteous God.  
Give me relief from my distress;  
be merciful to me and hear my prayer  
 
Many are asking, “Who can show us any good?”  
Let the light of your face shine upon us, o Lord.  
You have filled my heart with greater joy  
than when their grain and new wine abound.  
I will lie down and sleep in peace,  
for you alone, o Lord ,  
make me dwell in safety.” 
      

 
King David 
Psalm 4: 1, 6-8 
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CHAPTER 6 
 

Exploring the ‘Facts’ again: General 
Discussion 
 
 
 
 
 

SUMMARY 
 
 
 The main research questions in this dissertation were whether 
chronic insomnia is associated with daytime performance impairment and to 
hyperarousal. To investigate this, a laboratory study under strictly controlled 
conditions and a field study were conducted. This chapter presents the main 
findings of this dissertation. Contrary to earlier findings, a performance 
deficit exists in chronic insomnia. When assessed under normal conditions, 
this deficit seems to be masked by acute elevations of effort/arousal. As 
contrasted with earlier studies, 24 hour constant routine measurements 
revealed an intrinsic performance deficit in chronic insomniacs.  
Furthermore, no evidence was found for a chronic elevation of arousal, 
which contradicts the widely accepted assumption of hyperarousal. Based on 
the results, a possible pathway of daytime performance impairment is 
illustrated. Finally, limitations of the current project and recommendations 
for future research are suggested. 
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INNOVATION 
 
 
 The present project took a novel approach towards the investigation 
of performance and hyperarousal in relation to chronic insomnia. In a 
constant routine study (Chapter 3 and 4) a clearly defined group of 
insomniacs was measured, i.e. clinical patients with psychophysiological 
insomnia. Furthermore, a field study under normal daytime conditions was 
conducted to assess the level of daytime performance and arousal (Chapter 
5). To the best of our knowledge, this was the first time that the (actual) level 
of cognitive performance was assessed under normal daytime conditions. 
The insomnia patients were tested with a validated test battery (Chapter 2). 
A palmtop computer was programmed for the administration of three 
behavioural test paradigms representing main aspects of performance, i.e. 
perceptual, cognitive, and motor processes. These tests were: a self-
constructed vigilance/detection test, a 2-back working memory test, and a 4 
choice-reaction time test. The test-battery appeared to be a sensitive and 
valid tool for assessment of performance, and was used for subsequent testing 
in a group of insomniacs under constant routine and normal daytime 
conditions. In addition, several physiological assessments were applied to 
investigate the level of arousal, i.e. body temperature, autonomic cardiac 
control, and endocrine functioning. The 24-hour constant routine protocol 
yielded an investigation into intrinsic levels of performance and physiological 
functioning. No previous constant routine known to us has applied the 
combination of carefully selected performance, arousal and subjective 
measures presented here. With respect to the field study, intra-individual 
sleep variability was taken specifically into account to determine the 
influence of the quality of sleep upon performance. Again, the applied 
combination of normal daytime conditions, performance measures, and 
arousal assessment was a novel approach in the investigation of chronic 
insomnia. 
 
 
 

VALIDATION 
 
 
 The assessment of insomniacs under both laboratory and field 
conditions required an easy-to-handle, inexpensive, portable device. These 
requirements were met in the use of a Psion palmtop computer. On this 
palmtop computer a self-constructed test battery was programmed including 
three performance tests (vigilance, working memory, motor control tests) and 
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a sleep diary. The performance tests were validated in a 24-hour constant 
routine experiment (Chapter 2). For all tests measures of speed and accuracy 
were calculated. In the vigilance test, accuracy was defined as sensory 
sensitivity and response bias, represented by the signal detection parameters 
P(A) and B, respectively. In the other two tests, accuracy was defined as 
either percentage of correct responses (working-memory test) or percentage 
hits (motor control test). Overall, the test parameters showed a trough in 
performance in the early morning at around 07:00h and a peak in the 
evening between 21:00 and 23:00 h. The characteristics of the 24-hour 
performance rhythms (Chapter 2) replicated the findings of several other 
studies carried out under constant routine conditions.  It was encouraging 
that administering relatively short duration tests, which relied on different 
components of the information processing system, revealed these effects. 
Furthermore, no difficulties were encountered in the use of the palmtop 
computer.  
 
 
 

EVIDENCE FOR PERFORMANCE IMPAIRMENT? 
 
 
 Insomniacs typically report adverse effects of sleep disturbance on 
their daytime functioning. Repeatedly, previous laboratory studies failed to 
show distinct differences in objective performance between insomniacs and 
healthy control subjects. These studies however, did not control for factors 
such as postural changes, light exposure and social interactions, which are 
known to have a profound impact on the level of arousal and performance. 
Possibly, exogenous factors may be involved in maintaining a relatively high 
level of performance in insomniacs. In the absence of these factors, subjects 
have to rely on their intrinsic level of performance/arousal. In the constant 
routine study, performance of chronic insomniacs was assessed with the 
validated test battery in a prolonged period of testing (24 hours) and 
compared with sex- and age-matched control subjects (Chapter 3). 
Exogenous stimuli were minimized or evenly distributed over the course of 
the test period. The outcomes revealed a distinct overall impairment in all 
performance parameters. As mentioned before, due to the fact that these 
outcomes were derived under constant routine conditions, it can be argued 
that the impairment reflects the insomniacs’ intrinsic level of performance. 
Based on these findings it could well be that insomniacs rely on exogenous 
factors to increase the amount of effort, in order to compensate for their 
performance deficit. 
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 This was further explored by embedding the tests in conditions in 
which a certain level of efficiency (accuracy, speed) was required, i.e. during 
working-time. As reported in Chapter 5, chronic insomniacs and controls 
were engaged in normal daily activities, and no laboratory measurements 
were involved. The subjective/actometric sleep characteristics and subjective 
daytime functioning showed distinct negative effects in the insomnia group as 
compared with the controls. These negative effects were comparable with the 
reports given in the constant routine study, i.e. negative mood, loss of 
concentration, elevated levels of fatigue and sleepiness. In contrast to the 
constant routine, the results on performance suggested that the insomniacs’ 
level of performance was similar to that of healthy subjects, probably due to 
the exertion of extra effort. Sleep variability and time of testing did not 
differentiate the level of performance. In contrast to the findings in the 
constant routine study, exogenous stimuli to which the insomniacs were 
exposed in the field study were thought to induce effort, thus reflecting the 
level of extrinsic performance. 
 In conclusion, the results suggest intrinsic and extrinsic factors 
affecting the level of performance. Only when measuring the intrinsic level of 
performance a distinct performance deficit was found. This could be an 
explanation why most semi-controlled studies found no performance 
impairment related to chronic insomnia, as these studies probably implicitly 
investigated the level of performance compensated by a certain amount of 
effort. It can therefore be argued that under semi-controlled laboratory and 
normal daytime conditions, the intrinsic deficiency is masked due to the 
exertion of extra effort.  
 
 
 

NO EVIDENCE FOR HYPERAROUSAL 
 
 
 In earlier research, insomniacs’ complaints of elevated daytime levels 
of anxiety and fatigue have been hypothesized to be attributable to chronic 
hyperarousal, rather than being a consequence of the previous night’s poor 
sleep (Bonnet and Arand, 1998). While the majority of studies offered 
support for some type of hyperarousal, contradictory findings from other 
studies suggest that the role of arousal as an important contributor to poor 
sleep and daytime symptoms in insomnia should be reconsidered. In our 
constant routine, several physiological indices known to be sensitive to 
fluctuations in arousal were employed (Chapter 4). The results showed no 
evidence for a 24-hour elevation in arousal in the insomnia group. In 
addition, circadian patterns were comparable to those of the control subjects, 
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indicating normal 24-hour regulation of these indices. This is in clear 
contrast with the hyperarousal hypothesis, which predicts a chronic elevation 
of arousal and/or disturbance in the 24-hour regulation of physiological 
measures. An explanation for this discrepancy might be found in the fact that 
evidence for hyperarousal was derived from semi-controlled laboratory 
studies in which a) subjects were allowed to sleep (sleep-related arousal), and 
b) exogenous stimuli might have increased the level of arousal (e.g. extra 
effort), i.e. insomniacs might be more aroused by external stimuli than 
control subjects.  
 In our field study, insomniacs were exposed to exogenous factors and 
they were also allowed to sleep (Chapter 5). The results did not provide 
evidence of an elevated level of physiological arousal during the evening/pre-
sleep period. Based on the outcomes of both studies, it does not seem likely 
that the physiological aspects of hyperarousal are indeed major contributors 
to insomnia as others have suggested. In contrast, the present study proposes 
a reactive arousal mechanism, in which daytime elevations of arousal are 
invoked in insomniacs as a reaction to acute stressors, enabling them to exert 
compensatory effort to maintain a certain level of performance during work. 
Additionally, an increase in arousal in the evening, e.g. due to the attempts 
of trying to fall asleep, will not be beneficial at all, but will result in adverse 
effects in the quality of sleep. Consequently, it can be postulated that the 
occurrence of (hyper)arousal is not a chronic phenomenon, but is a strong 
psychological and/or physiological reaction to acute stressors.  

Convincing evidence for sleep-related arousal has been provided by 
a number of studies. At the moment, the focus of attention is mainly on the 
psychological aspects of arousal (Harvey, 2002; Espie, 2002), although 
several recent studies have also shown cortical hyperactivity in the (pre-)sleep 
period (Perlis et al., 2001; Nofzinger et al.,  2004). Hauri (2004) has suggested 
that insomniacs have too much activity in their arousal circuits, e.g. the 
ascending reticular activating system, and/or too little activity in their sleep-
inducing circuits. However, it seems unlikely that a primary deficit exists in 
the sleep system, as the insomniacs in our constant routine study showed an 
almost linear increase in sleepiness, suggesting normal functioning of the 
homeostasic component (i.e. process S). In addition, Stepanski et al. (1990) 
showed that insomniacs exhibit appropriate increases in daytime sleepiness –
according to MSLT assessments– when insomniacs were sleep deprived. 
Also, the fact that the typical complaint is one of excessive fatigue does not 
suggest a deficit in the sleep system, as excessive sleepines would be the likely 
outcome. Hence, it is likely that sleep-related arousal surpresses the sleep 
system. 
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A POSSIBLE PATHWAY 
 
 
 The results from the present study suggest a pathway determining 
the level of performance impairment in insomnia. The sleep parameters in 
both the constant routine and ambulatory study showed lower sleep 
efficiencies in the insomniacs, indicating disturbed sleep. Consequently, a 
certain amount of sleep debt upon awakening was likely to be apparent in 
the insomnia subjects (see Chapter 1: ‘Circadian Rhythmicity’ section). It 
can be suggested that the level of intrinsic functioning is low in most 
insomniacs, as evidenced by the results of the constant routine study. To 
perform on an acceptable level under normal daytime conditions, it is likely 
that additional effort is needed. As a consequence, insomniacs may be roused 
by exogenous stimuli, resulting in an increased level of performance 
comparable to that of control subjects. 
 Figure 1 is an illustration of this pathway. It shows that sleep 
disturbances lead to some degree of sleep debt. The amount of sleep debt is 
likely to lower the intrinsic level of functioning, i.e. the extent to which a 
person is capable of performing a task. Thus, more sleep debt will result in a 
lower intrinsic level of functioning. Besides, the amount of sleep debt will 
have some subjective impact, e.g. functional or dysfunctional beliefs 
depending on the amount of sleep debt. The lower the intrinsic level of 
functioning, the more compensatory effort is needed. As we have argued 
before, the amount of extra effort is primarily invoked by exogenous stimuli 
as present under normal working conditions (e.g. work-floor demands).1 
Initially, the exertion of compensatory effort will be beneficial to the 
insomniac, but to the expense of fatigue. In this stage, the level of 
performance depends on a) the amount of available energy resources 
triggered by external stimuli, b) the impact of subjective well being, and c) 
the amount of fatigue. After some time the exertion of effort will eventually 
cause excessive fatigue, which may seriously decrease the extrinsic level of 
performance.  
 Note that there are similarities between the diagram presented here, 
and the diagram presented in the first chapter.  The diagram in Chapter 1 
focusses on the vicious circle of chronic insomnia, whereas the diagram 
presented here clarifies the relationship between sleep problems and the level 
of performance during the subsequent day. For elaborate models, we refer 
the reader to other papers (Morin, 1993; Espie, 2002; Harvey, 2002; Lundh 
and Broman, 2000; Perlis et al., 2001). 
                                                           
1 As we discussed in Chapter 1, chronic insomniacs generally do not experience sleepiness. It 
could well be that due to compensatory effort sleepiness is suppressed. 
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Figure 1. A pathway determining the level of performance. 
 
 
 

LIMITATIONS AND RECOMMENDATIONS 
 
 
 Several limitations can be identified in both the constant routine and 
field studies. The moderate sample size in these studies warrants some 
caution in generalizing the results. Due to the moderate sample size and the 
novelty of the studies, replication is required to confirm the findings 
presented in this dissertation. Also, a relatively large amount of data in the 
field study was missing as a result of a number of insomniacs who did not 
meet the criteria of all three sleep conditions (i.e. poor, moderate, good 
sleep). 

Furthermore, not all patients were free of medication. HPA-axis 
activity, sleep quality and performance can be affected by benzodiazepines 
and anti-depressants. It is important to note that withdrawing patients from 
medication could have long-lasting effects (i.e. months) depending on the 
individual, type of medication, and frequency of intake. Therefore, in future 
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research, patients should be included who have abstained from medication 
for at least half a year. 

A confounder of the constant routine protocol is the accumulation of 
sleep deprivation and the associated changes in physiological and subjective 
variables, e.g. heart rate, body temperature, sleepiness and fatigue (Holmes 
et al., 2002; Van Dongen et al., 2003). As described in Chapter 1, two 
regulatory processes are involved: a circadian and a homeostatic process. 
Holmes et al. (2003) found evidence for a downregulation of heart activity in 
healthy subjects due to the accumulation of prior wakefulness. This could 
have had an effect, although the physiological parameters of the insomniacs 
did not significantly differ from those of the healthy subjects. Thus, it should 
be further explored what the specific impact of the homeostat is in 
insomniacs. Possibly, an answer could be found by measuring the 
insomniacs’ reactivity to acute stressors under strictly controlled conditions 
(Van Eekelen et al., 2004). In light of the proposed hypothetical mechanism 
of reactive arousal (see previous sections), a stronger reaction to acute 
stressors in insomniacs is predicted as compared with controls.   

It should furthermore be noted that several studies have shown 
elevations in arousal in the pre-sleep period, but only when the insomnia was 
confirmed by PSG (Vgontzas et al., 2001; Riemann et al., 2002), i.e. 
psychophysiologic insomnia. Thus, PSG-defined poor sleep should be taken 
into consideration. Also, causality in the relationship between pre-sleep 
worrying and physiological arousal should be explored. A possible approach 
could be by investigating normal subjects and arouse them e.g. by instructing 
them to focus on falling asleep. When causality —or the absence thereof— is 
established, better inferences can be made with respect to treatment. 
 
 
 

SOME REMAINING THEORETICAL ISSUES 
 
 
 In order to stimulate the discussion and awareness concerning the 
topic of chronic insomnia, some remaining issues will be discussed. It seems 
that chronic insomnia is foremost a psychological disorder. Although some 
individuals are more prone to life events than others, insomnia could 
probably happen to anyone when experiencing the ‘right’ amount of distress. 
Most patients were anxious, depressed, hypochondriac, and/or attention 
seeking, all of which are characteristics of personality traits and/or symptoms 
of the insomnia. These individuals seemed to cope poorly with daily hassles, 
possibly due to high stress vulnerability. It is hypothesized that once the stress 
became uncontrollable, sleep problems started to emerge. As everyone has 
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some beliefs on the importance of sleep concerning daytime functioning, 
these individuals probably attributed their daytime hassles more and more to 
the sleep problems instead of focussing on the actual daytime problems. 
Thus, life may have started to revolve gradually around sleep with a 
consequent negative perception of sleep upon awakening (either in the night 
or in the morning). This could have been further fueled by the natural 
decline in sleep duration and slow wave sleep with advancing age. It is not 
surprising that the complaints of insomnia increase dramatically among the 
middle-aged. If a person is convinced that he has to sleep at least 8 hours -
because that is what ‘the doctors’ tell us-, this will result in longer periods in 
bed, and in longer nocturnal awakenings. Besides, the insomniacs mostly 
report trying very hard to fall asleep. With respect to the latter, an interesting 
observation in the constant routine was the fact that during the nocturnal 
period, virtually all insomniacs fell asleep very easily. The experimenters had 
to keep them awake during the nocturnal period, much to the insomniacs’ 
own surprise. Possibly, now that they did not have to put effort into falling 
asleep, sleep ‘just seemed to happen’. This observation supports the view that 
some insomniacs could benefit from sleep restriction. Although knowledge 
about the etiology of insomnia has increased considerably, there is still much 
debate about these issues. However, it should be pointed out that in order for 
the problem of insomnia to be more effectively addressed in our society, it is 
necessary that it first be reported by patients and/or identified by health care 
professionals.  
 
 
 

PRACTICAL IMPLICATIONS: A MESSAGE FOR HEALTH CARE 
PROFESSIONALS 
 
 Among health care professionals, a lack of awareness concerning 
chronic insomnia has limited the use of available cognitive and behavioural 
therapies. This could have consequences as chronic insomniacs are far more 
likely to be seen by family doctors and other health care professionals than 
by specialists (Léger et al., 2002). However, a large number of health care 
professionals are often inadequate in a) diagnosing insomnia, b) providing 
the right treatment for people suffering from chronic insomnia, or c) 
referring patients to a specialized centre for sleep and wake disorders. This 
inadequacy is mainly due to a poor understanding of the characteristics 
involved in chronic insomnia (Chesson et al., 1999). Insomnia is often 
mistakenly diagnosed as some type of depression or anxiety. Consequently, 
insomniacs are often long-term treated with medication to promote sleep, 
such as benzodiazepine receptor agonists, or anti-depressants, whereas the 



 124 

treatment itself could be inadequate due to a wrong diagnosis. What is more, 
irrespective of the diagnosis, there are adverse effects of long-acting 
medication, e.g. drowsiness, addiction (Walsh, 1999), which raises the 
question whether the insomniac is better of by ingesting medication over a 
prolonged period of time. Sateia et al. (2000) suggest that, for health 
professional, the essential step in the evaluation of insomnia is to recognize 
that insomnia is a symptom, not a diagnosis. 
 Effective treatment and interventions are dependent on adequate 
assessment. Several studies have shown that cognitive behaviour therapy 
(CBT) or a combination of CBT and medication are far more effective than 
treatment with medication alone (Chesson et al., 1999; Espie, 1999; 
Lushington and Lack, 2002; Smith and Neubauer, 2003; Jacobs et al., 2004). 
Adequate treatment will not only improve the quality of life of insomniacs, 
but will also reduce work-related problems, such as sick days and decreased 
work productivity, and will thus be benificial for the economy (Chilcott and 
Shapiro, 1996).  
 In this dissertation a number of aspects of chronic insomnia were 
discussed. The findings seem to suggest that insomniacs are able to perform 
relatively well under normal daytime conditions. However, this assumption 
appeared to be a simplification of the truth. Insomiacs indeed showed a 
performance deficit, but this may have been masked by the exertion of 
additional effort. It should be made clear that this could have long-term 
consequences, as other studies have indicated an increase in absenteeism and 
a lower productivity among insomniacs. We hope that this dissertation will in 
some way contribute to a growing awareness of insomnia and its daytime 
consequences. 
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ALGEMENE DISCUSSIE 
 

DE ‘FEITEN’ OP EEN RIJ [Dutch Summary] 
 
 
 
 
 

 
SAMENVATTING 
 
 

De centrale vraagstelling in deze dissertatie was of chronische 
insomnie gerelateerd is aan een vermindering in prestatievermogen. Verder 
werd onderzocht of er een chronische verhoging in arousal aangetoond kon 
worden in de gemeten insomniepatiënten. Dit werd onderzocht in zowel een 
laboratorium- als een veldonderzoek. In tegenstelling tot eerdere bevin-
dingen werd er onder strikt gecontroleerde laboratoriumomstandigheden een 
duidelijke vermindering in prestatievermogen gevonden. In de veldstudie 
werd deze vermindering niet gevonden. Derhalve beargumenteren we dat 
chronische insomnie gerelateerd is aan een intrinsiek lager niveau van 
prestatievermogen. Dit niveau wordt vermoedelijk onder (semi-) normale 
omstandigheden gemaskeerd doordat de insomniacs in staat zijn om acuut 
extra moeite te investeren in het uitvoeren van een taak. Verder werd er 
geen bewijs voor een chronisch verhoogd arousal-niveau gevonden. Dit pleit 
tegen de wijd verbreide hyperarousal hypothese. Als alternatieve hypothese 
stellen wij dat er bij insomniacs slechts als reactie op acute stressoren een 
verhoging van arousal plaatsvindt. Tot slot worden beperkingen van dit 
onderzoek en suggesties voor vervolgonderzoek en therapie besproken. 
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INNOVATIE 
 

Het project had een aantal relevante vernieuwende aspecten ten 
opzichte van eerder onderzoek naar functioneren en arousal in relatie tot 
chronische insomnie. In een constant routine onderzoek, d.w.z. onder strikt 
gecontroleerde laboratoriumomstandigheden, werd een duidelijk 
gedefinieerde groep van insomniacs gemeten, namelijk klinische patiënten 
met psychofysiologische insomnie (Hoofdstuk 3 en 4). De testbatterij 
waarmee deze patiënten gemeten zijn, was gevalideerd onder dezelfde 
gecontroleerde omstandigheden (Hoofdstuk 2). Op een palmtop computer 
werden drie uit de literatuur bekende testparadigma’s geprogrammeerd die 
de belangrijkste aspecten van prestatievermogen representeren, te weten 
perceptuele, cognitieve en motorische processen. De tests die hiervoor 
gebruikt werden, waren respectievelijk een vigilantie/detectie-, 
werkgeheugen- en keuzereactietijdtaak. Naast de testbatterij werden in de 
constant routine verschillende fysiologische parameters, waarvan bekend is 
dat ze gevoelig zijn voor arousalveranderingen, gemeten bij de insomniacs. 
Dit waren kernlichaamstemperatuur, hartreactiviteit en endocrien 
functioneren. Een veldstudie werd uitgevoerd om het niveau van 
prestatievermogen onder normale dagelijkse omstandigheden te bepalen. 
Dezelfde gevalideerde testbatterij werd hierbij gebruikt. Tevens werd 
expliciet rekening gehouden met de intra-individuele slaapvariabiliteit van de 
insomniacs, zodat gecontroleerd werd voor eventuele effecten van 
veranderingen in slaapkwaliteit. Zover onze kennis strekt, zijn de geschetste 
aspecten van dit project uniek in hun benadering. Verschillende implicaties 
werden uit de resultaten gedistilleerd en zullen hieronder nader toegelicht 
worden.  
 
 
 

VALIDATIE 
 
 
 Met name voor de veldstudie was het noodzakelijk om een makkelijk 
hanteerbaar, goedkoop en draagbaar apparaat te vinden. Dit resulteerde in 
een Psion palmtop computer, waarop een zelfgeconstrueerde testbatterij 
werd geprogrammeerd, bestaande uit de hiervoor genoemde drie prestatie-
tests en een slaaplogboekje. De testbatterij werd gevalideerd in een 24-uurs 
constant routine onderzoek waaraan gezonde subjecten deelnamen. De 
berekende output parameters waren responslatentie en accuratesse. De 
uitkomsten lieten zien dat de 24-uurs ritmiciteit van de verschillende 
parameters overeen kwamen met de resultaten van eerdere studies. Hierbij 
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moet opgemerkt worden dat in tegenstelling tot eerdere onderzoeken de tests 
relatief kort waren, gunstig was voor de proefpersonen van de veldstudie die 
de tests op het werk dienden uit te voeren. Concluderend kan gezegd worden 
dat de testbatterij een gevoelige en valide instrument bleek te zijn om 
verschillende aspecten van prestatievermogen te meten. 
 
 
 

BEWIJS VOOR DYSFUNCTIONEREN? 
 
 
 Insomniepatiënten geven te kennen problemen te hebben met het in- 
en/of doorslapen en zich bijgevolg overdag zeer vermoeid te voelen en niet 
in staat optimaal te functioneren. Verassend is hoe weinig studies evidentie 
hebben gevonden voor objectief meetbare prestatievermindering bij 
insomniacs ten opzichte van gezonde controlepersonen. Een verklaring voor 
deze discrepantie kan onder andere gezocht worden in het feit dat verreweg 
de meeste studies onder semi-gecontroleerde laboratoriumomstandigheden 
zijn uitgevoerd, waarin niet gecontroleerd werd voor o.a. houding 
(staan/zitten) en lichtblootstelling. Het is uit eerder onderzoek bekend dat 
veranderingen in deze aspecten, veranderingen in functioneren teweeg 
kunnen brengen. In een constant routine onderzoek waarin fluctuaties in 
omgevingsfactoren constant worden gehouden, kan het intrinsieke niveau 
van prestatievermogen gemeten worden. Onder deze omstandigheden blijkt 
er wel degelijk een vermindering in niveau te zijn ten opzichte van op 
leeftijd- en sexe-gematchte controlepersonen. Het is derhalve goed mogelijk 
dat insomniacs profiteren van omgevingsveranderingen en daardoor in staat 
zijn meer inspanning in de taak te steken, wat resulteert in een groter 
prestatievermogen.   
 Dit werd verder onderzocht in een exploratieve veldstudie, waarin 
de tests ingebed waren in het dagelijks werk van de proefpersonen. Er is voor 
de werkperiode gekozen aangezien daar een bepaalde mate van efficiëntie 
wordt verwacht (accuratesse, snelheid). In de veldstudie werden geen 
laboratoriummetingen uitgevoerd. Allereerst kwam uit de resultaten naar 
voren dat de actometrische/subjectieve slaapkenmerken en het welzijn van 
de insomniacs duidelijk verslechterd waren in vergelijking met de 
controlegroep. Dit kwam overeen met de subjectieve klachten die de 
insomniacs tijdens de constant routine rapporteerden: vermoeidheid, 
slaperigheid en verslechterde stemming en concentratievermogen. In 
tegenstelling tot de subjectieve klachten werd er in de insomniegroep geen 
verslechtering in objectief functioneren gevonden. Deze resultaten in 
combinatie met die van de constant routine pleiten voor een differentiatie 
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van prestatievermogen. Zoals gezegd, wordt onder constant routine 
omstandigheden het intrinsieke niveau van functioneren gemeten. Dit 
bevestigt het vermoeden van de idee dat insomniacs onder (semi-) normale 
omstandigheden in staat zijn extra inspanning in een taak te steken zodat het 
prestatieniveau op een relatief hoog niveau wordt gehouden. Het lijkt er 
gezien de subjectieve klachten echter wel op dat het relatief hoge extrinsieke 
prestatieniveau ten koste gaat van het subjectieve welzijn. Het vermoeden 
bestaat dat met name vermoeidheid gerelateerd is aan het investeren van 
extra inspanning/energie. Excessieve vermoeidheid is namelijk een van de 
kernsymptomen van chronische insomnie. Hieruit volgt dat de verhouding 
tussen subjectief welzijn, het ‘aanboren’ van extra energie en de mate van 
vermoeidheid het (momentane) extrinsieke prestatieniveau van de 
insomniacs bepaalt.   
 
 
 

GEEN BEWIJS VOOR HYPERAROUSAL 
 
 
 Zowel de constant routine als de veldstudie liet geen bewijs zien voor 
een chronisch verhoogd niveau van arousal. In eerste instantie gaven we in 
hoofdstuk 4 aan dat arousal vermoedelijk slaapgerelateerd is, aangezien we 
in de constant routine geen intrinsieke verhoging van het arousalniveau 
hadden waargenomen. Dit vermoeden werd echter niet bevestigd door de 
veldstudie, waarin er in de loop van de avond driemaal getest werd op de 
mate van arousal. De laatste meting was 15 minuten voor het slapengaan. 
Als er sprake zou zijn van een verhoogd arousalniveau in de aanloop van de 
slaapperiode, zoals beargumenteerd in andere studies, dan hadden we in 
ieder geval op dit laatste meetmoment een niveauverschil moeten 
waarnemen. Hoewel gezegd moet worden dat cortisol slechts een van de vele 
indicatoren van arousal is, willen we op grond van de resultaten een 
alternatieve verklaring voor het bestaande hypothetische arousalmechanisme 
voorstellen. Het zou namelijk goed mogelijk kunnen zijn dat arousal slechts 
optreedt als reactie op een acute stressor. Overdag zou dat gunstig zijn voor 
insomniacs, daar ze dan als reactie op een stressor meer energiereserves 
(“effort”) kunnen aanboren. Betreffende de slaapperiode zal arousal wellicht 
pas optreden op het moment van daadwerkelijk slapengaan en niet in de 
periode direct daar voorafgaand. Het is  bekend dat de slaapkamer bij 
insomniacs negatief geconditioneerd is en dat ze, zoals eerder beschreven, 
actief moeite doen om in slaap te vallen. Deze elementen kunnen resulteren 
in een verstoring van het in- of doorslapen. Zodoende stellen we een arousal-
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mechanisme voor dat bij insomniacs sterk psychologisch/fysiologisch 
anticipeert op acute stressoren. 
 
 
 

BEPERKINGEN EN SUGGESTIES 
 
 
 Een aantal beperkingen in de studies dienen de aandacht te krijgen. 
De belangrijkste beperking is het relatief geringe aantal insomniacs in de 
constant routine. Verder waren er relatief veel missende waarden in de 
veldstudie door het feit dat bij meer dan de helft van de insomniacs niet alle 
slaapcondities bereikt werd. Hierdoor moeten we zeer terughoudend zijn in 
het generaliseren van de data naar de gehele (chronische) insomniepopulatie. 
Verder zijn zowel de constant routine als de veldstudie nog niet op deze 
wijze geïmplementeerd in onderzoek naar chronische insomnie. Derhalve is 
replicatie noodzakelijk om de huidige resultaten te bevestigen. 
 Niet alle patiënten waren vrij van medicatie. Het is echter bekend 
dat o.a. cortisolsecretie, slaapkwaliteit en prestatievermogen beïnvloed 
kunnen worden door bijvoorbeeld slaapmedicatie (benzodiazepinen) en anti-
depressiva. Het is hierbij van belang om op te merken dat uit eerder 
onderzoek naar voren is gekomen dat onthoudingseffecten van dergelijke 
medicatie een langdurend effect kunnen hebben (weken/maanden) op het 
gedrag van personen, afhankelijk van het individu, soort medicatie, en 
frequentie van inname. Veel onderzoeken hebben een grens van een of twee 
maanden gehanteerd, waardoor het goed mogelijk is dat er ook in die data 
onthoudingseffecten van medicatie zitten. In toekomstig onderzoek zou een 
grens van tenminste zes maanden gehanteerd moeten worden. 
 De accumulatie van de tijd dat een persoon wakker is, is een de 
belangrijkste storende factoren in een constant routine. Zoals in hoofdstuk 1 
beschreven staat, zijn er twee interacterende processen in het lichaam aan 
het werk; een circadiaan en een homeostatisch proces. Het is bekend dat bij 
een toenemende periode van slaapdeprivatie, veranderingen teweeg gebracht 
kunnen worden in fysiologische en subjectieve variabelen, zoals hartslag, 
lichaamstemperatuur, slaperigheid en vermoeidheid. Een bekend verschijn-
sel is dat hartactiviteit vertraagd wordt. Dit zou een effect gehad kunnen 
hebben op het niveau van arousal in beide groepen in de huidige studie, 
doch het is onbekend wat de impact van de homeostaat geweest is bij de 
insomniacs in vergelijking tot de controlepersonen. Een mogelijk antwoord 
hierop zou gevonden kunnen worden door onder constant routine omstan-
digheden de reactiviteit van insomniacs te meten op acute stressoren en deze 
te vergelijken met de reactiviteit van een controlegroep. Op basis van het 
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hiervoor genoemde mechanisme van arousal bij insomniacs, kan worden 
verwacht dat de insomniacs relatief meer reactiviteit op een acute stressor 
zullen vertonen. Er moet hierbij opgemerkt worden dat in eerder onderzoek 
naar voren is gekomen dat alleen insomniacs met aantoonbare 
(polysomnografisch meetbare) insomnie een verhoging in arousal lieten zien. 
Het is zodoende raadzaam om in een vervolgonderzoek zoals hierboven 
beschreven staat, alleen insomniacs met psychofysiologische insomnie te 
includeren. 
 
 
 

PRAKTISCHE IMPLICATIES: EEN BERICHT AAN HULPVERLENERS 
 
 
 Hoewel insomnie een van de meest prevalente slaapproblemen is, 
blijkt dat veel eerstelijns hulpverleners, zoals huisartsen, bedrijfsartsen, maar 
ook psychologen, chronische insomnie niet als een op zichzelf staande 
stoornis zien. Dit kan grote gevolgen hebben, aangezien de meeste 
insomniacs in eerste instantie terecht komen bij de eerstelijnshulp. Een groot 
deel van de hulpverleners zijn vaak niet adequaat in a) de diagnose van 
insomnie, b) het kiezen van de juiste behandeling en c) het tijdig 
doorverwijzen naar een derdelijns instelling voor slaap- en waakstoornissen. 
Dit is met name te wijten aan de gebrekkige kennis van de specifieke 
kenmerken die horen bij het ziektebeeld van chronische insomnie. Om deze 
reden worden insomniacs dan ook vaak -ten onrechte- gediagnostiseerd als 
depressief of overmatig angstig. Als gevolg hiervan wordt er veelal 
overgegaan op een lange-termijn behandeling van uitsluitend (verkeerde) 
medicatie, met alle gevolgen van dien: misselijkheid, duizeligheid, verslaving, 
etc.  
 Effectieve behandeling en interventie zijn afhankelijk van adequate 
bepaling van het ziektebeeld. Verschillende studies hebben aangetoond dat 
cognitieve gedragstherapie, eventueel met ondersteuning van medicatie, op 
de langere termijn een veel effectievere methode is dan alleen een 
medicatiebehandeling. De juiste behandelingsvorm zal niet alleen een 
verbetering van welzijn opleveren, doch waarschijnlijk ook een afname van 
ziekteverzuim en een toename in werkproductiviteit.  
 In deze dissertatie worden een aantal aspecten genoemd die 
gerelateerd zijn aan chronische insomnie en de gevolgen daarvan overdag. 
De bevindingen lijken aan te tonen dat insomniacs goed functioneren onder 
normale dagelijkse omstandigheden. Dit is echter een vereenvoudiging van 
de werkelijkheid. Het blijkt dat deze mensen wel degelijk een verminderd 
prestatievermogen vertonen, maar dat dit vermoedelijk door extra 
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inspanning onderdrukt kan worden. Dit kan op de lange termijn belangrijke 
maatschappelijke gevolgen hebben. Verder kan en mag niet voorbij gegaan 
worden aan het feit dat insomniacs zelf vinden dat ze overdag niet goed 
functioneren. Derhalve moeten de klachten van deze mensen door 
hulpverleners serieus genomen worden. We hopen dat de dissertatie bij kan 
dragen in de bewustwording van en de discussie over het probleem van 
chronische insomnie, zodat in de nabije toekomst veel meer dan nu het geval 
is, insomniacs verlost kunnen worden van een ingrijpend probleem. 
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DANKWOORD 
 

Een lichte rilling maakt zich van mij meester. Een dankwoord 
schrijven betekent immers zowel een (gedeeltelijke) voltooiing van iets alswel 
een samenwerkingsverband. En hoewel je vanaf het startschot toewerkt naar 
het schrijven van een dergelijk woord, lijkt het nogal abrupt voorbij te zijn. 
Alsof je ontwaakt uit een dagdromen. Toegegeven, dat is iets wat een AIO 
meerdere keren doet. De data ontvluchtend, daar achter de verre horizon. 
Voorbij de grenzen van tijd. Voorbij de grenzen van getal en grafiek. En dan 
weer terug. Binnen het kader van het beeldscherm. Een dwingende cursor, 
heel lang. Maar ineens! Stromen van getallen, woorden, gedachten. Er zit 
een paradox in vijf jaar onderzoek doen, aangezien ik er eergisteren mee 
begonnen ben. Gevoel en werkelijkheid leven soms op gespannen voet met 
elkaar. Maar toch, de werkelijkheid is zoals je hem beleeft en niet anders.    

Afijn, nu het daadwerkelijke dankwoord. Met het gevaar dat ik 
iemand ga vergeten, wil ik me toch gaan wagen aan namen. Allereerst wil ik 
de promotiecommissie hartelijk danken voor het lezen en beoordelen van 
mijn dissertatie. Verder wil ik alle studenten bedanken die meegewerkt 
hebben aan zowel de veldstudies als de constant-routines, te weten Dennis 
‘Unreal’ van Bergen en Henegouwen, Janneke Luitjes, Koen Rhebergen, 
Ingrid Goossens, Barbara Raatgever, Marije Daalhuizen, Machteld van 
Duijne, Alice Lagas, Nelleke Wouwe, Cedric Kromme en Christine 
Angrabeit. En cliché of niet, zonder hen had ik me Atlas gevoeld, maar dan 
gebukt onder een bol van data.   

Een bijzonder dankwoord gaat er uit naar mijn promotor en 
begeleider Gerard Kerkhof die ik bij tijd en wijle bijna ‘pa’ ging noemen. Hij 
is de beste promotor die ik ooit gehad heb. Ook de enige moet ik daar dan 
meteen bijzeggen. Gerard, zonder jou had ik de moed allang opgegeven. Ik 
ga je peptalks missen. Eigenlijk heb ik geen idee hoe ik onze samenwerking 
onder woorden zou moeten brengen. Het was een bijzondere ervaring en 
een eer om met jou samen te mogen werken. Naast Gerard moet ik ook 
onmiddellijk Sander van Eekelen noemen. Ging ik Gerard bijna ‘pa’ 
noemen, dan jou toch bijna ‘broer’. Wat begonnen is in de ‘krochten’ van 
het Pieter de la Court te Leiden, hebben we afgemaakt naast de kapel van 
het MCH H-gebouw. Beiden een boekje open over slaap, of beter gezegd, 
over slaaponthouding. En ook nog mijn paranimf! Verder ben ik zeer veel 
dank verschuldigd aan Hans van Dongen. De liefde voor het vak is dankzij 
jou behoorlijk gegroeid. Philadelphia was een bijzondere ervaring. En Heidi 
van der Holst als  jongste lid van de circadiane familie moet zeer zeker 
vermeld worden. Ben je het ‘spuug’ al zat? Mijn andere paranimf wil ik ook 
graag vermelden, Kristiaan van der Heijden. Tegelijkertijd begonnen aan de 
studie in ’94 aan de toenmalige Rijksuniversiteit van Leiden. Je was op een 
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van de Labyrinth-avonden getuige van een ontluikende liefde. Die liefde 
bleek de liefde van mijn leven. Bijzonder. Daarna zagen we elkaar een aantal 
jaren later weer in het slaaplab als. Het klikte gelijk weer. Toen bleek ook dat 
we in dezelfde studio met onze bands opgenomen hadden. Muziek en 
psychologie gaan prima samen! Tenslotte maakt het feit dat je naast al deze 
zaken ook nog eens met insomnie bezig bent, jou de ideale medeparanimf.  

Verder wil ik alle mensen op het Slaapcentrum/KNF/PBS van het 
Westeinde ziekenhuis te Den Haag bedanken voor hun interesse, 
medewerking en gastvrijheid; de laboranten, technici, de ‘semi-moderne’ 
medewerkers van het secretariaat, de medische staf. Als ik namen ga 
noemen, dan wordt het wel een hele grote lijst. Toch wil ik in het bijzonder 
Marco Roessens, Caroline Kluft, Monique Thijssen en Leon Titaley 
noemen, aangezien zij toch het meest met mij te stellen hebben gehad. En 
natuurlijk mag onze PBS-buurvrouw zuster Josefta en de Effatha-
buurvrouwen aan de andere kant niet ontbreken op de lijst. Verder de 
verschillende mensen bij het NWO/PVA, zoals Divera Borsboom en Theo 
Meijman en de vele anderen die ik op de altijd boeiende conferenties heb 
ontmoet. Ook Jan van Amsterdam bij het RIVM is onmisbaar geweest wat 
betreft de cortisolbepalingen. Niet veel mensen kunnen zeggen dat ze met 
spuug hun brood verdienen! De Universiteit Leiden verdient wat woorden, 
aangezien ik daar mijn experimenten heb mogen afmaken, hoewel het 
slaaplab allang op de schop had gemoeten. Ook daar heb ik mensen ontmoet 
met wie ik leuke gesprekken heb gehad, zoals Dirk, Ineke, Albertien, Elkan, 
Wido en Gezinus. 

Hoewel ik niet vaak aanwezig was op mijn eigenlijke werkplek (UvA, 
6e etage Roeterseiland), heeft de Pscyhonomie-afdeling toch een bijzonder 
plaats ingenomen. Misschien juist omdat ik niet zo vaak op mijn plek (k611) 
was, heb ik bij aanwezigheid aldaar oeverloos kunnen bijpraten met mijn 
collega-AIO’s en realiseerde ik me steeds weer hoeveel overeenkomsten er 
zijn in de bijtijds solitaire gang van promovendi. Ik zou mensen onrecht 
aandoen als ik een sommige namen zou noemen en andere weer niet. En 
toch….. Margreet en Zoë, mijn ‘kamergenoten-op-afstand’ wil ik toch wel 
noemen, omdat we lief en leed gedeeld hebben in de loop der jaren. Ach, 
weet je wat, ik ga de rest ook noemen (in willekeurige volgorde): Jennifer, 
Heleen, Winni, Hubert, Ellen, Mante, Marte, Janneke, Johannes, Jan, 
Sylvia, Durk, Sander, Hilde, Michiel, Jacob, Steve, Myriam, Pauline (‘k vind 
’t nog steeds cool dat je naar ons (Sarah Phymm) optreden kwam kijken) en 
alle anderen die ik nog vergeten ben (sorry).  

Als eennalaatsten wil ik natuurlijk ouders, schoonouders, bandleden,  
bijbelstudiegenoten en alle anderen noemen die me in blijde en moeilijke 
tijden terzijde stonden. En tenslotte de allerbelangrijksten in mijn leven (even 
afgezien van de Allerhoogste dan): Esther, Boaz & Eva. Met jullie is het leven 
een aangename beweging. 
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