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Summary

Insomnia Disorder affects approximately 7% of the general population. The diagnosis is 
based on four prerequisites: 1) subjective reporting of difficulty initiating or maintaining 
sleep or early morning awakening, 2) accompanied by subjectively experienced daytime 
impairment, 3) occurring despite an adequate environment and opportunity for sleep, 
and 4) occurring at least three times a week for a least three months.

The prerequisites implictly assume that people provide valid self-reporting on the 
severity and frequency of sleep complaints across long periods, that they have a correct 
perception of an adaquate sleep environment and subsequent intact sleep-preparatory 
physiological and cognitive responses, and that they adequately perceive daytime 
functioning and its response to environmental changes. Current literature however points 
at a deviant perception of sleep in some people with disturbed sleep, while little research 
has addressed the physiological or cognitive response to sleep-permissive conditions in 
people with Insomnia Disorder.

Therefore, in chapter 1 we introduced the aims of the present thesis along the four 
prerequisites for the diagnosis of Insomnia Disorder.

With regard to the subjective reporting of sleep difficulties, the first aim of the present 
thesis was to assess the discrepancy between subjectively reported and objectively 
recorded sleep in the natural everyday life environment, and to better characterize the 
night-to-night consistency or variability of this discrepancy.

With regard to experienced daytime complaints, the second aim of this thesis was to 
examine two outputs of the reward system in Insomnia Disorder, which are fundamental 
to mood and behavior, and affected by the potent daytime wake-promoting properties 
of light.

With regard to an adequate environment for sleep, the third aim of the present thesis 
was to evaluate whether people with Insomnia Disorder are equally sensitive to the sleep 
promoting conditions of darkness, lying down, and attaining a sleep-conductive body 
temperature.

With regard to the assessment of sleep complaints over prolonged periods in the home 
environment, the fourth and fifth aims of this thesis were to optimize the transformation 
of the accelerometry signal into activity counts and to subsequently optimize the ‘activity 
count algorithm’ for the estimation of sleep in Insomnia Disorder. 

In chapter 2, we introduced, reviewed and discussed sleep-permissive and wake-promoting 
factors that directly affect the effectiveness of sleep-wake regulation. We highlighted 
the importance of the association between skin temperature and sleep and how this 
association changes with sleep deprivation and Insomnia Disorder. 
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In chapter 3, we investigated whether people with insomnia respond differently than 
controls to the sleep-permissive conditions of darkness, lying down, and attaining a 
sleep-conductive body temperature, which we systematically manipulated. As outcome 
measures, we assessed subjective, physiological, and behavioral performance variables 
previously found to be associated with the transition from wake to sleep.
The results indicated that people with Insomnia Disorder have largely identical responses 
to these manipulations as good sleepers. People with Insomnia Disorder did however show 
a remarkable heart rate acceleration in response to dimming of the lights, incompatible 
with the normal slowing that accompanies sleep-preparatory behavior, which may 
indicate a conditioned anxiety response in anticipation of another bad night. 

In chapter 4, we investigated the direct effects of light on two major components of the 
reward system, namely wanting and liking, in a naturalistic environment. Subjectively 
experienced wanting and liking were repeatedly assessed using a method called experience 
sampling and complemented with simultaneous measurements of light exposure. Liking 
and wanting increased after exposure to more intense light, even when accounting for 
the intrinsic diurnal modulation of both measures. Diurnal peaks for subjective liking and 
environmental light exposure occurred at different timings, supporting the interpretation 
that that light and circadian modulation are independent factors affecting wanting and 
liking. 

In chapter 5, we investigated whether people with Insomnia Disorder differ from people 
without sleep complaints with respect to the direct effects of light on wanting and liking, 
using the methodology for assessment in a naturalistic environment that we developed 
in chapter 4. We found that people with Insomnia Disorder experience significantly less 
wanting and liking compared than people without sleep complaints across, when exposed 
to similar levels of light intensity. Deficient liking in ID was predominantly observed 
under low intensity light conditions and may in part be rescued by exposure to bright 
environmental light. In people without sleep complaints neither wanting nor liking was 
affected by light intensity. The findings could on the one hand bet interpreted as indicating 
that people with Insomnia Disorder have a deficit in the evaluation of subjective affect, 
which is partly restored by momentary exposure to bright environmental light. On the 
other hand, an equally likely inverse interpretation could be that a darker environment, 
which normally signals preparation for sleep, triggers a state of disliking in people with 
insomnia, possibly conditioned to the expectation of another bad night of sleep.

In chapter 6, we validated a method to transform accelerometry data into the traditional 
actigraphic movement counts to allow for the use of validated algorithms to estimate sleep 
features. We simultaneously measured actigraphy and accelerometry using two devices 
for each. We replicated the calculation of movement counts from accelerometry, using 



178  

information about the on-device processing of traditional actigraphs. Subsequent analysis 
of the reliability of sleep variables both between and within actigraphs and accelerometers 
revealed that reliability between accelerometers or between an accelerometer and 
an actigraph was higher than between two actigraphs. The method thus provides on-
going and future studies with a reliable method to switch from traditional actigraphy to 
accelerometry, without loss of validity of traditional sleep scoring algorithms. 

In chapter 7, we extended the validity of the method developed in chapter 6 to the 
algorithm used to score sleep in Insomnia Disorder and people without sleep complaints. 
We assessed the effect of a wide range of actigraphy algorithm settings on epoch-by-
epoch and all-night sleep feature agreement between wrist-worn accelerometry and 
simultaneously recorded gold standard polysomnography. The results indicate that 
actigraphic estimates of sleep can be improved in people with Insomnia Disorder. The 
optimal settings differed between Insomnia Disorder and good sleepers. Within people 
with Insomnia Disorder or good sleepers, actigraphic estimates of sleep features are 
relatively robust and do not change significantly across a wide range of parameter 
settings. A single configuration can be recommended for better accuracy in Insomnia 
Disorder with minimal loss of accuracy in people without sleep complaints. 

In chapter 8, we applied the method developed in chapter 6 and the optimal settings 
derived in chapter 7, to assess objective and subjective sleep and their discrepancy in 
a large sample of people with Insomnia Disorder and good sleepers in their natural 
environment. Using a data-driven approach, we found three subtypes which were best 
discriminated by increasing levels of misperception and its night-to-night variability. The 
results confirmed earlier reports that most good sleepers accurately perceive their sleep, 
while most people with ID systematically underestimate their sleep. While misperception 
of sleep occurred along a continuum, multivariate assessment revealed distinct clusters to 
which both good sleepers and people with Insomnia Disorder could be assigned with high 
probability. Two of the most distinguishing features quantified night-to-night variability, 
providing support for the importance of considering variability in the assessment of 
objective and subjective sleep in Insomnia Disorder in everyday life.

In conclusion, we found that a majority of people with Insomnia Disorder underestimate 
their sleep, and do so with such a substantial night-to-night variability it that it could 
be relevant for the first diagnostic criterion of Insomnia Disorder. We also observed that 
people with ID do not respond differently to wake or sleep promoting factors than good 
sleepers, with the exception of a deviant cardiac response to dim light. This deviant 
response to dim light was subsequently observed as diminished liking in everyday life, 
which was ameliorated by prior exposure to bright light. Finally, the subjective reporting 
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of the frequency and duration of sleep complaints can be complemented with long-term 
recordings of actigraphy. 

Currently, the diagnosis of Insomnia Disorder is highly heterogenetic and largely based 
on subjective reports. Our findings indicate that it is valuable and feasible to complement 
subjective reports with objective measurements to potentially reduce heterogeneity in 
the diagnosis of ID. The findings point to a possible role for bright light in the treatment 
of people with ID that show deviant responses to dim light, both prior to sleep onset as 
well as during everyday life. It may be one of the much-needed new routes to ameliorate 
daytime impairments and improve quality of life of those suffering from insomnia. 


