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1. PARTNERS INVOLVED IN THE COLLABORATION 
 
 
Lead Higher Education Institute (HEI 1) 
University of Strasbourg, France 
Prof. Dr. Patrice BOURGIN 
Sleep Disorders Center – CIRCSom, University Hospital, CNRS UPR 3212, Strasbourg, France 
http://inci.u-strasbg.fr/en/equ9/presentation.html 
Email: pbourgin@ unistra.fr - Tel +336 48 13 65 44 
 
Partner Higher Education Institute (HEI 2) 
University of Amsterdam, The Netherlands 
Prof. Dr. Eus VAN SOMEREN 
Department Sleep and Cognition, Netherlands In statute for Neuroscience, The Academic Medical Center 
(AMC), Amsterdam, The Netherlands 
http://www.nin.knaw.nl/research_groups/van_someren_group 
Email: e.van.someren@nin.knaw.nl - Tel +31 20 5665497 
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2. DESCRIPTION OF THE COLLABORATIVE PROJECT 
 
Insomnia is an insufficiently understood condition that strongly affects the quality of life and 
health risks of about 10% of the population. Progress in understanding the brain mechanisms 
involved has been hampered by the fact that routine clinical polysomnography studies in the 
hospital or laboratory often failed to reveal abnormalities in the sleep electroencephalography 
(EEG) of people suffering from insomnia. A meta-analysis concluded that the most characteristic 
deviation is fragmentation of sleep, rather than a complete lack of sleep, as the name ‘insomnia’ 
suggests (Baglioni et al., Sleep Med Rev 2014;18:195). Moreover, quite often, insomnia is 
characterized by a strong discrepancy between subjective and objective sleep duration (Manconi 
et al., J Sleep Res 2010;19:478). These two consistent observations indicate that sleep duration 
may not measure what we want to know about sound an disrupted sleep. Rather, it appears to be 
more promising to apply methods that zoom in on the timescale that captures fragmentation and 
cognitive information processing mostly occurring within the time between two heartbeats, i.e. 
less than a second. The present project aims to obtain a better understanding of sound sleep and 
sleep complaints by integrating several complementary innovative methods available in 
Strasbourg and Amsterdam concerning the assessment of neuronal activity and responses at this 
timescale in both clinical (Strasbourg) and non-clinical (Amsterdam) populations. 
 
A characteristic complaint of people with insomnia is that they are overly sensitive to sensory 
input. Indeed, poorer sleep quality is significantly correlated with extreme sensory hypersensitivity 
and sensation avoiding (Shochat et al., Behav Sleep Med 2009;7:53; Engel-Yeger et al., Can J Occup 
Ther 2012;79:134). Indeed, our recent brain imaging studies support the notion of a hyper-
excitable brain (Van Der Werf et al., Biol Psychiatry 2010;68:950; Stoffers et al., Brain 
2014;137:610). Moreover, a recent study found increased functional connectivity between 
primary sensory areas (Killgore et al., Neuroreport 2013;24:233), which might lead to a more 
widespread cortical processing of sensory input of any modality. Unfortunately, sleep studies in 
people with insomnia have mostly been performed in sound-proofed sleep laboratory with 
controlled light during the day and controlled darkness at night. The laudable aim to provide a 
quiet laboratory environment for the study of sleep may in fact have kept us from finding 
systematic abnormalities in the processing of sensory input that is usually present in the natural 
sleeping environment – think of the movements of a bed partner, the sound of closing doors or 
footsteps of neighbors, or the light of headlights of passing cars. In the present project, we 
therefore aim to systematically evaluate the sleeping brain’s response to sensory input in people 
with and without complaints of insomnia. 
 
Another unfortunate property of sleep studies in people with insomnia is that brain activity has 
usually been assessed with only 2 to 6 EEG electrodes. This assessment strongly limits the 
quantification of the topological distribution of cortical electrical activity during sleep. It does not 
allow for an investigation of how widespread the cortical processing during rest and in response to 
sensory input would be. In the present project, we therefore aim to use the most advanced high-
density EEG recording systems to systematically evaluate the topography of the sleeping brain’s 
response to sensory input in people with and without complaints of insomnia. Importantly, the 
availability of this methodology to assess both clinical (Strasbourg) and non-clinical (Amsterdam) 
populations makes is feasible to attain a considerable sample size by collaborating. 
 
Two innovative aspects of the proposed study on the neural correlates of the nocturnal experience 
of being conscious and restless instead of sound asleep are thus (1) the use of HD-EEG to allow for 
topography analyses and (2) the systematic use of stimuli to investigate the response of the 
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insomniac brain to perturbations instead of studying it only in the unperturbed resting state. The 
partners are complementary with respect to the expertise and application of acoustic stimulation, 
developed in Amsterdam, and the new state of the art facilities allowing administration of short 
light pulses at night in Strasbourg (CIRCSom). A third innovative aspect of the study is that we will 
not limit the study to insomnia-related differences in the sensitivity to, and processing of, external 
stimuli, but will also investigate interoceptive sensitivity. Intriguingly, the brain shows a robust and 
well-quantifiable evoked response to every heartbeat. Interoceptive sensitivity, particularly 
regarding heartbeat, has been suggested to play a pivotal role in anxiety (Domschke et al., Clin 
Psychol Rev 2010;30:1), which resembles insomnia with respect to the common key component of 
hyperarousal. 
 
Finally, a fourth innovative aspect of the present project, is that we will not limit our analyses to 
those that quantify the topography of cortical activations induced by stimuli, but also include 
analyses that quantify stimulus-induced changes in functional connectivity, which has hardly been 
reported in literature but could be essential to understand consciousness (Wu et al., Psychophysiol 
2013;50:274). 
 
In summary, the present project will systematically investigate how subjective sleep quality 
depends on neuronal activity quantified at brief time scales rather than integrated over a night of 
sleep as typically done in clinical sleep studies. During sleep, a heartbeat takes on average just a 
little less than a second (Waldeck et al., Journal of sports science & medicine 2003;2:133). Brain 
responses to external and interoceptive Intrinsic stimuli like the heartbeat typically occur well 
within this time interval. Also without stimuli, spontaneously alternating microstates of cognitive 
information processing occur within this time interval, and continue during sleep (Brodbeck et al., 
Neuroimage 2012;62:2129). The present project will apply innovative measures to quantify 
neuronal activity at this time scale, including time-frequency plots, detrended fluctuation analysis 
and functional connectivity network analysis, to improve our understanding of sound sleep and 
sleep complaints. 
 
The complementarity of research facilities and patient populations mentioned above makes the 
collaboration especially attractive. By spending equal amounts of time in both labs, the candidate 
will both profit from the complementary expertise and facilitate the development of long-standing 
cooperation between Strasbourg and Amsterdam. HEI 1 and 2 concertedly take research and 
training responsibility for obtaining HD EEG in volunteers with and without sleep complaints both 
during rest and during stimulation, for data analysis and for scientific output including a doctoral 
thesis. 
 
 
3. DESCRIPTION OF THE EXPECTED MOBILITY TRACK 
 

- Oct 2016 to Mar 2017:   6 mo: Unistra: record clinical population 
- Apr 2017 to Mar 2018: 12 mo: UvA/NIN: record nonclinical population, start analyses  
- Apr 2018 t0 Mar 2019: 12 mo: Unistra: finalize clinical recordings, analysis, writing 
- Apr 2019 to Sept 2019:  6 mo: UvA/NIN: writing papers and thesis manuscript 

 
 
 
 
 



_______________________________________________________________________________________ 
4 Erasmus Mundus Joint Doctorate "Neural processing of time" 

Fifth Edition 2016-2020 – Project 10 

4. REQUIREMENTS FOR THE CANDIDATE 
 
The candidate should hold a Master degree in Science (M.S.). 
The project is open to candidates with a particularly strong background in computational methods. 
This background can be acquired in many different master studies, including neuroscience, 
biology, psychology, engineering and computational linguistics. However, candidates with at least 
a bachelor degree in mathematics or physics have a strong advantage. A further strong preference 
will be for candidates that are familiar with human research, notably the recording of HD-EEG and 
the use of advanced tools for signal processing of very large datasets. 
 


