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Summary 

 

 

Due to the complexity and heterogeneity of brain disorders, there is a pressing need for 

precision medicine. In contrast to the traditional “one size fits all” medical model, the 

emerging approach of precision medicine proposes customizing healthcare: tailoring 

medical practices, treatments and decisions to the individual patient. Biomarkers are crucial 

for an objective stratification of patients to enable precision medicine, as they index 

physiological and pathological processes as well as response to therapy. They are also 

pivotal in clinical trials, for better stratification of early-stage patient groups, evaluating 

therapeutic effects and identifying the phenotype of responders. Despite decades of 

research, none of the individual disease-sensitive biomarkers are sufficiently accurate to 

capture the complexity of brain disorders. It is theoretically plausible, however, that 

combining information from several biomarkers can define a disease-specific or patient-

specific signature. In this thesis, we explored the added value of integrating biomarkers for 

more accurate decision making in neurological and psychiatric disorders. We developed 

multivariate data-integration tools, integrative indices, novel biomarkers as well as software 

to facilitate efficient monitoring of pathological or pharmacological neuro-cognitive 

changes. 

First, we applied this concept to resting-state neurophysiology, developing 

integrative indices with machine learning in two pharmaco-EEG studies. In both, healthy 

participants received cholinergic antagonists—scopolamine or mecamylamine—that cause 

temporary cognitive impairment and are used in clinical trials aimed at proving 

pharmacology of drugs being developed for Alzheimer’s disease and other cognitive 

disorders. Monitoring effects of disease state or therapeutic intervention on brain function is 

increasingly important for drug development, albeit hampered by inter-individual 

variability and subtle effects. To mitigate this, we applied complementary biomarker 

algorithms to EEG recordings to better capture the brain’s multi-faceted signature of 

disease or pharmacological intervention using machine learning. In the scopolamine study, 
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we developed a muscarinic acetylcholine receptor antagonist (mAChR) index and 

demonstrated that it fulfils key clinical biomarker criteria. I.e., the index displays higher 

sensitivity and specificity to therapeutic intervention than any individual biomarker, 

generalizes to independent patient cohorts, and is sensitive to the cholinergic deficits in 

Alzheimer’s disease. In the mecamylamine study, we further demonstrated reversal of 

neurophysiological cognitive impairment effects using established cognitive enhancers—

nicotine and galantamine—with our nicotinic acetylcholine receptor antagonist (nAChR) 

index. Together with a suitable cognitive impairment model—scopolamine for proving 

pharmacology of cholinesterase inhibitors and mecamylamine for nicotinic compounds—

these novel measures for quantifying cholinergic effects on the EEG could serve as useful 

tools in drug development of pro-cognitive compounds. Furthermore, our methodological 

approach could prove invaluable for several stages of CNS drug development: from proof-

of-pharmacology and dose-finding to patient stratification and identifying the EEG profile 

of responders. 

In addition to documenting effects of intervention, EEG has the potential to play 

an important role in patient stratification. This is supported by our findings with a combined 

qualitative and quantitative EEG analysis: visual scoring for EEG abnormalities and a novel 

EEG algorithm that quantifies the functional excitation/inhibition ratio (fE/I). A leading 

theory posits that E/I balance is compromised in autism spectrum disorder (ASD). Thus, we 

computed fE/I in unmedicated children with ASD and found increased variability, strongly 

associated with (absence or presence of) EEG abnormalities, i.e. slowing of activity and 

epileptiform abnormalities. Several subgroups were identified according to the type of EEG 

abnormalities and their corresponding fE/I, offering a physiological stratification with direct 

implications for clinical decision-making and exciting perspectives for personalized 

treatment in neurodevelopmental disorders. 

Finally, we researched spontaneous cognition to clarify its role in health status, 

using the resting state as an experimental model to induce mind wandering. Immediately 

after an eyes-closed rest period, participants filled in the Amsterdam Resting-State 

Questionnaire (ARSQ) to quantify thoughts and feelings experienced by healthy adults and 

people with insomnia or ASD. We found resting-state cognition to be altered in insomnia 

and related to unhelpful beliefs and insomnia severity, indicating an association between 

resting-state cognition and factors that contribute to insomnia. In ASD, we also observed a 
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highly atypical pattern of thoughts and feelings, from which we could predict ASD with a 

high accuracy using machine learning. Inner cognitive processes during mind wandering 

seem to be an expression of disease, thus their standard characterization could contribute to 

our understanding in various brain disorders. 

Together, our research highlights the added value of biomarker integration in 

various clinical applications, for a better characterization and deeper insight into disease or 

drug effects. Firstly, we demonstrate that integrating multiple EEG biomarkers enhances the 

accuracy of identifying disease or drug effects on the brain and, thus, that EEG can be used 

as a surrogate endpoint in clinical trials. Furthermore, we showed that integrating 

quantitative and qualitative EEG can lead to better understanding of disease and its 

heterogeneity, enabling future patient stratification and paving the road to precision 

medicine. Finally, we illustrate how probing and integrating the content of thoughts and 

feelings experienced during mind wandering could lead to a better understanding of the 

human mind in health and disease. To support this line of research further, we have built 

databases of healthy participants and expanded our Neurophysiological Biomarker Toolbox 

(NBT) (http://www.nbtwiki.net/)—a Matlab toolbox that facilitates neurophysiological and 

cognitive research—with statistical and machine learning tools to better capture the unique 

phenotype of an individual, thus providing a platform for research towards precision 

medicine.  
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