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Assessment subpanel preference  

Humanities and Social Sciences ☒ 
Natural and Technical Sciences ☐ 
Biomedical and Life Sciences ☐ 

 
NOTE: Our Stress-in-Action programme and consortium have a strong interdisciplinary nature. Theory, tools, and 

methods from many disciplines are combined: artificial intelligence, bio-informatics, biomedical engineering, 

endocrinology, epidemiology, ethics, interaction design, genetics, informatics and data science, internal medicine, 

law, psychophysiology, psychology, psychiatry, public and occupational health, statistics, and sociology. We see this 

as a huge advantage, but this made choosing between NWO domains difficult. We could easily argue for both the 

domain of Biomedical and Life Sciences or the domain of Humanities and Social Sciences. We have chosen the 

latter as most fitting because ~60% of our team is more active in the behavioural than in the biomedical/life sciences. 

 
 
NWO domain preference  

Applied and Engineering Sciences (AES/TTW) ☒ 
Social Sciences and Humanities (SSH/SGW) ☒ 
Health Research and Development (ZonMw) ☒ 
Science (ENW) ☐ 

 

Main field of research 
 

 Field of research: Code: 

Main field of research: Biological and medical psychology 40.20.00 

Other field(s) of research  

(if applicable): 

Epidemiology 23.80.00 

Sociology 45.90.00 

Clinical Psychology 40.10.00 

Health Sciences 23.40.00 

Genetics 21.40.00 

Technology assessment 14.70.00 
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1.3 Abstract 
Urgency: Stress is the ‘buzzword’ of modern life. It impacts all aspects of daily life and most individuals deal with some 

form of stress on a daily basis. When stress occurs frequently and remains high for sustained periods of time, it can 

cause mental (e.g. depression, anxiety, burnout) and cardiometabolic (e.g. cardiovascular disease, diabetes, obesity) 

disease. According to the World Health Organization, these stress-related conditions constitute the largest disease 

burden and form a major threat to well-being and economic competitiveness. Reducing the impact of stress and stress-

related disease is crucial to improve public health and population well-being. 

 

Problem definition: Despite its relevance, our understanding of stress remains very limited, and conceptualizations 

are heterogeneous. The slew of laboratory studies and animal models dominating current stress concepts have poor 

ecological and predictive validity. They do not teach us about person-specific patterns of stress responses in the ‘real 

world’. Static, one-time assessments of stressful events and experiences do not capture the actual daily-life context in 

which stress arises, let alone the full set of emotional, physiological, cognitive and behavioural stress responses. 

Consequently, there remains a huge gap in our understanding of what determines stress in our daily life, how we can 

quantify it, what the temporal dynamics of the various stress responses are, how they are moderated by person-

specific characteristics, and how stress responses drive the onset and course of stress-related disease.  

 

Aim and promise: Stress-in-Action capitalizes on the fast advances in technology and big data analytics to move stress 

research from the lab to daily life. A theoretical framework of daily-life stress will be developed using the novel insights 

from ambulatory assessments in large, long-running Dutch cohorts and from experimental validation studies. This 

generates novel, mechanistic understanding of 1) how responses to daily-life stress arise from the temporal, dynamic 

interplay between context and person-specific factors, 2) how daily-life stress can be reliably measured in a specific 

individual in real-time, and 3) how and when potential beneficial stress-response mechanisms turn into detrimental 

effects on mental and cardiometabolic health. This will enable the development of novel monitoring and intervention 

strategies to track and reduce daily-life stress and its health impact. 

 

Approach: In the first developmental phase, we will use existing daily-life stress data from our studies to establish 

which contextual and person-specific factors play a key role in daily-life stress, and which aspects of daily-life stress 

responses should be prioritized for prolonged monitoring and for evaluation of (stress-)interventions. In parallel, 

starting from our existing arsenal of tools, we will develop methods to quantify daily-life stress context and responses 

using smartphone-based ecological momentary assessments, accelerometer or other passive sensor-based tracking of 

behaviours, and physiological monitoring through wearables and non-invasive biomaterial sampling. Human values 

and user-centred design take centre stage in the development of these new daily-life stress assessment tools. Selection 

and validation pipelines in our design field labs establish their ethical and legal feasibility, user-acceptance, reliability 

and validity, and potential application in just-in-time adaptive stress interventions. In the second cohort enrichment 

phase, an increasingly better set of these tools will be applied to generate the most comprehensive dataset on daily-

life stress exposures and multicomponent stress responses to date. We enrich ongoing large-scale epidemiological 

cohorts with daily-life stress assessments in at least 3000 participants across extended time periods and in multiple 

waves across years. These daily-life stress assessments are linked to long-term follow-up of health outcomes. For the 

‘big data’ generated, improved data analytic strategies are developed combining a dynamic multilevel framework for 

prolonged and autocorrelated within-subject data with machine learning (ML)-based prediction strategies. In the 

model validation phase, our unique longitudinal dataset will allow rigorous testing of the growing theoretical 

framework for daily-life stress and clinical utility of the stress-assessment toolkit. Through iterative experimental 

validation of theory and tools in ongoing and new interventions, we evaluate their potential to improve stress 

management and mental and cardiometabolic health. 

 

Consortium: The Netherlands possesses internationally renowned scientific leaders in the fields of ambulatory 

assessment of stress responses and stress-related diseases and harbours unique, large research infrastructures and a 

solid tradition of methodological and statistical innovation. The Stress-in-Action consortium combines these strengths 

in a highly interdisciplinary collaboration that puts Dutch stress research at the forefront of science. Its 25 members 

(52% female, 52% ≤45 years) from five universities combine expertise from the humanities and social sciences, 

technical sciences, and biomedical and life sciences. An extensive training and mentoring programme within a focussed 

consortium ensures that the paradigm shift accomplished by Stress-in-Action is transferred into the next generation. 
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Public summary  
 

NL Populaire project titel  

Stress is een bedreiging voor onze gezondheid. Met moderne meet- en analysetechnieken brengen vijf universiteiten 

de emotionele, cognitieve, biologische en gedragsmatige reacties op stress in het dagelijks leven in kaart. In 

grootschalige bevolkingsstudies onderzoeken zij welke omgevings- en persoonsfactoren stress beïnvloeden en hoe 

stress leidt tot psychische en cardiometabole ziekten. Met de nieuwe kennis worden methoden ontwikkeld om stress 

in het dagelijks leven te volgen en te reduceren en hiermee het ontstaan van stress-gerelateerde ziekten te voorkomen.  

 

ENG Popular project title  

Daily-life stress is detrimental for our health. Dutch scientists of five Universities develop novel ambulatory methods 

to measure the emotional, cognitive, biological, and behavioural responses to daily-life stress. Studies in large-scale 

cohorts will help find the contextual and personal characteristics influencing these daily-life stress responses and 

detect how daily-life stress leads to mental and cardiometabolic diseases. This enables the development of novel 

monitoring and personalised intervention strategies to track and reduce daily-life stress and its impact on health and 

well-being. 

 

Keywords. 

Mental health, cardiometabolic health, ambulatory assessment, big data, personalised intervention 
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2. Research Proposal  

2.1 Quality of the researchers involved and of the consortium (weighting 30%) 

The primary driver for this NWO Gravitation application is to create a lasting collaborative and interdisciplinary 

consortium focusing on research on the occurrence and impact of daily-life stress. The Stress-in-Action (SiA) 

consortium unites and consolidates the expertise of 25 renowned Dutch researchers active in (daily-life) stress research 

but who come from different disciplines within five universities. The six Core Applicants are considered frontrunners 

in their field of expertise (Box 1) and elected for their demonstrated ability to conduct ground-breaking research and 

lead complex large-scale projects. The 19 additional SiA researchers are talented young, mid-career or established 

researchers with crucial expertise and excellence in the field of daily-life stress research (Section 3.2).  
 
 

Box 1: Core Applicants Stress-in-Action 

Principal Applicant Prof. Brenda Penninx (female, 1970, PhD) is professor of psychiatric epidemiology at Amsterdam 

UMC, location VU University. She is a VIDI and VICI laureate and member of the Royal Netherlands Academy of Arts 

and Sciences (KNAW). She obtained >25 M€ research funding. Her role as PI of large, multi-site studies such as NESDA, 

MARIO, and OPERA indicate her capacity to lead high-level national collaborations. Her expertise in stress biology, 

psychiatry, epidemiology and genetics is evident from her publications that put Penninx consistently in the top 1st 

percentile of highly cited researchers since 2014. Apart from leading the Stress-in-Action consortium and overseeing 

interdisciplinary collaboration, her role in SiA is to examine the routes of daily-life stress to mental health. 

Core Applicant Prof. Eco de Geus (male, 1960, PhD) heads the department of biological psychology at the VU 

University, home to the Netherlands Twin Register (NTR), and obtained >15 M€ private and public funding including 

large infrastructure grants. He developed the renown VU-Ambulatory Monitoring System for “real life” autonomic 

nervous system activity assessment and brings extensive experience in research governance as former vice-dean and 

director of the >1000 person APH research institute. His main role in SiA is to validate ambulatory assessments of daily-

life stress responses and coordinate the infrastructure for ambulatory data collection and management. 

Core Applicant Prof. Peter de Jonge (male, 1969, PhD) is professor of developmental psychology and vice-dean 

research at the psychology faculty of RijksUniversity Groningen (RUG), and co-director of the Interdisciplinary Centre 

for Psychopathology and Emotion regulation. He is both VIDI and VICI laureate, and obtained >5 M€ of research 

funding. He contributes his relevant and successful experience in the crowdsourcing study HowNutsAreTheDutch with 

>15,000 participants for which automated personal accounts of emotion dynamics were developed. His main role in 

SiA is to examine the longitudinal, multi-component interactions of daily-life stress response dimensions. 

Core Applicant Prof. Ute Bültmann (female, 1968, PhD) is professor of work and health at University Medical Center 

Groningen (UMCG), and affiliated with the Copenhagen National Research Centre for the Working Environment and 

Stockholm Karolinska Institutet. She is VICI Laureate, and obtained >8M Euro research funding. She is a pioneer in 

examining the interrelationship between work, stress and health on which she has many highly-cited scientific 

publications. Her main role in SiA is to characterize the contextual factors that – in combination with personal resilience 

and vulnerability characteristics - are relevant for daily-life stress responses.  

Core Applicant Prof. Liesbeth van Rossum (female, 1975, MD PhD), is internist-endocrinologist and professor of 

obesity and biological stress at the Erasmus University Medical Center Rotterdam (EMC). She heads the Obesity Center, 

advises the Ministry of Health, Welfare and Sports on obesity policy as chair of the Partnership Overweight 

Netherlands, and co-leads the focus area Obesity, Diabetes and Metabolism of the European Society of Endocrinology. 

She obtained >5 M€ funding, among which VENI and VIDI grants, is member of the KNAW Young Academy. Her main 

role in SiA is to examine the routes of daily-life stress to cardiometabolic disease. 

Core Applicant Dr. Matthijs Noordzij (male, 1977, PhD), is associate professor in the field of (wearable) technology 

design in healthcare at technical University of Twente (UT). He founded the successful Wearables in Practice science-

practice network which provides a platform for knowledge transfer and societally relevant research. He obtained 

extensive funding for projects that set standards for use of wearable technology in daily life and introduce ethical 

design principles for technology in healthcare. His main role in SiA is to ensure value-sensitive design and validation of 

technological advances in assessment of and feedback on daily-life stress context and responses.  

 

Scientific Excellence and Complementary Expertise 
Core Applicants: As is evident from their CVs (Box 1 and Section 3.1) the six Core Applicants have all proven ability to 

lead and inspire large research teams. They are key leaders in their fields, well-published and cited, and stand in high 
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international regard. This is exemplified by the prestigious personal and large programme grants they obtained, and – 

despite their young age (median 50 years) for leaders in a field - their high international recognition.  

They bring complementary expertise and diverse skills relevant for Stress-in-Action: Penninx brings psychiatric 

epidemiology and behavioural medicine; De Geus brings expertise from psychophysiology and ambulatory assessment; 

De Jonge brings expertise in experience sampling methodology and analytics of daily-life data; Van Rossum brings 

expertise from endocrinology and cardiometabolic health; Bültmann brings expertise in work (environment), health 

and life course research approaches; and Noordzij brings expertise to advance and integrate technology in daily-life 

settings. They also provide access to large-scale national Dutch population cohorts which are directly linked to their 

institutions. Utilizing and further enriching these cohorts provides a unique and cost-efficient approach to our SiA 

programme. Penninx is PI of the NESDA and MARIO studies; De Geus manages the Netherlands Twin Register; De Jonge, 

Bültmann and van Rossum play key roles in the LifeLines and Rotterdam Study cohorts.  

Prior collaboration between Core Applicants is apparent from earlier collaborations within NESDA (Penninx, De Jonge, 

De Geus. Bültmann, van Rossum), stress and cardiometabolic health (Penninx, van Rossum), genetics of stress-related 

conditions (Penninx, de Geus) and ambulatory assessments of stress physiology (de Geus, Noordzij). Stress-in-Action 

will further extend these connections to a formal, steady, and enduring multidisciplinary collaboration.  

Consortium: The SiA Consortium consists of 12 established scientists, defined as professors aged >45 years (median 

51 years) with core expertise in the field of daily-life stress or stress-related disease, and 13 talented mid-career 

scientists aged ≤45 years (median 41 years) ranging from postdoc through professor level with esteemed grants or 

awards indicating strong potential for an independent career in the field of daily-life stress or stress-related disease. 

Weighing by their academic age, SiA mid-careers all have excellent track records in publications, grants and prizes (see 

Section 3.2). Scientific excellence of individual SiA researchers is combined with solid track records when it comes to 

collegial collaboration and data or resource sharing. Being part of (the leadership of) large cohorts, they partake in 

international consortia involving harmonization and sharing of data for meta-analyses. So they know how to serve 

science by operating as team players. A strong quality of our consortium is its multidisciplinary composition, as shown 

in Figure 1. The stress concept crosses borders of many science disciplines. This multidisciplinary nature is reflected in 

the variety of affiliations of SiA members ranging from artificial intelligence, bio-informatics, biomedical engineering, 

endocrinology, epidemiology, ethics, interaction design, genetics, informatics and data science, internal medicine, law, 

psychophysiology, psychology, psychiatry, public and occupational health, statistics, and sociology.  

Figure 1: The multidisciplinary composition of the Stress-in-Action consortium 
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Adequate diversity of the Stress-in-Action (SiA) Consortium 
National spread – The SiA 

consortium combines 

scientists from three of the 

eight Dutch University 

Medical Centres 

(Amsterdam UMC, EMC in 

Rotterdam, UMCG in 

Groningen), and from four 

of the 14 universities (VU 

in Amsterdam, RUG in 

Groningen, UT in 

Enschede, UU in Utrecht). 

Within these institutions, 

various departments are 

involved from the broader 

fields of applied and 

engineering sciences, 

humanities and social 

sciences, and biomedical 

and life Sciences. 

Gender balance - The SiA consortium is well balanced with regard to gender. The Principal Applicant is female, three 

out of six Core Applicants are female. Overall, 52% of all SiA consortium members are female.  

Age balance – Five out of six Core Applicants are 52 years or younger indicating that they have >15 research years 

ahead before retirement and will easily ‘survive’ the SiA programme. This ensures that the involved Consortium 

members can truly help establish an enduring collaboration that goes well beyond the 10-year Gravitation programme. 

Stress-in-Action includes an extensive mentoring programme for Young Talents (section 3.3), as they represent the 

‘next generation’ scientists of the programme. Through Stress-in-Action they will be educated, mentored, and 

supported to become the future leaders of this rapidly evolving research field.  

Dutch / Non-Dutch balance – Four of the 25 (16%) SiA consortium members have a non-Dutch ancestry, which is in 

line with the mean 16% of non-native persons working in Dutch academia. Nevertheless, increasing the number of 

international members will be a point of attention when recruiting staff. We can also attract additional SiA researchers 

through existing funds for non-Dutch researchers (e.g., RUG Rosalind Franklin, VU talent programme). 
 

Embedding of Stress-in-Action in the applying organisations 

Vrije Universiteit (VU) including its related Amsterdam University Medical Center, location VU University (VUmc) - 

Participating researchers from VU (De Geus, Bartels, Hoogendoorn) and VUmc (Penninx, Lamers, Peyrot, Vinkers) bring 

excellence in research on e.g. psychiatry, psychology, (genetic) epidemiology, E-health, artificial intelligence and 

ambulatory stress physiology. They have a longstanding collaboration in the Amsterdam Public Health (APH, 

www.amsterdamumc.org/research/institutes/amsterdam-public-health.htm) research institute with >1000 

researchers (incl. >500 PhD-students) joining forces to do world-class interdisciplinary health research and education. 

By conducting internationally competitive and innovative observational and intervention studies, this programme 

contributes to a stronger evidence base for prevention and treatment of mental disorders to improve the population’s 

mental health. APH has centralized facilities for data management and storage, ICT, quality control of research, and a 

strong (post)doctoral training programme for PhD-students and postdocs in e.g. advanced statistical analyses, scientific 

writing, presentation, and research integrity. APH has a productive, international, and societal relevance oriented 

scientific climate. In the last 5 years >25% of APH’s publications is in the top 10% of its field. The Mental Health 

programme houses one Spinoza (‘Dutch Nobel prize’) winner, three Royal Dutch Academy members, three European 

Research Council grant winners, and, in NWO’s prestigious personal grant scheme, two VICI (established scientists), 

three VIDI (mid-career), and six VENI (postdoc) laureates. SiA members direct the longitudinal NESDA and NTR studies, 

and ensure access to these cohorts. SiA researchers are also part of the VU Campus Center for AI and Health, led by 

Hoogendoorn, creating a network for AI & Health researchers across a range of disciplines. It aims to both innovate AI 

methods and apply AI methods in practical health settings. 

Figure 2: Gender balance, career phase, and geographic spread of the (future) SiA 
researchers 

https://www.amsterdamumc.org/research/institutes/amsterdam-public-health.htm
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Rijksuniversiteit Groningen (RuG) including its related University Medical Center Groningen (UMCG) – Participating 

researchers from RuG (de Jonge, Bringmann, Jeronimus, Scheibe) and UMCG (Bültmann, Maeckelberghe, Snieder) are 

affiliated with the Aletta Jacobs School of Public Health (AJSPH; www.rug.nl/aletta) and research institute Science in 

Healthy Ageing and Healthcare (SHARE, www.umcg.nl/SHARE). The AJSPH (>70 researchers, >15 societal, academic, 

and network partners) is an inter-faculty network from RuG, UMCG and Hanze University of Applied Sciences 

investigating health and well-being from diverse perspectives (economics, business, social sciences, law, medicine) 

with the mission to increase the number of healthy years. It organizes research meet-ups, education, public 

engagement activities, and collaborations with societal partners. SHARE’s mission is to identify determinants and 

consequences of illness and ageing, care and cure. SiA members belong the SHARE programmes: Interdisciplinary 

Center Psychopathology and Emotion Regulation (ICPE, co-leader de Jonge) and Public Health Research (PHR, co-leader 

Bültmann). The ICPE programme (~23 researchers, >70 PhD-students) complements large cohort studies with smaller 

studies using in-depth measurements to unravel psychobiological processes involved in mental disorders and develop 

personalised interventions to improve social-emotional function. During the last two visitations, the ICPE received 

maximum scores on quality, societal relevance and viability and is considered world leading. The PHR programme (~12 

researchers, >65 PhD-students) conducts high-quality research on e.g. work and social participation in relationship to 

health. Social and public and occupational health scientists cooperate with policy stakeholders and allied health 

professionals in three academic centres (public health, occupational health, insurance medicine). RUG and UMCG 

researchers also bring in a unique infrastructure, i.e. the Lifelines cohort involving 167,000 subjects.  

 

Erasmus University Medical Center Rotterdam (EMC) - SiA consortium members (van Rossum, Boersma, Hillegers, 

Kavousi, Rizopoulos) are from various EMC departments: Internal Medicine/Endocrinology, Cardiology, Child and 

Adolescence Psychiatry, Epidemiology, and Biostatistics. They combine their expertise in the fields of innovative 

biological stress assessment, unfavourable (early) life conditions and mental health, biostatistical modelling, clinical 

trials, and cardiovascular and cardiometabolic epidemiology. EMC’s (www.erasmusmc.nl) research ranges from 

fundamental and clinical domains to public health and prevention, with an annual budget of around €140 million. It 

currently is conducting 1.250 research projects, of which 85 funded by the EU involving collaborations with partners 

from 56 countries worldwide. Bibliometric indicators place EMC in the top 20 of clinical medicine worldwide; its 

publications are cited 1.78 times the world average. EMC houses the largest Dutch medical school with around 3,000 

medical students, 200 health research master students, 200 clinical technology students and 230 PhD graduates, and 

offers many BSc, MSc and PhD programmes. EMC employs many top scientists as evidenced by awarded ERC (n=20), 

NWO talent grants (n=70) and active KNAW membership (n=12). Specifically relevant for the SiA programme are EMC’s 

cardiac patient cohorts (extensive repeated clinical measurements available) and large longitudinal population studies, 

including e.g. the Generation-R and the Rotterdam Study for which data infrastructures (ICT, biobanking, data 

management) are embedded in the EMC. 

 

University of Twente (UT) - SiA consortium members (Noordzij, Hermens, Ludden, Van Riemsdijk, Veldkamp) combine 

expertise from the social and technical sciences including psychology, biomedical signals and systems, interaction 

design, ethics, and data science. The University of Twente (UT, www.utwente.nl) is a young, entrepreneurial research 

university where 3,200 scientists and professionals conduct pioneering research on nanotechnology, ICT, biomedical 

technology and technical medicine, engineering, and governance and behavioural sciences. Founded in 1961 in 

Enschede, the UT stands for High Tech with a Human Touch. In terms of scientific impact, as analysed by the 

4TU.Federation, the UT receives 40% more cites than the world average in its knowledge domains. Research ultimately 

combines scientific excellence with a sharp eye for economic and societal impact. Listed as the most entrepreneurial 

university in the Netherlands on the biennial Impact Ranking for the fourth time, the UT boasts an outstanding track 

record in value creation, starting up and spinning off new businesses (with ~1,000 successful ventures to date). 

The TechMed Centre, one of the University’s three institutes, focuses on interdisciplinary and translational education 

and research, and on stimulating innovation and entrepreneurship through a network of technology companies and 

hospitals. Under this umbrella, the Personalised eHealth Technology programme (PeHT) was started with eight UT 

research groups and an expanding number of hospitals and SMEs. The PeHT, coordinated by Hermens, is a strategic 

cross-disciplinary programme with the ambition to become the Centre for Personalised eHealth Technology in the 

Netherlands and Europe.  

 

http://www.rug.nl/aletta
http://www.umcg.nl/EN/Research/InstitutesProgrammes/SHARE
http://www.erasmusmc.nl/
http://www.utwente.nl/
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Utrecht University (UU) - Consortium member Hamaker from the methodology and statistics department of the social 

and behavioural sciences faculty brings unique expertise in applied data science and longitudinal modelling, including 

time series analysis and dynamic multilevel modelling. The department houses >40 researchers who focus on 

development, evaluation and application of methodology, statistics and applied data science. This research is cutting-

edge and of high quality, as illustrated by the fact that among its researchers there are e.g. one VICI, four VIDI and five 

VENI laureates and two Aspasia recipients. Together with the department of biostatistics from UU’s medical centre, 

and the department of data analysis from SiA consortium partner University of Twente, Hamaker coordinates the only 

Dutch research master in behavioural science that is specifically focused on methods and statistics. This master 

programme has been top-rated for the eighth year in a row by the Dutch Selection Guide for Masters.  

2.2 Quality of the scientific research programme (weighting 30%)  

Introduction 
Stress, the ‘buzzword’ of modern life 

Every person is familiar with stress as an integral part of our modern-day society. Think, for example, about the impact 

of our ongoing 24-hour economy, the continuous online connectivity, social inequality or disadvantageous life 

circumstances for some citizens, and the intensive combination of a work role with other social (family, friends) roles. 

Think, more acutely, about the ongoing Covid-19 pandemic that has disrupted the world’s health and long-term care 

systems, economic vitality, and social and community structures as a result of the concerns about our own health and 

those of our loved ones, together with the disruptions of the social fabric caused by the required containment 

measures (‘lock-down’). These are extraordinary times in which stress looms even larger in citizen’s lives.  

 

Stress leads to mental and cardiometabolic disorders that contribute immensely to the burden of disease 

Stress likewise has long captured the imagination of scientists. There is an impressive corpus of literature on five 

decades of stress research, a major driver of which was the concern that daily-life stress in modern-day society has 

detrimental consequences on our health. Stress responses can be beneficial over a short period of time by focussing 

attention, mobilising energy and motivating adaptive behaviour. However, longer time stress exposure, coupled to 

inadequate stress-reducing capacities, results in chronic stress responses that are disadvantageous and maladaptive. 

Consequently, chronic stress has dire effects on both disease onset and course, and amplifies the detrimental impact 

of disease on wellbeing and quality of life. An extensive amount of literature shows that prolonged exposure to work 

stress, adverse social relationships, or discrimination based on race or immigration status, gender or beliefs) is a major 

contributor to both mental (e.g. depression, anxiety, burnout) and cardiometabolic (e.g. obesity, diabetes, 

cardiovascular disease) conditions (Bultmann et al., 2002, Kivimaki et al., 2018, McEwen, 1998, Rosengren et al., 2004). 

These stress-related conditions are a massive public health burden. For instance, one out of five people experience 

depression or anxiety disorder during life. Globally, about 264 million people are affected by depression, the number 

of persons with anxiety disorder exceeds 280 million. High prevalence, chronicity, comorbidity and functional 

impairment led the World Health Organization (WHO) to rank depressive disorders and anxiety disorders as the second 

and ninth highest cause of disability (Diseases and Injuries, 2020). Cardiovascular diseases (e.g. myocardial infarction, 

stroke) constitute the main cause of morbidity and mortality worldwide, accounting for 17.9 million annual deaths 

globally. Obesity and type 2 Diabetes (T2D) rates steadily increase (Bluher, 2019). Consequently, more and more people 

live with cardiometabolic conditions (Danaei et al., 2011) and these consistently top the disease-burden list in our 

society. Considering the high prevalence and impact of mental and cardiometabolic stress-related diseases, the WHO 

has dubbed stress the “Health Epidemic of the 21st Century”. 

 

In spite of the urgency, stress remains poorly understood… 

Notwithstanding its resonance with the general public and its large negative impact on public health, the concept of 

stress has been regarded with scepticism, even by scientists working in the social, behavioural, and biomedical 

sciences. A widespread criticism on the concept of stress is that its operationalisation has been ‘vague’ in research and 

clinical care. This is an incomplete and unfair rendering of the true state of affairs. We argue that the ‘problem’ with 

stress is not that it is intangible, circular, or vague, but that it is inherently complex. Complexity, however, should not 

be equated with vagueness or lead to defeatism. It should instead encourage us to take the needed next research steps 

to overcome earlier limitations. Sadly, current theories and experimental designs do hardly capture this complexity. 

Our knowledge on how stress responses are shaped and generated from different stress exposures, and what causes 

individuals to differ in stress responses -even to comparable stressors- has now mainly been studied in artificial 
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laboratory environments or in animal models. As a consequence, our understanding of stress in daily-life settings of 

modern-day citizens is currently very limited.  

 

… but large opportunities to ‘change the game’ have arisen 

This current state-of-the-art contrasts sharply with what could be. There is an ongoing and rapid expansion of wearable 

technology and linked data-analytic strategies that allow for prolonged stress recordings in ecologically valid settings 

and have great potential to provide personalised intervention on stress. Implementation of such e-Health applications 

is readily scalable and could muster large interest of public health care providers, health insurers and the private sector. 

We propose six Game Changers (Table 1) to leapfrog the field of stress research beyond the current state-of-the-art. 

 

Table 1: Six Game Changers of the Stress-in-Action programme 

 What is often done today What we will do in Stress-in-Action 

1 Focus on stress responses in artificial, short-

lasting lab settings or animal models 

Focus on stress responses in humans in ecologically valid settings 

during prolonged ambulatory assessment 

2 (A few) one-time assessment(s) of static 

contextual factors that increase stress responses  

Continuous and/or repeated assessments of dynamic contextual 

factors that evoke or buffer stress responses in daily life  

3 Static stress reactivity concept: individual 

differences in amplitude of emotional or 

physiological stress responses  

Dynamic stress reactivity concept: individual differences in 

amplitude, frequency and transfer function of interacting emotional, 

cognitive, physiological & behavioural responses over time 

4 Stress response impact on single health outcome Stress response impact simultaneously on mental and 

cardiometabolic disease processes 

5 Knowledge and data analytic strategies focused 

on group comparisons of stress responses, not 

necessarily applicable to single individuals 

Knowledge and data analytic strategies focused on individual’s stress 

responses over time and utilization of personal stress profiles for 

prediction and intervention 

6 Participant is passive subject of research Participant is actively involved in stress assessment and intervention 

 

Game changer 1: From lab experiments towards research in the ecologically valid daily-life setting 

Decades of laboratory stress testing in animals and humans have left us with an impressive arsenal of measurement 

instruments to comprehensively measure the breadth of stress responses in a controlled experimental setting. They 

have provided important insights into short-term responses to stress, most notably physiological stress reactivity 

(Brindle et al., 2014, Dickerson and Kemeny, 2004). However, lab-based studies suffer from poor ecological validity in 

that they use artificial stressors in subjects volunteering to be exposed for relatively brief periods of time. Laboratory 

stress will often be of insufficient intensity to trigger the full set of stress responses that come into play when stress is 

“for real” and will almost always be of insufficient duration to reveal the slower counter-regulatory responses as well 

as allostatic adaptations that occur on a time scale of days or weeks. An example is the gradual build-up in resting 

blood pressure over the course of a stressful work week that subsides in the weekend (Vrijkotte et al., 2000). 

Laboratory stress also fails to reveal the full range of daily-life adaptive and maladaptive cognitive or behavioural 

responses like social withdrawal, physical inactivation, and change in sleep, smoking or alcohol use habits. In spite of 

this, lab-based assessment in humans of the acute physiological reactivity to artificial stressors still proves to be a 

significant predictor of disease outcomes (Chida and Steptoe, 2010). However, effect sizes have been modest, typically 

with only a few percent of variance in disease outcomes explained.  

 Stress-in-Action’s core expectation is that the low amount of variance in disease explained by stress is because the 

dynamics of different stress response components, their interaction and their health impact across longer time 

scales of days, weeks or months are currently left largely uncharted. To successfully change this, we must move stress 

response recording out of the artificial lab environment into the naturalistic daily-life setting and switch from an acute 

stress response perspective to a prolonged stress response perspective. This confronts us with large technological, 

methodological and data analytical challenges. In contrast to the standardized lab setting where participants’ 

behaviour is strictly manipulated to allow reliable recording of stress responses, daily-life recording must be as 

unobtrusive and non-invasive as possible. Also, the essence of ecological validity is that the experimenter relinquishes 

all control over the exposure to stressors. Instead, natural exposures must be continuously co-recorded in free roaming 

persons. In the past decade, this challenge has been addressed by the use of wearable technology, in particular the 

smartphone which now has a near ubiquitous presence, independent of one’s age or station in life.  

 The smartphone can be used for Ecological Momentary Assessment (EMA), a method involving frequent, 

repeated assessment of social context, thoughts, feelings, experiences and behaviours in the naturalistic environment 
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(Csikszentmihalyi and Larson, 1987, Trull and 

Ebner-Priemer, 2020). An EMA app prompts 

the user to regularly fill out short self-reports, 

either cued by particular events, locations, 

accelerometer-derived changes in physical 

activity, or by prompts at random intervals. 

Compared to typical static assessments, EMA 

reduces retrospective recall biases and has the 

ability to model temporal trends and the cross-

talk over time among theoretically‐linked 

constructs within a single person in naturalistic 

settings (Trull and Ebner-Priemer, 2020). 

However, continued self-reporting becomes 

burdensome to participants and is sensitive to 

reporting biases (van Genugten et al., 2020) 

which may increase with longer duration of 

recordings (van Berkel et al., 2017).  

 A promising alternative that deals with these 

problems is the use of passive sensing. A huge 

array of sensors in the smartphone generates 

data – which can be kept de-identified by on-

board data abstraction – that can be used to 

detect key aspects of the user’s social and 

physical environment, a range of user overt 

behaviours, and even mental states (e.g. by 

detecting emotion from speech prosody and 

the frequency of emotion words in text 

messaging). Apart from the smartphone, ambulatory assessment by passive sensing is also feasible by using the 

increased possibilities of sensors in wearables. Wearables are particularly relevant for measuring activity of the major 

physiological stress systems, which are considered the core pathways leading from stress to organ damage including 

the brain, and hence to cardiometabolic and mental disease. Capitalizing on the fast advances in wearable sensor 

technology and big data analytics, Stress-in-Action will develop, integrate, and validate cutting-edge, user-friendly 

assessment tools to quantify the continuous and dynamic daily-life stress response, so that we can move stress 

research from the lab to daily life.  

 

Game changer 2: From static towards dynamic assessments of contextual factors that evoke/buffer stress response 

Daily life is full of unpredictable or uncontrollable hassles and uplifts that evoke or reduce stress responses of 

individuals. Although existing research on stress response-evoking or -reducing contextual factors has led to a host of 

important scientific insights, this area of research also faces fresh challenges. First, most studies have focused on either 

seismic life events (bereavement (Stroebe et al., 2007), unemployment) or chronic work stressors as in the widely 

employed Karasek job strain and Siegrist work stress models (Siegrist and Li, 2018, Theorell and Karasek, 1996). A large-

scaled meta-analysis showing the impact of work stress on morbidity and mortality illustrates how work stress is often 

operationalised with a single measurement (Kivimaki et al., 2018). Second, studies using these traditional work stress 

models (Igic et al., 2017) do not integrate aspects of the rapidly changing nature of work (Berkman et al., 2014) such 

as digitalization and flexibility.  

 Compared to historic and chronic stressors, the role of daily ‘hassles’ has been studied less frequently (Wright et 

al., 2020) because data requirements for collecting relevant information on these are hard to meet. Therefore, what 

is going on at the day-to-day micro-level within an individual, that explains why and when specific contextual factors 

evoke repeated stress responses in daily life, is largely unknown. Beyond the more standard aspects of work and family 

life domains, individuals are also faced with ‘new’ contexts, e.g. related to the use of (intrusive) digital appliances 

(email, smartphone messaging)(Lee et al., 2014), impersonal interactions with bureaucratic institutions, loss of direct 

contact in an increasingly online society, new ways of maintaining social relationships (Beyens et al., 2016) and juggling 

with caretaker responsibilities for younger and older generations (DePasquale et al., 2016). Research has not yet 

Figure 3: Illustration of ambulatory assessment tools in daily life 
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examined the full range of these new contemporary stress-evoking contextual factors across multiple life domains. 

Finally, not much attention has been paid to stress-reducing contextual factors, e.g., uplifting conversations with 

colleagues, supportive interactions with friends, or other daily uplifts (Gross et al., 2011). Most importantly, despite 

the elaborate list of ‘known’ and new potential stress-response evoking or reducing contextual factors we know close 

to nothing about how these shape the temporal unfolding of stress responses on a day-to-day basis. Stress-in-Action 

will therefore focus on repeated assessment of the daily-life setting, allowing for a dynamic and ecologically valid 

quantification of both stress-evoking and -reducing contextual factors.  

 

Game changer 3: From static towards dynamic stress models  

We envision a complete overhaul of the theoretical framework for stress during the course of this SiA programme. 

Almost all theories of stress build on the fundamental transactional nature of stress in which contextual factors that 

evoke or buffer stress responses generate the full breadth of observable stress responses in the subjective and 

physiological domains (Cox, 1978, Lazarus, 1966). Translation of stress exposure (also called ‘stressor’) into stress 

responses is considered to be strongly determined by individual vulnerability and resilience factors, meaning that one 

person’s stress may be another person’s ‘healthy tension’. We start from this transactional fundament in Stress-in-

Action but apply it to daily life using the following definitions:  

Daily-life stress exposure: the perceived loss of equilibrium in ecologically valid daily-life settings between the 

demands placed upon an individual by contextual factors and his/her perceived ability to meet those demands, 

particularly when the demands relate to needs that are deemed personally important. 

Daily-life stress response: the dynamic interaction between emotional, cognitive, physiological, and behavioural 

responses to daily-life stress exposures over time.  

The extension of the traditional theoretical framework of stress is twofold: we use dynamic assessments of stress-

evoking and -reducing contextual factors and we expand to a far more comprehensive operationalization of all four 

components of the stress response (Table 2), on time scales that are meaningful for the daily-life setting. This allows us 

to measure frequency and amplitude of the stress responses as well as their dynamic interaction over time (i.e., in 

terms of transfer functions). Stressful life and daily events can lead to subjective emotional feelings of distress, such 

as anxiety, fear, and lowered mood (Charles et al., 2013). They do so after cognitive appraisal, reappraisal and 

attentional regulation of stressors, and the involvement of cognitive schema’s guiding the perception and 

interpretation of information is a core element of the stress response (Crum et al., 2013). Subjective distress can 

activate three major physiological stress systems: the autonomic nervous system, the hypothalamus-pituitary-adrenal 

(HPA)-axis and the immune system (Penninx, 2017), with clear cross-system effects. Finally, several aspects of human 

behaviour are intricately part of the stress response such as social withdrawal/avoidance (‘flight’) and active conflict 

(‘fight’). Behavioural stress effects also extend to sleeping, eating, substance use and physical in activity. The four 

components of the stress response exert bidirectional, temporal influences on each other and create temporal 

dynamics within an individual (Jeronimus, 2019).  
 
Table 2: Four components of the daily-life stress response considered in Stress-in-Action 

 

It is now time to integrate all these elements in a comprehensive theory of stress in a daily-life context, where stress 

can be redefined as an emergent property of the temporal dynamics of stress exposure and all four stress response 

components, measured over much longer time scales than currently done in stress research. Given the hypothesized 

moderation of these temporal dynamics by individual characteristics, such an effort requires very large data sets. 

Because the paradigm shift towards an increased reliance on ambulatory recording is still relatively young (Ebner-

Priemer and Trull, 2009, Houtveen and de Geus, 2009), large-scale and well-characterised cohorts enriched with high-

quality data of stress-context and comprehensive stress responses in naturalistic settings are currently not available. 

Unique and large-scale cohort enrichment to generate the most comprehensive dataset to date on daily-life stress 

exposures and the multicomponent stress responses takes centre-stage in Stress-in-Action. 

 

 

Emotional  Predominance of negative emotions over positive emotions 

Cognitive  Perceptual negativity bias, rumination and worry, impaired cognitive functioning 

Physiological  Activity of major bodily stress systems (autonomic nervous system, HPA-axis, immune system) 

Behavioural  Physical (e.g., activity, sleep, smoking, eating) and social (e.g., interaction and activity) behaviour 
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Game changer 4: From separate impacts of stress on body and mind towards an integrated impact focussing on 

mental and cardiometabolic disease  

Mental and cardiometabolic conditions are closely interlinked. To illustrate, several studies have demonstrated, that 

one in three patients with CVD has depression, and depression increases the likelihood for cardiac morbidity and 

mortality in these patients by 2-3-fold, independently of traditional risk factors or gender (Penninx et al., 2013). Our 

work illustrated the latter in a population of >6 million, where both relative and absolute risks of cardiac and metabolic 

diseases were substantially increased following depressive disorder (Momen et al., 2020). This relationship was graded: 

the more severe the depression, the higher the cardiovascular and metabolic risk. Associations have also been found 

for depression with diabetes or obesity, and for anxiety with CVD and diabetes, and the association goes in both 

directions in prospective research. Thus, there is a proven bidirectional association between mental and 

cardiometabolic conditions: one predicts the other, and vice versa (Milaneschi et al., 2019). 

Whereas their co-morbidity is well-known, the aetiology of mental and cardiometabolic disease is largely 

researched separately. We hypothesize that stress is a shared etiological mechanism. Emotional or cognitive stress 

responses can act as triggers for acute coronary syndromes as well as mood disorders. Also, stressful circumstances 

have shown to increase unhealthy behaviours such as smoking, unhealthy food choices, physical inactivity and low 

compliance to medical regimens which are known risk factors for cardiometabolic outcomes and poor mental health. 

At the physiological level, psychosocial risk factors have been linked to chronic activation of the three main biological 

stress systems, i.e., the autonomic nervous system with its upregulation of sympathetic ‘fight/flight’ activation and 

downregulation of parasympathetic ‘rest/digest’ activation, the HPA-axis with the stress hormone cortisol as the main 

effective end-product, and the immune system with its cascade of cytokine activation. Allostatic load caused by 

prolonged activation of these stress systems affects almost all pathways involved in atherosclerotic disease, including 

haemodynamic blood pressure regulation, lipid metabolism, haemostatic processes, endothelial function and 

myocardial perfusion (McEwen, 1998) as well as processes relevant for emotion-related brain function (McEwen et al., 

2016). These diverse disease processes mutually re-enforce each other, causing a downward spiral of health decline in 

multiple organ systems. Consequently, to comprehend the full impact of daily-life stress on health, transdiagnostic 

research is necessary. Stress-in-Action will do so and bring mental and cardiometabolic clinicians and scientists 

together. 

 

Game changer 5: From group-based comparisons towards personalized prediction and intervention  

An important goal of scientific research is to identify general laws. However, there is ongoing debate about whether 

such laws are best formulated at the between-person or within-person level. Nomothetic, between-person methods 

involve the study of lawful patterns characterizing a group of individuals, typically at a single point in time. Idiographic, 

within-person methods describe the 

study of lawful patterns observed 

within a single individual over time, 

based on repeated measurements of 

the phenomena of interest. 

Idiographic methods acknowledge 

the possibility that unique within-

person associations may exist that are 

not easily discovered using between-

person designs. The ecological fallacy 

occurs when a researcher assumes, 

without empirical within-person 

evidence, that the observed relation 

between two variables at the group 

level also applies at the individual 

level (Curran and Bauer, 2011). SiA 

researchers demonstrated the 

existence of within-person heterogeneity in stress research and argued that ignorance of the lack of group-to-

individual generalizability is a threat to research (Fisher et al., 2018). For example, mean cortisol levels have shown to 

be slightly increased in persons with depression (Knorr et al., 2010). In line with this, EMA of daily affect showed a 

positive association between average cortisol and momentary negative affect levels at the group level (Figure 4A, left). 

Figure 4: Heterogeneity in the association between cortisol and negative affect 
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However, as we also illustrated, massive inter-individual heterogeneity in this association exists (Figure 4B, right) with 

quite some persons showing no or a negative association (Booij et al., 2015).  

Another example is from our NESDA project where we measured positive affect 5x/day and physical activity by a 

GENEactiv device in 359 adults for two weeks. At the group-level, a significant beneficial effect was found for high 

physical activity on positive affect three hours later. However, within-person effects of physical activity resulted in 

positive affect improvement in 32.0% (b>.20), in positive affect reduction in 10.5% (b<-.20), and in no clear change in 

the rest (Figure 5). Considering this within-person heterogeneity, the low success rate of exercise interventions 

motivated by the dogma ‘exercise will make you feel less stressed’ may partly be due to heavy reliance on nomothetic 

between-person methods.  

 Heterogeneity of within-subject relationships is also present in the link between stress and future health 

outcomes. We found that inertia and variability in repeated within-subject daily affect ratings were better predictors 

of later health outcomes (hospitalisation and disease symptoms) than the mean affect level (Wang et al., 2012). We 

believe that the extreme position that a single within-person pattern fits the stress profile of all group members is not 

likely to hold. Yet, this is the default assumption of the current nomothetic approach to stress and only holds when all 

conditions of the ergodic theorems apply (see (Molenaar, 2008) for a detailed mathematical description of ergodicity). 

Inferring the relationship between two variables from group-aggregated results, the ecological fallacy, can lead to 

severe misinterpretation as aggregated patterns may not reflect the relationship of variables in any actual person. 

Nevertheless, most publications on stress and best-practice guidelines are based on data aggregated across samples. 

The worst-case scenario—a global, uniform absence of group-to-individual generalizability due to non-ergodicity— 

seriously undermines the validity of our current scientific canon on stress (Fisher et al., 2018). Through capitalising on 

developments in dynamic intensive longitudinal data modelling and machine learning, Stress-in-Action will create new 

methods to formally test group-to-individual generalisability and extract ‘lawfulness’ from repeated daily-life stress 

context and response assessments that is parsimonious but still holds well at the within-person level. We will also 

examine mechanisms that could explain within-person heterogeneity by examining which personal characteristics (e.g. 

gender, socio-economic status, genetic vulnerability) moderate daily-life stress context and response interactions.  

 

Game changer 6: From passive towards active participation in stress assessment and intervention design 

Developing a valid toolkit for ambulatory assessment of daily-life stress responses is not meaningful without ensuring 

its future implementation. What is ethically and legally possible in terms of personal data tracking and utilization? 

What measurement tools will people with varying (digital) literacy skills reliably use and accept? How can we design 

stress monitoring and coaching technologies so that these empower people to investigate and regulate their own stress 

levels in line with their values, goals and way of living? How can we help people change their context to reduce negative 

stress impact and even contribute to increased resilience and personal development? To answer these questions, 

intended end-users need to be recruited as active participants in research with the right incentive. Successful 

translation of SiA knowledge requires the development of effective, acceptable and widely implementable strategies 

to modify behaviour or context guided by just-in-time adaptive feedback tailored to personal characteristics (Wang 

and Miller, 2020).  

Figure 5: Within-person associations between physical activity and subsequent positive affect for two weeks 
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 Fortuitously, developing stress monitoring tools lends itself well to active participation by citizens. There is an 

explosive growth of wearable sensor technology and self-monitoring apps that promise to enable the owner to monitor 

many behaviours or emotions. Taken the stress ‘buzz’ and the rapid proliferation of consumer devices that claim to 

measure stress (e.g., some Fitbit and Garmin smartwatches now have a stress level feature), we expect that people 

will embrace meaningful, comprehensible stress feedback as this could empower them to become more stress-resilient 

in a self-efficacious way. This is a crucial development for progress in daily-life stress research. However, the 

tremendous promise of apps and wearables for transforming research and care is tempered by deep concerns about 

the effect of these technologies on equity, privacy, and patient autonomy. Increased connection of devices to the 

internet of things and data clouds, often by ‘accidental consent’ coupled with algorithms that are not in the public 

domain and operate increasingly beyond human comprehension could deliberately or inadvertently reinforce and 

entrench existing biases against disadvantaged groups. The idea that marketeers and governments with access to 

personalized stress profiles could do harm to the citizenry is not far-fetched. Including the end-user perspective in 

design is even more vital when developing stress interventions. Such interventions should not become tools that 

companies or individuals use to maximize or control ‘efficiency’, but should be empowering people to regulate stress 

responses in line with key human values (e.g., relatedness, autonomy, competence). This can be achieved by 

incorporating a value-sensitive design approach, aiming to design technologies that embody human values (Friedman 

et al., 2006) and taking into consideration that interacting with technological innovations themselves might change 

our values (Kudina and Verbeek, 2019). By taking a participatory approach throughout and developing stress 

assessment tools and interventions with a constant eye on personalization and human values, Stress-in-Action will 

deeply engrain end-user value in all of its steps and provide early and adequate attention to ethical, legal and 

societal issues.  

 
Goal and Objectives of the Stress-in-Action programme  
Goal - To gain mechanistic understanding of the causes and consequences of daily-life stress, enabling strategies to 

monitor and intervene on daily-life stress and reduce its detrimental health impact.  

 

Objective 1 - Develop a comprehensive, evidence-based theoretical framework of daily-life stress (RT1). We will 

distil and validate how daily-life stress responses (emotional, cognitive, behavioural, physiological) arise from the 

dynamic interplay between context and person-specific factors. Main research questions are: 

- What are key daily-life contextual factors in the aetiology of daily-life stress responses? 

- How do daily-life stress responses dynamically interact with each other and with contextual factors over time? 

- Which personal resilience and vulnerability characteristics moderate the impact of context on stress responses? 

Objective 2 - Determine how daily-life stress can be reliably measured and intervened on in a specific individual in 

real-time (RT2). We will develop a cutting-edge, low-burden, ecologically valid ambulatory assessment toolkit to 

quantify stress in daily life and to design, test, and iteratively improve stress interventions using that toolkit.  

Main research questions are: 

- How to optimally capture contextual factors in daily life that evoke or reduce stress responses? 

- How to optimally capture emotional, cognitive, behavioural and physiological stress responses in daily life? 

- Can personalised, just-in-time-adaptive interventions empower persons to adapt their stress exposure and/or reduce 

their stress responses? 

Objective 3 - Determine how and when stress-responses turn into detrimental effects on mental and 

cardiometabolic health (RT3). We will predict health outcomes from the assessments of daily-life stress responses 

on an unprecedented scale. Main research questions are: 

- Which facets of daily-life stress responses best predict the presence, onset and course of mental and cardiometabolic 

health outcomes, and what are underlying multi-omics molecular mechanisms? 

- Which personal resilience and vulnerability characteristics moderate daily-life stress response impact on health? 

- Do interventions impacting on daily-life stress favourably impact on health, and vice versa? 

Objective 4 - Generate novel analytical tools (DASC), a privacy-compliant data infrastructure (DISC), and the next-

generation researchers (CASC) that significantly advance the science of daily-life stress. To provide new 

methodology, a best practice infrastructure, and well-trained researchers for daily-life stress research we will:  

- Develop, apply, and improve data analytical methods of longitudinal ambulatory daily-life stress data 

- Devise and implement the most useful data infrastructure for large-scale, longitudinal daily-life stress data  

- Attract, stimulate and educate a new generation of researchers with the skills to advance stress research 
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General Approach of the Stress-in-Action programme 
 

Division of labour across three Research Themes (RT) and three Support Cores (SC) 

The labour in Stress-in-Action will be divided across three Research Themes and three Support Cores. Despite their 

different goals, the three RTs and three SCs are strongly interlinked and have many mutual dependencies (Figure 6). 

The RTs address their main research 

questions using similar existing datasets, 

tools and intervention techniques, and a 

shared enriched data infrastructure. RTs 

elaborate on each other’s results, and have 

overlap in contributing SiA consortium 

members. The SCs provide analytical 

innovation, infrastructure, and career 

development support to allow all 

researchers to be fully capable to conduct 

their tasks.  

 RT1 develops and tests the general 

theoretical framework for daily-life stress. 

Daily-life stress response is innovatively 

operationalised as the dynamic interaction 

over time between contextual events and 

the emotional, cognitive, physiological and 

behavioural responses to these. Temporal 

dynamics are examined in available 

datasets and in enriched cohorts with our 

novel ambulatory stress assessment toolkit. 

We chart in detail the moderation of 

context/stress response associations by person-specific vulnerability and resilience characteristics. Rigorous testing of 

this theoretical framework occurs by experimental stress interventions on key contextual factors that should affect the 

daily-life stress response in the predicted directions.  

 RT2 uses iterative selection, validation, and (re-)designing of tools for prolonged assessment of components of 

the daily-life stress response components and key contextual factors. This yields increasingly improved versions of a 

toolkit with user-accepted, ethically & legally sound, and valid tools that minimize burden to the participant, yet 

optimally capture (a) the daily-life contextual factors that evoke or reduce stress response, and (b) the dynamic 

interaction of the emotional, cognitive, physiological and behavioural responses. Toolkit building is an iterative process. 

At any time, results-driven changes in existing tools, designs or newly generated technology, by ourselves or others, 

can be integrated in evolving toolkit versions. While each new version measures the same theoretical constructs, over 

time versions will increase temporal density, tolerance for prolonged recording and measurement precision. Data-

based just-in-time-adaptive-interventions are developed, with meaningful visualisations and behavioural change cues 

validated by intended users, empowering them to adapt stress exposure and/or reduce stress responses. 

 RT3 examines the role that daily-life stress responses play in the onset and course of mental and 

cardiometabolic health by linking prolonged, comprehensive assessments of daily-life stress responses to health 

outcomes at an unprecedented scale. We consider the full health continuum, i.e., positive (e.g. wellbeing, 

normotension) and negative (e.g. depression/anxiety, hypertension) health outcomes. Apart from a major scale-up, 

we extend beyond the typical examination of the impact of amplitude of stress responses and incorporate frequency, 

duration and recovery patterns over the short-term (days/weeks) and longer-term (months/years) period. We 

incorporate testing of moderation by personal vulnerability and resilience characteristics (e.g. early life stressors, socio-

economics, one’s genome-wide genetic vulnerability) and examine mediating mechanisms by integrated multi-omics 

analyses. Finally, we will provide proof-of-concept evidence illustrating to what extent different types of interventions 

targeting daily-life stress favourably impact on health, and vice versa. 

 The Data Analytics Support Core (DASC) will generate methodological innovation in two areas that we 

interconnect into a single analytical framework for daily-life stress data. For RT1, a dynamic multilevel framework for 

prolonged and autocorrelated within-subject data will be developed considering the person-specific moderation of the 

Figure 6: Visualisation of research themes & support cores in Stress-in-Action 
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dynamic interactions between daily-life contextual events and stress responses. For RT2, machine learning-based 

strategies will be developed that increasing allowing to incrementally replace self-report by passive sensing with 

minimal loss of precision and information. For RT3, newest insights from the machine learning field will be used to 

create prognostic models that predict disease outcomes from high-dimensional hierarchical data generated by 

prolonged and comprehensive ambulatory assessments of stress responses in thousands of participants. 

 The Data Infrastructure Support Core (DISC) will be the central coordinating hub for data collection and 

management processes. It provides central ICT support, conducts all procurement and maintenance of apps and 

wearables, and trains SiA members in standardized data collection and management processes. DISC guides 

harmonisation and annotation of existing ambulatory datasets and creates a Data Management Plan, a data codebook 

for the new cohort enrichment data, and procedures for collection, cleaning and (long-term) data storage. Finally, DISC 

creates the Data Governance Framework that ensures controlled remote access to the datasets by SiA researchers and 

the broader research community, compliant with FAIR (Findable, Accessible, Interoperable, Reusable) data 

management and Open Science on the one hand, and the General Data Protection Regulation (GDPR) on the other. 

 The Career Support Core (CASC) will provide a launching platform for future research leaders that grows and 

nurtures research lines around the broad theme of daily-life stress and build on the game changers that this application 

will bring about. The CASC will (1) attract and recruit top-talented researchers, (2) optimise their talent and career 

development through tailored mentoring, provision of leadership roles within the SiA programme, and an 

(international) exchange programme, and (3) provide education in e.g. theory, assessment and analytical methods 

relevant for the SiA programme, thereby boosting the international position of daily-life stress researchers.  

 

Evolution of the Stress-in-Action programme across three phases  

Across the 10-year SiA time line, we distinguish three phases: a first development phase (taking ~3 years, 2022-2024), 

a second enrichment phase (taking ~4 years, 2025-2028) and a third model validation phase (taking ~3 years, 2029-

2031). Figure 7 shows a schematic overview of main RT and SC activities during each phase.  

 

As a disclaimer, the phased RTs/SCs description in concrete tasks and deliverables provide us with a solid backbone for 

a 10-year project, but this is not a straitjacket. We leave substantial room to incorporate changes in the final 

operationalisation based on new societal, technological and methodological developments in the decade ahead. After 

each phase, integration of results across RTs and SCs will be done within the consortium and intensively discussed 

with the external Scientific Advisory Board as well as the Stakeholder and Implementation Forum. In line with an 

Figure 7: The three phases of the SiA programme with main activities described by phase 
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iterative learning cycle, adjustments of research plans and knowledge transfer strategies for the next phase will take 

place in these concluding integrations. 

 

Development phase 1 (first 3 years) - In phase 1, we leverage existing ambulatory stress data (Table 3) in > 8000 

participants of our existing studies to build the theoretical framework in RT1, select the best and user-accepted 

assessment tools in RT2, and generate disease-prediction models in RT3. SiA researchers have collected extensive data 

on ambulatory stress responses in either the emotional/cognitive or physiological domain, often in parallel to 

accelerometer recording. Detailed additional information has been gathered on work, family, social network, 

demographics, personality, (early) life events, genome-wide (epi)genomics, and on both mental and cardiometabolic 

health outcomes. While these studies used different daily-life stress measures, sampling schemes and time frames, 

substantial overlap across pairings of them make the creation of a harmonised dataset by the DISC feasible.  

 

Table 3: Selection of available studies with ambulatory stress data maintained by SiA consortium members 

Study N Ambulatory stress response measured Stress context measured 

NESDA  

Penninx, Lamers 

370 2-week EMA (5x/day, emotion, 

behaviour, 2-week actigraphy; hair + 

salivary cortisol (7x) 

Work setting; Social interaction; Family 

structure; 2-wk daily-life 

stressors/events 

Netherlands Twin 

Register  

De Geus, Bartels 

1470 24-hour autonomic nervous system 

(HR(V), PEP), hourly blood pressure, tri-

axial actigraphy, salivary cortisol (6x) 

Work setting; Family structure  

Hourly social context + Type of activity  

BioPsy Lab 

De Geus 

130 24-hour autonomic nervous system 

(HR(V), PEP), actigraphy, EMA (hourly, 

emotion) 

Work setting; Family structure  

Hourly social context + Type of activity 

Obesity Center Cohort 

Van Rossum 

150  Heart rate 

Saliva + hair cortisol 

Lifestyle intervention, perceived stress 

HowNutsaretheDutch 

de Jonge 

1000 1-month EMA (3x/day, emotion, 

cognition, behaviour) 

1-mnth daily-life stressors/events 

RADAR-MDD  

Penninx, Lamers 

625 1-year EMA (emotion, cognition), heart 

rate, actigraphy, GPS  

Social setting, work setting 

MARIO  

Penninx, Hillegers 

800 1-month EMA (5x/day, emotion)   1-mnth daily-life stressors/events  

Generation-R 

Hillegers 

2000  1-week EMA (5x/day, emotion) Social & family setting, school/work 

setting, activity  

ER@Work 

VanRossum 

152 2-week EMA (3x/day, emotion) Work setting and characteristics 

Growit 

Hillegers 

1000 3-week EMA (5x/day, emotion) Social & family setting, school/work 

setting, activity, COVID-19 stress 

 

We build a first version of the SiA toolkit from the arsenal of ambulatory measurement tools used to generate these 

starting data on daily-life stress, which include smartphone-based EMA, GPS- and accelerometer/gyroscope tracking 

of behaviours, physiological monitoring through a host of wearables, and non-invasive biomaterial sampling. Based on 

experience, RT2 will set up guidelines and protocols for the ethical, societal and legal issues raised in working with 

these selected apps and wearables, and will examine user-acceptance. In parallel, RT1 and RT3 will determine which 

key contextual and person-specific factors and aspects of the daily-life stress responses should be prioritized for 

prolonged monitoring of daily-life stress by the SiA stress assessment toolkit in the next phase. We also will start 

employing the nascent toolkit in ongoing experimental studies to provide first proof-of-concept for the theory of daily-

life stress (RT1) and disease prediction models (RT3). Novel analytical methods to deal with prolonged ambulatory data 

in the context of an individual differences perspective will be developed in the DASC, using simulated and existing data. 

 

Enrichment phase 2 (middle 4 years) - We will bring integrated insights from phase 1 to a well-known Dutch asset: its 

large cohort infrastructures that are well-phenotyped, managed and followed over time. Through centralised 

coordination by the DISC, we will enrich ongoing large-scale cohorts maintained by the applicants (see Table 4) with 

daily-life stress assessments in at least 3000 participants across extended time periods (months) and in multiple waves 

across years, using the evolving SiA stress assessment toolkit. Participants will be carefully selected to represent a 

mixture of disease-based case-control cohorts, cohorts with a low versus high-risk design based on familial load and/or 



                                                                                                                 19 

 

polygenetic risk scores, and representative samples of the general population with an even gender distribution and 

adequate inclusion of low income groups. Adding sufficient general population subjects without disease is important, 

because the power for predicting and understanding disease development comes as much from those who are 

diseased, as from those who are not (yet) diseased. Subjects in whom daily-life stress profiles lead to short-term and 

recoverable heterostasis but not to long-term allostatic load or health deterioration are as informative for 

understanding stress mechanisms as subjects in whom stress profile does lead to cardiometabolic or mental symptoms. 

We also leverage the unique Dutch Twin register to perform twin-informed analyses of stress measures. Utilizing these 

existing research infrastructures is cost-efficient as these cohorts immediately provide a wealth of available data from 

past measurement waves (e.g. on health, psychosocial context and genomics). Vice versa, the SiA programme will 

further enrich the research capital of these Dutch cohorts with detailed data on stress exposure and responses.  

 With the enriched cohort data, and supported by dedicated analytic techniques developed in the DASC, in phase 

2 RT1 will map the temporal dynamics of the multi-domain stress responses and their interaction with key contextual 

factors. Moderation testing of exposure-stress response associations by vulnerability and resilience characteristics 

becomes feasible in such well-powered data sets. RT3 will apply increasingly better ML-based prognostic models to 

predict mental and cardiometabolic health outcomes from prolonged ambulatory daily-life stress data. We will also 

continue efforts to employ the nascent daily-life stress toolbox in new experimental studies of RT1 and RT3 

researchers, to strengthen theory development and disease prediction. This will lead to prioritisation of measures that 

RT2 needs to focus on, allowing reductions in participant burden during stress monitoring.  

 

Table 4: Research infrastructures with detailed available data that will be enriched with repeated daily-life stress measures 

Cohort N Follow-

up 

Vulnerability and 

resilience factors 

‘-Omics’ Mental health  Cardiometa-

bolic health  

NESDA  

Penninx 

3,348 

enriched with 

depressed 

/anxious 

patients 

7 waves, 

13-yr FU 

Demographics 

Personality 

Work+ social life  

(Early) life events 

DNA, RNA 

Epigenome 

Inflammation  

Cortisol 

ANS markers 

Anxiety, 

Depression 

diagn&sympt 

Well-being 

Obesity, MetS 

T2D, CVD 

Lipidomics 

MARIO 

Penninx, Hillegers 

800 

young adults 

high-risk for 

mental dis. 

4 waves,  

4-yr FU 

Demographics 

Work+ social life 

Personality 

(Early) life events 

DNA 

Epigenome 

Anxiety 

Depression 

diagn&sympt 

Obesity, MetS 

 

Netherlands Twin 

Register 

De Geus, Bartels 

150.000 

population-

based 

12 

waves,  

25-yr FU 

Demographics 

Personality 

Work+ social life 

(Early) life events  

DNA, RNA 

Epigenome 

Inflammation  

ANS markers 

Anxiety 

Depression 

symptoms  

Well-being  

Obesity, MetS 

T2D, CVD 

Lipidomics 

Lifelines 

Snieder, Bültmann 

167.000  

population-

based 

5 waves, 

10-yr FU 

Demographics  

Work + social life 

Personality 

(Early) life events 

DNA, RNA 

Epigenome 

Inflammation 

ANS markers 

Depression 

diagn&sympt 

Anxiety 

Well-being 

Obesity, 

MetS,  

CVD, T2D 

Generation-R 

Hillegers 

 

4000 

young adults 

6 waves,  

18-yr FU 

Demographics 

Work+ social life 

Personality 

(Early) life events 

DNA 

Epigenome  

Anxiety 

Depression 

diagn&sympt 

Well-being 

Obesity, MetS 

 

Rotterdam study 

Kavousi, Boersma, 

vRossum 

>12,000 

population-

based adults  

7 waves, 

20-yr FU 

Demographics 

Personality 

DNA, 

Epigenome 

Inflammation 

Multi-omics 

Anxiety 

Depression 

Diag&sympt 

Obesity, 

MetS, 

(subclin) CVD, 

T2D 

 

Model validation phase 3 (final 3 years) - In phase 3, we will use the enriched cohort data to further test prediction of 

long-term disease outcomes (RT3) and long-term dynamics of daily-life contextual factors and stress responses (RT1). 

Prolonged follow-up of health in the enriched SiA cohort will allow validation of the prediction of (severe or long-term) 

mental and cardiometabolic health deterioration by daily-life stress measures in combination with personal 

characteristics. This follow-up is easily embedded in the regular measurement waves that extensively record health by 
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interview, medical assessment and biological sampling in these cohorts. Planned assessments will include dimensional 

and diagnostic measures of anxiety, depression and burnout, intermediate risk factors for CVD like glucose, lipids and 

blood pressure but also metabolomics and indicators of cellular aging like telomere length and various transcriptomic 

and epigenetic clocks. Appropriate consent procedures of our cohorts and an existing linkage infrastructure will allow 

us to link stress profiles to future occurrences in national morbidity and mortality registers. Improved prediction 

of mental and cardiometabolic health outcomes by daily-life stress recordings will generate more solid estimates of 

true effect size of stress on health, and thus further strengthen the evidence-base of (future) stress intervention.  

 Phase 3 will also translate the growing SiA insights into experimental interventions on stress-exposure, stress 

responding, and stress-related health outcomes. Meaningful visualisation of data and tailoring of interventions to 

personal characteristics (e.g. age, educational level, digital and health literacy) will be a central theme, and involvement 

of citizens as active co-creators will again be critical to ensure engagement with interventions. RT1 will focus on 

intervention effects on stress exposures. Are interventions more effective if they are tailored, and if so on what 

personal or environmental characteristics? Do interventions impact on the temporal stress response dynamics as 

measured by the toolkit conform the predictions from our new theoretical insights? RT2, with continued input from 

the DASC, will use the data generated by the toolkit itself as a source for just-in-time adaptive interventions that use 

feedback on the stress responses themselves as an interventional tool, or use profiling on the pattern of stress 

responses to select the type and timing of behavioural change cues. RT3 will use the daily-life stress assessment toolkit 

in ongoing trials and newly designed experiments that target health outcomes with direct or indirect impact on stress 

responses and will evaluate the mediating effects of changes in stress on intervention-induced health improvement. 

For successful interventions arising from these proof-of-concept studies, first steps will be made for wider 

dissemination in clinical settings and the public arena. In collaboration with our clinical partners and private companies 

anchored in the Stakeholder and Implementation Forum, we will seek to implement both the toolkit and interventions 

based on it in different health care settings or even as a consumer product empowering citizen to monitor and 

intervene on their own stress levels. After appropriate cost-benefit analyses, SiA results may lead the way to a broad 

acknowledgement and adoption of reimbursement of stress-reduction strategies by the health insurance system.  

 

 

Research Theme 1: Towards a comprehensive theory of stress in a daily-life context 

 

RT1 Leading Core Applicants: de Jonge (RUG), Bültmann (UMCG) 

Other Applicants involved: Scheibe (RUG), Jeronimus (RUG), Bringmann (RUG), Bartels (VU), Hamaker (UU), Penninx 

(VUMC), Lamers (VUMC) 

 

For more than 50 years, researchers have focused on stress. They developed theories and empirical evidence on this 

complex phenomenon explaining e.g. the evolution of the stress mechanism itself, the circumstances under which 

stress can be helpful or detrimental, and how impact on somatic and mental health and well-being accumulates during 

life. Examples of highly influential stress theories include the general adaptation syndrome by Selye (Selye, 1976), the 

transactional model by Lazarus (Lazarus, 1966), and the job-demand-control model by Karasek (Karasek et al., 1988). 

However, research based on these theories focused on (retrospective) assessment of static chronic sources of stress 

but do not identify stress ‘in action’. The latter covers the unpredictable and uncontrollable events and hassles that 

translate monolithic constructs like work stress, marital discord, discrimination, and social esteem into events that 

evoke multi-facetted stress responses in an individual. Little is known about daily hassles because the data collection 

requirements to map them are difficult to meet (Wright et al., 2020). Therefore, what is going on at the day-to-day 

micro-level within an individual that explains why specific ‘static contextual factors’ evoke or reduce stress responses 

remains largely unknown.  

 More recent stress theories better adopt recurrent daily-life stress exposures. In the process model of emotion 

regulation (Gross, 2015), contextual stressors and their cognitive appraisal and behavioural response are elegantly 

integrated and used in informing intervention development such as the ‘problem adaptation therapy’ (Kiosses et al., 

2015). In the affective events theory (Beal et al., 2005), daily affective work events are seen as the driving mechanism 

that translate stable work characteristics (e.g. low control and high demands) into emotional and behavioural stress 

responses (e.g. counterproductive work behaviour). Yet, these two theories are still incomplete since physiology is 

essentially lacking. The social signal transduction theory (Slavich and Irwin, 2014) proposes that social stressors give 

rise to increased levels of inflammatory markers and associated biological parameters, which in turn result in feelings 
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of depression, but it largely ignores cognitions and behaviour. More importantly, all three theories assume 

unidirectional causality between stress response components. 

 In reality, there are ongoing feedback loops between these components which are moderated by personal 

characteristics and context (Barrett, 2017, Jachimowicz et al., 2020). To illustrate, when collegial disagreement at work 

is appraised as stressful, this will typically enhance negative over positive emotional states of a person. Parallel 

activation of physiological stress systems occurs. The shape and form of emotional and physiological responses depend 

on a variety of characteristics, e.g. whether active or passive coping is feasible, social evaluative aspects, incentive 

values, and duration of impact (Kreibig et al., 2012, Smith and Jordan, 2015). The physiological stress systems 

themselves interact over time but also actively alter the ongoing emotional appraisal (e.g. detection of increased 

breathing and palpitations can further increase anxiety) and hamper cognitive performance (Beal et al., 2005). Jointly 

the emotional, cognitive, and physiological responses can give rise to comfort-seeking (snacking, smoking) and even 

sickness behaviour (Slavich and Irwin, 2014). These cognitive and behavioural effects in turn feedback to this dynamic 

process by e.g. enhancing negative emotional responses, prolonging physiological responding, etc. 

 We note that stressor exposures could be quite different for those with high socio-economic status (e.g. combining 

various work and family roles) versus those with social disadvantages (e.g. poverty and unemployment) (Jachimowicz 

et al., 2020) or across gender (explaining for instance why women suffer more from stress-related mental conditions 

than men), ethnicity (specific stressors due to discrimination), and age groups. Moreover, similar stressor exposures 

could lead to sharply different stress responses as a function of financial resources, gender, ethnicity, and age. As an 

example of the latter, we recently showed that older employees have lower affective reactivity to work stressors than 

younger employees (Scheibe et al., 2019). Also, personality can be a powerful moderator as we recently showed for 

stress responses following the MH-17 airplane crash (Jeronimus et al., 2019). Further, we provided evidence for a 

strong impact of one’s genetic make-up on stress responses, as we know from our twin studies that ~30% of individual 

differences in perceived daily stress are accounted for by genetic differences (Federenko et al., 2006), and autonomic 

and HPA-axis stress-reactivity also show clear moderation by genotype (Bartels et al., 2003) which holds in daily-life 

settings (Bartels et al., 2003, Neijts et al., 2015, Wu et al., 2010). 

 Whereas studies have addressed moderation of individual components of the stress response, what remains 

largely unknown is how within-person relationships between various components are moderated by person- and 

context-specific factors. Direction, gain, linearity, and time constants of the association between stress response 

components based on within-subject time series may show large between-person variation. Previous studies have 

insufficiently taken this between-person heterogeneity into account. In developing SiA’s stress theory, this will be key 

and can be done with a bottom-up approach in which data of individuals will be analysed separately using time series 

analysis to allow for full heterogeneity across individuals, and these highly idiographic results will then be compared 

afterwards between individuals (Bringmann et al., 2017). Alternatively, a top-down approach based on dynamic 

multilevel modelling can be used, which allows for individual differences in the parameters of a model, while assuming 

the same general model for everyone (Schuurman et al., 2016). 

 In sum, in response to diverse daily-life contextual factors, the four components of the stress response exert 

bidirectional, temporal influences on each other and create complex dynamics within an individual. It is now time to 

integrate all these elements in a single model giving rise to a comprehensive theory of stress in a daily-life context. 
 

Overall goal of RT1: 

Develop a comprehensive evidence-based theory of daily-life stress, determine the key contextual factors in the 

aetiology of the daily-life stress responses, and test how these stress responses are moderated by evoking/buffering 

environmental factors and person-specific vulnerability and resilience characteristics. 

 

Task 1.1 Development of the theory of daily-life stress (Phase 1-3, de Jonge, Jeronimus, Bültmann) 

Building on the existing literature we will create a new extendible framework that conceptualizes stress as resulting 

from continuous interactions between key environmental exposures and four subsystems: emotions, cognitive 

appraisal and regulation strategies, physiological responses, and behavioural reactions. These interactions occur across 

multiple different (short- versus long-term) time scales. The nature of these interactions will inform us on the detailed 

processes underlying stress and how these can be altered to prevent negative consequences. In phase 1, theory 

development will be mainly based on 1) available existing stress theories, 2) detailed systematic literature reviews, and 

3) analyses on existing cohort data (see Table 3, page 18). In phases 2 and 3, iterations of the theory development will 

take place by incorporating new results from the large-scale enrichment of cohort data (e.g. Tasks 1.3-1.4) and 
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experimental proof-of-concept studies (Tasks 1.5, 2.6, 3.5). The empirically informed theory will identify specific 

interactions between subsystems and sensitized interaction patterns between stress-related subsystems over time. By 

examining time-, person- and context- interactions new avenues will be discovered for the development of data-driven, 

personalized, and process-informed strategies for stress reduction. 

 

Task 1.2 Developing a taxonomy of contextual factors contributing to daily-life stress responses (Phase 1, Bültmann, 

Scheibe) 

To more fully capture contextual factors that matter most in daily life, systematic literature reviews will be used to 

establish which contextual and person-specific factors play key roles in daily-life stress, and which aspects of the daily-

life stress responses should be prioritized for prolonged monitoring and the evaluation of (stress) interventions. We 

develop a taxonomy including traditional stress- evoking and -reducing factors in all life domains and novel contextual 

factors related to societal challenges including the digitalization and globalization of the life world. We will take into 

account taxonomies of environments in which stressors arise, e.g. working, information exchange, traveling, and 

sports, as well as taxonomies of the psychological meaning of stressors, e.g., complexity, typicality, and importance 

(Parrigon et al., 2017). Next, we will provide an overview of psychometrically valid measures of these daily-life 

contextual factors that are amenable to ambulatory assessment. Selection of candidate measures will be based on a 

combination of literature review, analysis of existing cohort data (see Table 3, page 18), and findings from 

experimentation with new self-reported and passive sensing-based non-invasive measures such as the Electronically 

Activated Recorder, EAR (Mehl, 2017) conducted by RT2 (Task 2.3). These will be integrated in a final taxonomy of 

daily-life stress-evoking and -reducing factors in multiple life domains as well as in modern societal challenges. 

 

Task 1.3 Characterization of temporal dynamics of multi-domain stress responses and their interaction with 

contextual factors (Phase 1-3, de Jonge, Bültmann, Scheibe, Jeronimus, Bringmann, Hamaker, Lamers) 

Starting from existing data (phase 1), patterns of daily-life contextual factors will be described in terms of frequency, 

within- and across-person variation, tracking over time, and the intercorrelation in time-patterns of contextual factors. 

In phase 2, this effort will continue capitalizing on the influx of daily-life stress context and response variables measured 

repeatedly in large numbers of participants in our longitudinal cohorts. The temporal and dynamic impact of daily-life 

contextual factors on the four components of stress response will be examined using dynamic modelling techniques 

for prolonged autocorrelated time series developed in the DASC. When doing so, we will explore the impact of (alleged) 

stress-evoking contextual factors (e.g. heavy work load and low work control, social conflicts, incivility) as well as 

(alleged) stress-reducing contextual factors (e.g. support, pleasant daily-life activities) on amplitude and dynamics and 

interrelatedness of the four components of stress response. Whereas we focus on short-term longitudinal associations 

(weeks, months), in phase 3, we can examine longer term associations (years) because the assessment of contextual 

factors and stress responses will be repeated in multiple waves. Thus, we will be able to uniquely chart longer-term 

stability and change in contextual factors and their impact on stress response in the largest data set of its kind to date. 

 

Task 1.4 Examination of vulnerability and resilience characteristics moderating the impact of contextual factors on 

daily-life stress responses (Phase 1-3, de Jonge, Bültmann, Jeronimus, Bringmann, Bartels, Hamaker, Penninx) 

Using existing (phase 1) and newly collected (phases 2 and 3) data on stress responses, we will examine both the direct 

effect of phase of lifespan, gender, socio-economic status, psychosocial characteristics (personality, early life and 

recent negative life events or circumstances) on time-dynamic patterns of the four stress response components, and 

their indirect effect through moderation of the influence of contextual exposures on multicomponent stress responses. 

Again, in phase 2, we examine short-term longitudinal associations (weeks, months), in phase 3 we examine longer-

term associations (years). For moderation testing, we will extend our previous work and develop and tailor models 

using dynamic structural equation modelling (Asparouhov et al., 2018) and multilevel continuous time series models 

(Driver et al., 2017) in close collaboration with the DASC. We consider both mediated moderation and moderated 

mediation. These models allow for testing interaction effects of stable person and contextual factors on diverse 

dynamic characteristics of the everyday stress process (i.e., inertia, reactivity, recovery, spill-over, variability) across 

multiple time scales. In addition, we will employ the unique strength of the classical twin-design by adding 600 twin 

pairs (N=1200) to the SiA data collection of phase 2. Comparison of monozygotic and dizygotic twin resemblances 

allows us to examine the relative contribution of genetic and environmental factors to the stress responses and their 

dynamic interplay. Alternatively, Structural Equation Models (SEM) for multivariate twin data can be used to take into 

account the multi-component and longitudinal aspects of stress responses. Person characteristics like personality or 
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socio-economic status can be added as potential moderators of the genetic effects (i.e. gene-moderator interaction) 

while taking into account potential confounding influences of gene-moderator correlations. This powerful multivariate 

twin modelling approach will further be expanded by including genome-wide SNP data, for instance by using novel 

state-of-the-art methods to perform causality testing using SEM directly on genome-wide association studies (GWAS) 

summary data or combining the twin model with Mendelian Randomisation (Grotzinger et al., 2019, Minica et al., 

2018). 

 

Task 1.5 Experimentally evaluate whether daily-life stress can be reduced using interventions impacting on 

contextual factors (e.g. work interventions) or modifiable vulnerability and resilience characteristics (Phase 1-3, 

Bültmann, de Jonge, Scheibe, Jeronimus, Bringmann) 

Most recent treatment guidelines label stress as a major intervention target, but little practical guidance is provided 

on how to monitor stress of a given individual in normal daily life and how to impact on stress levels. To what extent 

different intervention targets impact on daily-life stress responses, or whether interventions are more effective 

depending on the level of the intervention (micro, meso, or macro-level) is largely unknown. We will assess whether 

daily-life stress can be reduced by interventions addressing directly (one or more) stress responses (e.g. cognitive 

emotion regulation strategies), or addressing contextual factors (e.g. the work environment through work redesign or 

job crafting interventions) with a focus on the key contextual factors identified in Task 1.2 and the key modifiable 

vulnerability and resilience characteristics identified in Task 1.4. We use experimental validation with the ambulatory 

stress assessment toolkit from RT2 in which we compare pre-post stress responses in persons who are (versus who are 

not) exposed to preventive/mitigating measures to reduce stress. Outcome evaluation will include the dynamic aspects 

of the everyday stress process (i.e., inertia, reactivity, recovery, spill-over, variability). Also, we will explicitly test 

whether stress interventions can be successfully tailored based on group characteristics (blue vs white collar workers; 

women vs men; immigrant vs non-immigrant status, low vs high socio-economic status). 

 In phase 1 (and start of 2), to pragmatically and quickly gain first insights into reversibility of daily-life stress we 

will include the SiA stress assessment toolkit in ongoing intervention studies within the consortium (enrich intervention 

projects). For example, we conduct studies in which we intervene on work conditions, e.g. multifaceted occupational 

intervention (Soler-Font et al., 2019) and work relationships (Burmeister et al., 2020), or directly target specific stress 

responses. In the HowNutsAreTheDutch (www.hoegekis.nl) project (>1000 persons, 3 times/day, 30 days) we give 

personalized feedback on EMA-assessed emotional stress response based on automated vector autoregression 

analyses (Krieke et al., 2016). We can also build on the developed app-intervention for Dutch healthcare provider Espria 

(www.leefplezierapp.nl) that provides personalised, ambulatory biofeedback for arousal regulation in daily life. A 

further example is our recent use of smart textile to detect stressful bodily positions and provide directive, haptic 

feedback to help take a healthy posture (van Rees et al., 2018). In phase 2 and 3, this experimental task 1.5 will explicitly 

build on earlier SiA findings. Consequently, newly chosen experimental conditions will uniquely test hypotheses 

derived from the framework build in Task 1.1, and will be discussed intensively with our Scientific Advisory Board and 

Stakeholder and Implementation Forum.  

 

Main deliverables RT1 
Task Description Timing in years 
1.1 Iterative, extendible theoretical framework of daily-life stress to guide 

assessment and validation  
1-3   (version 1) 
4-7   (version 2) 
8-10  (version 3) 

1.2 Taxonomy of stress-evoking and -reducing factors in multiple life domains  1-3 
1.3 Empirical evidence base on the dynamic interactions between contextual 

factors and the four stress response components 
1-7   (short-term) 
8-10 (long-term) 

1.4 Empirical evidence base on the personal characteristics modifying the impact 
of contextual factors on the dynamics of multi-component stress responses 

1-7    (short-term) 
8-10  (long-term) 

1.5 Validated stress interventions impacting on contextual factors or on specific 
stress response dimensions  

1-5   (existing 
interventions)  
6-10   (SiA result-based 
new interventions) 

 

 
 
 

http://www.hoegekis.nl/
http://www.leefplezierapp.nl/
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Research Theme 2: Assessment of stress in daily life for monitoring and intervention 
 

RT2 Leading Core Applicants: de Geus (VU), Noordzij (UT) 

Other applicants involved: Bültmann (UMCG), Hermens (UT), de Jonge (RUG), Lamers (VUMC), Ludden (UT), 

Maeckelberghe (UMCG), Veldkamp (UT), van Riemsdijk (VU), van Rossum (EMC) 

 

Background 

For the detection and quantification of stress in daily life we require ethically sound, user-accepted, reliable and valid 

assessment tools for all four stress responses and their relevant contextual factors. Currently a large array of 

smartphone- and wearables-based tools is on offer. Yet, a main dilemma is the inverse relationship between the 

established validity of these wearables and their ability to record for multiple days or even weeks without substantial 

burden to the participant. This is most sharply illustrated by the wearables aimed at detecting physiological stress 

reactivity. On the one hand we have research-oriented devices carried on the hip or back that reliably measure 

cardiovascular and respiratory signals like ambulatory blood pressure monitors, alveolar gas sensors in face masks and 

nose thermistors, skin electrode- or chest bands-derived thorax inductance and impedance. Accuracy, test-retest 

reliability, and validity of these devices have been well documented and their technical operating principles and 

algorithms for signal analysis are mostly open source. But these typically can be worn – by highly motivated participants 

– only for a few days at most. On the other hand, we have a rapidly expanding market of consumer-oriented devices 

that are user-friendly, easy to use, and by using straps, wristwatches or even a ring can be worn for weeks or even 

months. However, independent validation of these devices is nearly absent or, when it is done, produces rather 

discouraging results (Georgiou et al., 2018 , Menghini et al., 2019). In addition, the technical set-up used is not always 

well-described and prone to rapid, unannounced changes. Raw signals are seldom available and raw signal processing 

algorithms are often proprietary. To be able to incorporate these user-friendly products in research, rigorous design 

and validation pipelines are needed (van Lier et al., 2020). Clearly, the need for rigorous design and validity testing 

does not just apply to the ambulatory assessment of physiological stress responses but also to the emotional, cognitive, 

and behavioural responses obtained from EMA and passive sensing.  

To ensure long-term adherence to assessment tools for all four stress responses as well as their relevant contextual 

factors, it is critical that they engage their user. Ease of use, personalisation and meaningful feedback are therefore 

critical elements of these tools. Luckily, translation of prolonged and holistic assessment of stress responses to (e-

Health) interventions is much more straightforward than using single-response and single-time point information. For 

example, just-in-time adaptive interventions are interventions that entirely capitalize on the knowledge acquired using 

prolonged within-subject ambulatory assessment. This is possible by timing these daily-life interventions (e.g. taking a 

time-out from work) on the basis of previously established predictors (e.g. a week of late working hours, little sleep 

and high resting heart rate) of too high stress levels, ideally specific to that person (or classes of persons). A recent 

meta-analysis (Wang and Miller, 2020) of a variety of just-in-time adaptive interventions related to emotion regulation, 

indicated moderate to strong effects in comparison to existing interventions. However, just-in-time adaptive 

interventions on stress regulation that include validated ambulatory assessment of all components of the stress 

response are still needed (Ter Harmsel et al., 2021). 

 Again, we note a similar dilemma as before. A vast amount of (consumer-oriented) applications that claim to lower 

stress can already be found in application stores and other digital distribution channels, whereas in fact no good 

scientific models exist on the within-person, daily-life stress experience of people. These technological interventions 

are therefore not well-grounded in theory. Most of the currently available technology furthermore fails to incorporate 

appropriate design methods and lack attention to the actual end-users and their environment, ethical and legal aspects 

of the technology, and the (implicit) values that are embodied in the design of these interventions (Derks et al., 2017). 

The sustained assessment of particular stress responses and contextual variables, such as craving or social situations, 

might in itself cause distress. Without guidance, it can create disturbing dissociations by offering people more insight 

than what they could achieve on the basis of their own feelings and reasoning. Research by SiA members has already 

shown that these dissociations need to be anticipated and taken into account in design in order to ensure long-term 

engagement with beneficial stress interventions (Nelson et al., 2020).  

 In short, ambulatory technologies could easily end up causing more harm than good to potential end-users. This 

could worsen when technologically mediated stress interventions are blended haphazardly with traditional treatment 

causing unexpected harmful interactions. Therefore, it is imperative that RT2 designs stress interventions, and 

especially those that incorporate sensitive information and are targeted at vulnerable groups, with appropriate user-
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centered design methods (Derks et al., 2019). User-centered design of stress response feedback goes beyond the 

standard stress interventions aimed at an ‘average’ population, but is co-designed with end-users who differ with 

respect to their digital and health literacy, taking into account their specific needs, desires and capacities. This implies 

that a wide range of feedback approaches, modalities and implementations should be considered. For example, not 

just textual feedback, but also visual and/or haptic feedback with embedding of icon libraries, game elements, small 

rewards, and social media channels.  

 To address the above challenges, Stress-in-Action will build its innovative toolkit by combining the theory-driven 

approach of the scientist (‘what should work’), the data-driven approach of the engineer (‘what actually works’), and 

the human-values-first attitude of the designer and ethicist (‘how should it work’).  

 

Overall goal of RT2: 

Develop increasingly sophisticated versions of a cutting-edge, low-burden, ecologically valid ambulatory assessment 

toolkit to quantify stress in daily life, and to design, test, and iteratively improve stress interventions using that toolkit. 

 

Task 2.1: Standards for responsible design in monitoring and intervening on daily-life stress (phase 1, Ludden, 

Noordzij, Maeckelberghe, van Riemsdijk) 

Values, privacy, and legal issues need to be dealt with early on in the design of the SiA stress assessment toolkit. We 

will address this in two ways: 1) create guidelines and protocols for the ethical, legal, and societal issues raised in 

working with the selected apps and wearables, and 2) development of a novel software design method addressing the 

risks and human vulnerabilities arising from the intimate nature of self-tracking and behaviour support technologies. 

Introduction of new technologies not only reduces human vulnerabilities but transforms them. Responsible 

development of new technologies therefore requires that we analyse and shape these new vulnerabilities in 

appropriate ways. Our Design for Vulnerability method will aid in the identification of these new vulnerabilities, taking 

into account physical, personal and social aspects of users' identities. We use Value-Sensitive Design as our starting 

point (Friedman et al., 2006). We enrich and focus the method on specific challenges induced by self-tracking 

technologies. Concrete implementation of this task will be facilitated by existing public-private networks that we 

initiated concerning the opportunities and challenges of wearable technology in health, psychiatry, and work settings 

(e.g. wearablesinpractice.com/). The UT Design Lab is an active hub for connecting science to society offering several 

design oriented physical spaces and three focus areas directly relevant to the SiA approach: citizen science, responsible 

design, and a transdisciplinary approach (www.utwente.nl/en/designlab/). Throughout, a rich palette of end-users will 

be involved, including societal groups known to be exposed to high stress levels (e.g. police, health care workers, 

unemployed) and patient groups with adequate spread of diversity in levels of age, education and digital and health 

literacy. Agenda topics for the end-user meetings follow an outside-in approach (i.e. issues brought up by users) as 

well as an inside–out approach (i.e. issues arising from the consortium). Task 2.1 will set standards for responsible 

design so that user diversity, values, and acceptance are broadly considered. 

 

Task 2.2: Stress-in-Action toolkit validation pipeline (phase 1-3, de Geus, Noordzij, Lamers, Ludden, Veldkamp) 

By combining and extending our existing labs at VU and UT, we build an iterative pipeline that combines in each cycle 

four parallel approaches to select wearables/apps aimed at the consumer-market or at academic researchers, and 

their optimal combinatorial employment, to measure the multicomponent stress response in daily life (see Figure 8). 

As a first filter we test the real-world value of the technology by ensuring sufficient user-acceptance and legal feasibility 

(e.g. compliance with GDPR regulations) of the wearable- and smartphone-based stress measures. Where needed, the 

technology will be adapted in co-creation with end-users and manufacturers. A combined laboratory and ambulatory 

validation protocol is next used to test whether digital markers of stress have the appropriate accuracy, test-retest 

reliability, and construct validity. An extensive set of laboratory bench tests using social-evaluative, mental or physical 

stressors, formal cognitive testing, and behavioural manipulations (e.g. texting, conversing, drinking, eating, physical 

activities) checks that the tool is measuring the required constructs with sufficient precision and retest reliability. 

Convergent validity of the new digital (bio)markers is tested against gold standard measurement of the target stress 

responses in a daily-life setting. During the ambulatory assessment we will also evaluate usability and user experience 

of the tool. As a final filter criterion the information generated by the measurements must allow tailored and just-in-

time feedback intervention to participants about their stress responses. In Phase 1, the pipeline and version 1 toolkit 

https://wearablesinpractice.com/
https://www.utwente.nl/en/designlab/
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building will be geared towards 

selecting the best available tools for 

each component from the existing 

arsenal of tools as used by SiA 

researchers or by other groups at the 

forefront of ambulatory recording. In 

Phase 2 (toolkit version 2), we will 

focus on replacing self-report tools as 

much as possible by passive sensing, 

using machine learning input from 

the DASC, and the growing insights 

from theory (RT1) and disease 

prediction (RT3) on which features 

are most critical and what is the most 

informative time of assessment. For 

example, questions on being 

ostracized by colleagues at the work 

place may only be asked when GPS 

shows persons to be at the work 

place, or that EMA prompts about 

subjective stress are generated when 

heart rate is high but physical activity 

low. In Phase 3 (toolkit version 3), we 

focus on the tools for the just-in-time 

feedback intervention strategies 

developed in Task 2.6.  

 

Task 2.3: Tools for the measurement of daily-life stress context (phase 1-2, Noordzij, Hermens, Bültmann, de Geus) 

Contextual factors in daily life are generally assessed in static ways thereby not providing information on their dynamic 

time-patterns and their dynamic impact on stress responses. A broad palette of stress response-evoking and -reducing 

factors need to be considered in multiple life domains, acknowledging cultural, economic, institutional and 

technological shifts that challenge individuals during their life course. In close collaboration with RT1, we will take point 

on the selection and development of tools related to the measurement of the stress exposure by EMA and passive 

sensing. In phase 2, we will specifically focus on the use of passive sensing of the contextual stress factors in daily life, 

rather than EMA based self-report. We will identify the most suitable passive sensing measures based on a combination 

of literature review in Task 1.2, analysis of existing SiA cohort data, and validation of new self-reported and objective, 

non-invasive measures, such as the EAR or the sociometry prototype of the BMS lab at the UT, which focuses on passive 

sensing of group composition and conflict conversation (bmslab.utwente.nl/software-of-the-lab/). We can also build 

on our work in alcohol addiction, where we identified relevant contextual factors for longitudinal, daily-life studies 

(van Lier et al., 2017). To validate context sensing we compare to observational data (video recording), interviews with 

multiple raters (self, partner, colleagues, kids), and the Day-Reconstruction method (Kahneman et al., 2004). 

 

Task 2.4: Tools for the measurement of the emotional, cognitive and behavioural responses to stress in daily-life 

(phase 1-2, Noordzij, Lamers, de Jonge, Veldkamp)  

In phase 1, we conduct integrated and comparative data analyses across existing EMA studies assessing a variety of 

emotional states including positive and negative affect to determine the optimal measurement strategy (items, 

frequency per day, number of days) balancing feasibility and informativeness. We also test correspondence of EMA to 

passive sensing strategies, e.g. detecting emotions from prosody in samples from calls/ambient sound recording or 

frequency of affect words in text messaging. We further establish reliability and validity of the best EMA tools to 

capture stress appraisals during extended periods, including but not limited to perseverative cognitions (anticipation 

and rumination) and perceptual bias, cognitive stress effects, and behavioural stress responses. To detect effects of 

stress exposure on cognitive performance, we explore short 1 to 4 minute smartphone-based tests of perceptual bias 

and executive functioning (Moore et al., 2017) but also passive sensing through the number of typo corrections, 

Figure 8: Iterative pipeline for selecting tools for SiA’s daily-life stress assessment 
toolkit 

https://bmslab.utwente.nl/software-of-the-lab/
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swipe/typing speed and variability. For behavioural stress response, we focus on detection of behavioural 

(de)activation, shrinking or expanding of active social network, consumption of food and substances, and sleep 

patterning. 

 In phase 2, the holy grail is to gradually minimize active reporting and replace it as much as possible by passive 

sensing, which is especially important for intensive longitudinal studies that are longer than a typical EMA study length, 

i.e. two weeks (van Berkel et al., 2017). Small-scaled deep phenotyping studies will be conducted in motivated 

volunteers with parallel EMA and monitoring of activity, social behaviour and sleep through various smartphone 

sensors, including accelerometer/gyroscope output, GPS, phone usage (mean/variance of work or leisure time 

duration), incoming/outgoing call logs (mean dB levels, duration), SMS logs (incoming, outgoing, emotion word + 

emoticon count), proximity data (other Bluetooth devices), IOS or Android app use (in categories: social, information, 

system, health, work), received and transmitted network traffic, illumination level, and periodic logging of ambient 

noise (mean dB, outside/inside, voice/industrial/traffic source). A promising strategy –which we will develop jointly 

with the DASC- is to use a run-in-time with EMA and passive sensing applied jointly, on which data a person-specific 

machine learning algorithm could learn to increasingly rely on passive sensing to ‘fill in’ the ongoing social context, 

feelings, symptoms, or behaviours with far less frequent self-report prompting. 

 

Task 2.5: Tools for the measurement of the physiological response to stress in daily-life (phase 1-2, de Geus, Noordzij, 

Hermens, van Rossum) 

To provide a continuous (and reliable) recording of the physiological stress response, we will use biofluid sampling 

through saliva and finger pricks and employ a host of wearables that can record psychophysiological reactivity in 

natural settings through skin patches, stretch band electrodes, or sensors engrained in clothing. For this we build on 

our existing experience with the development and validation testing of physiological wearables in our VU (van Lien et 

al., 2015) and UT (van Lier et al., 2020) labs, but mixing in new technology arising either within our own labs or 

developed by third parties. In phase 1, we will identify and select the best measures to characterise the physiological 

stress response in the autonomic nervous system, HPA-axis and immune system and determine the optimal sampling 

timing, frequency and duration. A further driver to select physiological measures is their relevance for health, for which 

RT3 will be a main source of input. As a main validation strategy for field recordings we use well-validated instruments 

like MoviSense, Spacelabs, and VU-AMS that measure the heart period time series, blood pressure, the pre-ejection 

period, ECG T-wave amplitude, electrodermal activity, and peak-valley based respiratory sinus arrhythmia as measures 

of sympathetic and parasympathetic activity (Neijts et al., 2015, van Lien et al., 2015, Vrijkotte et al., 2000, Vrijkotte et 

al., 2004). To validate new HPA-axis measures (sweat, dialysates, capillary blood sampling) we will use repeated 

subcutaneous (Bhake et al., 2019) and free cortisol blood sampling (El-Farhan et al., 2017) for validation in the lab and 

saliva and hair sampling for daily-life and long-term monitoring (Kudielka et al., 2012). As starting point for immune 

response recording, we will use repeated capillary blood sampling to minimize sample processing requirements, and 

burden and risk on respondents (McDade et al., 2007), but allowing LC-MS/MS immunoassays on a rich palette of 

immune markers (McDade et al., 2016). A challenge in collaboration with the DASC is how to optimally regress out 

within-subject changes in the many confounding factors like physical activity, postural change, temperature, fluid 

consumption or time-of-day, all of which can strongly influence stress physiology largely independent of stress 

exposure.  

 

Task 2.6: Just-in-time adaptive interventions on stress exposure and stress responses using the SiA toolkit (phase 3, 

Ludden, van Riemsdijk, Noordzij, de Jonge, de Geus, Veldkamp) 

The most critical test of end-user value of the toolkit is that the information gathered on a person can be used to design 

meaningful feedback to participants on their stress exposures and responses. Research Indicates that current 

wearables, such as fitness trackers, and their applications that count and display steps, is technology that might have 

an initial appeal, but will quickly be discarded after the novelty effect wears off (Jakicic et al., 2016). We will test the 

effects of experimental interventions (including N=1 interventions) based on tailored feedback on the daily-life stress 

profile itself and of just-in-time interventions triggered by the continuously tracked stress profile. Such a personalised 

approach can give persons valuable insights and involve them in the process of preventing stress. As a person will be 

provided with contextual factors that cause stress this can be a driver to make changes, and hence, lower the chance 

for stress to occur. Appropriate behaviour change strategies such as meaningful feedback, and tailoring of behavioural 

change cues to personal characteristics (e.g. age, educational level, digital and health literacy) is important, and 

involvement of end-users as active co-creators is again critical. To do so, we will follow a value dynamics based, iterative 



                                                                                                                 28 

 

design process (Smits et al., 2021) and combine this with an already developed methodology for designing with and 

for vulnerable groups (Derks et al., 2017). This design process has been successfully applied to ambulatory biofeedback 

and stress regulation for psychiatric patients (Derks et al., 2019). First, we will design and research interventions for 

and with non-clinical populations (i.e. volunteers and professionals). We then continue offering these matured 

interventions to selected samples that may benefit most from stress-monitoring (patients, persons with high perceived 

stress levels e.g. due to unemployment, or persons with high stress-exposure like health care workers). Third, we will 

rigorously test whether the final version of the toolkit-based intervention is suitable for sustained autonomous use 

and allows vulnerable users to successfully change their context to being less stress-evoking and change their stress 

responses to more favourable patterns. Through van Riemsdijk’s involvement we can specifically collaborate on 

responsible design of intelligent human-machine collaboration with the established ‘Hybrid Intelligence’ gravitation 

program at the VU.  

 

Main deliverables RT2 
Task Description Timing in years 
2.1 White papers on responsible design guidelines for SiA toolkit development 1-4 

2.2  SiA toolkit validation pipeline for rapid validation of existing and future technology  1-3   (version 1) 
4-7   (version 2) 
8-10  (version 3) 

2.3  Selection, design, and validation of tools for prolonged assessment of daily-life 
contextual factors  

1-5 
 

2.4 Selection, design, and validation of tools for prolonged assessment of emotional, 
cognitive and behavioural stress responses using EMA and passive sensing 

1-7 
 

2.5 Selection, validation and design of tools for prolonged assessment of physiological 
stress responses using wearables and non-invasive biomaterial sampling 

1-7 
 

2.6 Set of interventions based on SiA toolkit that produce just-in-time feedback and 
visualization tools that are feasible, user-friendly, and validated by intended users  

8-10 

2.2-2.6 SiA toolkit for valid, synchronized, high-quality assessmentof daily-life stress 1-3   (version 1) 
4-7   (version 2) 
8-10  (version 3) 

 

 

Research Theme 3: Impact of daily-life stress response on integrated mental & somatic health 

RT3 Leading Core Applicants: Penninx (VUmc), Van Rossum (EMC) 

Other Applicants involved: Bartels (VU), Boersma (EMC), de Geus (VU), Hillegers (EMC), Hoogendoorn (VU), Kavousi 

(EMC), Peyrot (VUMC), Rizopoulos (EMC), Snieder (UMCG), Vinkers (VUMC) 

 

“Doctor, I think I am too stressed” is a recognizable patient statement. Stress has dire effects on both onset and course 

of a wide range of mental and somatic diseases and amplifies the detrimental impact of disease on wellbeing and 

quality of life. Evidence for the detrimental effects of general stress exposures on health comes from extensive 

observational human research showing that exposure to e.g. traumatic childhood or recent events, specific work 

conditions, daily hassles, or adverse social relationships increase disease risk (Kivimaki et al., 2018, McEwen, 1998, 

Rosengren et al., 2004). Stress exposure generates a full breadth of observable stress responses in the emotional, 

cognitive, behavioural, and physiological domains which could be maladaptive when chronic and not adequately 

counter-regulated. Such maladaptive stress responses are considered core to the health impact of stress, but currently 

difficult to measure. Apart from being a consequence, poor health itself can reduce resilience and increase vulnerability 

to new stress exposures. Thus, a downward spiralling process of stress responses may ensue, leading to decreased 

health that in turn reduces the threshold at which events are perceived as threatening. 

 The increase in disease risk caused by stress exposure is undisputed for almost all mental disorders, such as the 

common depressive and anxiety disorders, where stress plays a major role. We illustrated that this occurs in a dose-

response relationship with more stress exposures related to higher symptomatology (Vinkers et al., 2014). However, 

the negative stress consequences cut across conventional psychiatric classifications such as depression and anxiety 

disorders. For example, a common condition that is by definition stress-related is burn-out. This occupational health 

condition centred around more dimensional outcomes such as fatigue and irritability has large negative personal and 
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professional repercussions and large societal costs. The transdiagnostic impact on mental health conditions is fully 

acknowledged in NIMH’s Research Domain Criteria (RDOC (Insel, 2014)).  

 Not only does stress exposure negatively impact on mental health, it also has a strong impact on somatic health. 

Here, the impact of stress exposure is again transdiagnostic, but the strongest illustration of impact is found in the 

cardiometabolic domain. The INTERHEART study among 30,000 individuals showed that a cluster of psychosocial risk 

factors (i.e. social deprivation, stress at work or in family life) yielded increased odd ratios for the risk of first myocardial 

infarction of 3.5 in women and 2.3 in men (Rosengren et al., 2004). The population attributable risk from these 

psychosocial stress factors was one to three times higher than those of smoking, physical activity and high alcohol 

consumption. Also, for other cardiometabolic conditions, such as obesity, metabolic syndrome (clustering of impaired 

glucose tolerance, dyslipidaemia, hypertension, abdominal obesity) and T2D, the impact of psychosocial stressors has 

been confirmed (Tenk et al., 2018).  

 In view of the above, it is not surprising that stress is explicitly mentioned as an intervention target in clinical 

guidelines for mental disorders (Joosen et al., 2015), diabetes (guidelines.diabetes.ca/cpg), and cardiovascular disease 

(www.ehnheart.org). But this presents our clinicians with a formidable task. For cholesterol, blood pressure (BP) or 

suspected neurological deficits a doctor could order a blood test, a 24-hour BP recording or an MRI. But how to quantify 

daily-life stress? Current assessment of stress is limited to static recall of contextual stress factors or of mood 

symptoms. This does no justice to the prolonged multicomponent stress responses they cause in daily life, for which 

we have no clinically valid measurement method. It also does not give precise insights in an individual person’s daily-

life stress context and stress responses, therefore not allowing personalized evaluation, feedback, or treatment 

suggestions. We maintain this situation as long as there is a lack of reliable and pragmatic measures to assess the 

comprehensive stress response over longer periods of time in naturalistic settings. Stress-in-Action will fill this gap, 

allowing us to truly examine and understand the impact of the - potentially mutually reinforcing – emotional, cognitive, 

physiological and behavioural daily-life stress responses on mental and cardiometabolic health.  

 

Overall goal of RT3: 

Determine the impact of daily-life stress responses, in interaction with personal vulnerability and resilience 

characteristics, on the development and course of mental and cardiometabolic health, using enriched longitudinal 

cohort data as well as clinical intervention approaches. 

 

Task 3.1: Apply novel data analytics to examine daily-life stress responses as predictors of mental and 

cardiometabolic health outcomes (Phase 1-3, Penninx, van Rossum, Hoogendoorn, Boersma, Kavousi, Rizopoulos, 

Hillegers) 

In phase 1, with support of the DISC, we will synchronise data on ambulatory stress response measures in existing 

studies (see Table 3, page 18) for analyses in Tasks 3.1-3.4. As some studies have used similar EMA protocols, pooled 

cross-study analyses will be conducted. Measures of daily-life stress response are analysed in relation to mental and 

cardiometabolic health status. Mental health outcomes include depressive and anxiety disorders according to the 

formal criteria in the Diagnostic Manual (DSM), but are also conceptualised as symptom dimensions of depression, 

anxiety, irritability or burnout in line with the RDOC. Cardiometabolic health outcomes include risk states (metabolic 

syndrome and its components, obesity) and diabetes and CVD events (history of MI, heart failure, arterial 

revascularization, stroke, focal transient ischemic attack). Subjects in whom high stress levels do lead to short-term 

and recoverable allostasis but not to allostatic load or health deterioration are as informative for understanding the 

variance in stress mechanisms. We, therefore, specifically also include the positive health spectrum: those who – 

despite stress exposure – have high well-being and low-normal levels of cardiometabolic continuous traits.  

 In phases 2 and 3, we use data from our cohorts (see Table 4, page 19) that already contain data on a host of 

environmental and personal characteristics as well as health outcomes, and are further enriched with daily-life stress 

data using the new SiA toolkit from RT2. We compare dynamic temporal patterning of four stress response components 

across controls, persons at high-risk (due to familial loading or subthreshold symptoms or due to MetS or obesity) and 

persons with mental health disorders (depression, anxiety) and cardiometabolic health disorders (CVD, diabetes). We 

examine the role of type and severity of disorder. Health status of cohort participants will be regularly updated through 

linkage with GP or Central Bureau of Statistics databases. In the Netherlands, we have detailed per-citizen registration 

of e.g. mortality, medication utilization, hospitalization data, and general health care utilization and costs. We have 

linked such data to cohorts before (Penninx et al., 2001), and will use this to obtain unique health data. For this, we 

synergize our efforts with existing resources of GECCO (www.gecco.nl) and Odissei (odissei-data.nl/).  

http://guidelines.diabetes.ca/cpg
http://www.ehnheart.org/
https://www.gecco.nl/
https://odissei-data.nl/
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 Longitudinal health data will allow us to examine not just whether patients differ from controls, but also whether 

our ambulatory stress measures predict new onset as well as course patterns and prognosis of mental and 

cardiometabolic health. This is important, as etiological predictors are not per definition similar to prognostic 

predictors. An example is the strong female predominance in first onset of stress-related mental disorders, but the lack 

of gender difference in disease course in affected patients. Onset outcomes are e.g. the occurrence of incident episodes 

of mental disorders, significant decline in mental health symptoms, onset of CVD, diabetes or high-risk cardiometabolic 

indicators. For testing course trajectories within patients, the impact of daily-life stress responses will be examined on 

relapse, severity, and chronicity patterns of depressive, anxiety, or burnout symptoms, on transdiagnostic dimensions 

such as irritability, fatigue and sleep, and on deterioration of cardiometabolic conditions including subclinical CVD, e.g. 

silent myocardial infarctions on ECG. We will compare whether there is overlap or divergence in stress response 

patterns relevant for mental versus cardiometabolic health outcomes, and which patterns underlie their comorbidity. 

To establish insights into the relevance of temporality, we test to what extent long-term (cumulative over years) daily-

life stress responses are more predictive for health status than short-term (cumulative over weeks/months) daily-life 

stress responses. For this, in collaboration with the DASC, we apply and tailor models using dynamic structural equation 

modelling and machine learning analyses. 

 

Task 3.2. Examine which genetic vulnerability characteristics moderate the impact of daily-life stress responses on 

health outcomes (Phase 1+2, Penninx, Peyrot, de Geus, Snieder, Kavousi) 

We and others have shown that the impact of 

stress exposure and responses on health can be 

exaggerated by individual genetic vulnerability 

(Gerritsen et al., 2017). The combined impact 

of genetic and environmental effects on health 

is widely accepted and fits in the stress-

diathesis theory. Figure 9 depicts this in our 

recent study (Coleman et al., 2020). We 

detected gene-environment interaction with 

those having both trauma exposure and a high 

polygenic risk score (PRS) based on genome-

wide association studies (GWAs) showing the 

highest risk of depression. Examples of such 

stress-diathesis interaction also exist for 

cardiometabolic outcomes, including gene-

educational attainment and gene-lifestyle 

interactions (Bentley et al., 2019, de las 

Fuentes et al., 2021). In line with this, we will 

examine the interplay between daily-life stress exposure, stress responses and personal genetic characteristics in 

mental and cardiometabolic health status (in cross-sectional analyses) and on change in health status (in longitudinal 

analyses). We will pay specific attention to gender, as we have earlier shown that the genetic background and gene-

environment interaction might be sexually dimorphic (Kavousi et al., 2016a).  

 Personal genetic characteristics will be based on polygenic risk scores (PRS) using the most recent findings from 

GWAs by large scale consortia for both cardiometabolic and mental health outcomes. Various SiA members actively 

contribute to international GWAs consortia, e.g. Kavousi (Bis et al., 2011) regarding atherosclerosis, Bartels (Baselmans 

et al., 2019) regarding positive well-being, Snieder and de Geus (Nolte et al., 2017) regarding heart rate variability, and 

Peyrot (Peyrot and Price, 2021) regarding depression. Predictive PRS from these efforts are already available for e.g. 

schizophrenia, depression, neuroticism, well-being, obesity, glucose, LDL, blood pressure or CVD outcomes, and will 

gain predictive validity in future years when sample sizes for GWAs increase.  

 First, we will examine how the PRS for psychiatric and cardiometabolic traits relate to both stress exposure and 

stress response (e.g. hypothesizing that individuals with high genetic psychiatric vulnerability may experience more 

stress exposure and express less effective stress response). Second, we will test how much of the link between stress 

response and health remains after taking into account genetic confounding effects, applying novel state-of-the-art 

PRS-based statistical methods (Pingault et al., 2018). Third, we will test for interaction between PRS and stress response 

in health outcomes. For moderation testing with dynamic aspects, we employ – supported by the DASC - dynamic 

Figure 9: Depression (MDD) probability by interaction of lifetime trauma 
exposure and genome-wide vulnerability (polygenic risk score, PRS) 
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structural equation modelling for testing interaction effects of stable person characteristics, like a PRS, with dynamic 

stress aspects (i.e., inertia, reactivity, spill-over, variability) using health outcomes as endpoints. The predictive value 

of both additive and moderating effects of genetic vulnerability indicators is tested using machine learning analyses. 

 

Task 3.3. Examine which individual environmental vulnerability and resilience characteristics moderate the impact 

of daily-life stress responses on health outcomes (Phase 1+3, Penninx, van Rossum, Hoogendoorn, Vinkers, Kavousi, 

Boersma) 

Stress-moderation goes beyond gene-exposure interactions, as tested in Task 3.2. Other personal characteristics are 

also known to impact a person’s stress vulnerability for life. An example is childhood trauma, which has been associated 

with dysregulation of the HPA-axis and inflammation (Baumeister et al., 2016), which may make persons more 

vulnerable for later (daily-)life negative events or stressors. Other relevant variables are socio-economic position, 

gender and age as these indicators have shown to be linked to differential daily-life stress responses and could 

moderate their association with health outcomes. For instance, we earlier showed that men and women differ in their 

physiological stress responses (Zorn et al., 2017) and in their cardiovascular disease manifestations underlying 

mechanisms (Kavousi et al., 2016b). Personal stress resilience characteristics, such as mastery or a strong social 

network, can act as stress-buffering factors that may reduce stress responses to contextual challenges (as examined in 

Task 1.4 in RT1), but can also buffer the impact of daily-life stress responses on health outcomes. Thus,we will explicitly 

examine the extent to which the impact of daily-life stress responses on mental and cardiometabolic health status in 

existing data (phase 1) and newly collected cross-sectional data (Phase 2) and on change in health status (in longitudinal 

analyses in Phase 2+3) is, or is not, dependent of individual vulnerability and resilience characteristics (e.g. personality, 

childhood trauma, gender, or socioeconomic status). For moderation testing, we will extend our previous models and 

develop and tailor models using dynamic structural equation modelling and machine learning analyses in collaboration 

with the DASC.  

 

Task 3.4: Use multi-layer omics data (epigenomics, transcriptomics, metabolomics) to examine molecular mediating 

mechanisms that explain the impact of daily-life stress responses on health (Phase 2+3, Boersma, Kavousi, Bartels, 

Rizopoulos, Penninx, Vinkers, van Rossum) 

Dysregulations at multi-layer molecular pathways have been indicated in both mental and cardiometabolic disorders. 

As examples, we recently reported on 

epigenomic differences in depressed 

persons that indicate dysregulations in 

cellular responses to stress and signalling 

mechanisms linked to immune cell 

migration and inflammation (Clark et al., 

2020). In a metabolomics meta-analysis, 

we showed a shift towards less high-

density lipoprotein and more very-low-

density lipoprotein and triglyceride 

particles (Bot et al., 2020) as shown in 

Figure 10. Similar epigenomics or 

transcriptomics analyses have been 

conducted for cardiometabolic 

outcomes (Huang et al., 2020, Vehmeijer 

et al., 2020).  

We further build on these methods by 

taking results from Tasks 3.1-3.3 and 

examine whether the observed effects of 

stress responses on mental and cardiometabolic health outcomes are mediated through multi-layers molecular 

markers. For this, we use our well-phenotyped cohorts (see Table 4, page 19) in which enrichment of large-scale multi-

layer omics markers occurs continuously, e.g. through collaboration in the Dutch BBMRI consortium (www.bbmri.nl). 

We examine associations between -omics markers with relevant stress-response measures identified in Tasks 3.1-3.3 

through e.g. eQTL/mQTL analyses as we did before (Bot et al., 2020, Clark et al., 2020). Specificity of identified 

associations will be determined by qualitative comparative analyses (with respect to other stress-response measures) 

Figure 10: Polar plot of 52 metabolites associated with depression 

http://www.bbmri.nl/
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and by permutation procedures, comparing their statistical significance with that obtained from 10000 random 

combinations of any other stress-response measure. All ‘-omics’ associations will be tested for pathway enrichment, 

using tools such as MetaboAnalyst, KEGG, Biocarta or Reactome databases. To more fully explore multi-layer system 

biology mechanisms underlying daily-life stress and health associations, integrated multi-omics analyses will be 

conducted as we have done before (Jansen et al., 2016). We will test whether identified relevant -omics mechanisms 

are mediators explaining increased health outcomes using bootstrap-based principles of Hayes and Preacher (Hayes 

and Preacher, 2014). For advanced -omics assessment and integrated multi-omics analyses we will utilize the available 

expertise of the Netherlands X-omics.nl consortium to which multiple SiA members are affiliated. 

 

Task 3.5: Generate proof-of-concept evidence using intervention studies that aim for health improvement through 

(in)direct impact on stress responses (Phase 1-3, Lamers, Vinkers, Hillegers, Penninx, van Rossum)  

Whether experimentally reducing daily-life stress has favourable health consequences has not often been tested. The 

reverse, whether intervening on health status, e.g. through specific treatment approaches, reduces daily-life stress 

response is even less tested. Using the tools developed in RT2 we generate proof-of-concept by implementing daily-

life stress assessment in ongoing trials and newly designed experiments that target health outcomes and directly or 

indirectly impact on stress responses. We evaluate the mediating effects of changes in stress on intervention-induced 

health improvement. This will further provide experimental validation of our disease prediction models obtained in 

Tasks 3.1-3.4. 

 In phase 1 (and early phase 2), our experimental approach utilizes and builds on the breadth of ongoing studies 

within the consortium, cost-efficiently utilizing already funded projects. Examples of – newly started or soon to start - 

studies that we plan to enrich: 1) The RESET-medication study (PI Vinkers, www.jeugdtrauma-depressie.nl) tests the 

effect of 1-week treatment with the glucocorticoid inhibitor Mifepristone that ‘resets’ the HPA-axis in depressed 

persons; 2) the RESET-psychotherapy study (PI Vinkers, www.jeugdtrauma-depressie.reset-studies.nl) tests whether a 

3-month trauma-focused psychotherapy programme as compared to care as usual is beneficial for depressed persons; 

3) the national OPERA project (PI Penninx, www.opera-project.nl) examines recovery from depression with 

antidepressant use and, next, placebo-controlled discontinuation versus continuation of antidepressants after 

remission. 4) Celecoxib trial (PI Lamers) that test whether directly pharmaceutically impacting on the immune system 

improves both mental and cardiometabolic health. 5) The ‘chain’ approach for combatting obesity including combined 

lifestyle interventions (PI van Rossum, www.partnerschapovergewichtnederland.nl) which is currently tested in 

Rotterdam and will be implemented throughout the country in the coming years, supported by the Ministry of Health, 

Welfare and Sports. This is not an exhaustive list, as new projects will arise over the next years. By doing so, we also 

gain important knowledge on the feasibility of implementing daily-life stress measurement in clinical settings. In phase 

2 (late) and 3, we will further build on first insights to develop new intervention studies targeting critical stress 

responses or disease processes that have shown dominant value in Tasks 3.2-3.3 and strongly build on the knowledge 

gained in RT1. Experimental validation will use the ambulatory stress assessment toolkit version 2 from RT2 and 

compare stress responses pre-post interventions. Outcome evaluation will use mental and cardiometabolic health 

outcomes, e.g. depressive, anxiety, burn-out symptoms, metabolic syndrome components. Also, we will explicitly test 

whether interventions can be successfully tailored based on the personal characteristics identified in Tasks 3.2 and 3.3. 

By enriching such RCTs with ambulatory assessment of daily-life stress, we will efficiently generate proof-of-concept 

that daily-life stress is amenable to change over short time in parallel to intervention-induced health improvement. 

 

Main deliverables RT3 
Task Description Timing in years 
3.1 Iteratively updated evidence-based models predicting health outcomes 

from multi-component daily-life stress response  
1-7    (short-term) 
8-10 (long-term) 

3.2 +3.3 Evidence-base of moderating personal characteristics impacting on link 
between daily-life responses and health outcomes  

1-8 

3.4 Multi-omics mediation models of molecular circuits involved in 
connecting daily-life stress responses to health outcomes 

4-10 

3.5 Proof-of-concept and effect estimation of interventions that modify 
disease outcomes to examine whether they diminish the stress 
responses and the stress exposure-disease link 

1-5   (existing interventions)  
6-10 (SiA-results based 
interventions) 

 

http://www.jeugdtrauma-depressie.nl/
http://www.jeugdtrauma-depressie.reset-studies.nl/
http://www.jeugdtrauma-depressie.reset-studies.nl/
http://www.opera-project.nl/
http://www.partnerschapovergewichtnederland.nl/
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Data Analytics Support Core (DASC) 

DASC Leads: Hoogendoorn (VU), Hamaker (UU) 

Other applicants involved: Bringmann, Rizopoulos, Veldkamp  

 

The DASC will develop a variety of big data analytics approaches and will support their use in addressing the research 

questions in RT1, RT2 and RT3. Specific analytical questions for DASC are:  

RT 1: (1) How can the dynamic interaction between the contextual stress exposures and the multicomponent stress 

responses be best modelled? (2) How can these models deal with individual differences in the effects of stress exposure 

on the four components of the stress response?  

RT2:  3) How to maximize insights from prolonged time series of multiple stress responses measured by the SiA toolkit 

while minimizing the number of active (self-report) measurements? (4) How to forecast stress responses based on time 

series of multicomponent stress responses, with sufficient reliability to be useful for interventions?  

RT3: (5) How to best predict mental and cardiometabolic health outcomes based on individual characteristics in-

interaction-with prolonged time series from multicomponent stress responses, in both cross-sectional and longitudinal 

data? (6) How to make causal inferences from observational data that serve as the basis for developing new 

interventions, and to predict intervention effects on dynamics of stress responses based on patient characteristics?  

To answer these questions we will apply state-of-the-art techniques from structural equation modelling, time series 

analysis, dynamic joint models, causal inference for dynamic processes, and artificial intelligence to the data available 

and newly gathered in the SiA programme. These techniques can be broadly categorized in two groups, dynamic 

intensive longitudinal data (DILD) and machine learning (ML) techniques. We will further develop DILD techniques to 

tackle questions 1, 2 and 6, and ML techniques to tackle questions 3-6. While we can capitalize on recent rapid 

developments in these fields, Stress-in-Action will require innovative approaches to deal with the highly temporal 

nature of data, where signals are measured at different frequencies and are sparse, whereas data dimensionality will 

be large. To address these challenges, we will benefit from a novel integration of both techniques.  

 

Overall goal of DASC: 

Development of dynamic intensive longitudinal data (DILD) and machine learning (ML) methodology suitable for the 

research questions in Stress-in-Action, including the development of hybrid approaches that combine the best of DILD 

and ML. 

 

Dynamic intensive longitudinal data (DILD) techniques – These techniques are especially well suited to tackle the 

research questions in RT1, in which the focus is on the development of an evidence-based theory on daily-life stress. 

These techniques allow for linking stress exposure to stress responses, while at the same time taking into account 

individual differences. As these data are of a highly temporal nature, such relations need to be studied over time, and 

require a data analytic technique that focuses on the dynamic (i.e., lagged) relations between phenomena over time 

(Hamaker, 2012). Given the feedback loops and non-linear dynamics involved in describing the interplay between 

emotional, behavioural, cognitive and physiological stress processes, they can be seen as complex dynamic systems, 

such as a network in which the components are interacting with each over time (Schuurman et al., 2016). The data 

also come in different frequencies, for example, experience sampling data is measured only a few times per data, 

whereas accelerometer data is gathered continuously.  

 Two broad modelling approaches can be distinguished. On the one hand, a top-down approach using dynamic 

multilevel models such as implemented in ctsem (Driver et al., 2017), DSEM (Asparouhov et al., 2018), and mlVAR 

(Epskamp et al., 2018). Multilevel modelling can be considered a top-down approach as it distinguishes between the 

within-person temporal process and the stable between-person differences in the temporal dynamics. Such models 

allow for exploration of patterns and feedback loops in the data as well as for using a confirmatory approach by 

comparing competing theories through evaluating the fit of different models. These innovative techniques are flexible 

enough to allow for making both group level claims, while also allowing for quantitative heterogeneity between 

individuals. Multilevel models offer the advantage that less time points are needed per person, as the approach is 

based on borrowing strength from other persons in the dataset.  

 On the other hand, single-level, individual (N=1) modelling fits well with clinical practice, as it can be used to 

obtain a purely idiographic description of an individual’s dynamics, which can be used for monitoring and within-person 

forecasting (Albers and Bringmann, 2020, Bringmann et al., 2017). This approach allows for inclusion of unique person-
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specific stressors, such as the daily hassles due to taking care of an elderly parent, or environmental triggers by 

neighbours playing loud music on some days (Hamaker et al., 2016). This individual approach also allows for data 

reduction necessary for modelling one individual through dynamic factor modelling or principal component analysis 

techniques. When data of multiple individuals are considered from this perspective, one can search for groups of 

individuals that are characterized by similar patterns, which implies this N=1 approach can be used in a bottom-up 

procedure to specify subgroups of comparable individuals for which similar intervention strategies may work. Because 

these DILD models can get complex, it is important to be transparent about how one can interpret models and results, 

through insightful tutorials (McNeish and Hamaker, 2020) and dynamic visualizations (Bringmann et al., 2021). Figure 

12 in section 2.8 on page 54 demonstrates this using our ESMvis tool.  

 To tackle urgent unresolved issues in DILD modelling the DASC will: 

1. Develop analytical approaches that can handle sparse time series measured at different frequencies. For instance, 

sleep quantity/quality is measured once per day, whereas emotions are measured multiple times per day. Such 

data can be considered as 3-level data (beeps nested in days nested in persons, for which we need to develop 

analytical approaches that allow us to investigate dynamic relations between level 1 (emotions) and level 2 (sleep) 

variables, and individual differences therein at level 3 (persons).  

2. Develop dynamic models that allow us to connect processes that are assumed to operate at vastly different 

timescales. For instance, while emotion regulation is a process that takes place at a timescale of minutes, the 

development of psychopathology occurs at a much higher timescale of weeks, months or even years.  

3. Make use of recent developments in different fields that focus on causal inference, and examine how these can be 

adjusted and applied within DILD modelling. We will focus on techniques developed in the time series context of 

N=1 data, in which the effects of different kinds of interventions are studied using simulations (Driver and Voelkle, 

2018), and techniques based on combining Directed Acyclical Graphs (Pearl, 2010) with the concept of Granger 

causality (Eichler and Didelez, 2010), and see how this can be adjusted to accommodate the time series of multiple 

individuals in a multilevel approach.  

 

Machine Learning (ML) techniques - Patterns in ambulatory data are of a highly temporal nature. Before feeding such 

data to ML algorithms, choices in dataset composition need to be made as these can impact on model performance. 

Choices are related to: 1) timing in the process when data fusion takes place, 2) which modalities to fuse as not all data 

contributes equally and we need to reduce the feature space, 3) what to do with missing modalities or data, and 4) 

whether to create models per participant, or for (subgroups) of all participants. The consortium has ample experience 

in addressing these issues (Hoogendoorn and Funk, 2018, Mikus et al., 2018, Rose and Rizopoulos, 2020, Veldkamp 

and Sluijter, 2019). Once these issues have been explored, we can follow two commonly used main approaches. The 

first approach is to engineer features that summarize values over time, e.g. summaries of values over certain time 

frames and apply plain ML algorithms such as a random forest, gradient boosting, or even algorithms as simple as a 

plane decision tree to create models. The second approach is to exploit ML techniques that are specifically designed 

to work on time series, for example Long-Short Term Memory Networks (LSTM) (Hochreiter and Schmidhuber, 1997) 

and Temporal Convolutional Networks (TCNs) (Lea et al., 2016). Both approaches have their pros and cons.  

 Generally, feature engineering-based approaches result in more insightful results and can work well even if limited 

data is available. They can handle Stress-in-Action’s sparse time series measured at different frequencies by addressing 

such issues in the feature engineering process. Depending on the data sources, we will apply multimodal data fusion 

techniques to handle differences in resolution, incompatibility of the size, alignment issues, noise, balancing 

information, conflicts or inconsistencies, and missing values. These techniques, however, do not learn how to best 

identify useful patterns from the temporal component, but are dependent on the engineered features potentially 

resulting in a severe bias and less complex relations learned. Time series models can capture very rich relationships 

and avoid the bias and complexity problem, but they require a vast amount of data to train on, and approaches that 

can capture these complex relationships are mostly black box models resulting in limited insight in the learned 

concepts. Luckily, there are techniques that allow for an inspection of such concepts, including SHapley Additive 

exPlanations (SHAP) (Lea et al., 2016) and Local Interpretable Model-agnostic Explanations (LIME) (Ribeiro et al., 2016). 

To further improve the different ML approaches sketched above, and examine their pros and cons, we will: 

1. Develop improvements to temporal deep learning models that ccope better with sparse data measured at different 

frequencies. We envision to build on top of TCNs to integrate information from a diversity of temporal sources. 

2. Develop temporal variants of SHAP and LIME that allow us to gain insights into predictive temporal patterns.  



                                                                                                                 35 

 

3. Examine how we can learn patterns more efficiently using deep learning approaches. Envisioned is to exploit 

symmetries (equivariance), and examine both individualized and generic models. 

4. Design insightful visualizations of temporal deep learning approaches to increase acceptance and facilitate use. 

 

Combining DILD and ML techniques - As major innovation we aim to combine ML and DILD techniques to better 

interpret temporal data. Whereas ML focuses more on data-reduction and prediction and DILD techniques focus more 

on theory, it is anticipated that a combination of these methods is especially useful in case of model selection, bias 

problems, and dealing with sparse data. On the one hand, ML techniques can help to overcome overfitting (Tuarob et 

al., 2017), on the other hand a theory-driven approach can better support the design of interventions. For instance, 

imagine that there are several variables that are excellent predictors, but not all of these variables are helpful in the 

sense that you can also intervene on them. In this case, theory-driven approaches can help in pre-selecting variables 

that are useful also in practice, when the goal is not merely prediction but to obtain clues for a promising intervention. 

In particular, we seek to extend the framework of dynamic joint models for intensive longitudinal and time-to-event 

data and combine it with Deep Learning techniques. Joint models combine two sets of models (Rizopoulos et al., 2017). 

The first set of models describe the evolutions of longitudinal outcomes, and how these are related to treatment and 

patient characteristics. The second set of models link longitudinal sub models to survival analysis models describing 

the risk of events. The current state-of-the art for joint models is limited to handling only a few longitudinal outcomes 

because of computational challenges (Mauff et al., 2021). To make it suitable for intensive longitudinal data, we will 

employ Deep Learning and link recurrent neural networks for longitudinal outcomes with cause-specific subnetworks 

for the time-to-event outcomes. These extensions will help to understand the interactions between different variables 

found in this combined model. Importantly, as until now DILD models are theory-driven, relationships between 

variables in such models are often simplistic, e.g. a lag-one cross-lagged autoregressive model. Using ML techniques, 

more realistic, complex interactions can be selected that may fit the non-linear dynamics of the given data better 

(Toonen et al., 2018). In sum, we will: 

1. Innovate dimensionality reduction using theory. 

2. Use ML evaluation setups to evaluate DILD models and prevent overfitting. 

3. Exploit domain knowledge or combine DILD and ML to explain black box machine learning models. 

4. Realistically analyse complex interactions in DILD models using ML. 

 

 

Data Infrastructure Support Core (DISC) 
 

Leads: de Geus (VU), Lamers (VUmc) 

Other applicants involved: Penninx, Bültmann, Hillegers, Kavousi  

 

The DISC will coordinate the data collection, data management, and data delivery processes within Stress-in-Action, 

although day-to-day execution of data collection remains delegated to the specific tasks within the RTs. The immediate 

advantage of a centralised data collection, data management, and data delivery infrastructure is that we can ensure 

adequate balancing of privacy protection under the GDPR and long-term (FAIR) accessibility of all newly collected SiA 

data, without burdening the individual researchers to negotiate their way around this complex and ‘moving’ target. 

We note that our SiA programme provides an unprecedented data management challenge that will be of interest to 

many other research groups that consider large-scale, multi-sensor real-life studies.  

 

Overall goal of DISC: 

To provide a central coordinating hub for data collection, data management, and data delivery processes within Stress-

in-Action. DISC guides harmonization and meta-data annotation of the existing and cohort-enrichment datasets and 

creates the Data Governance Framework that ensures controlled remote access to the datasets by the Stress-in-Action 

(and broader) research community. 

 

Harmonisation and annotation of existing ambulatory datasets. SiA researchers have been engaged in various 

ambulatory assessment studies that collected relevant data on stress responses, disease outcomes, and potential 

moderators, and a number of such projects are ongoing (at current count, N > 8000). Together, these data already 

provide a useful resource for modelling each of the four components of the stress response and sometimes two or 
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even three components have been measured simultaneously. Sadly, but reflective of the field, these studies have used 

different constructs and different measures for similar constructs, protocols, sampling frequencies, and inclusion 

criteria which makes joint analyses difficult. The DISC will harmonize these data sets, e.g. by exploiting the substantial 

overlap in primary sensors (e.g. accelerometers, HR(V) recorders) and EMA items used. It will also catalogue and align 

all potentially relevant personal characteristics obtained by the cohorts.  

 

Coordination of data collection with the SiA daily-life stress assessment toolkit. By centralised coordination of data 

collection with the SiA ambulatory toolkit, DISC guarantees that it will be highly synchronized in terms of 

instrumentation, protocols, participant instructions, data quality control and feature extraction procedures. We 

provide technical and logistic support (e.g. devices are bought and repaired centrally, licences are procured centrally) 

and create tutorials, workshop and training protocols for all SiA research staff involved in active data collection. The 

DISC builds on our extensive experience with wearables (VU-AMS, SpaceLabs, Movisense, Empatica, Shimmer, Sense, 

Actigraph, GENEactive, Fitbit) and smartphone apps used in national and EU-funded trials including NESDA, Mario, 

ICT4Depression, E-COMPARED, RADAR-CNS, HowNutsAretheDutch and others (MoodBuster, Sense-IT, PsyMate, 

RoQua, Ilumivu) in smaller studies. Assessments of HPA-axis and immune activity as gauged from biomaterials 

amenable to self-collection (saliva and finger prick blood, possibly adding sweat & stool) is coordinated at the central 

EMC and VUMC Biobanking facilities, where biomaterials will be kept stored till assessment under secured conditions.  

 In cohort enrichment phase 2, DISC coordinates the standardized measurement of daily-life stress in at least 3000 

subjects from different cohorts, but could extend to ~4500. SiA members are core or leading researchers of these 

cohorts, guaranteeing access to these research infrastructures for enrichment. Exact sampling scheme (daily 

frequency, duration per wave, number of waves) as well as sample size that we choose will depend on experiences 

and effect size calculations in SiA phase 1, from which we will also better know the required density of ambulatory 

measurements in time based on inter- and intraindividual variation of the constructs of interest. A prudent approach 

is to use a sampling strategy that detects both short-term (weeks), intermediate-term (months) and long-term (years) 

changes in stress context and responses using multiple repeated periods of daily-life stress assessments in a span of 2-

3 years. Informed design decisions will be taken by DISC after consultation of the Executive Committee after phase 1. 

Subject to modifications based on these insights from phase 1, DISC plans to select the following classes of subjects: 

1)  300-500 persons at high risk for mental disorders, due to polygenic risk/familial loading or subthreshold 

symptoms, from the MARIO/Generation-R cohorts. 

2) 300-500 persons with depression/anxiety/burnout from NESDA.  

3) 300-500 persons at high-risk for cardiometabolic disease due to polygenic risk/familial loading, or because of 

obesity and/or metabolic syndrome, from the Lifelines/Generation-R cohorts. 

4) 300-500 persons with cardiometabolic disease (physician-confirmed type 2 diabetes or CVD) and from the 

population-based Lifelines or Rotterdam Study cohorts. 

5) 2000-2500 population-based controls, of which at least 300 monozygotic and 300 dizygotic twin pairs from NTR, 

and well-matched controls from the same cohorts that provide high-risk subjects and patients (e.g. ~200-300 per 

study from MARIO, Generation-R, NESDA, Lifelines, Rotterdam Study). 

Subject selection will ensure equal division of men and women, age and socio-economic groups to guarantee that the 

roles of gender, lifespan and social disadvantage can be adequately examined. Feasibility of this selection strategy to 

recruit informative participants is assured by the high numbers of subjects in our cohorts (see Table 4, page 19).  

 

Data Management Plan and Data Access procedures. DISC assist all SiA researchers with the creation of Data 

Management Plans (DMP) detailing the nature of the study (meta)data in a data codebook, and the procedures for the 

collection, cleaning, annotation, and (long-term) storage of the data. The DMP for the large cohort enrichment effort 

in phase 2 will be entirely drafted by DISC. For both the harmonized existing and newly collected enriched cohort data, 

DISC will set up a Data Governance Framework. This framework ensures controlled remote access to the SiA datasets 

by the SiA (and broader) research community, both during and after the programme with full adherence to the highest 

privacy and security standards. This data sharing framework will be fully compliant with the GDPR (and its forthcoming 

legislative successors). For phase 2 data storage, DISC provides access to managed data storage servers capable of 

serving at least 50 terabytes of data with failsafe back-up procedures within the VU research infrastructure. It also 

provides high-performance, high-memory computer clusters capable of managing distributed (parallel) computing 

through scalable contracts of SURFsara facilities (userinfo.surfsara.nl/systems/hpc-cloud). Finally, secure, high-

bandwidth internet connections allow for rapid data transportation.  

https://userinfo.surfsara.nl/systems/hpc-cloud
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 For data governance, the handling of Data Sharing Requests and providing remote access to SiA research data, we 

have a variety of existing platforms to choose from including (1) the PsyData platform (psydata.nl), which has been 

used successfully in several VU(mc) large-scale projects. (2) the Data Repository of the Netherlands Twin Register 

(tweelingenregister.vu.nl/information_for_researchers/working-with-ntr-data) built by an NWO Data Infrastructure 

grant, (3) platforms used in national biobank/cohort collaborations in the Netherlands, i.e. BBMRI-NL (www.bbmri.nl) 

and Health RI (www.health-ri.org). We seek to build our SiA data sharing mechanisms around the inspiring set of 

procedures that were generated for the Dutch COVID-19 Data Support Programme (www.health-ri.nl/news/generic-

policy-access-and-sharing-covid-19-data) which optimises rapid sharing of data with appropriate attention to the 

sensitive nature of medical information.  

 

 

Career Support Core (CASC) 

 

Leads: Penninx (VUmc), Bültmann (UMCG) 

 

We provide a launching platform for future research leaders that will grow and nurse research lines around the broad 

theme of daily-life stress. These research leaders are needed to build on the game changers in stress research that this 

application will bring about. The CASC develops and executes a high-quality career mentoring and educational 

programme spanning the entire programme duration under supervision of the Executive Committee. The CASC 

conducts its daily tasks with a broader team of two researchers (1 postdoc/mid-career researcher, 1 PhD-student) from 

each of the four institutions that embed Core Applicants (CASC-team, n=10). All CASC activities are supported by the 

education manager who has a strong track record in education innovation.  

 

Overall goal of CASC: 

To (1) attract, recruit and retain top-talented researchers, (2) optimise talent and career development in all career 

stages through tailored mentoring, provision of leadership roles within the SiA programme and an (international) 

exchange programme, and (3) provide interdisciplinary education in e.g. theory, assessment, analytical methods, 

responsible innovation and knowledge valorisation relevant for the SiA programme.  

 

Attract, recruit and retain. To attract and recruit (inter)national top-talents for the SiA consortium at all levels (PhD 

through senior) the CASC will employ the international network of SiA researchers as well as a broader recruitment 

through e.g. EURAXESS, Naturejobs, Aacademictransfer.org and www.findapostdoc.com. A minimum of one junior and 

two senior researchers (including the main supervisor) from different disciplines will select final candidates for project-

specific PhD-student and postdoc positions. For mid-career positions, Core Applicants are involved in selection. Besides 

the project-specific positions in the various RTs, the CASC will scout for (new) talent in relevant stress-research to be 

recruited into the SiA programme. To support such ‘open market transfers’ we have allowed for financial flexibility 

(1.5M Euro) in our Talent Programme to recruit newly emerging research talents for mid-career positions. During 

recruitment, we pay close attention to adequate representation of disciplines, gender, ethnic background, and age, as 

we firmly believe in the merits of diversity in academics. The SiA consortium is diverse in its composition with 52% of 

its members being ≤45 years, 52% being female, and 16% being non-Dutch. However, we will place strong emphasis 

on further increasing diversity. We will put young, female and/or non-Dutch scientists in selection committees and as 

mentors of new staff members. As most of the involved institutes have a Chief Diversity Officer, we will actively ask 

their input on identifying, stimulating, creating and facilitating initiatives to stimulate competency-based hiring 

processes with enough attention for diversity when recruiting young or mid-level talents. To stimulate ethnic diversity, 

we will utilize specific funds of participating institutes to attract non-Dutch researchers (e.g. Rosalind Franklin and VU 

talent programme). Retention of academic talents is equally important. We will place strong emphasis on providing 

SiA members with a positive onboarding experience, job satisfaction, perceived fit, and work engagement throughout 

their appointment. Through the SiA Junior Thinktank, we will retrieve regular feedback on this from junior researchers, 

e.g. through routine (online) assessments and discussion at SiA meetings. Also, we will hold exit interviews when 

juniors or mid-careers leave the consortium to learn from their experiences. Stress-in-Action provides ample financial 

opportunities to retain talents: e.g. talented PhD-students can be involved as postdoc during later phases of Stress-in-

Action. Also our Talent Programme can be used to retain specific talents within the consortium.  

 

https://tweelingenregister.vu.nl/information_for_researchers/working-with-ntr-data
http://www.bbmri.nl/
http://www.health-ri.org/
https://www.health-ri.nl/news/generic-policy-access-and-sharing-covid-19-data
https://www.health-ri.nl/news/generic-policy-access-and-sharing-covid-19-data
http://www.findapostdoc.com/
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Talent and career development in all career stages. The SiA structure is set up to offer ample talent development 

opportunities to all members in every stage of career (see Table 5 below and section 3.3 on page 78, for details on mid-

career development). As most SiA Core Applicants and consortium members maintain their active careers for the 

upcoming 10 years and beyond, continuity in high-quality research, training and mentoring is guaranteed. We will 

establish a mentor and peer support system in which all post-doc and mid-career researchers participate. With their 

assigned mentor (not direct supervisor), researchers will annually discuss career challenges and their Personal Career 

Development Plan (PCDP), resembling the EU H2020 Marie Curie-Sklodowska Training Networks, to develop scientific, 

technical, managerial and leadership skills. In defining career goals, specific attention is paid to experienced difficulties 

of women, minorities, and part-timers to proceed to senior levels. With their assigned peer group, researchers share 

and discuss more informally their career choices, challenges and opportunities. Point of attention is not only the career 

path within academia, but also outside academia. Our strong interactions with industry, health care, and policy settings 

may stimulate researchers to develop future careers in these settings, which further increases distribution of the 

knowledge and impact of our programme.  

 Because Stress-in-Action is a highly transdisciplinary programme, the CASC will set up a mandatory exchange 

programme for PhD-students and postdoc researchers. Exposures to other groups within the SiA programme for at 

least two months will broaden young researchers’ scientific view, skills, technical expertise and network. Further 

scientific interaction will be stimulated by creating as much as possible mixed supervisory teams form different SiA 

groups around PhD-student projects. These teams, usually consisting of three mid-career or senior scientists, stimulate 

postdoc/mid-career interaction with junior and senior researchers across SiA groups. Where appropriate, we will 

accommodate cross-group appointments of SiA researchers as a tool to stimulate cohesion and cooperation. Exchange 

will not only be stimulated within academia, but also with industry partners. As can be seen in Table 8 on page 41, 

many SiA consortium members do already collaborate with industry partners. We will not only get industry insights 

through interactions within the Stakeholder and Implementation Forum, but also by placing junior researchers for a 

limited time period in an industry setting whenever feasible and fitting. Finally, exchange will be stimulated at the 

international level as international experience of junior researchers will boost their talents, increase their skills, and 

(thus) improve their scientific resume. As part of the International Exchange Programme, coordinated by the CASC, 

SiA researchers can submit applications to spend time abroad e.g. to learn new skills or utilize specific tools or data. 

 

Table 5: Instruments to stimulate career development and education of SiA researchers 

Level Instrument Mode Monitoring 

Bch/M-level 

student 

Internships 3- to 5-month research projects in SiA’s RTs to gain experience, 

learn new methods and broaden network 

CASC-team 

 

 

 

PhD-student 

SiA curriculum Mandatory courses in essential SiA skills: e.g. ambulatory 

assessment, big data analytics, privacy/law, entrepreneurship 

 

 

 

CASC-team  

Generic PhD-

curriculum 

General research, technical, clinical and transferable skills training 

through existing graduate schools 

PhD-theses Chapter on stakeholder perspective to increase implementation 

Peer group Bi-annual peer group intervision meetings led by mid-career or 

senior researcher 

 

PhD-student 

and Postdoc 

Courses/work 

shops 

Access to relevant courses at universities to improve scientific and 

transferable skills 

 

CASC-team 

Travel awards Competitive pitching of proposals to allow international visit 

Mentor Annual discussion of PCDP and career challenges 

 

Postdoc 

and  

Mid-career 

scientist 

Peer group Bi-annual peer group intervision meetings led by professional  

 

CASC-team and 

Core Applicants 

Tenure track 

programme 

Talented SiA researchers are selected for a tenure track 

programme according to VSNU guidelines 

Career 

development 

(co)Leadership of SiA tasks/research themes 

Annual discussion of PCDP and career challenges  

 

Senior level 

Talent 

development 

Advanced training in grant writing (e.g. ERC)  

Core Applicants  Leading (inter)national transdisciplinary projects 

Leadership and managerial skills courses 

 

Provide interdisciplinary education. The CASC will capitalize on already existing training facilities, courses, graduate 

schools, summer/winter schools available within the participating institutions (see Table 6 for the most relevant ones). 

This importantly contributes to the training of talented researchers, at the Master and PhD-level or beyond. These 
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training programs are certified, have experienced teachers (among which many SiA consortium members) and attract 

students from over the world. We will integrate and yearly update the existing courses into an Educational Menu, 

containing courses/seminars/workshops for all seniority levels. These training programmes offer consortium 

researchers a variety of theoretical and methodological classes. We will specifically develop and/or extend existing 

courses that are central to the core of Stress-in-Action and implement these within a SiA Core Curriculum that is 

mandatory to all junior SiA researchers. Overseen by the CASC, this yearly offered SiA Core Curriculum includes e.g. 

theoretical background of daily-life stress and its context; stress-related diseases; ambulatory assessment of daily-life 

stress; privacy and legal issues with data collection; longitudinal, big data analytics; clinical implementation and 

economic valorisation of research findings (e.g. around personalised feedback on daily-life stress in collaboration with 

the Stakeholder and Implementation Forum). The SiA Core Curriculum will be open for students from all graduate 

programs involved or for other researchers, but with priority for SiA’s own junior and post-doc researchers. An 

embedded, structural SiA Core Curriculum is the best way to make sure that we gather critical mass and momentum 

also after the 10-year SiA programme, as it ensures that investments made now will lead to a sustained leading role of 

Dutch science in the field of daily-life stress research. 

 

Table 6: Research masters, Postgraduate Training Programs, and graduate schools involved in Stress-in-Action 
Research Masters or Postdoctoral Training Programs Graduate Schools 

Courses on grant writing, science communication and research integrity are available 

and mandatory at all Dutch Universities 

- 

Postgraduate EpidM programme (VUmc, VU): courses on training in epidemiology, 

clinical prediction, repeated measurements designs, clinimetrics, causal inference 

Netherlands School of Primary 

Care Research (CaRe) 

PhD and postgraduate courses on data analytics including machine learning (VU) School for Information and 

Knowledge Systems (SIKS)  

Research master Genes in Behavior and Health (VU) with training in (epi)genomics 

and behaviour genetics 

Graduate School Behaviour 

and Movement Sciences 

Research master Behavioural and Social Sciences (RUG): courses on modelling over-

time interactions between persons and variables, lifespan development and 

socialization, and designing interventions 

Kurt Lewin Institute for Social 

Psychology 

Research master Clinical and Psychosocial Epidemiology (UMCG, RUG) with courses 

on topics from problem analysis to intervention design 

Graduate School of Medical 

Sciences  

PhD and postgraduate courses (EMC): joint models for longitudinal data, 

cardiovascular epidemiology, biostatistical methods, gender and health 

Netherlands Institute of Health 

Sciences (NIHES) 

Research masters Human technology relations, Physiologial signals & systems (UT) 

with courses on design for behavior change, health technology, multisensory design & 

human physiology, biostatistics, signal analysis, design of biomedical products 

Twente Graduate School 

Postgraduate courses by 4TU centers Ethics & Technology, Humans & Technology and 

Design United (UT), e.g. on responsible innovation, summer school CuriousU 

Twente Graduate School 

Postgraduate courses data science & longitudinal analyses (UU): programming in R; 

multiple imputation; data analysis & visualization; multilevel analysis; advanced 

Mplus 

Summer School Utrecht 

 

Together with their supervisors, all PhD-students will develop and follow a mandatory education plan using the SiA 

Core Curriculum and elements from the Educational Menu that is described and approved through their PhD-education 

plan or their PCDP, respectively. Transferables (dealing with presentation skills, scientific and/or grant writing, 

management and knowledge transfer) will be stimulated through available courses at all universities and further honed 

during presentations during the annual SiA conference or during bi-monthly within-RT and bi-annual cross-RT 

meetings. Communication to lay audience will be stimulated by the communication officer, who e.g. will work on press 

releases around relevant published papers. The consortium behind the SiA programme spans different research 

disciplines, thereby providing our students and researchers with opportunities to learn from other fields and think 

outside the box. As such, the programme will contribute to the development of a new generation of highly 

multidisciplinary researchers, who can take the lead in the international stress research field over decades to come.  
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2.3 Organisation structure and policy of the consortium; budget (weighting 30%)  

For Stress-in-Action, a project management structure will be established as depicted in Figure 11. This structure is clear, 

simple, and logical relative to the size and complexity of the programme, spanning the strategic, executive, and 

organizational levels. The management structure is designed to allow for: 1) optimal implementation of Stress-in-

Action at the participating institutes; 2) efficient and effective decision making; 3) efficient progress monitoring and 

reporting, and 4) interaction with both external advisors and relevant stakeholders. The management structure 

strengthens collaboration and coherence within the consortium, on top of the already firm interconnections through 

shared data and analytics, joint execution of the research themes (RTs) and the joint support cores (SCs).  

STRATEGIC LEVEL  

Supervisory Board (SB) 

Members: Legal representatives (e.g. deans or other authority) of the participating and matching institutions (VUmc 

(chair), VU, UMCG, RUG, EMC, UT). 

Meetings: Annually 

Main role: Approval of major decisions and of scientific and financial reporting, integration of SiA in institutions 

The SB will guide and support the Executive Committee (EC, see below) facilitating integration of Stress-in-Action within 

the participating institutions and involved faculties. The SB is an independent management body to avoidinterference 

with daily management and decision-making regarding SiA’s scientific direction, which is the responsibility of the EC 

together with RT and SC teams. The SB will monitor the quality and scientific progress of Stress-in-Action and the need 

to make adjustments to the structure, scientific direction, and consortium composition. The SB also evaluates and 

approves (1) changes to the composition of the consortium proposed by the EC, and (2) overall budget allocated to 

activities and partners as proposed by the EC. If conflicts within the consortium arise that cannot be solved by the EC, 

the SB will make final decisions by majority vote. Finally, systematic embedding of SiA programme activities within 

participating institutions will be an ongoing mission of the SB. 

 

Scientific Advisory board (SAB) 

Members: Seven world-class experts with ample experience in building strong research programmes in the fields of 

stress, ambulatory assessments, data analytics, and mental and cardiometabolic health (Table 7); all have confirmed. 

Meetings: Five face-to-face meetings at key time points: At the start (input on initial plan), after 2.5-3 years (evaluate 

Figure 11: Overall project management structure of the Stress-in-Action programme 
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development phase results, advise on cohort enrichment), after 5-6 years (discuss first cohort results, advise on design 

validation studies), after 7.5-8 years (discuss cohort and experimental data), after 9.5 years (advise on dissemination 

and knowledge transfer, discuss future avenues). SAB members are available for ad-hoc in-person consultation as well.  

Main role: Provide strategic advice on the scientific contents, signal key not-to-be-missed developments, and serve as 

linking pins to relevant professional organizations (e.g. Society for Ambulatory Assessment, private (E-health) sector).  

 

Table 7: Composition of Scientific Advisory Board (SAB) 

Name Affiliation Expertise 

Prof. Joshua Smyth (m, Chair) Penn State University, USA Ambulatory Assessment, psychology 

Prof. Peter Kuppens (m) 

 

University of Leuven, Belgium Statistical methodology for ambulatory 

assessments 

Prof. Matthias Mehl (m) University of Texas, USA Ambulatory research methods 

Prof. Vaibhav Narayan (m) Jansen Research & Development, USA Digital health, industry, knowledge transfer 

Prof. Marcella Rietschel (f) 

 

Central Institute of Mental Health, 

Germany 

Ethics, privacy, genetics 

Prof. Johannes Siegrist (m) University of Dusseldorf, Germany Work stress models, stress context 

Prof. Viola Vaccarino (f) Rollins School of Public Health, USA Behavioural medicine in cardiometabolic 

health 

 

Junior Thinktank 

Members: On a 2-yearly rotation basis this committee consists of one junior and one mid-career researcher per site.  

Meetings: Bimonthly. 

Main role: The Junior Thinktank is in charge off: 

a- Building (formal and informal) bridges between junior and mid-career researchers within and outside of SiA  

b- Providing feedback on the overall SiA academic climate in terms of positive onboarding experience, job satisfaction, 

perceived fit, and work engagement (through regular evaluation among all junior researchers) 

c- Providing (un)solicited advice to the Executive Committee with respect to scientific and technological developments 

d- Selecting junior scientists to participate in the CASC, and providing advice to the CASC on education opportunities 

e- Organizing knowledge transfer and dissemination thinktanks and supporting the organization of dissemination 

activities (e.g., hackathons, podcasts or movies, festivals demonstrations, see section 2.4) . 

 

Stakeholder and Implementation Forum (SIF) 

Members: Representatives from major stakeholders (see Table 8) that could benefit from the knowledge and output 

 
Table 8: Envisioned composition of the Stakeholder and Implementation Forum 

Stakeholder Relevance for Stress-in-Action 
Industry: Enterprise active in health care (e.g. Philips) Exploring exploitation of daily-life stress tools & intervention  
Industry: Pharmaceutical with digital health interest (e.g. 
Jansen Research, Takeda) 

Exploring exploitation of daily-life stress tools & intervention 

Industry: Small-Medium Enterprise focused on medical 
device (MSD, Noldus, Ijsfontein) 

Exploring exploitation of daily-life stress tools & intervention 

Industry: Dutch Techcenter for Life Sciences  Optimal alignment with cross-technology life science public-
private research groups 

Tech Transfer Office VU(mc) (Innovation Exchange 
Amsterdam IXA) 

Exploring valorisation of identified tools & treatment targets, 
including IPR and contract support 

Government: Ministry of Health, Welfare and Sports Translation of findings to strategic programs in health sectors 
Government: Rijksinstituut voor Volksgezondheid en 
Milieu (RIVM) 

Translation of findings to preventive measures and guidelines 

Society: Clinical professional organizations (e.g. 
NVvPsychiatrie, Neth Soc of Cardiology) 

Translation of findings to clinical guidelines 

Society: Health insurance company (e.g. Esperia, CZ) Translation of findings to insurance policies 
Society: Organization involved in PGO (personal health 
environment) platform (e.g. HINQ, MedMij) 

Translation of findings in clinical practice  

Society: Patient organizations (e.g. Depression Society, 
Mind, Hartstichting), Pharos (reducing inequality) 

Optimal alignment with needs and wishes of patients with 
respect to translation of SiA findings 

Society: Occupational Health Services (e.g. ArboUnie, 
Human Capital Care (HCC)) 

Translation of findings into practice & guidelines at 
work(place) 
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of the SiA programme and could inform us about latest developments of questions in their company, ministry, or 

organisation. Its composition can be updated during the programme and has 20 members maximum.  

Meetings: Bi-annual meetings in which at least three Executive Committee members and a selection of relevant RT1-3 

researchers who are directly involved in development of daily-life stress tools and interventions. Each stakeholder is 

invited to organise one research site-visit for mixed teams of SiA researchers.  

Main role: Providing guidance on and facilitate dissemination and utilization of derived results, and communicate 

scientific insights obtained. The SIF will actively support the consortium in pursuing opportunities to utilise scientific 

insights in practice settings and strong bi-directional relationships are build. Stakeholders are tasked to organize a 

career-orientation day for the junior and mid-career researchers of Stress-in-Action to show them their non-academic 

environment and hold fruitful discussions about the career paths at their location. 

 

EXECUTIVE LEVEL  

Executive Committee (EC)  

Members: All six Core Applicants with Penninx as chair, de Geus as vice-chair. In addition, two mid-career scientists 

(selected based on 2-year rotating schedule) participate in the Executive Committee in order to stimulate their 

management skills, get input from younger scientists, and guarantee longer-term continuity of experienced leadership.  

Meetings: Bimonthly 

Main role: Scientific direction and management of overall implementation and integration of the research programme. 

The Executive Committee is in charge of: 

a- Overall contractual, ethical, financial and administrative management of the programme. Responsibilities and 

deliverables for RT/SC tasks will be established in detail in a consortium agreement (see below). Deviations will be 

communicated to the Supervisory Board. Decisions will be based on majority vote. The Executive Committee prepares 

the annual report to be communicated to NWO based on RT/SC progress reports. 

b- Oversight of scientific coordination and progress of the entire programme and ensuring that all tasks of the RTs and 

SCs are aligned and completed within the set budget and timelines.  

c- Promote, in collaboration with the Junior Thinktank, a transdisciplinary research environment that ensures 

communication, coherence and cooperation between all members.  

d- Maintain an up-to-date educational programme in cooperation with the CASC, and create opportunities to stimulate 

Young Talents to further develop their careers at all levels. 

e- Close alignment with the Stakeholder and Implementation Forum and interaction with the Scientific Advisory Board 

and the Junior Thinktank. 

f- Initiate the establishment of international collaboration with other stress research consortia and pursue additional 

research funding, e.g. from the Horizon Europe programme of the European Commission. 

 

Support Office  

Members: 

• Project manager (0.8 fte), a non-voting EC member, assists the EC in all managerial and financial coordination. (S)he 

prepares financial reports, agendas and minutes of meetings, organizes (EC, SB, SIF, SAB) meetings, 

coordinatestimely reporting to NWO, and assists the communication officer in internal dissemination.  

● Communication Officer (0.7 fte) stimulates optimal internal communication, e.g. through Slack (fast transparent 

communication), e-mail and/or the private, secure area of the website (www.stress-in-action.nl) accessible only to 

members. For external communication, tasks are maintenance of website and social media outlets, initiating press 

releases and interfacing, and supporting dissemination activities (see section 2.4).  

● Education manager (0.5 fte) supports the CASC with respect to all central training activities employed. 

● Administrative assistant (0.5 fte) assists the support office and Executive Committee with administrative tasks.  

Meetings: Day-to-day 

Main role: Day-to-day support of the Executive Committee 

 

OPERATIONAL LEVEL 

Three Research Themes (RT1-3)  

Members: All researchers and research assistants involved in the conduct of that RT. Each RT is led by two Core 

Applicants at the start, but this is adaptable during the 10-year period: a Core Applicant could be replaced by another 

mid-career or senior researcher selected on scientific merits and ability for visionary thinking in science. RT leaders are 

http://www.stress-in-action.nl/
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instrumental in implementing the RT tasks, fulfilment of the scientific objectives, and generally guard the scientific 

excellence of the RT. They communicate directly with the larger group of RT members. Deviations or conflicts will be 

resolved in discussion with the EC. 

Meetings: Bimonthly within RTs, but there will also be two annual meetings across RTs, one hosted as a satellite to the 

annual SiA conference, where progress and cross-RT collaboration are discussed.  

Main role: Management of the scientific quality and contents of the Research Theme.  

 

Three Support Cores (DISC, DASC, CASC) 

Members: All (junior to senior) researchers and non-research support staff involved in the conduct of that SC, led by 

senior researchers with relevant expertise. SC leaders are instrumental in providing structural and long-lasting support 

to the SiA consortium, and directly supervise the larger group of SC members.  

Meetings: Bimonthly  

Main roles: DASC ensures big data analytics support and innovation for the execution of the SiA programme; DISC 

establishes the central data infrastructure facilities to support the SiA programme; and CASC provides central 

facilitating mentoring and training activities. 

 

Internal dissemination, will be achieved by the communication officer and project manager, under supervision of the 

EC, through various communication channels including: 1) central scheduling and logistics of the bi-monthly RT and SC 

meetings, 2) bi-annual meetings across RTs and SCs, including the integrative meetings at the end of phase 1 and 2, 3) 

our training programmes for junior researchers, 4) circulars distributed by the EC, 5) annual SiA conferences, and 6) 

postings on our website (www.stress-in-action.nl) which will facilitate communication and knowledge transfer. There 

will be a private and secure area where consortium members can store their reports, minutes, documents and other 

deliverables. This area will be accessible for all consortium members and will act as a support tool. The public website 

area or our social media channels will be accessible for everyone and contains non-confidential results and news.  

 

Policies on scientific integrity, ethics and open science. Policies will be adapted to guarantee we fulfil all recent 

guidelines for proper research conduct, which will be described in the Consortium Agreement and are derived from 

the existing policies of the participating institutes. All involved investigators will be responsible for ensuring that 

research and innovation activities are compliant with these policies, however, the Executive Committee will be 

responsible for monitoring and reporting on these policies. For scientific integrity, specific attention will be on high-

quality science, in terms of the way science is conducted (e.g. appropriate statistical methods, pre-registered analysis 

plans) and the potential impact of analyses and experiments, to not waste resources. All research and experiments 

carried out will be conducted in accordance with ethical principles at national, EU and international legislation. 

Research will only be carried out after obtaining ethical approval. Legislation (in addition to data protection and privacy 

legislation) to be followed includes the Nagoya protocol on access and benefits sharing, the Declaration of Helsinki, 

with respect to any human medical experimentation, the Declaration on Ethical Considerations regarding health 

databases (2002). Stress-in-Action will implement a scientific publication strategy, which will facilitate open access and 

scientific interaction within and beyond the consortium (more on Open Access publishing in section 2.4).  

 

Organizational structure will be supported through a Consortium Agreement. The SiA collaboration will be formalized 

through a consortium agreement as we have utilized for many of our large-scale multi-site projects (NESDA, Lifelines 

etc). With formal support from our legal departments, this agreement will function as the central document stating 

the rights and obligations of all beneficiaries related to the following issues: 

● Tasks and responsibilities per partner as outlined in the Stress-in-Action proposal 

● Timelines, deliverables and milestones for all tasks of the Research Themes and Support Cores 

● Mechanisms for monitoring progress/making adjustments to the Research Themes and Support Cores tasks 

● Budget distribution (based on task division) and rules for amendment (see section 4, page 81 for Budget plan) 

● Regulation of data accessibility to consortium and external researchers, esp. ethics and privacy protection 

● Dissemination of project results and data including procedures on co-authoring in scientific journals 

● Procedure for protection of results including an Intellectual Property Right (IPR) clause 

● Long-term sustainability of Stress-in-Action beyond the duration of the Gravitation programme.  

● Procedure for conflict resolution and dealing with risks (see also risk management and mitigating actions below) 

http://www.stress-in-action.nl/


                                                                                                                 44 

 

Risk mitigation within Stress-in-Action. A programme duration of ten years is extensive and could involve future 

challenges to the SiA plan. For instance, although all SiA researchers had active, strong commitment so far, we could 

be faced with changes that impact on our consortium composition. There could also be changes in legislation or 

scientific developments that require action. Table 9 gives a global contingency plan to address potential challenges.  

 

Table 9: Risk management and mitigation actions for Stress-in-Action 

Risks Likelihood Contingency plan / Mitigating actions 

Risks regarding Stress-in-Action research 

Feasibility constraints 

(affecting attrition & 

recruitment) reduce 

study quality  

Middle We have a long developmental phase (first three years) focused on testing 

feasibility; there will be constant consultation with end-users and stakeholders 

(through RT2 and SIF); large-scale research infrastructures are in place to 

support recruitment of sufficient participants. 

Ethical standards or 

privacy laws change 

Low We are supported by dedicated privacy (GDPR) officers of our universities; 

Researchers in RT2 and DISC will closely monitor (new) ethical/law regulations. 

SiA members work in 

academic isolation, 

technology push is 

partly outside academia 

Middle Development of stress assessment toolkit is construed as a learning digital 

health system. Field testing and design of new interventions will be set up in co-

creation with private/public partners that develop this technology, regulators, 

patients, clinical partners, all anchored in the SIF. 

Results by external 

groups influence the 

course of SiA: e.g. parts 

of work is redundant or 

needs adaption  

Low Consortium members are at the forefront of their fields and aware of other 

work. In case this happens, the EC will discuss with RT/SC teams appropriate 

course of action and how plans need to be adapted accordingly following 

agreed procedures in the consortium agreement, building upon these new 

results and looking for synergy with external groups where possible. 

New scientific 

developments require 

additional expertise 

Middle Through our Talent Programme we have funding for embedding staff. Not all 

staff is appointed immediately, so during 10 years new job openings emerge 

through which we can attract essential expertise. 

High inter-individual 

heterogeneity makes 

comprehensive theory 

formation difficult 

Middle We can partly solve this by focusing on moderation in the large data sets at 

hand (e.g. in Tasks 1.4, 3.4, 3.5). If moderation effects insufficiently account for 

heterogeneity, we use alternative methods: individual time series in the 

multidimensional stress response in existing and newly enriched large datasets. 

Difficulty developing 

specific ambulatory 

monitoring tools 

Low Our consortium has extensive experience with developing ambulatory tools for 

tracking individuals. Our SAB and SIF will also support in keeping us at the front 

of the wave of novel (technological) solutions in the e-Health/m-Health arena.  

Difficulty developing 

ambulatory feedback  

Low This is unlikely as we are experienced with personalized feedback on 

ambulatory assessments in e.g. the HowNutsAreTheDutch project 

(www.hoegekis.nl), the ‘leefplezier’ project (www.leefplezierapp.nl) and the 

smart textile project detecting stressful bodily positions (van Rees et al., 2018). 

So, expertise and technology is in house, and expertise in SAB and Stakeholder 

and Implementation Forum will further support novel solutions. 

Limited performance of 

(disease) prediction 

models 

Middle Disease prediction performance using complex dynamics of daily-life stress 

measures may turn out low. Although informative for our stress theory, this 

would prohibit inclusion of such measures in e.g. clinical guidelines. Yet, it is 

unlikely that none of our daily-life stress measures are predictive. Even if simple 

weekly means work best, these could have high clinical implementation value.  

Strategic risks regarding the Stress-in-Action consortium composition and integrity 

Support of universities 

wavers 

Low Financial and contents support from universities will be embedded in the 

Consortium Agreement; Deans are in SB guaranteeing continued involvement. 

Core Applicants or 

established scientists 

leave consortium 

Middle All Research Themes and Support Cores are co-led which guarantees continuity; 

other mid-career/senior researchers will take over positions; replacements will 

be discussed in EC. 

Poor task compliance or 

conflicts within 

consortium 

Low Clear task/deliverable description within consortium agreement as derived from 

the tasks and deliverables; conflicts at RT/SC level will be solved by the EC. If 

conflicts are not solvable at the EC level, the SB makes binding decisions. 

http://www.hoegekis.nl/
http://www.leefplezierapp.nl/
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2.4 Knowledge use and transfer (weighting 10%) 

Stress is on the rise in our increasingly complex and competitive society. Its negative impact on health is indisputable, 

and we have made it a major focus of our SiA programme. In addition, stress also has substantial societal costs in the 

non-diseased: it is a main threat to wellbeing and creativity of our citizens and the productivity of our work force. 

Successful stress management would not just protect health and well-being at the level of the individual, but also 

reduce health care burden and economic costs of stress. To sustainably increase stress resilience, a thorough 

understanding is needed of the factors that govern stress responses in daily life and the processes of wear and tear 

that build up by repeated and prolonged stress exposure. Developing this knowledge is a high-priority societal need. 

By generating the intended scientific capital (Table 10), Stress-in-Action is directly responsive to this societal need. It 

provides a deeper understanding of daily-life stress, supported by the required tools and models to assess daily-life 

stress on an individual level. This yields personalised interventions to reduce stress exposure and detrimental stress 

responses. Hence, all prerequisites are in place to swiftly transfer SiA knowledge, with broad utilisation of SiA tools and 

interventions by health care providers, by public health policy makers in charge of prevention, and by citizens as 

managers of their own health. Even a modest success in intervention on daily-life stress will significantly contribute to 

reduced disease burden and costs of two prevalent conditions (stress-related mental and cardiometabolic disorders).  

 

Table 10: Strategic, theoretical, and instrumental output that Stress-in-Action will yield over its 10-year time line 

  

As argued repeatedly we view ambulatory methodology as the future gold standard for assessing the wear and tear 

caused by daily-life stress. A first important SiA outcome is a next generation of researchers with a unique set of skills 

and competencies in handling the rapid technological development and innovation in self-monitoring. These future 

researchers will be able to tackle the major societal challenges arising from stress within both the academic and non-

academic sectors. A second SiA outcome is a powerful knowledge base from which stress-monitoring and personalised 

stress-intervention tools can be build. Note that this differs from the current state-of-the-art where health apps are 

flooding the market without theory or solid empirical evidence to support their use. The third and fourth outcomes 

are the exploits of novel SiA knowledge in the form of concrete personalised stress measurement based on daily-life 

ambulatory assessments and validated (feedback-based) stress reducing interventions. Such knowledge utilization is 

integral part of phase 3 with its emphasis on empirical validation of the theoretical models for daily-life stress. 

 The rigour of our validation will pave the way for successful translation to the clinic and for economic knowledge 

valorisation. Clinical implementation should be geared towards improving the monitoring of stress levels of a given 

patient over longer periods of time in naturalistic settings to examine the impact of the - potentially mutually 

reinforcing – emotional, cognitive, physiological, and behavioural stress responses in daily life on mental and 

Strategic output 

1 A collaborative, multidisciplinary, lasting consortium that boosts Dutch daily-life stress research and researchers 
towards higher levels and puts them at the forefront of science  

2 Enrichment of Dutch cohorts with novel and ecologically valid daily-life stress data to be utilized for future research 
well beyond the duration of the SiA programme 

3 A top-notch privacy-compliant infrastructure for the collection, integration, and exchange of smartphone- and 
wearable device-based data 

Theoretical output 
4 Detailed understanding of the aetiology of the daily-life stress response, i.e. the dynamic interaction between daily-

life contextual events and the emotional, cognitive, physiological, and behavioural responses to these 

5 Evidence-based characterization of the mechanisms by which daily-life stress responses impact on onset and course 
of mental and cardiometabolic disease  

6 Personalized risk detection by mapping the moderating effect of evoking/buffering environmental factors and person-
specific vulnerability/resilience factors on the dynamic pattern of daily-life stress 

Instrumental output 

7 Set of reliable and valid measures from user-acceptable tools to be utilized - by us and others - to assess daily-life 
stress in full, i.e. (a) the daily-life contextual factors that evoke or reduce stress response, and (b) the dynamic 
interaction of emotional, cognitive, physiological, and behavioural responses). This empowers the evaluation of 
interventions aimed at reducing stress, or stress-related mental and cardiometabolic disease.  

8 Novel, validated big data analytic techniques to capture the temporal dynamics in ambulatory, longitudinal within-
person daily-life stress data and for personalised prediction of the impact of stress on health 

9 Strategies and designs for just-in-the-time adaptive intervention based on a person’s daily-life stress responses with 
interfaces that are value-sensitive, user-friendly to implement, and validated by intended users as empowering them 
to adapt their stress exposure or reduce their stress responses  
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cardiometabolic health. This can provide practical guidance as to when such stress levels should be considered so 

maladaptive that they require intervention. Furthermore, the personalised stress measurements that we envision to 

deliver will contain elements that can be directly used to provide meaningful feedback to patients in mental or 

cardiovascular care (and likely beyond these groups). The SiA consortium includes physicians who are key contributors 

to clinical guidelines for mental disorders (Vinkers), obesity (van Rossum), and cardiovascular disease (Kavousi). It 

further contains public and occupational health scientists that regularly advice on prevention policies (de Geus) or are 

asked to help organisations reduce (at-work) productivity loss through work stress (Bültmann).  

 We see ample opportunities for the transfer of SiA knowledge into marketable products and innovative business. 

Clearly, Stress-in-Action is primarily science driven. While not excluding this avenue, it does not seek to ‘develop an 

app’ or ‘build a device’ that is market-ready. Instead, the goal is to provide the optimal strategies and parameters as 

input specifications to qualified parties who can then develop such products on a very strong knowledge base on daily-

life stress monitoring and personalised interventions. For instance, the predictive models and data underlying these 

models will be made available after the programme to our entrepreneurial partners seeking to create marketable 

assessment tools. For this, we will use intersectoral collaborations with pioneering SMEs backed up by interest from 

larger industries with experience in developing these types of applications and devices in healthcare and personal 

health solutions. The strong stakeholder involvement throughout the SiA programme is a powerful asset for this as it 

will enable rapid uptake of results. Private-public partnership initiatives can be a backbone of SiA knowledge transfer, 

and rotations with non-academic placements and workshops on entrepreneurial skills will be obligatory in SiA training. 

Table 11 shows the many collaborations we already have with diverse stakeholders, including commercial industries. 

 

Table 11: Current experience of ongoing stakeholder collaborations within the SiA Consortium 

Type of stakeholder Examples of organisations partnered with SiA members 

Small-Medium Enterprises (SME) Mindstrong, the Hyve, P1vital products LTD, Software AG, Lygature, Software-AG, 

Minddistrict, MPlus, Researchable, Ijsfontein, Niceday, MSD, Noldus, Elitac, Bulsink 

Industrial partners Philips VitalHealth, Lundbeck, Takeda, Jansen Pharmaceutica, Boehringer Ingelheim, 

Biogen, Roche Diagnostics, Sciex, Thales, Danone Nutricia, DSM 

Non-governmental organisations Health insurance companies Espria and CZ, Pharos (reducing inequalities) 

Governmental organisations Ministry of Health, Welfare and Sports (e.g. National Prevention Agreement), 

Ministry of Justice and Security (e.g. Wearables in Practice) 

Patient organizations Depression Society, Mind, ADF-Foundation (anxiety), Diabetes Society Netherlands, 

Neth. Heartfoundation, National Sports Federation (NOC-NSF) 

Health service organizations Occupational health service ArboUnie, Mental health care organizations Arkin, 

GGZinGeest, HSK, IPPGZ, Dimence Groep, GGnet 

Professional organizations Netherlands Society of Psychiatry (NVvP), Netherlands primary care society (NHG), 

Netherlands Endocrinology Society 

 

Throughout the programme, the Executive Committee will monitor whether results arise that may qualify for 

Intellectual Property Rights (IPR) protection. Policies around IPR arising from our data will be set in the Consortium 

Agreement. New IPR arising will be (collectively) owned by the partners developing the IP pro rata their contribution 

to the development, unless otherwise agreed. The necessary steps will be taken to protect such results accordingly, 

e.g. through patenting, in close collaboration with the technology transfer offices (TTOs) of the participating 

Universities. TTOs will specifically invest in the support of SiA mid-career staff to help them develop business plans for 

consortium-driven start-ups and to help them attract additional funds (public/private investments, impact-oriented 

research grants) for commercializing unobtrusive monitoring and automated health support systems for individuals 

and clinical populations. Public/private collaborations could entail fundamental and industrial research up to 

technological readiness level 6 (TRL1-6) in the innovation chain, validating fully fletched products in a relevant 

environment, or offering licensing agreements to facilitate companies to make use of the SiA results. Health Holland 

(www.health-holland.com) offers an excellent national funding scheme to support such public-private research.  

 

Stakeholder involvement - Successful translation of SiA knowledge requires the development of effective, acceptable 

and widely implementable strategies to modify behaviour and/or context guided by personalised stress response 

feedback. Such strategies cannot be developed and implemented effectively if we do not recruit citizens themselves 

to be active research participants. Stress monitoring with wearable sensor technology and self-monitoring apps lends 

http://www.health-holland.com/
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itself very well to active participation by citizens. Rapid proliferation of public tools and platforms to monitor health 

behaviour shows there is great public interest in self-monitoring and sharing data in social networks. Citizen scientists 

have already helped researchers to produce valuable data on stress responses (Chrisinger and King, 2018) and health 

behaviours (Althoff et al., 2017) and meaningful and comprehensible feedback is key to the most successful consumer 

products. Human-centred research and participatory design methods empower citizens to take ownership in shaping 

their own health. Motivation to a large extent depends on the user’s needs, how the product helps to meet them, and 

on incentive structures. Stress-in-Action is therefore executed in continuous interaction with its end-users, as e.g. 

clearly illustrated in the various Responsible Design approaches in RT2 (Tasks 2.1, 2.2, 2.6). This will yield a SiA daily-

life stress assessment toolkit that is developed together with end-users with a wide range of educational level and age, 

health status as well as health and digital literacy. Through direct co-creation with end-users we ensure that features 

and interface for building stress monitoring and intervention will be understandable, informative, and attractive. 

 As described above, the Stakeholder and Implementation Forum (SIF) helps to ascertain that the programme is 

aligned with stakeholder’s interests, while respecting ethical, legal and social aspects. Bi-annual SIF meetings will be 

held to understand stakeholder values, needs and expectations. Together with both the SIF and the Junior Thinktank, 

we will develop novel strategies to engage (industry) partners in the field of ambulatory (stress) assessments. We plan 

to organize hackathons with scientists, programmers and industrial partners to stimulate creation of novel designs, 

interfaces, or software. For challenging analytical questions, we will explore the use of Kaggle, where you can upload 

an (encrypted) dataset and start a competition among data scientists to e.g. develop the best performing machine 

learning model. We will demonstrate prototypes of wearable technology from the toolbox at e.g. the Dutch Design 

Week, the 4TU Mind the Step exhibition, and the Design research and innovation festival DRIVE, which all generally 

reach over 10-30K people and many SMEs and larger industries. 

  

Dissemination - A prerequisite for maximal knowledge use and transfer is widespread dissemination of the SiA derived 

knowledge, measures, tools, and intervention strategies. To accelerate the transfer of knowledge from the programme 

we adhere to the principles of open science in several ways. All publications will be directly accessible via open access 

at the moment of publication. In case of empirical studies, the design, a priori power analyses, analytical approach, 

and hypotheses will be preregistered in the Open Science Framework. In line with Dutch NWO regulation of immediate 

open access of research output from 2020 onwards, budget is set aside to allow SiA researchers to publish through the 

“gold” model with respect for rights of authorship by agreement with publishers. Papers will be archived, actively 

disseminated during the programme, permanently archived and publicly accessible thereafter via our website. Also, 

all (e.g. analytical or technological) software developed will be made publicly available as open source (under the MIT 

License), mostly through GitHub or similar repositories. At the end of the programme potential algorithms for early-

life stress response monitoring that have been developed, will be released. This means that our partners (and other 

organizations) can use these algorithms, and adapt them to their future needs after the programme as well. 

 All consortium members will engage in the (inter)national dissemination of results. This will be actively supported 

by a Communication Officer fully committed to actively spread information about the objectives, approach, and results 

of our research to the broader scientific community and to the general public thereby raising interest in, understanding 

of, and support for our science goals and results in general. A detailed strategy for external dissemination will be 

developed by the Communication Officer which includes e.g. 1) coordinating the maintenance of our interactive 

website (www.stress-in-action.nl) and social media outlets, 2) initiating press releases and press interfacing, 3) bi-

annual informative leaflets and brochures, 4) organizing lay public meetings (e.g. Studium Generale lectures or 

debates) or patient information days, 5) writing reports, articles and/or books for the lay public on SiA topics, 6) 

producing podcasts and Youtube movies about SiA’s aim and findings, and 7) demonstrating SiA tools and e.g. 

showcase experiments to the bigger public at festivals (e.g. Lowlands, Zwarte Cross, NEMO Science night). 

Dissemination of knowledge will be facilitated by our existing connections to (inter)national media. Many consortium 

members are already frequently asked to translate scientific data to society by means of popular media (TV, radio, 

newspapers, magazines, social media (Twitter), webinars), enabling us to efficiently inform the public about important 

breakthroughs. Of relevance, Core Applicant van Rossum contributed to the National Prevention Agreement of the 

Ministry of Health as chair of the Partnership Overweight Netherlands. This Prevention Agreement has been signed by 

over 30 professional and patient organizations and is currently being further developed since the COVID-19 pandemic 

also showe, that e.g. stress and overweight are important topics to tackle at a population level. This example illustrates 

that information from our SiA programme is highly societally relevant and can be directly implemented in health care 

and other societal policies.  

file:///C:/Users/Brenda/Downloads/www.stress-in-action.nl
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2.5 Connection to the National Science Agenda (NWA) 

National Strategic Importance: Connection to NWA (National Science Agenda) routes 

Stress-in-Action strongly aligns with key priorities in 6 out of the 25 formally identified routes in the Dutch National 

Science Agenda (www.wetenschapsagenda.nl). Moreover, the novel tools, techniques, and generated data in Stress-

in-Action can be extended to a wider range of scientific fields. 

1. ‘Health care research, sickness prevention and treatment’ route: This route emphasizes that prevention and 

treatment of health problems deserves much more systematic research attention in which e.g. 1) the context of 

individuals is taken into account, 2) there is attention for individual variation, and 3) the promises of eHealth 

technology are applied. To all these aspects we will strongly contribute knowledge. By developing and enabling key 

enabling methods, we will directly test whether daily-life stress responses predict subsequent health decline in general 

and at-risk populations, and test person-specific effectiveness of interventions aiming at reducing daily-life stress and 

its health impact. 

2. ‘NeurolabNL’ route: This route, in which several SiA members (de Geus, Bartels, Vinkers) actively participate, 

emphasizes the importance of cognition and behaviour with a strong focus on stress. We will assess and evaluate 

individual behaviours using ambulatory assessments thereby stimulating our knowledge-base on contextual factors 

that determine cognitive appraisals and behaviours and their impact on health. The route explicitly calls for establishing 

a personal stress profile (‘passport’) and research to examine whether impacting on this is feasible and effective. 

3. ‘Personalised Medicine’ route: This route focuses on research into personalised approaches in caring for at-risk or 

diseased populations. It emphasizes the relevance of deep phenotyping involving e.g. (epi)genomics thereby utilizing 

the rich cohort infrastructure existing in the Netherlands, and applying innovative non-invasive technology and big 

data analytics. Explicitly mentioned targets are the immune system, stress and lifestyle. We unify all these themes in 

idiographic analytical and interventional approaches, thereby clearly being a key example of a project examining the 

relevance of personalised medicine, in our case to tackle daily-life stress.  

4. ‘Road to Resilient Societies’ route: Although this route mainly focusses on creating resilience at the society-level, it 

also points towards the relevance of examining the impact of work relationships, social networks and nets and how 

these contribute to or reduce pressure on societies. For this, it will be necessary to examine crucial dynamics that take 

place at the citizen-level. Stress-in-Action will provide such insights that can be translated into policy or political 

innovation at societal levels in order to not just create stress-resilient citizens but even stress-resilient societies.  

5. ‘Value creation by accountable access and utilization of big data’ route: This route focuses on how to best collect, 

store, and utilize in an adequate, accountable, and ethically justifiable manner the explosion of available ‘big data’ in 

society. By combining multi-layers of genome-wide -omics and repeated ambulatory stress context and response data, 

we build big data resources at the individual level. Stress-in-Action will create the adequate infrastructure for 

accountable access and utilization of these big data and will examine together with e.g. citizens and health care 

providers how daily-life stress data can result in value creation resulting in better quality of life and health.  

6. ‘Measurement and detection: everything, always, everywhere’ route: This route’s research priorities focus on 

interpretation, communication and perception of measurement results. It asks for scientific approaches to detect how 

changes in measurements can be better identified to allow for timely signalling of situations that require preventive or 

pro-active actions. Stress-in-Action will apply ambulatory assessments in which dynamic stress response patterns over 

time – and sudden, rapid changes therein - will be monitored, examined, and intervened on. 

  

Our SiA programme specifically responds to several underlying NWA questions such as: What are the consequences of 

stress, and what is the best way to deal with them? [Q076], How do a healthy lifestyle and wholesome habits promote 

good health and prevent illness? [Q072], How do neurological, psychiatric and psychological disorders develop and 

how can these be prevented, relieved or cured? [Q82], How can we understand and prevent the problems of obesity? 

[84], How can we – at an individual level – predict, prevent and treat cardiovascular disorders? [Q88], How can the 

healthcare sector focus better on the uniqueness of the individual by using, amongst others, biomarkers? [Q95}, and 

How can big data and technological innovation contribute to health care? [Q105].  

 

Connection to specific NWA-funded or other large-scale funded Dutch projects 

The Dutch NWA-programme has funded its first projects. Therefore, it is not only possible to align with NWA’s routes, 

but to also actively seek collaboration with relevant first projects funded through the NWA-programme. One relevant 

project is the E-health Junior project (www.eHealthjunior.nl), led by SiA member Hillegers (and with involvement of 

SiA member Hamaker). This project tests and validate E-health tools in children with chronic diseases. We will actively 

http://www.wetenschapsagenda.nl/
http://www.ehealthjunior.nl/
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collaborate in shared goals, such as development of technological and data-analytic tools, and stakeholder’s (e.g. 

industry, participants) experiences with ambulatory assessments. We will also actively collaborate with other 

programmes funded through the Gravitation grant scheme. With the ‘Brainscapes’ programme (PI Posthuma, Vrije 

University) we will collaborate on implementation of their latest genome-wide genetics findings that we can then 

utilize when creating polygenic risk scores for analyses in e.g. RT1, Task 1.4, and RT3, Task 3.3). With the Maastricht 

gravitation programme (PI Jansen, University Maastricht), we will collaborate on their mathematical models and results 

that explore relevant subdimensions of mental health that go beyond disorder classifications alone. This is 

relevantwhen we analyse the impact on mental health in RT3, Task 3.1 and 3.2. With the Exposome-NL programme (PI 

Vermeulen, UMC Utrecht) we will discuss and collaborate on newest developments and techniques in ‘omics’ 

assessment which they develop - relevant for RT3 Task 3.4. Through Van Riemsdijk’s involvement we will collaborate 

with the 'Hybrid Intelligence’ programme (PI Van Harmelen, Vrije Universiteit) and 'Ethics of Socially Disruptive 

Technologies' (PI Brey, Universiteit Twente), specifically on the responsible design of intelligent human-machine 

collaboration relevant for RT2, Task 2.1 and 2.6. 

 

Connection to other strategic agenda’s 

The Stress-in-Action programme also fits well with the related, comprehensive Dutch Knowledge Agenda on 

Prevention (March 2018), for which SiA’s PI Penninx was the vice-chair. This knowledge agenda emphasizes that 

prevention of health problems deserves much more systematic research attention. For example by advancing research 

methodologies to evaluate trans-diagnostic and personalized eHealth tools and improving the implementation of 

effective prevention strategies within larger, vulnerable groups. This is at the heart of our programme. Our consortium 

(with Core Applicant van Rossum as chair) is also actively involved in the Dutch Prevention Agreement with the 

Ministry of Welfare and 20+ societal organizations striving for more policies for prevention of healthy lifestyle and 

disease prevention. 

 Moreover, our programme is at the heart of mission III of the Dutch Knowledge Innovation Agenda Health & Care 

2020-2023 (October 2019) by preventing psychological problems of people and contributing to the successful 

participation in society with the help of novel developments in data analyses and technology. The programme also 

contributes to the Key Enabling Methodologies agenda, adopted by the Topsector LSH, specifically in the categories 

Participation and co-creation, and Behaviour and empowerment. Sustained use of interventions, personalization, and 

responsible development of measurement tools are important challenges where our programme will contribute. The 

focus and enriched large-scale data infrastructure of Stress-in-Action also fits other strategic agenda’s: the Dutch NFU 

(National Federation of UMCs) priority ‘big data for life sciences’, the knowledge agenda of the Dutch Society of 

Psychiatry (NVvP, www.topggz.nl), and that of the Depression Society (www.depressievereniging.nl). These all 

emphasize personalized prevention and treatment strategies. Our research will also be well connected to ongoing 

work in large research infrastructures for the social and life sciences, including ODISSEI (http://www.odissei-

data.nl/en), ELIXER (www.elixir-europe.org), Health RI (www.health-ri.org), and BBMRI-NL (www.bbmri.nl).  

 Finally, Stress-in-Action fits under the umbrella of Stress-NL (stress-nl.nl), co-founded by two SiA consortium 

members (van Rossum, Vinkers), which yields an outlet for our research as well. 

 

Beyond the Netherlands 

Also outside of the Netherlands, the Stress-in-Action theme fits well with the goals of European framework 

programmes.Apart from continued emphasis on societal and economic impact, the new Horizon Europe programme 

puts strong emphasis on prevention and personalised medicine initiatives and creating resilient citizens, core features 

of our programme. So, Stress-in-Action also aligns with European framework programmes, which provide high 

potential to further extend and embed our research programme within Europe.  

 

http://www.topggz.nl/
http://www.depressievereniging.nl/
https://webmail.vumc.nl/OWA/redir.aspx?C=TVAecA-xdsRyvOG7I6zgQss_AkKA1yMvxuvXz2hnghBwtJy_TRrWCA..&URL=http%3a%2f%2fwww.odissei-data.nl%2fen
https://webmail.vumc.nl/OWA/redir.aspx?C=TVAecA-xdsRyvOG7I6zgQss_AkKA1yMvxuvXz2hnghBwtJy_TRrWCA..&URL=http%3a%2f%2fwww.odissei-data.nl%2fen
file:///C:/Users/Brenda/Downloads/www.elixir-europe.org
file:///C:/Users/Brenda/Downloads/www.health-ri.org
http://www.bbmri.nl/
https://stress-nl.nl/
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2.7 Data management section  

 

1. Will data be collected or generated that are suitable for reuse? 

Yes, throughout the Stress-in-Action programme there will be new data collection of ambulatory daily-life stress 

context and responses in validation lab experiments, in longitudinally enriched large-scale cohorts, and in proof-of-

concept intervention studies. These are broadly valuable for researchers within and outside our SiA Consortium.  

 

2. Where will the data be stored during the research?  

Data are stored on secured servers within the ICT research infrastructure of the VU(mc). Storage of data within VU(mc) 

complies to the national (privacy) guidelines and are in line with NWO and ZonMw regulations. For intensive 

computation and (international) file exchange, temporary storage will take place at the national SURFsara facilities. 

Briefly, person and administrative data are kept at each site on separate and non-internet connected computers, 

whereas bulk data are kept in databases accessible through a network connection, linkable only through 

pseudonymized IDs. Remote access procedures for data exchange among SiA researchers and with central storage 

facilities will be specified in a Data Management Plan that details how all relevant data research data will be made 

Findable, Accessible, Interoperable and Reusable (FAIR). In keeping with NWO procedures, this will be drawn up by the 

DISC, and iteratively adapted, after funding has been awarded. 

 

3. After the project has been completed, how will the data be stored for the long-term and made available for the 

use by third parties? To whom will the data be accessible? 

The default value for data dissemination within Stress-in-Action will be open access. However, for specific 

circumstances and sub-studies the collection and integration of large amounts of personal and diagnostic (health) 

information is not compatible with the creation of a database with complete open access according to the EU-privacy 

regulation of 25 May 2018. Two strategies have been successfully used by SiA researchers who have years of 

experience in sharing such sensitive personal data for research within psychiatric GWAS consortia (e.g. pgc.unc.edu) 

and the cardiometabolic GWAS consortia (e.g. www.chargeconsortium.com). First, a controlled data-access procedure 

can be used to provide access to pseudonymized data to bona fide researchers who sign appropriate Data Transfer 

Agreements specifying the exclusive data use for Informed Consent compatible research questions. Second, higher-

order summary statistics or descriptive tables can be generated from raw data. Higher-order data e.g. include 

parameter estimates from transfer functions between stress components and can be very useful in (meta) analysis by 

third party researchers, whereas they cannot be traced back to a single person. 

 Stress-in-Action will establish and operate a new platform and website that allows third parties (regulated) access 

to these data sets for research purposes. The FAIR principles will be implemented for access to these data sets. 

Dissemination of the bulk data to other (inter)national research groups will be fine-tuned in close collaboration with 

DANS (NWO’s Data Archiving and Networked Service) and the national Health-RI initiative. 

 Finally, upon request by journals, Stress-in-Action will store paper-specific data (raw, aggregated or a combination 

thereof) on data servers of these journals. Note that Stress-in-Action highly values its open access publication policy. 

 

4. Which facilities (ICT, (secure) archive, refrigerators or legal expertise) do you expect will be needed for the 

storage of data during the research and after the research? Are these available? 

ICT, data storage on secure servers (including privacy, access and backup regulations) are needed and available to the 

DISC leadership as part of the VU and VUmc’s research infrastructure, and e.g. through the national High Performance 

Computing facilities at SURFsara (which we already use intensely). For biomaterials the regulated services of the VUmc, 

EMC, and UMCG biobanks are available to SiA researchers. For dissemination of biomaterials, a SiA procedure will be 

drawn up that recognizes the current (legal) procedures and protocols already in place within these UMC biobanks, 

and already strongly unified through the Netherlands Foundation of UMCs (NFU). 

  

https://pgc.unc.edu/
http://www.chargeconsortium.com/
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2.8 Other relevant information  

This section provides research examples of SiA consortium members performing prolonged ambulatory assessment 

using Ecological Momentary Assessment, passive sensing, or physiological recording from user-friendly wearables. 

 

 

 

 

  

Figure 12. Visualisation example of Ecological Momentary Assessment. Lines in the upper part represent negative and positive 
affect reports of an anxiety disorder patient throughout a year. Circle plots zoom in on a specific week when there was a stressor 
(unpleasant event) on Saturday after which the person relapsed into an anxiety episode (Bringmann L et al. Qual Life Res 2021) 

Figure 13: Prediction of psychological craving from physiological data in an individual trying to recover from alcohol addiction. 
Red lines represent stressful craving moments, red dots are corresponding mean heart rate (HR) values. Red dots above the 
mean line are True Positives, where higher stress-related arousal (e.g. HR) identified more craving (van Lier et al.,2017). 
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Figure 14: Passive sensing Illustration of behavioural changes during the COVID-19 pandemic (RADAR-MDD, 316 subjects). a) 
homestay duration, b) max. distance from home, c) Fitbit step count, d) max. nr of nearby devices, e) sleep duration, f) bedtime, 
g) heart rate, h) unlock duration, i) social app duration. Median (line) and 25th-75th p (shade) (Sun et al. J Med Intern Res 2020)  

Figure 15: Visual illustrations of ambulatory assessment 
and feedback tools designed and implemented within our 
consortium for the Grow-it study.  

Figure 16: Visual illustration of Sense-IT smartwatch  
providing heart rate based biocueing. Circles provide 
simple, neutral and personalised (visual + haptic) feedback 
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3. Researchers 

3.1 Information on principal investigators (PIs) 

Coordinating researcher / PI 
 

Title(s) Professor of Psychiatry and Epidemiology 

First name Brenda 

Initials W.J.H. 

Surname Penninx ☐ Mr. ☒  Ms.   

FTE dedicated to this 

programme 
0.6 fte/year for 10 years 

 
Brief summary of research over last 5 years / academic profile 

Brenda Penninx (1970, PhD) is a world-leader in mental health research. She is full professor and vice-chair at the 

psychiatry department of Amsterdam UMC, location VUmc, where she directs the research group comprising of 8 full 

professors, 15 Associate/Assistant Professors and >70 PhD students. Penninx is widely acknowledged for her cross-

disciplinary approach to mental health research integrating psychiatry, psychology, neuroimaging, genomics, 

psychoneuroendocrinology, sociology and behavioural medicine. Early in her career Penninx realized that large, well-

phenotyped longitudinal studies are crucial to understand how genetic vulnerability and life experiences interplay in 

determining a person’s risk to develop and maintain stress-related mental disorders. This was the stimulus for founding 

the multi-site, longitudinal Netherlands Study of Depression and Anxiety (www.nesda.nl), an invaluable research 

resource for psychiatric epidemiology and biological and clinical psychiatry (which so far yielded >68 PhD-theses and 

>500 publications). She recently co-initiated the MARIO cohort that follows high-risk children and young adults in their 

stress and psychopathology patterns during life (www.mario-study.nl) and is PI on a national project on antidepressant 

use (OPERA, www.opera-project.nl). Her work is exemplary in transforming and enhancing the value of longitudinal 

cohort studies to better understand the multi-nature origin and longitudinal trajectories of stress-related disorders. 

 Penninx developed -omics research methodology for large-scale studies in psychiatry. Her group conducted the 

first large-scale genome wide association study (Molecular Psychiatry 2009) and integrated this with e.g. 

environmental and neuroendocrinology data. She embedded real-world ambulatory assessments of behaviour and 

emotions in her NESDA and MARIO studies, and is site PI of the RADAR-MDD project that tracks 600 depressed patients 

using diverse ambulatory assessments (www.radar-cns.edu). Penninx’s work on immunometabolic depression and the 

interplay between inflammation, the autonomic nervous system and the HPA-axis stress systems has been very 

influential in moving the field towards a more integral understanding of the aetiology of affective disorders. To 

translate her scientific work to practical applications in healthcare she is working with various public and private 

partners on biomarkers for depression. Insights into heterogeneity helped to pave the way towards designing new 

personalised interventions. Funded through prestigious national or EU-grants Penninx also tests novel lifestyle (e.g. 

exercise and nutritional) interventions in ongoing studies (www.motar.nl ; www.moodfood-vu.eu). 

 In terms of leadership Penninx has been able to weld a highly successful research group. With her relatively young 

age (50) Penninx shows that different roles (work, family) can be combined in such a way that outstanding scientific 

performance is possible. She is a role model for young (female) scientists: 90% of her past (n=51) and present (n=14) 

PhD-students are <35 years of age and 70% is female. As member of the KNAW Young Academy she became involved 

in science policy and continues this with management positions in the Amsterdam Neuroscience and Amsterdam Public 

Health Research Institutes.  

 

International visibility, activities, prizes, scholarships etc. 

• Brenda Penninx has published extensively, mostly in high-ranking international journals. For many years in row, 

she belongs to the highest cited 1st percentile of researchers (Thomson Reuters). 

• She has first- or senior-authored papers in e.g. Archives of General Psychiatry, JAMA (Psychiatry), Molecular 

Psychiatry, BMC Medicine and Lancet Psychiatry confirming the impact of mental health on somatic and public 

health outcomes across the life span. On these topics, she has regularly written invited authoritative reviews for 

http://www.nesda.nl/
http://www.mario-study.nl/
http://www.opera-project.nl/
http://www.radar-cns.edu/
http://www.motar.nl/
http://www.moodfood-vu.eu/
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e.g. BMC Medicine (2013), Lancet Psychiatry (2015, 2017) and Neuroscience and Biobehavioral Reviews (2016). 

She recently first-authored a Lancet seminar paper on Anxiety disorders, and was commissioner and co-author 

on the Lancet paper by the World Psychiatric Association - Lancet commission on depression. Penninx is currently 

on the Editorial Board of Journal of Affective Disorder (Editor-in-Chief of special issue) and of Lancet Psychiatry. 

• Penninx is frequently invited to present at international seminars or conferences (>150 presentations) and has 

given many keynote lectures for prominent international societies, Royal College of Psychiatrists, International 

Association for the Study of Obesity, German Society of Psychiatry and the International Society of Affective 

Disorders. In 2019, she was visiting honorary professor at the Goethe University in Frankfurt, Germany. 

• She has many ongoing international collaborations such as with the Psychiatric Genomics and the ENIGMA 

neuroimaging consortia involving over >50 international groups. She is member of the European Psychiatric 

Association, the European College of Neuropsychopharmacology, the Society of Biological Psychiatry, the 

International Society of Psychoneuroendocrinology and the American Psychosomatic Medicine Association. She 

is member of Scientific Advisory Board of the Dutch Depression Society. In addition, she served on national and 

international review panels (e.g. NWO committees, Dutch Health Council, German Research Network on 

Psychiatric Disease, Danish Lundbeck Research Foundation, Swiss Research Foundation). 

• Penninx’s research is well funded by grants from the Dutch Scientific Organization (e.g. for NESDA, OPERA and 

MARIO projects), NIH (various (epi)genetics projects) and the EU (e.g. FP7-MC-Hetodep, H2020-MC-GLOID, FP7-

Moodfood, FP7-ENGAGE, H2020-IMI-PRISM, H2020-IMI-RADAR-CNS, H2020-Lifebrain, H2020-To_Aition, H2020-

EarlyCause, H2020-RESPOND). Overall research funding totals >25 M€.  

• She received prestigious career grants: KNAW fellowship grant 1997 and a VIDI-grant in 2006 and a VICI-grant in 

2010. She received fellowship awards from the Niels Stensen Sichting, the Brookdale Foundation (New York) and 

the Gerontological Society of America. Penninx was KNAW Young Academy member and has been elected as 

member of the KNAW (Royal Dutch Academy of Arts and Sciences) in 2016. In 2020, she was elected member of 

the European Academy of Sciences and she also received the Joannes Juda Groen Senior Award for excellence in 

interdisciplinary research.  

• She is currently executive board member of European College of Neuropsychopharmacology and the KNAW 

medical, biomedical and health domain, and she chairs the KNAW Council of Medical Sciences.  

 

5 key output/publications coordinating researcher / PI 

1. Gerritsen L, Milaneschi Y, Vinkers CH, van Hemert AM, van Velzen L, Schmaal L, Penninx BW. HPA axis genes and 

their interaction with childhood maltreatment are related to cortisol levels and stress-related phenotypes. 

Neuropsychopharmacology 2017;42:2446-55. 

2. Penninx BW, Pine D, Holmes E, Reif A. Anxiety Disorder. Lancet 2021, in press. 

3. Penninx BW, Milaneschi Y, Lamers F, Vogelzangs N. Understanding the somatic consequences of depression: 

biological mechanisms and the role of depression symptom profile. BMC Medicine 2013;11:129. 

4. Hu MX, Lamers F, de Geus EJ, Penninx BW. Differential Autonomic Nervous System activity in depression and 

anxiety during stress depending on type of stressor. Psychosomatic Medicine 2016;78:562-72. 

5. Milaneschi Y, Simmons WK, van Rossum EFC, Penninx BW. Depression and obesity: evidence of shared biological 

mechanisms. Molecular Psychiatry 2019;24:18-33. 
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Co-PIs (maximum 5) 
 
 

Title(s) Professor of Biological Psychology 

First name Eco 

Initials J.C.N. 

Surname De Geus          ☒ Mr. ☐  Ms.   

FTE dedicated to this 

programme 
0.4 fte/year for 10 years 

 
Brief summary of research over last 5 years / academic profile 

De Geus (1960, PhD) is head of the department of biological psychology, that employs 5 full professors and 50 staff 

members involved in teaching and research in the areas of biological psychology and behaviour genetics. The 

department maintains the Netherlands Twin Register, NTR (www.tweelingenregister.org/en/research). The NTR 

constitutes a large research infrastructure (>150,000 participants) including longitudinal surveys, experimental data 

and biomaterials obtained in the past 30 years in around 25% of all twins and multiples in the Netherlands and their 

family members. 

 Since his cum laude PhD, the focus of de Geus’ research is the psychophysiological study of individual differences 

in behaviour and health. A major line of research is the interplay between genes, stress, and lifestyle, and how these 

impact on cardiovascular, cognitive and mental health. This is done from a genetic perspective using both longitudinal 

twin-family designs and molecular genetic approaches, including candidate gene studies and whole-genome 

association using SNPs, gene expression and methylation patterns. Mental and cognitive health is studied by survey 

measures and clinical interviews, but also through psychophysiological laboratory studies including neurocognitive 

testing, EEG and MRI studies. Cardiovascular health and relevant stress responses are studied in the laboratory, the 

latter through standardized conditions including classical lab-based stress-reactivity testing, and in “real life” by using 

ambulatory measurements of blood pressure, cortisol, and the autonomic nervous system with the VU University 

Ambulatory Monitoring System (VU-AMS, www.vu-ams.nl). This is a system he developed for 24-hour recordings of 

peripheral physiology. It is currently used world-wide by over 45 research groups to study stress and emotion in 

naturalistic settings, and income creates a revolving ‘AMS talent fund’ for continued innovative research on ambulatory 

recording. In this research area de Geus successfully supervised 29 PhD theses and has 4 PhD projects still ongoing. 

 In terms of research leadership, de Geus was vice-dean and director of research of the Faculty of Psychology and 

Education (>500 research staff) at the Vrije Universiteit, Amsterdam from 2009-2012, responsible for all matters 

related to research, as well as its human resources, facilities and budget. From 2012-2017, he directed the Institute for 

Health and Care research (EMGO+), a multidisciplinary research institute on prevention and health care that united 

over 700 scientists in e.g. the field of behavioural and health sciences, epidemiology, primary care, youth health care, 

internal medicine, psychiatry, and elderly medicine. Under leadership of de Geus, the EMGO+ institute received the 

highest rankings in all three categories (Quality, Relevance and Viability) from the international review board in 2016. 

Over the last years, de Geus helped the EMGO+ institute evolve into the Amsterdam Public Health (APH) institute (see 

www.amsterdamresearch.org). He currently chairs the Executive Board VUmc Research BV (Ltd) that takes 

responsibility for all research contracts of the VUmc with private partners (the BV’s current portfolio value is ~50 

Million €). 

 

International visibility, activities, prizes, scholarships etc. 

• De Geus has first- and senior-authored highly cited publications on autonomic nervous system functioning in 

Nature Communications, Psychophysiology, Psychosomatic Medicine, Psychoneuroendocrinology, Medicine and 

Science in Sports and Exercise, Obesity, and Biological Psychiatry. 

• He serves as Associate Editor for Psychosomatic Medicine and sits on three Editorial Boards. He hosted five 

scientific conferences (150-450 attendants), frequently gives invited lectures in (inter)national symposia and 

conferences (>3 annually), and has organized/chaired 35 symposia at international conferences. 

• He is part of multiple large expertise-networks that operate worldwide to harvest the investments in longitudinal 

epidemiological data collection paired to DNA/RNA biobank resources in large genome-wide association meta-

http://www.tweelingenregister.org/en/research
http://www.vu-ams.nl/
http://www.amsterdamresearch.org/
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analyses. Networks of collaboration include include GIANT (Genomewide Investigation of ANThropometric 

measures); ENGAGE (European Network for Genetic and Genomic Epidemiology; CHARGE (The Cohorts for Heart 

and Aging Research in Genomic Epidemiology); CORtisolNETwork (CORNET) Consortium, CARTA (Consortium for 

Causal Analysis Research in Tobacco and Alcohol); EAGLE (EArly Genetics and Lifecourse Epidemiology), EGG 

(Early Growth Genetics); TAG (Tobacco and Genetics Consortium); ENIGMA (Enhancing NeuroImaging Genetics 

through Meta-Analysis); PGC & PCG2 (Psychiatric GWAS Consortium), IHGC (International Headache Genetics 

Consortium); SSGAC (Social Science Genetic Association Consortium), FibrinoGEN consortium, ReproGen 

consortium; ICBP (International Consortium on Blood Pressure), MiBioGen (Microbiome Genetics) Consortium, 

and the Covid-19 Host Genetics initiative. Together with Snieder, another member of the SiA team, de Geus co-

leads the international VgHRV consortium on heart rate variability that has members in 34 research institutes 

from 11 countries. 

• He is the central hub in a large network of international collaborators that use the VU-AMS ambulatory 

monitoring system to record stress physiology (www.vu-ams.nl/contact/vu-ams-worldwide/). His main role is to 

advise on optimal instrumentation, methodology and interpretation of ambulatory recording in general and with 

the VU-AMS in particular. 

• A substantial earning capacity is needed to sustain the large and unique NTR infrastructure, that heavily relies on 

grants obtained by the members of de Geus’ department. He himself has received over 11 M€ of grant support 

as a PI or Co-PI over the past 10 years alone. 

• He chaired two Committees of the Dutch Health Council for the 2017/2021 editions of the National Guidelines 

for Physical Activity, providing evidence-based guidelines for minimal and optimal patterns of regular physical 

activity (including minimizing sedentary behaviour) to be used in national public health policies. He also chaired 

the Executive Committee for the Dutch Ministry of Justice and Safety that reported in 2018 in the (future) 

applicability of quantified self (QS) methods for stress recordings within the context of the justice department. 

• De Geus is acting treasurer of the Executive Committee of the Society for Ambulatory Assessment that advocates 

the development and dispersion of evidence-based ambulatory assessment of behavioural physiological and 

physical activity states in real-life settings and just-in-time interventions based on these assessments. 

 

5 key output/publications coordinating researcher / PI 

1. de Geus EJC, Gianaros PJ, Brindle RC, Jennings JR, Berntson GG (2019). Should heart rate variability be "corrected" 

for heart rate? Biological, quantitative, and interpretive considerations. Psychophysiology 2019; 56(2):e13287. 

2. Nolte IM, …., de Geus EJ. Genetic loci associated with heart rate variability and their effects on cardiac disease 

risk. Nature Communications 2017;8:15805. 

3. Hu MX, Lamers F, Hiles SA, Penninx BW, de Geus EJ. Basal autonomic activity, stress reactivity, and increases in 

metabolic syndrome components over time. Psychoneuroendocrinology 2016;71:119-26. 

4. Neijts M, van Lien R, Kupper N, Boomsma D, Willemsen G, de Geus EJ. Heritability and Temporal Stability of 

Ambulatory Autonomic Stress Reactivity in Unstructured 24-Hour Recordings. Psychosomatic Medicine 2015; 

77:870-81.  

5. van Lien R, Neijts M, Willemsen G, de Geus EJ. Ambulatory measurement of the ECG T-wave amplitude. 

Psychophysiology 2015;52(2): 225-37. 

  

http://www.vu-ams.nl/contact/vu-ams-worldwide/
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Title(s) Professor of Developmental Psychology 

First name Peter 

Initials P 

Surname De Jonge          ☒ Mr. ☐  Ms.   

FTE dedicated to this 

programme 
0.4 fte/year for 10 years 

 
Brief summary of research over last 5 years / academic profile 

Peter de Jonge (1969, PhD) is one of the top researchers in the Netherlands on the interface between psychology and 

psychiatry. He is programme leader of the research programme Interdisciplinary Centre Psychopathology and Emotion 

Regulation (ICPE, www.icpe.nl) (UMCG and RuG) and vice-dean of research of the Faculty Behavioral and Social 

Sciences (RuG). The ICPE is a centre of excellence conducting research at the crossroads of various disciplines, including 

psychiatry, psychology, epidemiology, neurosciences, and internal medicine. The programme currently consists of 9 

full professors, 16 Associate/Assistant Professors and over 70 PhD students. At the last two research visitations, the 

ICPE received maximum scores on all evaluated parameters: relevance, societal impact, scientific quality and vitality. 

 Trained as a clinical psychologist and methodologist, his interest has been in connecting disciplines. In 2007, he 

received a prestigious VIDI grant to support his research on the interaction between depression and heart disease, 

which became a very successful project on which >70 publications were published. Many of these publications have 

been published in leading psychology (e.g. Psychological Medicine), psychiatry (e.g. American J Psychiatry, JAMA 

Psychiatry), cardiology (e.g. JACC) and general medical journals (e.g. JAMA, BMC Medicine), which helped to promote 

the field of cardiopsychology. Several of those papers have become highly cited papers according to Web of Science 

criteria. This line of research has demonstrated the lifelong interaction between depression and anxiety and the 

development and progression of ischemic heart disease. In 2012, he received a prestigious VICI grant (ranked first in 

the medical field), entitled Deconstructing Depression. In this project, his focus was on the difficulties surrounding the 

concept of depression as a consensus-based, symptom-oriented disorder. In this project, he worked together with 

mathematicians, physicists, biologists, philosophers, computer scientists and e-health specialists. This project helped 

to promote the use of EMA methodology while his view on psychopathology as continuous, dimensional processes 

that occur within persons instead of yes/no diagnoses based purely on inter-individual differences has inspired many 

researchers.  

 

International visibility, activities, prizes, scholarships etc. 

• De Jonge has (co-)authored many international peer-reviewed articles (PubMed), Dutch articles and book 

chapters. The majority (>75%) of his papers have appeared in top 25% journals including JAMA, New Engl J Med, 

World Psychiatry, JAMA Psychiatry, BMC Med. 

• He has been involved as supervisor in many PhD projects (35 successfully finished (5 cum laude) and 7 ongoing). 

Many of his former students have pursued an academic career, and with many he continues to collaborate and/or 

to serve as a mentor. 

• He received >5 M€ on research funding including both a highly prestigious VIDI and VICI grant. In 2013, he 

received the Best Researcher of the Year price by the UMCG (100 K). 

• His national and international reputation is evidenced by his membership of various grant commissions, 

numerous invitations for keynote lectures and editorial board membership of the journals Health Psychology and 

BMC Medicine, both top 25% journals. 

• De Jonge initiated a crowdsourcing study called HowNutsAreTheDutch, in which >15,000 persons participated. 

Based on this study, a research grant of 1.2 M€ was provided by Dutch healthcare provider Espria, to develop an 

app that people can use to monitor their personal well-being. The massive uptake of this app and participation 

in ‘HoeGekIsNL’ demonstrates the impact of his work.  

• He is involved in the World Health Organisation World Mental Health Surveys Initiative as representative for the 

Netherlands and as leader of the mental co-morbidity workgroup. He recently acted as co-editor of the book 

Cross-national Epidemiology of Mental Disorders: Facts and Figures from the World Mental Health Surveys (eds 

http://www.icpe.nl/
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Scott, De Jonge, Stein, Kessler, 2018. Cambridge University Press).  

• Since 2009, De Jonge is co-directing the research programme Interdisciplinary Centre Psychopathology and 

Emotion regulation (ICPE) (with prof AJ Oldehinkel). The ICPE is one of the national top-centres combining 

psychology and psychiatry. During the last two research visitations, the ICPE received maximum score on all 

evaluated aspects (quality, relevance to society and viability) and is considered world leading, as evidenced 

among others by the fact that about 80% of the 100-150 scientific papers published each year are in Q1 and 30-

50% in top 10%.  

• De Jonge’s work received a lot of media coverage (see for instance www.hoegekis.nl/nieuws), including a special 

issue in Volkskrant Magazine and articles in Psychologie Magazine and Psychologie Quest, and he gave many 

presentations for lay audiences in order to educate and discuss with the general population. Importantly, the 

projects HoeGekIsNL and Leefplezier have helped a substantial number of persons gaining insights in their 

personal emotion dynamics without using DSM-based psychiatric diagnosis and associated labelling.  

 

5 key output/publications coordinating researcher / PI 

1.  de Jonge P, Ormel, J; van den Brink, RHS; et al. Symptom dimensions of depression following myocardial 

infarction and their relationship with somatic health status and cardiovascular prognosis. American Journal of 

Psychiatry 2006;163:138-144. 

2.  de Jonge P, Rosmalen JG, Kema IP, Doornbos B, van Melle JP, Pouwer F, Kupper N. Psychophysiological 

biomarkers explaining the association between depression and prognosis in coronary artery patients: a critical 

review of the literature. Neuroscience Biobehavioral Reviews 2010;35:84-90. 

3.  Scott KM, de Jonge P, Stein DJ, Kessler RC (eds). Mental disorders around the world. Facts and figures from the 

WHO World Mental Health Surveys. Cambridge University Press, 2017. 

4.  van der Krieke L, Blaauw FJ, Emerencia AC, Schenk HM, Slaets JP, Bos EH, de Jonge P, Jeronimus BF. Temporal 

Dynamics of Health and Well-Being: A crowdsourcing approach to momentary assessments and automated 

generation of personalised feedback. Psychosomatic Medicine 2017;79:213-223. 

5.  Momen NC, Plana-Ripoll O, Agerbo E, Benros ME, Børglum AD, Christensen MK, Dalsgaard S, Degenhardt 

L, de Jonge P, Debost JPG, Fenger-Grøn M, Gunn JM, Iburg KM, Kessing LV, Kessler RC, Laursen TM, Lim CCW, 

Mors O, Mortensen PB, Musliner KL, Nordentoft M, Pedersen CB, Petersen LV, Ribe AR, Roest AM, Saha S, Schork 

AJ, Scott KM, Sievert C, Sørensen HJ, Stedman TJ, Vestergaard M, Vilhjalmsson B, Werge T, Weye N, Whiteford 

HA, Prior A, McGrath JJ. Association between Mental Disorders and Subsequent Medical Conditions. New 

England Journal of Medicine 2020;382(18):1721-1731. 

 

 

  

http://www.hoegekis.nl/nieuws
https://eur04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F32348643%2F&data=04%7C01%7Cb.penninx%40amsterdamumc.nl%7C27af137d31894f3a370208d892b23b20%7C68dfab1a11bb4cc6beb528d756984fb6%7C0%7C0%7C637420641474311164%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=86tcBbwTgB85%2BPZmodbo6FmOT1qt2Zi9YCq7fTgZDLI%3D&reserved=0
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Title(s) Professor Community & Occupational Medicineedicine 

Medicine 
First name Ute 

Initials U 

Surname Bültmann          ☐ Mr. ☒  Ms.   

FTE dedicated to this 

programme 
0.4 fte/year for 10 years 

 
Brief summary of research over last 5 years / academic profile 

Ute Bültmann (German background, 1968, PhD) is an internationally recognized researcher in the field of Work and 

Health. She is a health scientist, epidemiologist, and full professor of work and health from a life course perspective at 

the Department of Health Sciences, Community and Occupational Medicine, at the University Medical Center 

Groningen. Her research focuses on the (psychosocial) epidemiology of work and health, in particular mental health 

problems, the prevention of work-related illness, sickness absence, and work disability, the identification of labour 

market trajectories, the measurement of psychosocial factors at work and innovative health-related work outcomes.  

 Bültmann has developed an extensive knowledge base in the field of “Mental health and Work” that was translated 

to the occupational health care field. To enhance sustainable return to work and work participation of employees with 

mental health problems, she directed the development and testing of new measurement tools and interventions, in 

collaboration with the occupational health care setting. For the new concept of ‘health-related work functioning’, she 

initiated the cross-cultural translation and adaption of a measurement tool, in collaboration with researchers and 

practitioners, and facilitated the translation into over 10 languages worldwide. 

 More recently, she introduced a life course perspective to Work and Health research as a fruitful avenue to 

understand work not only as an exposure that increases or lessens health risk but also as a life course experience that 

is dependent on place and time. The application of a life course lens led to new research questions investigating 

characteristics of labour markets and health trajectories that can lead to positive health outcomes over the life course. 

In 2017, Bültmann received the prestigious NWO VICI grant “Today’s youth is tomorrow’s workforce: Generation Y at 

work” to examine the relationship between mental health and work-life trajectories of young adults. She conducts her 

research in collaboration with partners in occupational and youth health care, enhancing the implementation of her 

findings.  

 In terms of research leadership, Bültmann is co-leader of Public Health Research Programme, based at the 

Department of Health Sciences, and part of the Research Institute SHARE of the Graduate School of Medical Sciences. 

She was involved in management and teaching activities in the Canadian Institutes for Health Research (CIHR) strategic 

training programme on “Work Disability Prevention” at the Dalla Lana School of Public Health at the University of 

Toronto, Canada. As member of the Programme Executive Committee and mentor (2008-2015), she was one of three 

Europeans who trained around 120 PhD students and postdocs participating in this global, transdisciplinary 

programme. In 2016, she brought the 3-year training programme “Work Disability Prevention 2.0 – Research and 

Practice” to Europe in the Nordic Institute for Advanced Education in Occupational Health (funded by the Nordic 

Council of Ministers) in Helsinki, Finland.  

 

International visibility, activities, prizes, scholarships etc. 

• Bültmann has published extensively in flagship journals of the public and occupational health domain, such as 

the Scandinavian Journal of Work, Environment and Health, Occupational and Environmental Medicine, Journal 

of Epidemiology and Community Health, American Journal of Public Health, and the European Journal of Public 

Health. 

• She co-edited with Professor Johannes Siegrist the new Springer Nature “Handbook of Disability, Work and 

Health” that is among the top used publications on SpringerLink that concern one or more of the United Nations 

Sustainable Development Goals (Bültmann & Siegrist, 2020)  

• Bültmann has a strong national and international academic network, as shown by collaborations with researchers 

from the Netherlands, Denmark, Sweden, the USA and Canada. She is affiliated with the Netherlands 

Interdisciplinary Demographic Institute (NIDI-KNAW; since 2016), Visiting Professor at the National Research 
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Centre for the Working Environment in Copenhagen, Denmark (since 2014); Guest Researcher at the Karolinska 

Institutet, Division of Insurance Medicine, Department of Clinical Neuroscience in Stockholm, Sweden (since 

2012), and Adjunct Scientist at the Institute for Work & Health (IWH) in Toronto, Canada (since 2007; on hold 

since 2017 due to appointment in IWH’s Scientific Advisory Committee).  

• She serves on the Editorial Board of the Journal of Occupational Rehabilitation (Q1), has hosted the 2nd 

International Scientific Conference on Work Disability Prevention and Integration (ICOH-WDPI) with >200 

attendants in 2012, and has organized/chaired >20 symposia on work and health at international conferences.  

• Bültmann has been keynote/invitational speaker at many international scientific meetings and for public and 

governmental bodies, including: two opening keynote lectures in 2019 on “Work and Health from a lifecourse 

perspective” (5th ICOH Work Disability Prevention and Integration) and “Occupational factors in Healthy Ageing” 

(Dutch Epidemiology Conference); the 8th European Congress of Epidemiology (2015), the 11th Stress Research 

Conference (2013), the Organisation for Economic Co-operation and Development, Employment Labour and 

Social Affairs (OECD, Paris, 2014), and the Federal Institute for Occupational Safety and Health (BAuA, Berlin, 

2013).  

• She is Vice-President of the section “Social Security, Work and Health” of the European Public Health Association 

(since 2016); appointed member of the Scientific Committee of the Work Environment Research Fund of the 

Danish Ministry of Employment (since 2018), from 2016-2018 she served on the Health Council of the 

Netherlands, committee “Health and working longer”.  

• Bültmann obtained a Rosalind Franklin Fellowship for talented international researchers at the University of 

Groningen (2007) for research on mental health and work, and a Peter Wall Institute for Advanced Studies 

International Visiting Research Scholar Fellowship (2016) at the University of British Columbia (UBC) in 

Vancouver, Canada to advance research on work and mental health by integrating a life course perspective. 

 

5 key output/publications coordinating researcher / PI 

1. Riethmeister V, Bültmann U, Gordijn M, Brouwer S, de Boer M. Investigating daily fatigue scores during two-

week offshore day shifts. Applied Ergonomics 2018;71:87-94. 

2. Pedersen, J., Thorsen, S.V., Andersen, M.F., Hanvold, T.N., Schlünssen, V., Bültmann, U. Impact of depressive 

symptoms on work life expectancy: a longitudinal study on Danish employees. Occupational and Environmental 

Medicine, 2019;76:838-844. 

1. Veldman K, Reijneveld SA, Verhulst FC, Ortiz JA, Bültmann U. A life course perspective on mental health problems, 

employment and work outcomes. Scandinavian Journal of Work Environment and Health 2017;43: 316-325. 

2. Nigatu YT, Reijneveld SA, Penninx BW, Schoevers RA, Bültmann, U. The longitudinal joint effect of obesity and 

major depression on work performance impairment. American Journal of Public Health 2015;105:e80-86.  

3. Arends I, van der Klink JJ, van Rhenen W, de Boer MR, Bültmann U. Prevention of recurrent sickness absence in 

workers with common mental disorders: Results of a cluster-randomised controlled trial. Occupational and 

Environmental Medicine 2014;71:21-29. 
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Title(s) Professor of Medicine/Internist-endocrinologist 

First name Elisabeth 

Initials E.F.C. 

Surname Van Rossum           ☐ Mr. ☒  Ms.   

FTE dedicated to this 

programme 
0.4 fte/year for 10 years 

 

Brief summary of research over last 5 years / academic profile 

Elisabeth van Rossum (1975, MD, PhD) is internist-endocrinologist, and full professor in the field of obesity and 

biological stress. She obtained her MD in 2000 (cum laude) and her PhD in 2005 (cum laude). Her research focuses on 

the biology of obesity as well as the role of corticosteroids in health and disease (cardiometabolic diseases and 

psychiatric disorders). She is internationally acknowledged for her innovative research with a significant societal 

impact, which is also shown by extensive (inter)national media attention for her research.  

 Van Rossum is leading the endocrine stress research group at the Erasmus University Medical Center and is co-

founder of the Obesity Center CGG (Centrum Gezond Gewicht) for diagnostics of underlying causes of obesity and 

innovative treatments. 

 Van Rossum is chair of the Partnership Overweight Netherlands (PON), an umbrella organization of 15 associations 

of health care professionals, with an advisory role to the Ministry of Public Health Welfare and Sport (VWS). In her 

clinical role as endocrinologist she developed with her team a successful combined lifestyle intervention programme 

with cognitive behavioural therapy for sustained weight loss. In her managerial/ political role as chair of PON, she 

managed to convince the Ministry of VWS and the Dutch health care authorities to include the combined lifestyle 

interventions in the basic insurance for the Dutch population. This means that 2019 an estimated 5 million persons 

with overweight (of a total of 13 million adults in the Netherlands) is be eligible for this treatment. In 2018 and 2020 

Van Rossum was invited to present this Dutch obesity policy to the EU policy makers in Brussels, where it became clear 

that the Netherlands is in the forefront worldwide to combat the obesity epidemic. In 2020 Van Rossum was appointed 

European co-leader of the focus area Obesity & Diabetes, as well as Top 10 most influencing women of the Netherlands 

(area health care). 

 Important for the field of stress research were Van Rossum’s findings on the mechanisms of corticosteroid 

sensitivity and novel tests to measure this sensitivity. She also developed novel techniques to measure long-term 

cortisol using scalp hair, and showed them to be biological markers of chronic stress. She and her team studied the 

major role corticosteroids have in obesity, cardiovascular disease, and psychiatric diseases. She published many peer-

reviewed scientific publications or books, and received 20 awards for her scientific research. She closely works with 

many other disciplines, both in national and international collaborations. In 2020 her book ‘’FAT, the secret organ’’, 

including a chapter on the relation between stress and overweight, became a bestseller in the Netherlands, was 

awarded the Woman’s Health Basic Fit award, and is now being published in English, French, Spanish, German, Chinese, 

Arabic and several other languages.  

 

International visibility, activities, prizes, scholarships etc. 

• Van Rossum is an internationally highly cited researcher with a significant societal impact.  

• She is a frequently invited key note speaker, both national (130 presentations in the past year), as well as 

international (average 5-7 times/year). She gives presentations to scientists (e.g. American and European 

Congresses of Endocrinology, and European Congress of Obesity), and to lay audiences (e.g. TEDx talk) or politics 

(e.g. EU policy makers in Brussels). She is considered a key opinion leader in the field of obesity. In this context 

she is frequently acting in advisory roles for politics and committees, as well as in the media (interviews in 

(inter)national newspapers (e.g. New York Times, The Sun, La Vangardia, Volkskrant, NRC), radio (BBC, NPO, Radio 

1) and TV (Nieuwsuur, Jinek, Beau, Een Vandaag, NOS, RTL news) 

• She received >20 scientific awards e.g. Award of the Dutch Endocrine Society 2013 for her research achievements 

(at age 38), the Ziskind-Somerfeld Research Award of The Society of Biological Psychiatry, San Diego, USA, 

American Society for Aging and Endocrinology and The Glenn Foundation Award, Philadelphia, USA, Young 
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Investigator’s Award, Barcelona, Spain, Steven Hoogendijk Award (Medical Science). Also, her 7 PhD students 

have been awarded 18 prizes in the past 5 years.  

• Based on her outstanding scientific achievements, she was appointed member of Young Erasmus Academy 

(selection of excellent researchers under the age of 45 of all EUR faculties), which she has been chairing from 

2015 onwards. In 2016 she was appointed member of the Young Academy of the Royal Dutch Academy of 

Sciences. 

• She was the winner of the National Science Quiz NWO/VPRO 2014 (national TV programme) and listed as Viva400 

member (400 most successful women in the Netherlands). She has been appointed Linkedin TOP VOICE 2020 

because of her valuable contribution to societal discussions about obesity (and stress).  

• The Obesity Center CGG (founded by Van Rossum) is appointed as “Best Practice” by Dutch health care 

authorities, and appointed European Expert.Obesity Center in Nov 2020. 

• Next to her patient care she has been successful in obtaining grants: >10 M€, e.g. VENI (2008), VIDI (2016), US 

Thrasher Research Fund, Netherlands Brain Foundation. She was chair of the annual Congress of the Dutch 

Endocrine Society (2013-2019), and the National Obesity Symposia and is a member of clinical guideline 

committees, e.g. chair of the National Obesity guideline. 

• She holds multiple board memberships, most relevant: president of the Partnership Overweight Netherlands, 

Dutch Endocrine Society (2013-2019), and board member of Stress-NL.  

• In 2020 Van Rossum was appointed European co-leader of the focus area Obesity, Diabetes, Nutrition and 

Metabolism of the European Society of Endocrinology, and she has been active in e.g. International Obesity 

Genetics group, and international Glucocorticoids and Mood working group. 

 

5 key output/publications coordinating researcher / PI 

1. van Rossum EF. Obesity and cortisol: New perspectives on an old theme. Obesity 2017;25:500-501. 

2. Quax RA, Manenschijn L, Koper J, Hazes J, Lamberts SWJ, van Rossum EFC, Feelders RA. Glucocorticoid sensitivity 

in health and disease. Nature Reviews Endocrinology 2013;183. 

3. Staufenbiel SM, Penninx BW, Spijker AT, Elzinga BM, van Rossum EFC. Hair cortisol, stress exposure and mental 

health in humans: a systematic review. Psychoneuroendocrinology 2013;38:1220-35.  

4. EFC van Rossum, EB Binder, M Majer, JW Koper, M Ising, S Modell, D Salyakina, SW Lamberts, F Holsboer. 

Polymorphisms of the glucocorticoid receptor gene and major depression. Biological Psychiatry 2006;59: 681-

688.  

5. L Manenschijn, L Schaap, NM van Schoor, S van der Pas, GMEE Peeters, P Lips, JW Koper, EFC van Rossum. High 

long-term cortisol levels, measured in scalp hair, are associated with a history of cardiovascular disease. Journal 

of Clinical Endocrinology and Metabolism 2013;98:2078-83.  
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Title(s) Associate Professor of Technology in Health Care 

First name Matthijs 

Initials M.L. 

Surname Noordzij          ☒ Mr. ☐  Ms.   

FTE dedicated to this 

programme 
0.4 fte/year for 10 years 

 

Brief summary of research over last 5 years / academic profile 

Matthijs Noordzij (1977, PhD) studies how embodied, non-intrusive technology should be designed and can support 

and change mental healthcare and self-management. He obtained his PhD in 2005 (cum laude) and was trained as a 

cognitive neuroscientist. After this training he established himself at the University of Twente setting up a successful 

Human Factors and Engineering psychology Master, and building bridges between the engineering and social science 

departments in a variety of multi-disciplinary research projects. His long term vision is to realize design and integration 

of technology in mental healthcare that is complementary to the human potential of client and health professional. It 

envisions technology that empowers people to pay attention to what is truly important at any given moment, in any 

given context. To this end he has studied both the scientific and technological underpinnings, and the design aspects 

of (wearable) technology in mental healthcare. Firstly, this has entailed working out new scientific (statistical) 

standards for validating new wearable technology that are measuring important aspects of human physiology for use 

in (mental) healthcare and research. Secondly, he coordinated several innovative field studies that tracked people 

(with subjective and objective measures) with severe problems related to stress, aggression or addiction over long 

periods of time trying to establish possible links between their bodies, thoughts and environments. Thirdly, with multi-

disciplinary teams (clients, caregivers, managers, designers, scientists) he co-designed ambulatory biofeedback and 

novel bio cueing systems specifically tailored to mental healthcare system to further support existing therapies and to 

create entirely new ways of working. 

  

International visibility, activities, prizes, scholarships etc. 

• Matthijs Noordzij has published widely, mostly in high-ranking international journals. He has first- or senior-

authored papers in e.g. Psychophysiology, PNAS, JMIR Mhealth and Uhealth, Behavior Research Methods, but 

also engineering papers for highly selective conferences (e.g. CHI), indicating he publishes on wearable 

technology for both engineering and (social) science disciplines. 

• Noordzij is frequently invited to present at national and international seminars or conferences (>50 

presentations) and has given keynote lectures for national and international conferences. 

• Noordzij co-founded and leads the successful ‘Wearables in Practice’ science-practice network which provides a 

platform for knowledge valorisation and societally relevant research in forensic and mental healthcare. This is 

part of a global movement of Citizen Science to address the increasing scepticism of many citizens and 

professionals regarding scientific activities and communication. 

• Noordzij is currently project leader of the 5-year (2020-2024) public-private, multi-disciplinary NWO funded 

project Designing compassionate technology with high societal readiness levels for mental healthcare. It directly 

proposes to offer novel design methodologies and technology solutions that address the low adherence of 

patients and hesitation of professionals to use and blend technology into mental healthcare. Similar to Stress-in-

Action this is a project in which academics from the fields of (clinical) psychology, interaction design, computer 

science and philosophy work together with both healthcare organisations and companies to jointly realize a 

transition in mental healthcare. 

• Noordzij has designed in co-creation with professionals and patients two novel biofeedback / biocueing systems 

(MoodRadar-DAVID and Sense-IT), which pioneer real-time physiological feedback and explore how they can be 

integrated into existing (non-technological) stress and emotion regulation interventions. The Sense-IT 

smartwatch+app combo, for example, provides heartrate based biocueing with EMA functionality. The app was 

designed following user centred design principles together with vulnerable groups and the number of circles 

provide simple, neutral and personalized (visual and haptic) feedback on heart rate levels (correcting for physical 

movement).  
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• He also coordinates the further development of these apps and leading clinical trials with a consortium consisting 

of healthcare institutions and knowledge institutes. 

• He obtained > 1M€ of funding on projects that both set standards for rigorous use of wearable technology in 

daily life and introduce ethical design principles for technology in mental healthcare. 

• Noordzij is a research fellow of the Design Lab at UT. The Design Lab is an active hub for collaboration between 

the social science and engineering researchers to collaborate and connect to societal challenges. Noordzij has 

hosted events here for the Wearables in Practice community and his Compassionate Technology project is one 

of the corner stone projects of the Responsible Design theme. As a research fellow Noordzij can connect Stress-

in-Action to the Design Lab and give it a central place to connect to the University of Twente ecosystem of creative 

engineers. 

 

5 key output/publications coordinating researcher / PI 

1. Ter Harmsel JF, Noordzij ML, Goudriaan AE, Dekker JJM, Swinkels LTA, Van der Pol TM, Popma A. Biocueing and 

Ambulatory Biofeedback to Enhance Emotion Regulation Among Psychiatric and Non-Psychiatric Populations: a 

Systematic Review. International Journal of Psychophysiology 2021; in press. 

2. Derks YPMJ., Klaassen R, Westerhof GJ, Bohlmeijer ET, Noordzij ML. Development of an Ambulatory Biofeedback 

App to Enhance Emotional Awareness in Patients with Borderline Personality Disorder: A Multi-cycle Usability 

Testing Study. JMIR MHealth and UHealth 2019;7(10):e13479.  

3. Nelson EC, Verhagen T, Noordzij ML. Health empowerment through activity trackers: An empirical smart 

wristband study. Computers in Human Behavior 2016;62:364–374. 

4. Noordzij ML, Scholten P, Laroy-Noordzij ME. Measuring electrodermal activity of both individuals with severe 

mental disabilities and their caretakers during episodes of challenging behavior. In: Spink AJ, Grieco F, Krips OE, 

Loijens LWS, Noldus LPJJ, Zimmerman PH (Eds.), Measuring Behavior (pp. 201–205). 2012, Utrecht: The 
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3.2 Information on the team 

Vrije Universiteit Medical Center (VUmc), Amsterdam 

 

Dr. Christiaan Vinkers (male, 1980, MD PhD) studied law, pharmacy and medicine and is 

a psychiatrist and Associate Professor at the VUmc departments of psychiatry and 

neuroanatomy and at mental health care organization GGZinGeest.  

Expertise and role in Stress-in-Action: Vinkers brings expertise on individual 

resilience and vulnerability factors of stress and stress-related diseases (RT1 & RT3) 

as well as expertise and ongoing experimental disease treatment and stress 

reduction studies that will be utilized for proof-of-concept testing (RT3). In his earlier 

work, Vinkers has shown the impact of stressors and treatment interventions on stress-

relevant epigenomic changes (Mol Psychiatry 2019), cortisol stress reactivity (Nature 

Communications 2016), and stress recovery (Neuropsychopharmacology 2018).  

Grants, prizes, awards: He is a KNAW Young Academy member who is active in translating knowledge about stress 

and psychiatry to society. His research, for which he obtained a Rudolf Magnus Fellowship, a NARSAD young 

investigators grant as well as prestigious VENI and VIDI personal career grants, focuses on stress resilience related to 

(epi)genetic, neuroendocrine and brain circuitry factors. He received several awards: e.g. PhD-student of the year 

(2009), Young Talent award from the Endo-Neuro-Psycho society (2014), and the American College for 

Neuropsychopharmacology Award (2020). Vinkers leads over 6 active grants, including a Top Sector Life Sciences & 

Health (TKI) project that examines biologically-informed integrated stress profiles, and several experimental treatment 

studies (e.g. RESET, TAPER-AD) in which the impact on stress systems and health is being examined. 

Leadership, organisational roles, international experience: Vinkers is member of the Clinical Guideline Committee for 

Depression, on behalf of the Dutch Society of Psychiatry (NVvP), the Council of Medical Sciences (KNAW), and founding 

member of the Dutch Stress-NL consortium (www.stresss-nl.nl). He chairs the foundation ‘The Young Psychiatrist’ 

(www.dejongepsychiater.nl) and the Thematic Working Group Resilience of the European College of 

Neuropsychopharmacology (ECNP). Finally, Vinkers is well recognized for his public outreach, including performances 

on national TV, radio and in newspapers, and authored popular Dutch books (e.g. about antidepressants).  

 

Dr.ir. Femke Lamers (female, 1980, PhD) is a psychiatric epidemiologist, partly trained 

at the US National Institute of Mental Health, and Assistant Professor at the 

Department of Psychiatry of VUmc.  

Expertise and role in Stress-in -Action: Lamers has widely published on stress-

related disease (an overview: https://research.vumc.nl/en/persons/femke-

lamers/publications/) and brings useful expertise for RT1 and RT3 on ambulatory 

behaviour assessment in relation to stress and mental health through her active 

involvement in NESDA’s Ecological Momentary Assessment and accelerometry 

substudy, the mMARCH (Motor Activity Research Consortium for Health), and the 

international ambulatory depression monitoring project (EU-RADAR-CNS). Her expertise with management of large-

scaled ambulatory actigraphy and EMA data will be used through co-leading the DISC. 

Grants, prizes, awards: Lamers has been awarded a NWO Rubicon fellowship and the EU-funded Marie Sklodowska-

Curie international re-integration grant programme. She is co-investigator in many EU-funded projects, including the 

H2020 EarlyCause, TO-Aition, and IMI-RADAR-CNS projects. She recently obtained an ZonMW-mental health 

programme grant and a grant from the Brain Foundation to intervene on immunometabolic aspects of depression. 

Leadership, organisational roles, international experience: Lamers has spent three years of her research career at the 

National Institute of Mental health, and has remained embedded as fellow afterwards. Consequently, she has 

extensive international collaborations in a network of researchers using accelerometry in psychiatry. lllustrative of her 

broad academic roles, Lamers is also examination coordinator and member of the curriculum committee of the Master 

of Epidemiology at VUmc. Within the EU RADAR-CNS, she has extensive collaboration with industry/small-medium 

enterprises/commercial partners around wearables and apps to monitor health (see www.radar-cns.org for an 

overview of partners). Finally, Lamers is actively involved in the Society of Ambulatory Assessment and core member 

of its Communications committee.  

http://www.stresss-nl.nl/
http://www.dejongepsychiater.nl/
https://research.vumc.nl/en/persons/femke-lamers/publications/
https://research.vumc.nl/en/persons/femke-lamers/publications/
http://www.radar-cns.org/
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Dr. Wouter Peyrot (male, 1981, MD PhD) studied mathematics and is a psychiatrist with 

experience in psychiatric and statistical genetics, and postdoc at the department of 

psychiatry and research group complex genetics of VUmc. 

Expertise and role in Stress-in-Action: For the SiA programme, Peyrot will conduct 

studies using genomics to further test causality in associations and conduct 

diathesis-stress testing (examining the interaction between genetic vulnerability 

and stress variables) as proposed in RT3. He advances the field of statistical genetics 

with (molecular) insights into genetic vulnerabilities, as he e.g. did in his recent first-

authored paper applying case-case comparisons based on case-control association 

results (Peyrot W, Price AL. Nature Genetics 2021). He was also among the first to apply 

genome-wide gene-environment interaction testing using genome-wide tools in psychiatric genetics (Peyrot et al. Br J 

Psychiatry 2017; Biological Psychiatry 2018). 

Grants, prizes, awards: He received a Young Talent award in mathematics (2002) and the EMGO+ Science Award 2015. 

He received a personal NWO Rubicon grant to work as a postdoc at the biostatistics department of Harvard University 

in Boston USA, and he was recently awarded a VENI grant to examine the genetic vulnerability of stress-related mental 

disorders. In 2020, he received the Reviewers’ Choice award from the American Society of Human Genetics Annual 

Meeting, and the oral presentation winner award at the World Congress of Psychiatric Genetics. 

Leadership, organisational roles, international experience: Peyrot has an extensive international network through his 

extended visit periods abroad (QIMR, Queensland, Australia and Harvard University, Boston, USA). He is also one of 

the lead analysts in the cross-disorder working groups of the Psychiatric Genomics Consortium in which over 300 

research groups across the globe collaborate. 

 

Vrije Universiteit (VU), Amsterdam 

 

Prof. Meike Bartels (female, 1973, PhD) is University Research Chair (a selective and 

privileged appointment as full professor) in ‘Genetics and Wellbeing’ at the 

department of Biological Psychology of the VU. 

Expertise and role in Stress-in-Action: Bartels brings expertise in genetics and twin 

analyses (useful in RT1) as well as in positive psychology and wellbeing (useful in 

RT3) to the SiA programme. She was senior author on the first genome-wide 

analysis on well-being (Baselmans et al. Nature Genetics 2019) and is working on 

smartphone-based Ecological Momentary Assessment of well-being (De Vries et al. J 

Happiness Studies, 2021). She has innovatively applied repeated measures twin study 

design to examine e.g. heritability of cortisol (Bartels et al., PNEC 2003).  

Grants, prizes, awards: Bartels obtained a prestigious VENI grant from NWO, and an EU-funded ERC Consolidator grant 

in which she examines the dynamics underlying well-being by focusing on environment-gene interplay. Bartels received 

the Thompson Award (2002) and the Fuller/Scott Award (2008) by the Behavior Genetics Association), and in 2017 she 

was awarded the status of Fellow for the International Positive Psychology Association in recognition of outstanding 

contributions to the advancement of positive psychology.  

Leadership, organizational roles, international experience: Bartels is President of the Behavior Genetics Association, 

and President-Elect of the International Positive Psychology Association. She is core academic group member of the 

Science and Ethics for Happiness and Well-being Project of the Pontifical Academies of Sciences, in partnership with 

the UN Sustainable Development Solutions Network. She is director of the personalized medicine programme of the 

Amsterdam Public Health research institute. She is in the Advisory Board for ‘Join for Joy’, a charitable organization 

and is director of the research master Genes in Behavior and Health. Her large international collaboration is clearly 

visible from her involvement as an executive in various genetics consortia and in EU-funded projects such as CAPICE, a 

Marie-Sklodowska-Curie Innovative Training Network, and the ENLIGHTENme project. 
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Prof. Mark Hoogendoorn (male, 1979, PhD) is Professor of Artificial Intelligence at the 

department of computer science of the VU. 

Expertise and role in Stress-in-Action: Hoogendoorn brings expertise in artificial 

intelligence and machine learning analytics, which are useful for his leading role in 

the DASC. He and his colleague Funk edited the book ‘Machine learning for the 

quantified self. On the art of learning from sensory data’ published by Springer in 

2018, illustrative of his leading role in applying big data analytics to ambulatory data. 

Hoogendoorn will co-lead the DASC and participate in RT3, as his main focus of AI 

applications is in the field of health. 

Grants, prizes, awards: Hoogendoorn received the best paper award (Hoogendoorn M, 

Merk RJ Proceedings of IEA-AIE 2012), the distinguished scholar award of the International Society of Applied 

Intelligence (2014), the third prize in National Big Data Health Challenge (2014), and received recognition as example 

project for IXA portret series (2016) and the Netherlands AI coalition (2020). He received several (inter)national grants 

from e.g. NWO for Efficient Deep Learning (2017), from NWO and heart foundation for predictive modelling for sudden 

cardiac arrest, and from ZonMW for predictive modelling of depression (2016).  

Leadership, organizational roles, international experience: Hoogendoorn is member of the Management Teams for 

Amsterdam Medical Data Science (bringing data science experts and medical experts together) and the Management 

Team for the VU Campus Center for AI & Health, and he is the chair of the Quantitative Analytics group at the VU. He 

is owner of PersonalAIze B.V (Ltd.) which focusses on application of AI techniques in practice, including the health 

domain. He has also various joint projects with industry, such as Philips, ING, Mobiquity or other commercial parties 

(EFRO, Efficient Deep Learning). He serves as Board Member of the International Society of Research on Internet 

Interventions (ISRII) and is Associate Editor of Internet Interventions (Elsevier). He has a wide variety of joint 

publications with researchers from 17 different international research institutes, and participates in various EU projects 

(EU H2020 – I-CARE for Old; EU-FP7 E-compared, EU-FP7 ICT4Depression). 

 

University Medical Center Groningen (UMCG), Groningen 

 

Prof. Harold Snieder (male, 1965, PhD) is a genetic epidemiologist currently affiliated 

with the Department of Epidemiology of UMCG. 

Expertise and role in Stress-in-Action: Snieder brings expertise through his 

quantification of (epi)genetic and environmental stressor contributions to chronic 

diseases, specifically cardiometabolic disease, relevant for RT3. Snieder has been 

(co)leading (epi)genome-wide association studies (EWAS/GWAS) on blood 

pressure, inflammatory markers, and depression, while also participating in 

numerous other EWAS/GWAS consortia with the Lifelines, Trails, NESDA and GECKO 

cohorts. He co-led (with Core Applicant de Geus) the international VgHRV GWAS 

consortium on heart rate variability (Nolte et al. Nature Communications 2017) and 

coordinates the genetic studies in the LifeLines Cohort, one of the studies to be enriched in Stress-in-Action. Snieder’s 

group has extensive expertise in using and producing freely available software modules developed for the R 

programming language (http://cran.r-project.org) on quality control (QCGWAS, GWASinspector, QCEWAS) and 

statistical analysis (lodGWAS, MetaSubtract) of (epi)genome-wide association study data.  

Grants, prizes, awards: Snieder has been awarded an EU-funded Marie Sklodowska-Curie international re-integration 

grant and a British Heart Foundation Intermediate fellowship. He obtained several NIH-NHLBI – RO1 grants and grants 

from the Netherlands Heart Foundation, the British Heart Foundation, and Wellcome Trust. He received the David 

Fulker Award for best publication in Behavior Genetics (2002), and his PhD-students were awarded the best UMCG 

thesis prize (Küpers, 2016) and the Allianz European Demography Best Thesis Award (Tropf, 2017). In 2017, Snieder 

was chosen as distinguished affiliate for “unusual, outstanding contributions” to the Society for Health Psychology.  

Leadership, organizational roles, international experience: Snieder served as member of the advisory committee to 

the Netherlands Heart Foundation on “Stress and Cardiovascular Disease” (2010-2014), and as Associate Editor of 

Clinical Epigenetics (since 2019). Snieder spent 10 years of his career abroad: he was at the TwinsUK registry (King’s 

College London, UK) and the Georgia Prevention Institute (Medical College of Georgia, Augusta, GA, USA) with which 

many close collaborations still exist. 

http://cran.r-project.org/
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Dr. Els Maeckelberghe (female, 1961, PhD) is as ethicist involved in large longitudinal 

projects (e.g. Lifelines, EU-studies) and Associate Professor at UMCG.  

Expertise and role in Stress-in-Action: Maeckelberghe’s expertise is in the field of 

bioethics. Her academic work on moral knowledge of citizens participating in 

studies generating big data or of citizens using technology innovations in health 

care, is essential for Stress-in-Action (RT2). For instance, she wrote about motives 

of contributing personal data for health research (BMC ethics 2020) and on ethical 

aspects of digital health from a justice point of view (Maeckelberghe et al., Eur J Public 

Health 2019).  

Grants, prizes, awards: Maeckelberghe is involved in over 20 research projects totalling over 5 M€ grant funding. She 

received a fellowship for innovation of teaching (2018).  

Leadership, organisational roles, international experience: Maeckelberghe is ethics consultant, confidential advisor 

for scientific integrity, and member of the Medical Ethics Review Board at UMCG. She is independent ethics consultant 

in various EU (ITN-EndoConnect, EU-CONNECARE, EU-CaRE) and Dutch (Lifelines, Sprint@work, Talking about Health) 

projects. She is course coordinator of ‘ethics in research and research integrity’ (Graduate School Medical Sciences, 

UMCG). International collaborations exist with colleagues from the International Association of Bioethics on patient-

centred quality improvement and co-design, and patient and family involvement in research and care. Maeckelberghe 

is a member of Board of Trustees of health care organizations and serves as president of the section Ethics in Public 

Health of the European Public Health Association.  

  

RijksUniversity Groningen (RUG), Groningen 

 

Dr. Bertus Jeronimus (male, 1984, PhD) studied law and developmental and clinical 

psychology and is currently Assistant Professor at the department of developmental 

psychology of RUG. 

Expertise and role in Stress-in-Action: His expertise is the role of personal 

resilience and vulnerability factors in the interaction of environmental contexts, 

emotion and behaviour, which is immediately relevant to RT1. In PNAS (2018) he 

illustrated that lack of group-to-individual generalizability is a threat to human 

subjects research. Jeronimus has also expertise in design of personalised feedback 

interventions, relevant for RT2. For example, he managed the Leefplezier study on 

subjective well-being, personality and mood in 850 Dutch elderly in collaboration with Espria Academy 

(https://www.espria.nl) and Lifely (https://lifely.nl). For this, a self-management tool to automatically study and 

identify personal ingredients for well-being in daily-life dynamics (www.leefplezierapp.nl) was developed.  

Grants, prizes, awards: Jeronimus recently obtained a VENI grant to examine how personality and social strategies 

impact on emotions, mood and the niche in which one lives and grows. 

Leadership, organizational roles, international experience: Jeronimus coordinates the HowNutsAreTheDutch study 

(>15k participants including diary study) and co-founded the global PsyCorona study (61,608 respondents, 115 

countries, 29 languages) and various others (Leefplezier, Nemesis-2 diary study). He has created GENTLE software for 

Graphical Ego-Network Tool for Longitudinal Examination, which is publicly available (https://www.gentle.eu/#/). 

Jeronimus is as secretary involved in the European Association of Personality Psychology. 

 

Dr. Susanne Scheibe (female, German background, 1976, PhD) worked as psychologist 

at the Max Planck Institute and Stanford University and is now adjunct professor 

‘Lifespan development and organizational behaviour’ at the department of 

psychology at RUG.  

Expertise and role in Stress-in-Action: Scheibe bring expertise on how (work) 

context is related to daily emotion and stress dynamics, relevant for RT1. She 

applies a lifespan approach, and focuses on e.g. diversity across age groups and 

gender. She has widely examined and published on topics evolving around (adult 

age differences in) daily stressor reactivity, emotion regulation, self-regulation, 

context effects for well-being and occupational health.  

https://www.espria.nl/
https://lifely.nl/
http://www.leefplezierapp.nl/
https://www.gentle.eu/#/
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Grants, prizes, awards: Scheibe obtained the outstanding master thesis award in 2002 (Humboldt University), and the 

Max Planck’s Otto Hahn Medal for outstanding dissertation (2005). A German Research Foundation postdoc grant 

(comparable to a Dutch Rubicon grant) was received in 2007. Scheibe was featured in ‘Rising Stars in Psychological 

Science’ in the APS Observer. In 2013 she received a research award ‘Aging and Work’ from the Becker-Stiftung 

German, followed in 2016 by a prestigious personal VIDI grant from NWO.  

Leadership, organizational roles, international experience:  

Scheibe has spent >15 years of her academic life in Germany, USA and Canada and has a large resulting international 

network. As member of the workplace network, involving ~80 International researchers, there is collaborative research 

on the role of age in the workplace. Scheibe was editor of two special issues on work and aging, focusing on topics like 

occupational stress and well-being. She is current Associate Editor of Cognition and Emotion (Journal). 

 

Dr. Laura Bringmann (female, 1986, PhD) is Assistant Professor at the department of 

Psychology at the University of Groningen. 

Expertise and role in Stress-in-Action: Bringmann bridges the gap between different 

field including statistics, methodology and clinical psychology. She will contribute 

her experience with longitudinal time-varying vector-autoregressive modeling (as 

illustrated in e.g. Bringmann et al. Multivariate Behavior Research 2018; Albers & 

Bringmann, Eur J Psychol Assessm 2020) to the DASC and apply these to address RT1 

research questions. 

Grants, Prizes, Awards: In 2019, Bringmann obtained a prestigious, personal VENI grant 

focused on new network models to detect changes in psychiatric disorders. She is also co-

applicant of the ZonMW consortium Feeling Safe. In 2012 she obtain best oral presentation award for the EPA-EU-GEI 

conference. In 2018, she was elected as member of the Young Academy Groningen, an interdisciplinary group of 

talented young scientists.  

Leadership, organisational roles, international expertise: Bringmann heads the intensive longitudinal data lab which 

currently consist of seven researchers, for all of which she secured funding. She initiated the highly successful biannual 

Dutch-Belgian meeting “Dynamical Network and Time Series Models (DynaNeT)”, which brings together >40 

researchers from statistical and clinical fields. Together with Prof. Hamaker, Bringmann developed the very popular 

PhD/postgraduate-course “Modelling the Dynamics of Intensive Longitudinal Data” and provides lectures on “time 

series modelling for n=1’. Bringmann’s research career included prolonged stays at seven universities in four countries 

(The Netherlands, Germany, Belgium, USA), illustrating her international focus.  

 

Erasmus University Medical Center (EMC), Rotterdam 

 

Prof. Eric Boersma (male, 1966, PhD) is professor of cardiovascular disease 

epidemiology at the department of cardiology at EMC, where he also directs the 

Cardiovascular Research School COEUR.  

Expertise and role in Stress-in-Action: Boersma has broad expertise in the field of 

Cardiometabolic disease epidemiology on which he has widely published with 

international collaborators (e.g. publications are with >2500 co-authors from 49 

countries). He has set up large longitudinal cohorts with cardiometabolic disease 

patients, which will be used for enrichment in the SiA programme. He will be involved 

in examining dynamic stress response patterns in relationship to cardiovascular disease 

onset and progression (RT3). 

Grants, prizes, awards: Since his professorship, Boersma obtained grants for 14 projects, involving a total of 12.7 M€. 

He is current chairman of the following research consortia: BIOMArCS (2008; 50+ partners; 1.4 M€), CREW (2014; 50+ 

partners 2.0 M€), IMPRESS (2020; 50+ partners; 3.0 M€).  

Leadership, organizational roles, international experience: Boersma is scientific director of the EMC cardiovascular 

research school COEUR (>30 projects, >200 PhD-students, >800 publications/year). He serves in many organization 

roles. Examples are membership of the EMC Medical Ethics Committee, the Dutch Medicines Agency Board (‘College 

ter Beoordeling van Geneesmiddelen’), vice-chair of the Consultation Center for Patient Oriented Research National 

Committees, and membership of the scientific advisory board of the Netherlands Heart Institute and the Dutch Heart 
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Foundation. Boersma serves on the editorial board of The American Health Journal, The American Journal of Medicine 

and the European Heart Journal.  

 

Prof. Manon Hillegers (female, 1970, MD PhD) is psychiatrist and professor and head 

of the department of child and adolescent psychiatry/psychology at the EMC. 

Expertise and role in Stress-in-Action: Hillegers has experience in early-life risk 

factors and in depth intergenerational (stress) measurements in relationship to 

mental health trajectories (e.g. Zou et al. Am J Psychiatry 2019, Kemner et al. 

Psychological Medicine 2015), relevant for RT3. She also brings in expertise with 

several EMA and serious gaming studies, in which she examines or modulates 

mood and behaviour in ambulatory daily-life setting (e.g. with the growit app, 

www.growitapp.nl, or within the Identifying Risk, Increasing Strength (IRIS) project). 

As board member of the Generation-R study and co-PI of the Mood and Resilience in 

Offspring (MARIO) project, she will provide access to these cohorts for the SiA programme.  

Grants, prizes, awards: Hillegers is principal investigator of the recently awarded eHealthjunior project through the 

Dutch Science Agenda programme (NWA-ORC project, www.eHealthjunior.nl). In this 5-M€ project, a large consortium 

will examine the use of eHealth in clinical settings in children with somatic disorders, for which she collaborates with 

industry (Philips Vital Health) as well as SMEs (Ijsfontein, Ivido). In addition, Hillegers obtained a NARSAD independent 

investigator grant, and co-leads several other large grants (e.g. MARIO, EU-moodinflame).  

Leadership, organizational roles, international experience: As head of the department and member of the Sophia 

Children’s Hospital board of EMC, Hillegers leads a large group of junior researchers (>40) and clinicians at EMC and 

maintains collaborations with many EMC departments. As evidence for international involvement, Hillegers is board 

member of the European Society Child and Adolescent Psychiatry (ESCAP, www.escap.eu), European representative 

member of the scientific programme committee of the American Academy of Child and Adolescent Psychiatry (AACAP 

with over 8,800 membership), and active member of the task force of the International Society of Bipolar Disorders 

(ISBD, https://www.isbd.org/active-task-forces). 

Prof. Dimitris Rizopoulos (male, Greek background, 1979, PhD) is Professor of biostatistics 

and head of the department of Biostatistics at EMC.  

Expertise and role in Stress-in-Action: Rizopoulos is expert in joint models for 

longitudinal and time-to-event data, on which he wrote various papers and books (e.g. 

Rizopoulos et al. Biostatistics 2016; Rizopoulos, D. (Ed.) Joint Models for Longitudinal 

and Time-to-Event Data, with Applications in R. Boca Raton: Chapman and Hall/CRC, 

2012). His expertise in development of statistical models and novel analytical 

techniques for optimal biomarker identification, screening strategies and active 

surveillance will be used both for the DASC and RT3 in the SiA programme. 

Grants, prizes, awards: Rizopoulos is member of the Young Erasmus Academy and is a 

laureate of a personal, prestigious VIDI grant from NWO which also focused on further development of statistical 

modelling of longitudinal data. He is current co-PI on the recent US-funded NIH-CISNET consortium (€M4.5). 

Leadership, organizational roles, international experience: As department head, he steers a biostatistics research 

group that is connected to all clinical departments in EMC. A strong focus is on making statistical programming publicly 

available. All statistical tools developed for the R programming language (e.g. GLMMadaptive, JMbayes, cvGEE 

packages) that Rizopoulos created are freely available via the CRAN site. Rizopoulos is Executive Committee member 

of the International Society for Clinical Biostatistics and of the education committee of the International Biometric 

Society. He serves as Associate Editor of the journal Biometrics and as co-Editor of the journal Biostatistics.  

 

http://www.growitapp.nl/
http://www.ehealthjunior.nl/
http://www.escap.eu/
https://www.isbd.org/active-task-forces
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Dr. Maryam Kavousi (female, Iranian background, 1975, PhD MD) is associate 

professor of Epidemiology of Cardiometabolic Disorders and principal investigator of 

the Rotterdam Study. 

Expertise and role in Stress-in-Action: Kavousi has ample experience in 

cardiovascular disease epidemiology, as evidenced by her recently described 

WHO-CVD risk chart describing global CVD trends (Kavousi M et al. Lancet Global 

Health 2019) and places strong emphasis on gender and socio-economic 

disparities (Kavousi M et al. JAMA 2016). She will contribute to examination of 

ambulatory stress measures in relationship to CMD onset and progression, with 

specific focus on socio-economic and gender differences (RT3). As PI of the 

cardiometabolic research line of the Rotterdam Study, she will lead enrichment of this cohort for the SiA programme.  

Grants, prizes, awards: Kavousi received the Viviane Conraads Outstanding Achievement Award from the European 

Society of Cardiology (2020) and the prestigious L'Oréal-UNESCO fellowship “For Women in Science”. She was recently 

selected by the Dutch Cardiovascular Alliance for the 2-year programme of Future Leaders in Cardiovascular Arena in 

the Netherlands. She is elected as member of the Young Academy of the Royal Netherlands Academy of Arts and 

Sciences (KNAW). In 2015, she received a 3-month fellowship at the NIAS-KNAW, and a prestigious, personal VENI 

grant from NWO, and a fellowship from the European Society of Cardiology (2014). In addition, Kavousi is involved as 

PI or co-investigator in various national studies (funded through the Dutch Heart Foundation: IMPRESS, Covid@Heart, 

CVON or through ZonMW (SHIFT, Gender and prevention grant, implementation grant).  

Leadership, organizational roles, international experience: Kavousi is co-author of the consensus document for 

management of coronary microvascular disease in practice of the Dutch Society of Cardiology (NVVC leidraad, 2020) 

and reviewer of the upcoming 2021 ESC guidelines “European guidelines on cardiovascular disease prevention in 

clinical practice”, illustrating her role in linking research to clinical practice, which is very useful for implementation of 

SiA findings. Kavousi is editor of Maturitas, Journal of the European Menopause and Andropause Society and of Global 

Heart. She has extensive collaborations within the European Association of Preventive Cardiology (EAPC) of the 

European Society of Cardiology and holds various management roles there, including Chair-elect of the Prevention, 

Epidemiology, Population science section. Her extensive international collaborations are further evidenced through 

her active involvement in other EU-projects (e.g. IMI-Sophia, H2020-LONGITOOLS) and in leadership within large 

consortia examining risk factors of CVD (including CHARGE, CHANCES, ERFC, Proof-ATHERO, Combi-bio). 

 

University of Twente (UT), Enschede 

 

Dr. Bernard Veldkamp (male, 1973, PhD) is professor and head of the department of 

learning, data-analytics and technology where he heads the research methodology, 

measurement and data analysis teaching and research group at UT.  

Expertise and role in Stress-in-Action: Veldkamp is specialized in research 

methodology and data analytics with special interest focus on optimization, text 

mining and computer-based assessment. His work spans the development of 

new methods for the design and construction of (adaptive) psychological or 

cognitive tests, to development of data mining models for analyzing verbal data and 

large datasets. He will contribute his expertise to RT2 and DASC.  

Grants, prizes, awards: In 2008 Veldkamp was awarded with Fellow status of the 

Association for Evaluation and Assessment Europe. He collaborates on various grants on detection and screening for 

stress-related diseases and developed pipelines and one tool for the analysis of text documents as source of 

information, and developed a pipeline for using physiological data to measure mental work load.  

Leadership, organizational roles, international experience: Veldkamp has been scientific director of the Research 

Center for Examination and Certification, a national institute for measurement in the Netherlands. He has several 

collaborations with Industry, e.g. around the Human Behavior Analytics Lab with Thales, Noldus Information 

Technology, Artinis Medical Systems, and VidiNexus, or around the living lab for artificial intelligence in education (with 

e.g. Oberon, Dialogic). He is a member of the Association for Evaluation and Assessment Europe.  
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Prof. Hermie Hermens (male, 1955, PhD) is professor of telemedicine at the 

department of biomedical signals and systems at the UT. He is co-founder of 

Roessingh Research and Development B.V.(Ltd.), now one of the largest private 

research organisation in the area of rehabilitation and eHealth, and co-founder 

of VitaalTwente, a regional stakeholder organisation for health innovation. 

Expertise and role in Stress-in-Action: Hermens’ research is focused on 

combining biomedical Engineering with ICT to create new end-to-end 

telemedicine applications for people with chronic disorders. With international 

colleagues he foretold the importance of telehealth for long term conditions (Car et 

al. BMJ 2012). Hermens is editor in chief of the Journal of Back and Musculoskeletal 

Rehabilitation. He will contribute his extensive experience to the development of tools and interventions that monitor 

stress in daily life in RT2, and to interact with the Stakeholder and Implementation Forum of the SiA consortium.  

Grants, prizes, awards: Hermens is past president and current fellow of the International Society of Electromyography 

and Kinesiology (ISEK). He coordinated 5 European projects: two R&D projects, one Eureka project, one Eurostars and 

one concerted action in which the standards for surface EMG were defined. He also participated in >20 other European 

projects, mostly as PI and/or WP leader. Three of his projects were listed in the top 25 of most influential European 

projects on Active and Healthy Aging.  

Leadership, organisational roles, international experience: Hermens is director (‘boegbeeld’) of the strategic research 

programme “Personalised eHealth Technology”. This programme is building the regional ecosystem with many local 

stakeholders, which became a 2-star and later a 3-star reference site. He has extensive collaborating with SME’s, 

especially in European projects. As an example in the current running EDIC (Exceptional and Deeply Intelligent Coach) 

project, he works with IMEC, Roessingh Research and development, and Philips.  

 

Dr. Geke Ludden (female, 1978, PhD) is adjunct professor and head of the Interaction 

Design chair at the Department of Design, Production and Management at UT. She is 

also a fellow of the UT DesignLab. 

Experience and role in Stress-in-Action: Ludden’s work is at the intersection of 

design research (specifically people’s experiences of products and services), 

human computer interaction and (e-)Health, on which she co-edited a book that 

brings together theories and practices of designing for change (Niedderer, Clune, 

Ludden (Eds). Design for Behaviour Change, Ashgate, 2018). She examines how the 

design of products and services influences people’s behaviour and motivation with a 

specific interest in how products and services can support healthy behaviour and in how 

technology (interactive devices and wearables) can engage people in therapy at home. Her expertise is relevant for 

Stress-in-Action specifically where the project will focus on user-acceptance and adoption of innovative sensors to 

measure stress at the long term and in development of stress-reducing interventions (RT2).  

Grants, prizes, awards: Ludden is Co-PI of various large-scale NWO funded projects in which innovative technology 

for healthcare is designed starting from human value: Compassionate Technology and the NWO Cross-over 

Maintaining Optimal Cognitive Function in Ageing (MOCIA) project (€ 9.0 million). Funded through the 4TU program, 

she is co-PI of a 4.5 million project “Pride & Prejudice” focused on real-life monitoring and context-aware intervention 

design in chronic disease, and WP leader in the Marie Curie Rise H2020 project on technology design for cognitive 

decline. 

Leadership, organizational roles, international experience: Ludden is strongly connected with multiple (industrial) 

partners. As PI of the Topsector High Tech Systems and Materials (TKI) project Digital Nature she collaborates with 

Philips Vitalminds. For her wearable breathing trainer project, collaborations exist with hospital MST, Elitac wearables, 

fashion designer van Rees and electronics designer Bulsink. The MOCIA project is a collaboration with Salut, Danone 

Nutricia, Imec and DSM. Ludden is steering committee member of the Personalized eHealth Technology research 

programme of UT and ambassador for the theme ‘Behaviour and Empowerment” of the knowledge agenda Key 

Enabling Methodologies initiated by the Creative Industries and adopted by other NL Topsectors. In 2019, she was 

academic member of a Dutch trade mission to Canada. She is editor of the Journal of Design Research. and guest 

associate editor for a Research Topic on Responsible Digital Health for Frontiers in Digital Health. 
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Dr. Birna van Riemsdijk (female,1978, PhD) is associate professor Intimate Computing 

in the Human-Media Interaction group at UT.  

Experience and role in Stress-in-Action: Van Riemsdijk’s research programme 

develops theory and software for creating intimate technologies that take into 

account human vulnerability in supporting us in our daily lives. She works on 

computational models for behaviour support agents that align with people's 

norms and values and can take into account a person's social context. Such 

methods and techniques will be developed further as part of stress-related 

behaviour tools and interventions in RT2.  

Grants, awards, prizes: Van Riemsdijk was awarded a prestigious personal Vidi 

grant from NWO in 2014. She was also awarded the Dutch Prize for Research in ICT 2014 for her multi-faceted, 

innovative and relevant research into the concept of a Socially-Adaptive Electronic Partner (SAEP). In 2012, she 

received the IT ‘Spiegelbeeld Award’ (Mirror Image Award), a prize for women dedicated to inform young girls/women 

about science, technology and IT. 

Leadership, organizational roles, international experience: Van Riemsdijk is coordinator of the Responsible Hybrid 

Intelligence research line in the Dutch national NWO gravitation research programme on Hybrid Intelligence, is 

member of Informatics Advisory Board of the Lorentz Center in Leiden and board member of the Netherlands Institute 

for Research on ICT (4TU.NIRICT) which comprises all ICT research of the four Dutch universities of technology. She 

spent two years as postdoc at the Ludwig-Maximilian University in Munich, Germany. She serves on the editorial board 

of the Journal of Autonomous Agents and Multiagent Systems (JAAMAS) and was elected board member of the 

International Foundation for Autonomous Agents and Multiagent Systems.  

 

University of Utrecht (UU), Utrecht 

 

Prof. Ellen Hamaker (female, 1974, PhD) is professor of longitudinal data analysis and 

former Director of Education at the Department of Methodology and Statistics of the 

Faculty of Social and Behavioural Science at UU. 

Expertise and role in Stress-in-Action: Hamaker focuses on analyses of dynamics 

in longitudinal data. Hamaker’s impact is illustrated by her 2015 paper in 

Psychological Methods on the limitations of the traditional cross-lagged panel 

model and how to overcome these: It has been declared a “highly cited paper” (top 

1%) in the field of Psychiatry/Psychology by Web of Science, and is fundamentally 

changing the way researchers analyse cross-lagged panel data. Key factors that add to 

the success of this paper are that: a) it targets a modelling issue that is common in sciences; 

b) it provides a clear solution that is easy to implement; and c) substantive researchers see the theoretical potential. 

Hamaker also has three other highly cited papers on the analysis of intensive longitudinal data, and brings experience 

in this area in a user-friendly and computationally strong environment to the SiA programme (especially RT1 and DASC).  

Grants, awards, prizes: Hamaker is awardee of various, prestigious personal grants including a VENI and VIDI project 

from NWO, an Aspasia grant from NWO and an ERC consolidator grant from the European Research Council all focused 

on developing and testing methods studying individual differences in dynamic data patterns. She is coapplicant of the 

National Science Agenda project (NWO-ORC) eHealth Junior (http://www.ehealthjunior.nl/). 

Leadership, organizational roles, international experience: Hamaker has been postdoc at the University of Virginia 

and has several collaborations with researchers from the USA, New Zealand, Germany, Belgium and Japan. Hamaker 

served as the head of the M&S postgraduate training in Utrecht. During this time, the number of courses provided by 

the M&S department has more than doubled, attracting several hundred national and international participants every 

year. Hamaker has ongoing collaboration with the statistical software company Mplus to develop and implement novel 

methodology, e.g. a flexible toolbox to analyse the dynamics in intensive longitudinal data such as obtained with 

ambulatory assessments. 

 

  

http://www.ehealthjunior.nl/
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Table 12: Composition overview of the entire Stress-in-Action Consortium  

Person  F/M Institute, specialization Unique expertise in Stress-in-Action RT/SC Age 

Core Applicants 

Prof. Brenda Penninx F VUmc, psychiatric 

epidemiology 

MH, ’omics’, physiological stress 

response 

1, 3, 

DISC, 

CASC 

50 

Prof. Eco de Geus M VU, psychophysiology Ambulatory technology, physiological 

stress response 

2, 3, 

DISC 

60 

Prof Ute Bültmann F UMCG, occupational 

medicine 

Contextual stress factors 1, 2, 

DISC, 

CASC 

52 

Prof. Peter de Jonge M RUG, developmental 

psychology, 

Emotional & cognitive stress 

response 

1, 2 51 

Prof. Liesbeth van 

Rossum, MD 

F EMC, internal medicine, 

endocrinology  

CMH, physiological stress response, 

stress intervention 

2, 3 45 

Dr. Matthijs Noordzij M UT, technology in health 

care 

Ambulatory technology, just-in-time 

intervention 

2 43 

Senior scientists bringing expertise that is essential to the Stress-in-Action programme 

Prof. Meike Bartels F VU, wellbeing, genetics Twin studies,gene-stress exposure 

interaction 

1, 3 47 

Dr. Els Maeckelberghe F UMCG, ethics Ethics, User perspective 2 59 

Prof. Harold Snieder M UMCG, cardiometabolic 

genetics 

CMH, genetics, diathesis-stress 3 55 

Prof. Eric Boersma M EMC, cardiovascular 

medicine 

CMH, omics, diathesis-stress 3 54 

Prof. Manon Hillegers, 

MD 

F EMC, child & adolescent 

psychiatry  

MH, emotional & cognitive stress 

response 

3, 

DISC 

50 

Prof. Bernard Veldkamp M UT, data science Data science, machine learning 2, 

DASC 

47 

Prof. Hermie Hermens M UT, biomedical signals & 

systems 

Ambulatory technology, knowledge 

valorisation 

2 65 

Prof. Ellen Hamaker F UU, psychology, statistics Data science, time series modelling 1, 

DASC 

46 

Talented mid-career scientists (aged ≤45 years) to be stimulated in next 10 years 

Dr. Femke Lamers F VUmc, psychiatric 

epidemiology 

MH, behavioural stress response 1, 2, 

DISC 

40 

Dr. Wouter Peyrot, MD M VUmc, psychiatric genetics MH, genetics, diathesis-stress 3 39 

Dr. Christiaan Vinkers, 

MD 

M VUmc, stress physiology MH, early-life stress, stress 

intervention 

3 40 

Prof. Mark Hoogendoorn M VU, artificial intelligence Data science, machine learning 3, 

DASC 

41 

Dr. Susanne Scheibe F RUG, context of mood, 

behaviour 

Contextual stress factors 1 44 

Dr. Laura Bringmann F RUG, behavioural sciences Data science, time series modelling 1, 

DASC 

34 

Dr. Bertus Jeronimus M RUG, personality & stress  Emotional & cognitive stress 

response 

1 36 

Dr. Maryam Kavousi, MD F EMC, cardiovascular 

epidemiology  

CMH, physiological stress response 3, 

DISC 

45 

Prof. Dimitris Rizopoulos M EMC, biostatistics CMH, data science  3, 

DASC 

41 

Dr. Geke Ludden F UT, interaction design User perspective, just-in-time 

intervention 

2 42 

Dr. Birna van Riemsdijk F UT, ethics & technology Ethics, responsible AI 2 42 

MH=mental health, CMH= cardiometabolic health, MD=medical doctor, RT=Research Theme, DASC=Data Analytics 

Support Core, DISC=Data Infrastructure Support Core, CASC=Career Support Core 
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3.3 Plan for the career development of talented researchers in the middle level 

 

Adequate talent policies to raise our next research generation have become a major point of attention in Dutch 

Academics. Academic career opportunities for young scientists are endangered by (1) continued cuts in the 

governmental budget for tenured research positions, and (2) a law restricting renewals of temporary academic 

contracts. This resulted in increased competitiveness of obtaining talent-based personal funding, and – specific to 

social sciences - higher value placed on performance indicators that favour exact sciences and immediate economic 

impact of research. Without successful acquisition of their own salary many young researchers with excellent CVs, 

high-quality output and inspiring ideas will not be tenured by Universities due to financial and juridical risks.  

 The long-term NWO Gravitation programme presents a unique opportunity to address this concern as it provides 

long-term and quite extensive funding so that not just junior researchers but also those transitioning to mid-careercan 

strongly benefit. We define the mid-career scientist broadly: it ranges from a post-doc with >three years of research 

experience to the professor level scientist with an age ≤45 years as these too can still grow considerably during their 

further career. The Stress-in-Action consortium believes that talent management is a valuable asset to the 

sustainability of our research programme and to the further advancement of the relevant scientific fields, far beyond 

the duration of the project. Within our SiA programme, we have several career-stimulating strategies in place that will 

benefit especially the mid-career researchers.  

 

Long-term tenure tracks 

It is important to emphasize that the SiA Core Applicants are quite young themselves. They maintain their active careers 

for the upcoming 10 years and beyond. Therefore, they can guarantee continuity of mentoring of young and mid-

career high potentials not just with regard to high-quality research and training, but also with regard to the research 

funding required to negotiate long-term tenure tracks to embed them at the senior level within their Universities 

during and beyond the SiA programme. Using SiA funding to safeguard long-term employment tracks for this new 

generation of stress researchers does not just serve the purpose of national research talent management but is also 

‘selfishly’ relevant to achieving our SiA aims. 

 For mid-career scientists themselves it is extremely important to have adequate research time to develop their 

research careers. Within the Stress-in-Action we will be able to invest 48 fte-years of mid-career/postdoc staff time for 

conducting tasks around our Research Themes and Support Cores. This will provide these scientists with the important 

dedicated research time and protect them from the often continuous pressures of grant writing to maintain their salary 

funds and/or educational or clinical responsibilities. Dedicated research time may importantly pay off in terms of 

research experience, output and, in the end, successfully obtaining (personal) grants. 

 Teaching responsibilities for mid-career researchers range from roles in bachelor and master courses as well as in 

graduate courses. They play an important role in updating novel master-postdoc courses by implementing their own 

research results. Supervisory roles range from supervising master students to PhD-students as well as junior postdocs. 

All mid-career researchers will design their curriculum as such to receive the Basic Teaching Qualification (“Basis 

Kwalificatie Onderwijs”), which is a key requirement for a successful academic career in the Netherlands. 

 

Funding for ‘Talent Programme’  

Participating Universities have provided direct in-cash matching to the SiA programme, and the Deans of our groups 

have specifically requested to allocate these matching funds to embedding and thereby sustaining academic talents 

for the long-term. We have reserved for a 1.5 M€ ‘Talent programme’ fund that allows us to structurally embed a 

number of mid-career researchers with unique talents at our Universities. This could be researchers from within or 

outside of our initial consortium. 

 

Personal Career Development plan 

All mid-career researchers will write a Personal Career Development Plan (see e.g. Nature 2017;548;489-90) that 

includes goal setting regarding skills, activities and output. This will be monitored by the direct supervisor, but also 

discussed with the Career Support Core (CASC) members.  

 

Mentor and Peer support system 

The CASC will set up a mentor and peer support system. For talented mid-career researchers, we will arrange highly 

talented top researchers as their mentors, who reside outside of the consortium. This may result in new and more 
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reflective and fruitful interactions. With their assigned mentor, mid-career researchers will annually discuss their 

potential career challenges and their Personal Career Development Plan to develop scientific, technical, managerial 

and leadership skills. With their assigned peer group, mid-career researchers share and discuss more informally their 

career choices, challenges and opportunities.  

 

Stimulating a positive work environment and interaction  

The SiA programme will place adequate attention to providing SiA researchers with a positive onboarding experience, 

job satisfaction, perceived fit, and work engagement throughout their appointment. For this, organized by the Junior 

Thinktank, there will be formal and informal bridge building events between junior and mid-career researchers, and 

we will retrieve regular feedback on this from junior researchers (e.g. through routine (online) assessments and 

discussion at SiA meetings). There are ample opportunities for mid-careers to take active part here.  

 

Rotating leadership within Stress-in-Action 

The Research Themes and Support Cores are co-led by two senior SiA researchers which allows us to safeguard 

continuity of leadership, while in parallel provide opportunities for younger researchers to hold a leadership position 

during the duration of the SiA programme. SiA researchers with leadership quality and ambition can climb to higher 

leadership levels in the SiA programme. This applies to all levels in all research themes and support cores. For example, 

one of the pair of Core Applicants 

will rotate off after about five years, 

opening up a slot in the RT 

leadership for a mid-career/senior 

scientist that in turns opens a slot 

for RT project leadership, and 

onwards (see Figure 17). Our 

Supervisory Board (Deans) will have 

a role in this decision process. The 

scheme will allow us to renew 40% 

of the SiA Leadership at year 5 of 

the project. The Principal Applicant 

is exempt from this rotational 

scheme. 

 

Rotating system for junior members to participate in the Executive Committee 

We will also use a rotating system (per two years) in which we select – through a competitive system – two talented 

mid-career researchers to participate in the Executive Committee. This is the top supervising committee in which all 

activities of our SiA programme come together and in which strategic decisions and discussions will be made. 

Consequently, for researchers this is an ideal setting in which they can learn and grow their science-management 

capacities. The CASC will initiate and supervise these rotations.  

 

International Exchange Programme 

As we believe that working in different academic environments stimulates talents, grows expertise and builds useful 

academic connections and networks, we will actively stimulate mid-career researchers to spend some time abroad or 

at another national institute. As part of the International Exchange Programme, coordinated by the CASC, mid-career 

can submit applications to spend time abroad e.g. to learn new skills or utilize specific tools or data. 

Figure 17: Career development through growth in leadership roles in SiA programme 


