Data Request form YOUth (version 6.0, February 2020)

Introduction

The information you provide here will be used by the YOUth Executive Board, the Data Manager, and the
Data Management Committee to evaluate your data request. Details regarding this evaluation procedure can
be found in the Data Access Protocol.

All data requests will be published on the YOUth researcher’s website in order to provide a searchable
overview of past, current, and pending data requests. By default, the publication of submitted and pending
data requests includes he names and institutions of the contact person and participating researchers as well as
a broad description of the research context.

After approval of a data request, the complete request (including hypotheses and proposed analyses) will be
published. If an applicant has reasons to object to the publication of their complete data request, they should
notify the Project Manager, who will evaluate the objection with the other members of the Executive Board
and the Data Management Committee. If the objection is rejected, the researcher may decide to withdraw
their data request.

Section 1: Researchers

In this section, please provide information about the researchers involved with this data request.
- Name, affiliation and contact information of the contact person
- Name and details of participating researchers (e.g. intended co-authors)
- Name and details of the contact person within YOUth (if any)

Contact person for the proposed study:

Name: M.J.N.L. Benders (PI fetal and neonatal MRI), Femke Lammertink (PhD
student)

Institution: UMC Utrecht

Department: Neonatology

Address: Lundlaan 6, 3584 EA Utrecht

Email: m.benders@umcutrecht.nl

Phone: 088-7563641

Participating researcher:

Name: Femke Lammertink
Institution: UMC Utrecht

Department: Neonatology

Address: Lundlaan 6, 3584 EA Utrecht
Email: f.lammertink@umcutrecht.nl
Phone: 088-75 63641

Participating researcher:

Name: Erno J. Hermans

Institution: Radboud UMC

Department: Donders Institute for Brain, Cognition, and Behaviour
Address: Kapittelweg 29, 6525 EN Nijmegen

Email: erno.hermans@donders.ru.nl

Phone:

Participating researcher:
Name: | Christiaan H. Vinkers




Institution: Amsterdam UMC

Department: Department of psychiatry
Address: Oldenaller 1 1081 HJ Amsterdam
Email: c.vinkers@amsterdamumc.nl
Phone: 020 788 4666

Participating researcher:

Name: Martijn P. van den Heuvel

Institution: VU Amsterdam

Department: Department of Complex Trait Genetics, Center for Neurogenomics and
Cognitive Research

Address: De Boelelaan 1085 1081 HV Amsterdam

Email: martijn.vanden.heuvel@vu.nl

Phone:

Contact person within YOUth (if any)

Name: M.J.N.L. Benders

Institution: UMC Utrecht

Department: Neonatology

Address: Lundlaan 6, 3584 EA Utrecht
Email: m.benders@umcutrecht.nl
Phone: 088-7554545

Section 2: Research context

In this section, please briefly describe the context for your research plans. This section should logically
introduce the next section (hypotheses). As mentioned, please note that this section will be made publicly
available on our researcher’s website after submission of your request.

Please provide:

- The title of your research plan

- A very brief background for the topic of your research plan

- The rationale for and relevance of your specific research plan

- The specific research question(s) or aim(s) of your research (Please also provide a brief specification)
- A short description of the data you request

References can be added at the end of this section (optional).

Title of the study
Alterations in developmental trajectory of large-scale brain network in preterm born children

Background of the topic of your research plan, rationale, relevance (max. 500 words)

Preterm infants are born with a neurobiological immature system and are precociously exposed to
stressful procedures during admission to the Neonatal Intensive Care Unit (NICU). The excessive
and prolonged exposure to stress during NICU admission can exceed the infant’s natural regulatory
capacity, threatening the allostatic balance of the infant, and might permanently alter
neuroendocrine and neural responses (McEwen, 2007). Adverse stress exposure throughout the
neonatal period might represent an “allostatic load” (i.e., detrimental consequences following
forced adaptions to adverse psychosocial or physical stressors), leading to persisting mental
morbidity throughout the lifespan (Doom & Gunnar, 2013; McEwen, 2000).

Only recently, studies started to explore the role of postnatal stress in brain development following
prematurity. The studies that have been conducted thus far found that, similar to animal studies
(e.g., Nishi et al., 2014), exposure to neonatal stress is associated with alterations in a number of
neural structures, including lower volumes of the amygdala and thalamus, a thinner cortex, a
decreased connectivity between the insula, amygdala, and hippocampus, and altered thalamo-




cortical connectivity (Brummelte et al., 2012; Chau et al., 2019; Ranger et al., 2013; Schneider et
al., 2018; Smith et al., 2011; Tortora et al., 2019).

An increasing number of studies highlight a pattern of developmental reprioritization following
early-life stress, entailing an increased connectivity in regions that are pivotal for detecting and
responding to salient stimuli (salience network [SN]), including the amygdala and insula, at the cost
of decreased connectivity in the default-mode network (DMN), a network implicated in intrinsic
focus, self-referential mental activity, and recollection of past experiences (Callaghan &
Richardson, 2013; Callaghan & Tottenham, 2016; Herzberg & Gunnar, 2020). The hypothesis
stressing a trade-off in functional connectivity following early-life stress in trauma-exposed
children and adults has gained momentum (Callaghan & Richardson, 2013; Gee et al., 2013;
Tottenham et al., 2010). However, these links have yet to be established in a population of preterm
born children.

Alterations in developmental trajectories following early environmental input (stressors) may
consequently lead to an imbalanced communication within and between large-scale brain networks.
The current study expands on previous work and will investigate alterations in large-scale brain
networks in three populations of 9-year old children: (1) chronic stress-exposed preterm born, (2)
trauma-exposed full-term, and (3) non trauma-exposed full-term. We will first investigate whether
we can find evidence for a trade-off in large-scale brain network functional connectivity,
specifically an upregulated SN and a down-regulated DMN, in preterm born and trauma-exposed
children relative to non-trauma-exposed controls. Second, we will investigate the degree to which
early-life stress is associated with alterations in large-scale brain network development, and
whether these alterations hold relevance for behavioral problems.

We would like to request data from the YOUth Child and Adolescent cohort to include a group of
trauma-exposed and non-trauma exposed typically developing children (wave 9) who underwent a
MRI using the same acquisition protocol as the preterm born children.

The specific research question(s) or aim(s) of your research

We will first investigate whether we can find evidence for alterations in developmental trajectories
of large-brain networks in preterm born and trauma-exposed children relative to non-trauma-
exposed controls. Second, we will investigate the degree to which stress is associated with
alterations in large-scale brain networks. Third, we consider whether the changes in trajectories of
affective neurocircuitry are associated with emergences of mental health disorder.

This approach will improve our understanding of the neurocognitive circuitry underlying
susceptibility and resilience to behavioral problems in preterm born children.

Main research questions:

1) Do preterm born children at age 9 differ in the development of large-scale brain networks
compared to trauma-exposed and non-trauma-exposed (full-term born) children (matched on age
and gender)?

2) Does early-life stress have a long-term impact on large-scale brain network development in
preterm born and trauma-exposed 9-year old children? Are the stress-induced alterations similar to
the alterations observed in trauma-exposed children (are similar mechanisms at play)?

3) Are stress-induced alterations in large-scale brain networks relevant for childhood problem
behavior?

Summary of the data requested for your project: Please indicate which data you request to
answer your research question.




We request data from YOUth participants at 9 years of age who have completed the anatomy scan
(for co-registration) and resting-state experiment. YOUth participants will be matched (1:1) on age
and gender to the preterm born cohort.

To account for possible confounding factors, we would also like to request demographic and health
parameters of the mother/father (excluding religion and ethnicity), as well as parameters related to
early-life stress/trauma, including:

- Bullying behavior of/towards the child and Gender Identity (GI)

- Adult Self Report (ASR)

- Childhood Trauma Questionnaire (CTQ)

- Household, background, language, education, family relations, economic situation, religion (or
updates in wave Rondom 0)

- Medical problems of first degree family members

- Psychiatric problems of first degree family members

- General health questionnaire

- Vitamins, medication, exposure during pregnancy

- List of long-term stressful life events selected by GenerationR

- Major life events in the past 12 months

- Periconceptual health

For the child we also request:
- Child Behavior Checklist (CBCL 6-18 years)
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Section 3: Hypotheses
In this section, please provide your research hypotheses. For each hypothesis:
- Be as specific as possible
- Provide the anticipated outcomes for accepting and/or rejecting the hypothesis

Hypotheses |
We will first investigate whether we can find evidence for alterations in developmental trajectories
of large-brain networks in preterm born and trauma-exposed children relative to non-trauma-
exposed controls. Second, we will investigate the degree to which stress is associated with




alterations in large-scale brain networks. Third, we consider whether the changes in trajectories of
affective neurocircuitry are associated with emergences of mental health disorder.

We hypothesize:

(1) Relative to non-trauma-exposed controls, preterm born and trauma-exposed children show an
upregulated salience network and a down-regulated default-mode network.

(2) Greater early-life stress is associated with a network-specific disruption of childhood brain
development. Specifically the group-effects of hypothesis one is expected to be explained by the
degree of early-life stress exposure.

(3) Stress-induced alterations in large-scale brain networks are associated with the emergence of
childhood behavioral problems.

Section 4: Methods
In this section, you should make clear how the hypotheses are tested. Be as specific as possible.
Please describe:
- The study design and study population (Which data do you require from which subjects?)
- The general processing steps (to prepare the data for analysis)
- The analysis steps (How are the data analysed to address the hypotheses? If possible, link each
description to a specific hypothesis)
- Any additional aspects that need to be described to clarify the methodological approach (optional)

Study design, study population and sample size (e.g. cross-sectional or longitudinal; entire
population or a subset; substantiate your choices)

Study design and population. In this cross-sectional study we would like to compare brain
development between typically (full-term; trauma and non-trauma exposed) and atypically
(preterm) developing children. Additionally, we would like to investigate within-group differences
by looking at the impact of the degree of early-life stress/trauma on network changes.

The main analysis will comprise of a group-analysis of extremely preterm born infants (N = 80),
scanned at UMC Utrecht at approximately 9-10 years of age, and trauma-exposed and non-trauma-
exposed (N=160) full-term born controls scanned as part of the YOUth child and adolescent cohort.
The preterm born children are prospectively included as part of the BIOS (METC: 17-645) and/or
RESPROUT (METC: 18-882) study. Further description of the study design can be found on the
RESPROUT website: https://www.hetwkz.nl/nl/resprout

For secondary analyses, we would like to investigate the impact early-life stress on long-term brain
development in preterm born children (8-11 years of age) by means of a general linear model.

Sample size. Typical and atypical developing children will be matched (1:1) on age and gender.
Hence, we require n=~80 trauma and #=~80 non-trauma exposed full-term born YOUth children.
We require an additional (independent) group of non-trauma exposed children for the construction
of network templates (n = ~50).

General processing steps to prepare the data for analysis
Anatomical and resting-state data will be preprocessed with the use of fMRIprep. Below a short
summary of the steps.

Anatomical data

Each T1w volume is corrected for INU (intensity non-uniformity) using N4BiasFieldCorrection
v2.1.0 (Tustison et al., 2010) and skull-stripped using antsBrainExtraction (Avants et al., 2014).
Brain surfaces are reconstructed using recon-all (FreeSurfer v6.0.0) (Dale et al., 1999).

Resting-state data
To allow for T2* equilibration effects, the first five images of each resting-state scan are discarded.
Functional data is slice time corrected using 3dTshift (AFNI) (Cox, 1996) and motion corrected




using mcflirt (FSL) (Jenkinson et al., 2002). This is followed by co-registration to the
corresponding T1w using boundary-based registration (Greve & Fischl, 2009).

Noise is addressed by applying ICA-AROMA to automatically identify single-subject ICA
components (Pruim et al., 2015). Following the minimal preprocessing, data are bandpass filtered
(.01-0.8 Hz), and 32-parameter nuisance regression are applied (6 rigid body motion parameters,
mean CSF and mean WM; temporal derivatives and quadratic expansions of these 8 regressors;
quadratic expansions of the 8 temporal derivatives).

Large-scale brain networks

First, we will derive group-level network templates based on data of 50 independently tested non-
trauma exposed children, using group independent component analysis (ICA) as implemented in
MELODIC (Beckmann & Smith, 2005). Components with a high cross-correlation of mean time-
series with pre-defined functional ROIs from the Stanford FIND atlas were selected and identified
as RSN of interest.

We will focus on three canonical brain networks that have been previously implicated in the central
response and regulation of stress: default mode network (DMN), executive control network (ECN),
and salience network (SN).

The selected RSNs templates include key regions of the respective networks. For instance, for the
SN we will use the bilateral anterior insula, dorsal ACC and amygdala; the ECN includes
dorsolateral prefrontal cortex and posterior parietal cortex, and the DMN includes ventromedial
prefrontal cortex, parahippocampal gyrus, posterior cingulate cortex and precuneus.

The group-spatial-maps are regressed into each subject's 4D dataset to give a set of timecourses,
and second, we will regress the timecourses into the same 4D dataset to get a subject-specific set of
spatial maps. This approach will generate a beta map of timecourses per subject per network (three
networks per subject).

Early-life stress

Postnatal stress is quantified as the total number of invasive procedures in the first two weeks of
NICU stay (prior to 30 weeks of gestation). Throughout the first two weeks of an infants’ stay in
the NICU, all postnatal clinical factors and treatments are recorded, including number of skin-
breaking procedures (e.g., heel-stick, drain, intravenous drip), days of cerebral monitoring and
mechanical ventilation, and suctioning of mouth and nose, amongst others.

For the trauma-exposed population, we quantified early-life stress as the number of (mild)
stressors, which could include: bullying, changes in financial situation/household/housing, death in
family, exposure to violence, or (mental) health problems in a (first-degree) family member.
Children will be excluded if they have (chronic) health problems.




Specific processing and analysis steps to address the hypotheses

See “Data processing and preparation” for more details regarding MRI preprocessing.

Large-scale brain networks

We will run a group-average independent-component analysis (ICA) on an independent dataset of
non-trauma exposed children, and then, for each subject (i.e., preterm, trauma, or non-trauma
exposed), estimate a "version" of each of the group-level spatial maps, by first regressing the
group-spatial-maps into each subject's 4D dataset to give a set of timecourses (stage 1), and second,
regressing the timecourses into the same 4D dataset to get a subject-specific set of spatial maps
(stage 2).

The spatial maps will then be compared across groups to investigate group-differences (second-
level ANOV As with three groups; preterm, full-term trauma-exposed, full-term non trauma-
exposed). Statistical differences between groups will be further explored with post-hoc tests. We
will correct for common confounders including age and gender.

A GLM will be used to assess both the impact of stress/trauma on network development in preterm
born and full-term trauma-exposed children, and its association with behavioral problems.

Additional methodological aspects (optional)

None.




Section 5: Data request
In this section, please specify as detailed as possible which data (and from which subjects) you request.

Data requested

We request data from YOUth participants at 9 years of age who have completed the anatomy scan
(for co-registration) and resting-state experiment. YOUth participants will be matched (1:1) on age
and gender to the preterm born cohort.

To account for possible confounding factors, we would also like to request demographic and health
parameters of the mother/father (excluding religion and ethnicity), as well as parameters related to
early-life stress/trauma, including:

- Bullying behavior of/towards the child and Gender Identity (GI)

- Adult Self Report (ASR)

- Childhood Trauma Questionnaire (CTQ)

- Household, background, language, education, family relations, economic situation, religion (or
updates in wave Rondom 0)

- Medical problems of first degree family members

- Psychiatric problems of first degree family members

- General health questionnaire

- Vitamins, medication, exposure during pregnancy

- List of long-term stressful life events selected by GenerationR

- Major life events in the past 12 months

- Periconceptual health

For the child we also request:
- Child Behavior Checklist (CBCL 6-18 years)

Data request for the purpose of:
X Analyses in order to publish
[ ] Analyses for data assessment only (results will not be published)

Publication type (in case of analyses in order to publish):
[] Article or report

[ ] PhD thesis

X Article that will also be part of a PhD thesis

Would you like to be notified when a new data lock is available?

|X| Yes
|:| No

Upon approval of a data request, the complete request will be made publicly available on our researcher’s
website by default.

Do you agree with publishing the complete request on our researcher’s website after it is approved?

|X| Yes

[ ] No. Please provide a rationale



