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Abstract

Background: It is widely acknowledged that comorbidity between psychiatric disorders is common. Shared and diverse
underpinnings of psychiatric disorders cannot be systematically understood based on symptom-based categories of mental
disorders, which map poorly onto pathophysiological mechanisms. In the Measuring Integrated Novel Dimensions in
Neurodevelopmental and Stress-Related Mental Disorders (MIND-SET) study, we make use of current concepts of comorbidity
that transcend the current diagnostic categories. We test this approach to psychiatric problems in patients with frequently occurring
psychiatric disorders and their comorbidities (excluding psychosis).

Objective: The main aim of the MIND-SET project is to determine the shared and specific mechanisms of neurodevelopmental
and stress-related psychiatric disorders at different observational levels.

Methods: This is an observational cross-sectional study. Data from different observational levels as defined in the Research
Domain Criteria (genetics, physiology, neuropsychology, system-level neuroimaging, behavior, self-report, and experimental
neurocognitive paradigms) are collected over four time points. Included are adult (aged ≥18 years), nonpsychotic, psychiatric
patients with a clinical diagnosis of a stress-related disorder (mood disorder, anxiety disorder, or substance use disorder) or a
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neurodevelopmental disorder (autism spectrum disorder or attention-deficit/hyperactivity disorder). Individuals with no current
or past psychiatric diagnosis are included as neurotypical controls. Data collection started in June 2016 with the aim to include
a total of 650 patients and 150 neurotypical controls by 2021. The data collection procedure includes online questionnaires and
three subsequent sessions with (1) standardized clinical examination, physical examination, and blood sampling; (2) psychological
constructs, neuropsychological tests, and biological marker sampling; and (3) neuroimaging measures.

Results: We aim to include a total of 650 patients and 150 neurotypical control participants in the time period between 2016
and 2022. In October 2021, we are at 95% of our target.

Conclusions: The MIND-SET study enables us to investigate the mechanistic underpinnings of nonpsychotic psychiatric
disorders transdiagnostically. We will identify both shared and disorder-specific markers at different observational levels that
can be used as targets for future diagnostic and treatment approaches.

(JMIRx Med 2022;3(1):e31269) doi: 10.2196/31269
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Introduction

Background
It is widely acknowledged that comorbidity between psychiatric
disorders is the rule rather than the exception [1]. Shared and
diverse underpinnings of psychiatric disorders cannot be
systematically understood based on symptom-based categories
of mental disorders, which map poorly onto pathophysiological
mechanisms. In the Measuring Integrated Novel Dimensions
in Neurodevelopmental and Stress-related Mental Disorders
(MIND-SET) study, we take advantage of concepts of
comorbidity that transcend the current diagnostic categories in
a naturalistic cohort of patients with frequently occurring
psychiatric disorders and their comorbidities (excluding
psychosis). The main objective of the MIND-SET project is to
determine the shared and specific mechanisms of
neurodevelopmental and stress-related psychiatric disorders at
different observational levels. In the Introduction section, we
will explain our approach generally and the choice of patients
we will include.

Current Approaches in Diagnosing Psychiatric
Comorbidity
Comorbidity is not well covered by categorical, symptom-based
diagnostic systems. The use of criteria to classify patients based
on verbal report and observable behavior has substantially
increased the reliability of psychiatric diagnoses, which serves
its ultimate clinical goal of guiding treatment decisions [2,3].
However, the Diagnostic and Statistical Manual of Mental
Disorders’s (Fifth Edition; DSM-5) descriptive and atheoretical
approach encourages multiple diagnoses [4] and has contributed
to a conceptualization of psychiatric disorders as distinct entities
that should be treated according to clinical guidelines drafted
for distinct disorders. Clinical practice shows that patients with
the same diagnostic classification may require different
treatments, while different disorders are often treated with the
same interventions, indicating that a categorial approach may
overlook both heterogeneity and transdiagnostic dimensions of
psychopathology. Relatedly, a large body of research indicates
that factors of risk and resilience for psychopathology are not
unique for distinct disorders that are identified based on

symptom criteria but commonly impact across diagnostic
borders [5].

Not surprisingly in the light of the aforementioned controversy
and the common dimensions, to date, no biological markers
have been identified that are uniquely associated with specific
disorders [6,7]. Conversely, diagnostic categories seem to link
poorly to underlying neurobiological mechanisms, which may
better map onto dimensional diagnostic approaches that
incorporate the heterogeneity of psychiatric disorders. Searching
for discrete etiology underlying categorical disorders is a dead
end, considering the common comorbidity between disorders.
Psychiatric disorders and their comorbidity should be more
properly understood in a multidimensional, empirical
framework, paving the way for new ways of understanding
pathophysiological mechanisms of psychiatric disorders [8]. It
requires a transdiagnostic perspective that regards psychiatric
disorders as related disorders with distinct and shared underlying
pathophysiological pathways. As is clearly illustrated by the
focus of the MIND-SET study on highly prevalent
neurodevelopmental and stress-related disorders that are
separable diachronically, it also requires a life span and
developmental perspective that distinguishes between trait and
state characteristics of psychopathology.

Comorbidity Between Neurodevelopmental and
Stress-Related Disorders
In this cohort, we focus on commonly occurring comorbidities
that present a challenge in diagnostics and treatment.
Comorbidity between neurodevelopmental disorders such as
au t i sm spec t rum d i so rde r  (ASD)  and
attention-deficit/hyperactivity disorder (ADHD) and
stress-related disorders such as mood, anxiety, and substance
use disorders is common in clinical practice [9]. Notably,
comorbidity may also occur across the lifespan, suggesting a
pleiotropic genetic background of common psychiatric disorders.
Comorbidity is more prevalent than would be expected by
chance alone, indicating that neurodevelopmental disorders may
share pathophysiological mechanisms with stress-related
disorders or pose a risk factor for these disorders over time.
Comorbidity is associated with a higher level of functional
impairment and a poorer mental health outcome [10]. At the
clinical level, psychiatric comorbidity raises several questions
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related to complicated recognition and diagnosis, and poses
therapeutic dilemmas about the most optimal treatment strategy
for particular comorbidities [11]. Are depressive symptoms in
someone with an ASD comparable to depressive symptoms in
someone with ADHD or someone without a developmental
disorder? Additionally, at the pathophysiological level, are these
depressive symptoms related to, for example, biases in
information processing, comparable to negative biases in major
depressive disorder (MDD) without an ASD, which can be
targeted with interventions such as cognitive behavioral therapy,
or should treatment for the comorbid condition be modified,
and if so, how? How well is someone with ASD able to
recognize and verbalize their mood symptoms, and how does
this impact the diagnostic procedure and the treatment choice
and course? Additionally if the recognition of mood symptoms
is compromised, for example, when a patient shows alexithymia,
how does this affect their vulnerability to stress? For ADHD,
related questions arise, such as how to distinguish core
attentional deficits from concentration problems related to
depression, or when do symptoms of emotional dysregulation,
which are frequently observed in ADHD but not part of the
formal criteria, substantiate a separate diagnosis? If so, what
are the therapeutic consequences, if any? Currently, we treat
comorbid depression and autism or ADHD mostly as solid
entities that receive separate treatments while they may share

neurobiological mechanisms that may demand different targets
for treatment.

Comorbidity Within the Research Domain Criteria
Framework
High comorbidity among supposedly distinct classifications
motivated the development of dimensional systems to
characterize the complexity of psychiatric illness [12,13]. Trying
to overcome the limitations of categorical descriptive
classifications, we hence link to the Research Domain Criteria
(RDoC) to study the comorbidity of neurodevelopmental and
stress-related disorders (see Figure 1). The RDoC offers a
research framework for understanding mental disorders in terms
of varying degrees of dysfunction along basic dimensions of
biological systems that have been elucidated by neuroscience.
Its focus on transdiagnostic mechanisms of mental disorders is
rooted in a matrix with different functional domains and within
domain constructs across multiple units of analysis. Brain
circuits have a central place in the units of analysis, as mental
disorders are primarily regarded as disorders of the brain, which
can be identified with the methods of clinical neuroscience [8].
The ultimate goal of the RDoC is to find biosignatures that on
the one hand improve current diagnostic approaches [14] and
on the other hand help to understand the working mechanisms
of existing therapeutics and serve as targets for new treatments.

Figure 1. An overview of the research domain criteria framework.
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Six functional systems are identified that serve the basic
motivational and adaptive needs of an organism: the negative
and positive valence systems, cognitive systems, arousal and
regulatory systems, social processes, and sensorimotor systems.
The negative valence system directs responses to aversive
stimuli or contexts, whereas the positive valence system
addresses such responses to positive situations. The cognitive
system contains various cognitive processes such as memory
and cognitive control, whereas social processes mediate the
responses to interpersonal settings. Arousal and regulatory
systems include processes that are responsible for the activation
of neural systems within certain contexts, as well as homeostatic
regulation. Sensorimotor systems are involved in motor
behaviors. Each domain contains up to seven constructs such
as “acute threat” and “loss” in the negative valence system and
“affiliation and attachment” and “perception and understanding
of self” in the social processes system. These constructs and
domains are to be analyzed with different methods and at
different units of analysis: from a genetic, molecular, or cellular
level to neural, or brain circuitry, and further to the physiological
and behavioral level, onward to the level of self-report and
paradigms.

Data-Driven Approaches
In the light of the different levels within the RDoC framework,
we aim to approach psychiatric comorbidity by data-driven
approaches that are not constrained by the clinical categories.
Moreover, as working principally from the RDoC perspective
means working back and forth through different domains and
analysis units (eg, linked independent component analysis
[LICA]), we will aim to find cross-domain links with data-driven
procedures and, in the end, assess the relation to clinical
categories, including the descriptive comorbidities.

MIND-SET, our cross-sectional cohort study, has to be
understood as a step toward understanding comorbidity from
an RDoC perspective by including patients classified with
neurodevelopmental disorders with an early age of onset (ASD:
1-5 years; ADHD: 5-12 years) or stress-related disorders with,
on average, an adult age of onset. We include patients with at
least one of these broadly used classifications, aiming to study
underlying shared and distinct mechanisms. MIND-SET does
not involve longitudinal changes directly (eg, improvement of
prognosis through interventions) in our patients, which is the
step to be taken to leverage these insights to clinical practice
and which will be addressed by planned follow-up studies. The
advanced understanding of comorbidity will help to progress
toward innovative ideas about new therapeutic approaches that
in the end will hopefully change clinical practice for patients
with a multiplicity of symptoms.

Study Aims and Outline
The main objective of the MIND-SET study is to determine the
shared and specific mechanisms of neurodevelopmental and
stress-related psychiatric disorders at different observational
levels to gain insight in the comorbidity of the most common
nonpsychotic disorders (ie, neurodevelopmental and
stress-related disorders).

We will realize this aim by adopting a dimensional approach
focusing on dysfunction related to stress-related (mood, anxiety,
and substance use disorders) and neurodevelopmental (autism,
ADHD) disorders. This will allow us to investigate connections
between different units of analysis (connect symptoms with
underlying circuits) and derive profiles that improve current
understanding of comorbidity and ultimately can lead to better
treatment.

Methods

Design
The MIND-SET study is an observational, cross-sectional study,
in which data from different observational levels according to
the RDoC units of analysis (genetics, physiology,
neuropsychology, system-level neuroimaging, behavior,
self-report, and experimental neurocognitive paradigms) are
collected over four time points for patients with
neurodevelopmental and stress-related disorders and
neurotypical controls.

Setting
The MIND-SET study is mainly executed at the outpatient unit
of the psychiatric department of the Radboud University Medical
Center (Radboudumc), Nijmegen, the Netherlands. The
department specializes in the diagnosis and treatment of
neurodevelopmental disorders and stress-related disorders in
adults, with a special attention and expertise for psychiatric
comorbidity and combined psychiatric and somatic pathology.
Inpatients who are able to be investigated can also participate
in the study.

Population

Patients

Inclusion Criteria

Included are adult (aged ≥18 years) psychiatric patients with a
clinical diagnosis of a stress-related disorder (mood disorder,
anxiety disorder, or substance use disorder) or a
neurodevelopmental disorder (ASD or ADHD).

Exclusion Criteria

Patients with diseases of the central nervous system resulting
in (permanent) sensorimotor or (neuro)cognitive impairments,
a current psychosis, a full-scale IQ estimate <70, inadequate
command of the Dutch language, or who are mentally
incompetent to give informed consent are excluded from
participation. With regard to ASD, our exclusion criteria
implicate that we only investigate patients with high functioning
autism, without intellectual disability and without mutism.
Additional exclusion criteria for the magnetic resonance imaging
(MRI) session are metal objects in the body (excluding dental
fillings), ferromagnetic implants or pacemakers, jewelry or
piercings that cannot be removed, brain surgery, epilepsy,
claustrophobia, pregnancy, and self-declared inability to lie still
for more than 1 hour.
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Neurotypical Control Participants
Individuals with no current or past psychiatric diagnosis are
included. Possible eligible individuals are approached via
databases of the department’s previous studies; advertisement
in newspapers, social media, and websites; and via the research
participation system of the Radboud University Faculty of Social
Sciences (SonaSystem), as well as verbally through the
researchers’ own networks. The absence of lifetime psychiatric
diagnoses is assessed via a telephone screening interview, using
the same diagnostic measurement instruments as described in
the following section for the patient sample.

Procedure
The data collection procedure includes an online assessment
and three subsequent sessions that are planned within 1 month:

• Online assessment: Online self-report questionnaires
assessing demographics, symptomatology, and functioning

• Session 1: Standardized clinical examination, physical
examination, and blood sample

• Session 2: Psychological constructs, behavioral tasks,
neuropsychological tests, and biological markers

• Session 3: Neuroimaging measures

The procedure for each part is briefly described in the following
sections. An overview is given in Table 1, including the full
names of the measurement instruments used. In the last column
of Table 1, we categorize the data according to the six units of
analyses as proposed by the RDoC (self-report, behavior,
physiology, circuits, cells, and molecules).

JMIRx Med 2022 | vol. 3 | iss. 1 | e31269 | p. 5https://med.jmirx.org/2022/1/e31269
(page number not for citation purposes)

van Eijndhoven et alJMIRx Med

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Data collection of the MIND-SET study: topics and instrumentsa.

DomainUnit of analysisbAssessmentTopic

Preassessment

Demographic factors • General• Self-report• Demographics standard questionnaire

Psychiatric disorders in family • General• Self-report• FIGSc

ADHDd screening • Cognitive• Self-report• ASRSe

ADHD symptom severity • Cognitive• Self-report• CAARSf

Autistic traits • Social processes• Self-report• AQ-50g

Depressive symptoms • Negative valence• Self-report• IDS-SRh

Anxiety sensitivity • Negative valence• Self-report• ASIi

Personality traits • General• Self-report• PID-5-SFj

General health • General• Self-report• SF-20k

Disability • General• Self-report• WHO-DAS 2.0l

Quality of life, health related • General• Self-report• OQ-45m

• Positive valence

Session 1: clinical examination

Psychiatric diagnosis: structured
clinical interviews

• General• Self-report/behavior• Neurodevelopmental disorders
• ADHD: DIVAn,o

• Autism: NIDAo,p

• Stress-related disorders
• Mood and Anxiety disorders: SCID-

Iq

• Substance related disorder: MATE-

Crimir

Somatic diagnosis • General• Self-report• Self-report questionnaire presence of somat-

ic disease (CBSs)

Medication use • General• Molecules• Medication verification

Physical examination • General• Behavior/physiology• Height and weight
• Pulse rate and blood pressure (in lying and

standing position)
• Visual acuity

Biological marker (I) • General• Molecules• Blood sample
• Cells

Session 2: behavioral session

Biological markers (II) • Arousal and regulatory• Molecules• Feces microbiome
• Cells• Cortisol from hair sample

• Saliva cortisol
• Heart and respiration rate during stress in-

duction in the scanner

Trauma history • General• Self-report• NEMESISt-childhood trauma questionnaire
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DomainUnit of analysisbAssessmentTopic

• General• Self-report• Food intake: TACTICSuEating behavior

• Social processes
• Cognitive
• Negative valence

• Self-report• TAS-20v

• BRIEF-Aw

• PTQx

Psychological constructs: alex-
ithymia, behavioral regulation,
repetitive thoughts

• Cognitive systems
• Negative valence sys-

tems

• Behavior• Noninvasive computer-mounted beam eye-
tracking system

• Pictures of faces with different expressions
(plus subsequent emotion-recognition task)

• Recognition of stimuli presented during the
attention bias task

• Self-referent encoding task
• NB. Mood is assessed between every

(sub)task and motivation after the SRETy

using visual analogue scales

Cognitive bias: attention bias,
attention focus, memory bias,
and self-referent encoding task

• Cognitive systems
• Positive valence

• Behavior• Go no-go (from TAP 2.3z)
• Incompatibility (Simon effect; from TAP

2.3)
• Spatial working memory (from

CANTABaa)
• Intraextra dimensional set shift (from

CANTAB)
• Reversal learning task

Executive functioning: prepotent
response inhibition, interference
control, updating, shifting, and
reversal learning

• Cognitive• Behavior• IQ estimationIntelligence

• Arousal and regulatory• Behavior• Alertness (from TAP 2.3)Underachievement

Session 3: neuroimaging session
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DomainUnit of analysisbAssessmentTopic

• All domains
• Social processes
• Negative valence

• Neural circuits/physiolo-
gy

• MRIab

• T1 scan
• DTIac

• Emotional face matching task
• Resting state fMRIad

• connectivity rs-fMRIae during/after
aversive vs neutral movie

Brain structure and brain func-
tion: salience network, default
mode network, and central exec-
utive, and stress-induced network
changes

aFor a more detailed description of data collection: see Multimedia Appendix 1.
bWe use the 6 units of analysis of the initiative Research Domain Criteria: genes, molecules, cells, neural circuits, physiology, and behavior.
cFIGS: Family Interview for Genetic Studies.
dADHD: attention-deficit/hyperactivity disorder.
eASRS: Adult ADHD Self-Report Scale.
fCAARS: Conners’ Adult ADHD Rating Scale.
gAQ-50: Autism Spectrum Quotient-50.
hIDS-SR: Inventory of Depressive Symptomatology–Self Rating.
iASI: Anxiety Sensitivity Index.
jPID-5-SF: Personality Inventory for DSM-5–Short Form.
kSF-20: Short Form-20.
lWHO-DAS 2.0: World Health Organization Disability Assessment Schedule 2.0.
mOQ-45: Outcome Questionnaire.
nDIVA: Diagnostic Interview for Adult ADHD.
oDIVA and NIDA are only carried out in case of positive screening (ASRS>3 or AQ>25) or clinical judgement.
pNIDA: Dutch Interview for Autism Spectrum Disorders in Adults.
qSCID-I: Structured Clinical Interview for DSM-IV Axis I Disorders; section A,B,C,D,F.
rMATE-Crimi: Measurements in the Addictions for Triage and Evaluation and Criminality.
sCBS: Central Bureau voor Statistitiek.
tNEMESIS: Netherlands Mental Health Survey and Incidence Study.
uTACTICS: Translational Adolescent and Childhood Therapeutic Interventions in Compulsive Syndromes.
vTAS-20: Toronto Alexithymia Scale-20.
wBRIEF-A: Behavior Rating Inventory Executive Function–Adult.
xPTQ: Perseverative Thinking Questionnaire.
ySRET: self-referent encoding task.
zTAP 2.3: Testbatterie zur Aufmerksamkeitsprüfung Version 2.3.
aaCANTAB: Cambridge Neuropsychological Test Automated B.
abMRI: magnetic resonance imaging.
acDTI: diffusion tensor imaging.
adfMRI: functional MRI.
aers-fMRI: resting station fMRI.

Online Assessment

Questionnaires

All patients referred to the outpatient psychiatric department
receive log-in details for an online questionnaire batch at home.
They are asked to fill out the questionnaires within 21 days
before their first appointment. If preferred, a paper copy is sent
to their home address. The questionnaires assess demographics;
psychiatric disorders in the family; symptoms of ADHD,
depression, and anxiety; and autistic and personality traits. Two
questionnaires are also used as screening instruments for autism
and ADHD. Finally, questionnaires on general health, disability
or functional limitations, and quality of life are included.
Summary and subscale scores derived from these questionnaires

are made available before the clinical examination session to
inform the clinician about the possible involvement of
neurodevelopmental and stress-related disorders, personality
problems, and functional status.

Session 1: Clinical Examination

Diagnostics

During a 3-hour clinical examination at the psychiatric
department, patients undergo a psychiatric, biographical, and
somatic anamnesis; medication verification; review of treatment
history; structured clinical interviews; a physical examination;
and a questionnaire assessment of the presence of somatic
diseases. Examinations are conducted by well-trained clinicians:
psychiatrists, psychologists, supervised psychiatric residents,
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supervised nurse practitioners, and supervised psychology
interns. At the end of the examination, the senior clinician
assesses eligibility based on the DSM-5 classification (see
Measures section) and completes the written informed consent
procedure. The patient consents to the use of their questionnaire
data for research, the use of their diagnostic data for research,
and participation in the next sessions of the study. After giving
informed consent, blood sampling is executed and appointments
for sessions 2 and 3 are scheduled to take place as soon as
possible and ultimately within 90 days.

Session 2: Behavioral Assessment

Biomarkers

First, patients receive a package and instructions for the
collection of a feces sample at home. They are instructed on
how to return this package by mail. Next, hair samples are taken
for cortisol measurement.

Questionnaires and Neuropsychology

First, patients undergo a neuropsychological assessment (~120
minutes), including a pen and paper task and several computer
tasks including an eye-tracking task. The test battery is
administered by a trained research assistant. Participants are
then required to fill out questionnaires (~20 minutes) assessing
trauma history, food intake, and three psychological constructs
(alexithymia, repetitive thoughts, and behavioral regulation).
A research assistant is available for assistance.

Session 3: Neuroimaging
This final session (180 minutes) is scheduled in the afternoon
to account for the diurnal changes in cortisol levels at the Centre
for Cognitive Neuroimaging of the Donders Institute for Brain,
Cognition and Behavior in Nijmegen. It starts with an
acclimatization period during which participants fill in
questionnaires about current mood state and recent medication
changes, and watch a relaxing nature documentary. Hereafter,
they are prepared for the MRI scanner and undergo different
imaging paradigms, including a T1 structural MRI, diffusion
tensor imaging, functional MRI (fMRI) during an
emotion-recognition task, and a baseline resting state fMRI. It
continues with resting state fMRI after a neutral and a highly
aversive movie clip, meant as a brief stress induction procedure.
During the whole imaging session, physiological data are
collected, such as heart and respiration rate, and saliva for
cortisol and alpha-amylase measurement is collected at different
time points in addition to assessments of mood, stress level, and
other emotions. The neuroimaging session ends with a short
debriefing procedure.

Ethics Approval and Consent to Participate

Regulation Statements
The MIND-SET study has been approved by the local medical
ethical committee (Commissie Mensgebonden Onderzoek
Arnhem-Nijmegen). After verbal and written information about
the study that they receive at home, eligible participants are
approached by their care provider for participation in the study.
If interested, they sign an informed consent form. Written
informed consent is provided for clinical data use and data

collection. In the course of the study, a yearly data monitoring
is conducted with a local monitor of the Radboudumc Nijmegen.

All diagnostic interviews, neuropsychological measures,
physiological measures, and neuroimaging measures are
conducted by extensively trained clinicians and research
assistants. All clinicians received diagnostic interview training
from certified and experienced trainers. All research
professionals conducting the neuropsychological tests received
extensive training by neuropsychological testing experts.

Compensation
Participants are compensated with travel costs for the data
collection sessions, and the controls are as well paid a small fee
for their participation according to the guidelines of the medical
ethical committee: €10 (US $11) per hour and €66 (US $73) in
total.

Measures
Multimedia Appendix 1 offers a complete description of the
specific instruments and measures. Here, we focus on the levels
of psychopathology, neuropsychology, and brain circuits.

Descriptive Psychopathology Level
Psychopathology is addressed along a continuum ranging from
the syndrome or disorder level (Diagnostic and Statistical
Manual of Mental Disorders [Fourth Edition; DSM-IV] and
DSM-5) to the disorder-related symptomatic level and to the
transdiagnostic dimensional level.

Neurodevelopmental disorders are assessed in case of either
positive screening or based on clinical judgment by diagnostic
interviews. For screening on ASD traits, we use the Autism
Spectrum Quotient (AQ-50) [15]. When a patient scores positive
on this instrument (50 items, cutoff >25), we next use the Dutch
Interview for the Diagnosis of ASD in Adults (NIDA) [16] to
diagnose ASD according to the DSM-5. Regarding ADHD, we
use the World Health Organization Adult ADHD Self-report
Scale short version for screening [17]. In case of positive
screening (6 items, cutoff >3), we subsequently conduct the
Diagnostic Interview for ADHD in Adults (DIVA) [18] to
diagnose ADHD according to the DSM-IV. Both the DIVA and
NIDA are completed in the presence of a partner or family
member of the patient (if available) to ascertain information
retrospectively and collaterally on a broad range of symptoms
in childhood and adulthood. The Structured Clinical Interview
for DSM-IV Axis I Disorders [19] is used to diagnose mood
(depression and anxiety) disorders and to exclude psychotic
disorders. To diagnose substance-related disorders according
to the DSM-5, we use an adapted version of the Measurements
in the Addictions for Triage and Evaluation and Criminality
[20].

A set of questionnaires provide measures of depression
(Inventory of Depressive Symptomatology), anxiety (Anxiety
Sensitivity Index), and ADHD symptoms (Conners’ Adult
ADHD Rating Scale) not only to provide dimensional measures
that fit with the syndromes that are our primary diagnoses but
also to assess comorbidity at the symptomatic level in the
context of other diagnostic categories. We use the Personality
Inventory for DSM-5 to assess personality trait domains
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including negative affect, detachment, antagonism, disinhibition,
and psychoticism, and the AQ-50 to measure traits that are
related to autism in adults with normal intelligence. The
personality traits and autistic traits may measure overlapping
domains. We have included three questionnaires that address
psychological constructs that cut across syndromes and reveal
transdiagnostic mechanisms important for understanding
comorbidity. We include the Perseverative Thinking
Questionnaire and alexithymia (Toronto Alexithymia Scale-20)
and behavioral regulation (Behavior Rating Inventory Executive
Function–Adult) questionnaires. In addition, a structured
inventory developed for the NEMESIS (Netherlands Mental
Health Survey and Incidence Study) epidemiological study
assesses an individual’s trauma history before the age of 16
years, including emotional neglect or psychological, physical,
and sexual abuse [21,22].

Neuropsychological Level
The RDoC unit behavior is operationalized by
neuropsychological assessments within the domains of the
negative valence systems (constructs: sustained threat, loss),
positive valence systems (construct: reward learning), and
cognitive systems (constructs: attention, declarative memory,
cognitive control).

Negative Valence System
Affective neuropsychological tests assess emotional processing,
and in the context of the negative valence system, we focus on
several cognitive biases. We assess attentional bias for both
social and nonsocial negative and positive pictures by means
of a free-viewing eye-tracker task (with a noninvasive
computer-mounted beam eye-tracking system) and a subsequent
recognition task to assess memory bias during eye-tracking.
Measuring eye movements during a task using an eye-tracker
is regarded as a reliable measure for attentional focus [23]. As
patients with autism generally show decreased attention to social
information [24], we have chosen to incorporate both social and
nonsocial pictures with either negative or positive valence to
be able to dissociate the differential contribution of these factors
on attentional processes. In addition, memory bias is tested by
a computerized self-referent encoding task [25] in which
participants have to indicate how characteristic different positive
and negative adjectives are to them and are subsequently tested
for correct recall of these adjectives after a distraction task.
Visual analogue scales are used to assess mood at four different
time points throughout the assessment to account for the
influence of mood on performance, as well as self-reported
effort on the tests afterward.

Positive Valence System
Within this domain, we measure the construct of reward
learning. Learning can be influenced by the valence of the
feedback given on the performance during the task. For example,
previous studies have found reduced learning from reward in

mood disorders [26-29]. We use a probabilistic reversal learning
task [30-32] to examine reward and punishment sensitivity in
a changing context. First, participants learn a stimulus-response
relationship by trial and error, after which the stimulus-response
relationship is reversed without explicit warning, and they have
to change their response. Reversal learning is an important
aspect of cognitive flexibility, which supports someone to adapt
to changing environmental conditions including rewards [33].

Cognitive Systems
Impairments in emotional regulation are common in both
stress-related and neurodevelopment disorders. Our aim here
is to study the nature of these alterations in executive functioning
by studying prepotent response inhibition, interference control,
updating and shifting across stress-related and
neurodevelopmental disorders to better understand the
underlying mechanisms of shared symptoms such as impaired
emotion regulation, rigidity, and impulsivity.

Brain Circuits Level
The brain circuits level is at the core of our research design, as
it bears on the hypothesis that the phenotypic, behavioral
differences among psychiatric disorders can be explained by
differences in the underlying neural circuitry, while downstream
causal mechanisms such as genetic and epigenetic effects or
environmental factors will lead to psychiatric symptoms and
disorders via their disruptive effects on neural circuits. The brain
is dynamically organized into functional networks of
interconnected areas, which interact to perform unique brain
functions. These networks can be consistently identified with
functional MRI scans during the “resting-state” by calculating
functional connectivity between voxels. The most relevant
networks with regard to psychiatric disorders are the default
mode network (DMN), involved in emotion regulation,
self-reference, and obsessive ruminations [34]; the salience
network, which plays a central role in emotional control [35];
and the central executive network, which is most active during
cognitive tasks and is relevant for attention and working memory
(see Figure 2).

Together these networks cover the most important functional
domains such as top-down cognitive control, conflict signaling,
salience detection, and self-referential processing that are
affected in both stress-related and neurodevelopmental disorders.
Small pilot studies with this approach have already demonstrated
that hyperconnectivity in components of the DMN is associated
with depressive symptoms such as ruminations and
self-absorption, while hypoconnectivity in components of the
DMN is associated with anxiety symptoms [36]. Studying the
dynamics of network connectivity, in conditions of both rest
and stress, allows us to disentangle fundamental
pathophysiological mechanisms underlying these disorders and
their shared mechanisms that are relevant for understanding
comorbidity.
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Figure 2. Representation of relevant resting-state networks with the default mode network depicted in red, the central executive network in blue, and
the salience network in yellow.

Negative Valence System
We will investigate functional networks both during resting
state and during a brief stress induction procedure (acute threat
paradigm). Previous research has shown that acute stress shifts
the brain into a state that fosters rapid defense mechanisms [36].
Stress-related neuromodulators are thought to trigger this change
by altering properties of large-scale neural populations
throughout the brain. In neurotypical participants, we have
shown that noradrenergic activation during acute stress results
in prolonged coupling within a distributed network that
integrates information exchange between regions involved in
autonomic-neuroendocrine control and vigilant attentional
reorienting. It remains unclear to what extent these mechanisms
are altered by psychiatric diseases, thereby reflecting an acute
measurement of vulnerability and disease load. Functional
measures will be complemented by diffusion-weighted imaging
to provide measures of structural connectivity between the
networks. Further, we want to explore if dynamic functional
connectivity data along the baseline-stress-recovery axis for the
three distinct networks will serve to identify differences in the
dynamic balance in these networks at the individual participant
level and can be related to behavioral and symptom profiles.

Social Processes
An emotional face matching task addresses the subconstruct
reception of facial communication within this domain. This
paradigm engages the amygdala and an amygdala-centered
network by contrasting the BOLD response during blocks of
angry and fearful face stimuli with blocks with geometric shapes
that consist of scrambles of the same face stimuli [37,38]. This
task is commonly used as a paradigm to probe amygdala
reactivity, and aberrant amygdala reactivity has been implicated
in both stress-related and neurodevelopmental disorders.

Data Analysis

Sample Size
This research protocol will comprise multiple studies to be
conducted across multiple years. The majority of studies will
estimate effects at the population level by means of parametric
t, F, or chi-square tests, where empirical evidence from our and
other centers suggests that typical study sizes of ~20 to 30
participants per group can be sufficient to detect relevance
between group differences, given typical effect sizes across a
variety of data modalities. After consulting a biostatistician, we
decided that an overall sample size calculation will be of little
value. Additionally, power calculations for studies with MRI
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are difficult and not used routinely, but here, there is also
consensus that groups of ≥20 usually yield sufficient power in
MRI studies to detect moderate differences in regions of interest.
Based on these considerations and to have at least 20 participants
per group in the broadly defined comorbid conditions, we aim
to include a total of 650 patients and 150 neurotypical control
participants in the time period between 2016 and 2022. In
October 2021, we are at 95% of our target. Many research
studies that will be conducted under this proposal will be
exploratory in nature, where not much prior reference work is
available. In these cases, we will use expected effect size
estimates and ranges thereof generated from testing small
samples in pilot studies to inform sample size calculations. In
these sample size calculations, we expect that for cross-sectional
analyses, with a power of 80% and an alpha of .05, we will be
able to detect small differences with respect to clinical variables
and questionnaires.

Data Handling
We will store raw and cleaned data in a digital research
environment. Data is also shared with researchers via the digital
research environment. A variety of analysis software and
statistical programs will be used to analyze the data. Statistical
analysis will be performed within, for example, SPSS (version
25; IBM Corp) and R (R Foundation for Statistical Computing;
version 3.6.1). Analysis of neuroimaging data will be performed
with, for example, FSL (FMRIB Software Library version 5.0)
for connectivity analyses before and after stress induction,
SPM12 (Statistical Parametric Mapping version 12) for the
emotional face matching task, and Freesurfer (version 6.0.0)
for analysis of the structural MRI and diffusion data. Data will
be analyzed according to the state-of-art analyses insights and
using relevant new techniques and approaches where applicable.

Digitalized diagnostic interviews are used to facilitate
completeness of the diagnostic data. A data manager coordinates
the data entry in the digital research environment while also
checking data quality. Data archiving and creating variables
and scales is part of data management. Yearly study monitoring
is carried out by an independent monitor to assess adherence to
the procedures and to ensure patient safety and privacy.

Statistical Analyses
Detailed processing and statistical methods applying to the
different measures and levels are presented in Multimedia
Appendix 1. We will use exploratory factor analysis within
SPSS to uncover domains of functioning that transcend
conventional diagnostic (DSM) boundaries and investigate
shared and distinct variance that is measured by the different
questionnaire and instruments at the descriptive
psychopathological level. We will use parallel analysis and
skree-plots to find optimal factor solution (maximum likelihood
estimation, oblique rotation).

We will apply univariate statistics within the framework of the
general linear models or linear mixed models to investigate
differences in specific measures between different disorders
and investigate relations between different measures. As an
example, we will use analyses of covariance to compare
different diagnostic groups on negative memory bias scores and

investigate associations between negative memory bias and
depression symptom severity with linear regression models. As
we collect a large set of measures and perform a large number
of comparisons, which carries the risk of false positives, we
will only perform analyses according to a priori–specified
analysis plans that are approved by the steering board of
MIND-SET, and we will apply appropriate corrections for
multiple comparisons. In addition, multivariate analyses can
further reduce the risk of false positives.

The ultimate goal is to relate features of the different units of
analysis across the different domains with multivariate methods.
To exploit the multimodal, multilevel dimensions of our data,
we will apply advanced statistical methods to identify relevant
multivariate patterns, including machine learning, factor, and
network analyses. Extracted components from the self-report,
behavior, and physiological data are used as inputs in regularized
canonical correlation analyses to detect connections among the
different units of analysis and identify transdiagnostic patterns
in the data.

LICA is a new analysis technique, which integrates different
imaging modalities and link shared patterns, or so-called
independent components, to interindividual differences in
behavior and psychopathology (Llera et al [39]). LICA combines
imaging modalities at an early stage in the analysis pipeline,
rather than a post hoc combination of unimodal results at the
stage of final interpretation (Groves et al [40]). LICA has not
yet been used within a transdiagnostic research context.

Finally, we will adopt a normative modeling approach for
mapping associations between brain function, biological and
clinical measures, and behavior to estimate deviation from the
normative model on a participant level. Normative modeling
provides a framework to characterize patients individually in
relation to normal functioning, which may be far more
informative than categorical labels. This approach may help to
parse the heterogeneity that is common in clinical cohorts and
point to more biologically valid subtypes [41].

Dissemination
The study results will be published in peer-reviewed journals
and distributed via media outlets. We will post our preprints at
bioRxiv or medRxiv, free online archives, and distribution
services for unpublished preprints in the life and medical
sciences. It is operated by Cold Spring Harbor Laboratory, a
not-for-profit research and educational institution. By posting
preprints on bioRxiv and medRxiv, MIND-SET authors are
able to make their findings immediately available to the
scientific community and receive feedback on draft manuscripts
before they are submitted to journals. Results will further be
presented at national and international congresses and meetings.
Participants are notified of study progress and outcome by means
of newsletters.

Availability of Data and Materials
The data sets generated or analyzed during this study are not
publicly available due to privacy reasons but are made available
for researchers within the digital research environment upon
reasonable request to the corresponding author and approval of
the steering board of the MIND-SET study group.
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Results

We aim to include a total of 650 patients and 150 neurotypical
control participants in the time period between 2016 and 2022.
In October 2021, we are at 95% of our target.

Discussion

Transdiagnostic Approach
Psychiatric disorders and their comorbidity could be more
properly understood in a multidimensional, empirical
framework, adopting a transdiagnostic perspective that regards
psychiatric disorders as related disorders with distinct and shared
underlying pathophysiological pathways. The MIND-SET study
is setup to investigate the mechanistic underpinnings of
stress-related and neurodevelopmental disorders to identify both
shared and disorder-specific markers at different observational
levels that are based on RDoC domains. Here, we will
specifically focus on the importance of studying cognitive
systems and negative valence system together and at different
observational levels.

Negative affect such as depressed mood and anxiety, both on a
symptomatic and syndromic level, is frequently comorbid in
neurodevelopmental disorders. We know for example that later
in life, individuals with ASD have a four times higher lifetime
prevalence of depression. Although ASD is primarily
characterized by alterations in sensory sensitivity, inflexible
routines, restricted interests, and deficits in social functioning
or rather neurodivergent social functioning [42], about 50% of
high-functioning adults diagnosed with ASD who were referred
to a psychiatry department had comorbid MDD [43]. Because
of the overlap of symptoms and personality characteristics (eg,
rigidity), depression is often difficult to recognize in ASD and
remains frequently undetected [44]. Individuals with ASD have
difficulties reading their own inner states, and clinicians lack
diagnostic tools and treatment options. Recognition and
treatment are needed, as individuals with MDD and ASD have
lower global functioning compared to individuals with ASD
only.

Our understanding of MDD in neurodevelopmental disorders
remains limited today, as well as our treatment options. One
possibility is that negative affect results from increased levels
of stress sensitivity that are related to the primary deficits, for
example, increased levels of stress caused by sensory
overstimulation or problems in relationships related to deficits
in social cognition and flexibility [45]. ASD and ADHD are
both associated with impairments in executive function, and
each disorder is thought to have its specific deficits, with
impairment in shifting most prominent in ASD [46], while
ADHD is typically characterized by problems with behavioral
inhibition [47]. Evidence suggests that impairment of executive
function is an important predictor of comorbid anxiety and
depression, and that specific deficits of ASD and ADHD may
reveal pathways to comorbidities in these disorders [48].

Performance of executive function in ASD is thought to be
related to poor regional coordination and integration of
prefrontal executive processes that integrate with emotion and

social circuits, reflected by aberrant patterns of connectivity
with both changes of within- and between-network functional
connectivity scale networks [49]. A recent data-driven approach
identified three transdiagnostic subtypes of executive
functioning in a large sample of children with ASD, ADHD,
and neurotypical children that spanned the normal to impaired
spectrum but also cut across ADHD and ASD samples.
Moreover, these subtypes of executive functioning better
accounted for variance in the neuroimaging data than DSM
diagnoses did, highlighting the point that transdiagnostic
subtypes may indeed refine current diagnostic classifications
[50].

Individuals with ASD and ADHD may also be more vulnerable
to depression and anxiety because they share information
processing styles that are related to the susceptibility for
depression and anxiety, such as biases in information processing
[51]. Biases in information processing have traditionally been
studied within the boundaries of diagnostic categories and have
mainly been studied in affective disorders. Patients with
depression show more attention toward negative information,
which probably points to a difficulty to disengage from negative
information [52], but in comparison with neurotypical
individuals, they also show less attention to positive stimuli
[53]. Negative memory bias seems to be associated with a higher
level of comorbidity among psychiatric disorders [54]. Biased
information processing may therefore constitute a
transdiagnostic mechanism for psychopathological symptoms,
which seems crucial for understanding comorbidity. This biased
information processing constitutes a cognitive vulnerability
that, according to Beck’s [55,56] model, is linked to the
experience of adverse events during childhood, which may lead
to dysfunctional cognitive schemas.

In our mechanistic approach to investigate underlying
cross-domain processes to explain patterns of comorbidity across
a range of neurodevelopmental and stress-related disorders,
both executive functioning and emotional information
processing are key mechanistic elements that may interact in
specific ways across different levels of analysis. Recent
neurocognitive findings suggest that problems in emotion
regulation result from preferential processing of (negative)
emotional information in subcortical structures, including
overactivation of an amygdala-centered network and reduced
prefrontal executive control to inhibit inappropriate emotions
and emotion expression (eg, [57-59]). Habituation of the
amygdala response may also play a role here, as it has been
shown to correlate negatively with anxiety [60] and is decreased
in ASD [61-63]. Both amygdala activation and habituation have
been frequently used in genetic imaging studies to investigate
the neural effects of genetic variants that are linked to
depression, anxiety, and personality traits like neuroticism
[63,64]. For example, the short allele of the serotonin transporter
gen has been associated with increased risk for depression after
exposure to stress, which is thought to be mediated by increased
amygdala reactivity to threat [64].

Moreover, the function of covert cognitive mechanisms in
several cross-disorder symptoms such as impulsivity, apathy,
or alexithymia are yet unknown. Characterizing these
mechanisms may allow us to identify different underlying
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profiles that combine executive dysfunction and emotional
process biases, and could serve as targets for new treatments
such as neuromodulation. A specific example, which may
illustrate partly overlapping mechanisms, is a deficit in mental
shifting that may be implied in preoccupied and rigid thinking
that is characteristic for ASD but which is also implied in the
ruminative thinking that characterizes depression. In individuals
with ASD, there is some evidence that poorer executive
functioning (and greater behavioral inflexibility) predicts greater
anxiety and depression [48,65]. Similarly, executive deficits
have been related to rumination [66] and the susceptibility to
depression [57]. In addition, early life adversity may have caused
enhanced corticolimbic reactivity that, in turn, leads to
rumination, which is known to be a vulnerability factor for
internalizing psychiatric disorders [67].

Limitations
This study has to been understood in the light of some
limitations. Although we aim for a fairly large sample size (we
aim to include a total of 650 patients and 150 neurotypical
control participants), specific cells of comorbidity between
disorders may be low for group comparisons. Moreover, the
participants are all recruited at one psychiatric center (ie, the
Psychiatric Department of the Radboud University Medical
Center), which specializes in the diagnosis and treatment of
neurodevelopmental disorders and stress-related disorders in
adults and their comorbidity, and this constitutes a form of
selection bias and decreases generalizability of the study results
to other populations.
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