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Introduction: Offspring of parents with severe mental illness have an increased risk of developing mental illnesses themselves. Familial high risk cohorts give a unique opportunity for studying the development over time, both the illness that the individual is predisposed for and any other diagnoses. These studies can also increase our knowledge of etiology of severe mental illness and provide knowledge about the underlying mechanisms before illness develops. Interventions targeting this group are often proposed due to the potential possibility of prevention, but evidence about timing and content is lacking.

Method: A large, representative cohort of 522 7-year old children born to parents with schizophrenia, bipolar disorder or controls was established based on Danish registers. A comprehensive baseline assessment including neurocognition, motor functioning, psychopathology, home environment, sociodemographic data, and genetic information was conducted from January 1, 2013 to January 31, 2016. This study is the first follow-up of the cohort, carried out when the children turn 11 years of age. By assessing the cohort at this age, we will evaluate the children twice before puberty. All instruments have been selected with a longitudinal perspective and most of them are identical to those used at inclusion into the study at age 7. A diagnostic interview, motor tests, and a large cognitive battery are conducted along with home visits and information from teachers. This time we examine the children's brains by magnetic resonance scans and electroencephalograms. Measures of physical activity and sleep are captured by a chip placed on the body, while we obtain biological assays by collecting blood samples from the children.

Discussion: Findings from the VIA 7 study revealed large variations across domains between children born to parents with schizophrenia, bipolar and controls, respectively. This study will further determine whether the children at familial risk reveal delayed developmental courses, but catch up at age 11, or whether the discrepancies between the groups have grown even larger. We will compare subgroups within each of the familial high risk groups in order to investigate aspects of resilience. Data on brain structure and physical parameters will add a neurobiological dimension to the study.

Keywords: parental schizophrenia, parental bipolar disorder, early signs of mental illness, longitudinal cohort, psychopathology, MR scanning

INTRODUCTION

For decades, familial high-risk studies have shown that individuals who are born to parents with schizophrenia and affective disorders have a higher risk of developing mental disorders and neurocognitive impairments than non-predisposed individuals (1–3). Cohort studies of children with familial risk with assessments carried out over several time points in their lives allow us to study the early processes that precede illness manifestation. Such studies increase our understanding of the etiology of these complex diseases, and they give us an excellent starting point for developing a specialized and focused preventive approach in terms of early intervention for high risk individuals.

A meta-analysis concluded that ~55% of all familial high risk (FHR) children will experience some kind of mental illness during early adult life (1), and a third will have a severe mental illness (SMI). Offspring of parents with SMI have a higher risk of developing the same disorders as their parents, but also of developing other mental disorders (4). Former FHR studies have reported neuro-integrative problems, social impairments, deficits in attention, information processing and other neurocognitive functions, poorer neuromotor functions and early symptomatology such as anxiety, sleep and mood disorders (2, 3), among offspring of parents with SMI. Moreover, in the premorbid phase the early signs of later schizophrenia (SZ) or bipolar disorder (BD) can present themselves already in childhood as e.g., anxiety, depression, or other non-psychotic disorders (5, 6). The first results from The Danish High Risk and Resilience Study—VIA 7 confirmed this by showing that already by age seven, children born to parents diagnosed with SZ and BD present much higher rates of a psychiatric diagnosis as well as cognitive deficits (only FHR SZ) across several domains, and motor problems (7–10). However, research is sparse when it comes to the question whether these abnormalities or developmental delays diminish over time, indicating that the individuals only suffer from those deficits and symptoms in a transitory manner and then catch up compared with the typically developing children, or whether the problems become even worse. A comprehensive review (11) synthesizing the data of neurocognition in individuals with FHR of schizophrenia concluded on the basis of 30 studies and nine cognitive domains that mild cognitive deficits (i.e., intermediate/between healthy controls and individuals diagnosed with schizophrenia) are reliably present in young FHR individuals, and that longitudinal studies should aim to elucidate the trajectories of cognitive changes to improve early intervention strategies. Concerning individuals at FHR of bipolar disorder there is evidence that neurocognitive deficits also play a role (12), although studies are smaller and tests are seldom repeated at different ages. It is therefore relevant to carry out careful examinations of early signs or symptoms of mental disorders among high risk children several times before puberty to learn more about these individuals and the trajectories of their emerging symptoms or difficulties.

Puberty is a period characterized by massive changes in brain structures and connectivity as well as changes in physical appearance, hormonal status and psychological and social constitution (13, 14). It is also a period with high incidence rates for mental disorders and for some, it is a period with changes of behavior, including risk taking activities and new relational patterns, for example higher degrees of independency. From a developmental perspective it is a period in life that is of high importance, but also very complex to study since both age and hormonal status as well as social and psychological aspects matter when comparing individuals in e.g., a cohort. Social mechanisms like bullying or other forms of social defeat that take place in childhood and early adolescence are frequently reported and have systematically been shown to be directly related to later emergence of mental illnesses like depression (15) and other negative life outcomes. Attributional style or coping, however, have been less investigated and may be of importance.

Brain changes in schizophrenia are present in drug naïve adult patients, and the strongest risk factors exert their influence already in the pre- or perinatal period (16, 17). Lately, the study of endophenotypes and biomarkers has advanced the field of SZ and BD as well as our understanding of the neurodevelopmental nature of both disorders (18, 19). This approach will also allow for early identification and intervention of serious mental illness (20). Despite the fact that only populations of young individuals before the mean age for the onset of the disorder are genuinely “at high risk” (19), few studies to date have examined adolescents at risk with the same means of brain mapping, and none before the onset of puberty. Taken together, the existing literature suggests the study of familial high-risk individuals as fruitful for the understanding of correlates for vulnerability and resilience (compensatory mechanisms), but findings have been inconsistent. In particular, magnetic resonance scans (MR scans) before puberty will permit the study of brain changes during early disease formation and provide important information on differences between individuals with and without familial risk.

Patients with SZ and BD have a higher risk of somatic comorbidity than the background population, and they have higher mortality rates due to medical diseases and untreated physical conditions (21). It is likely that early markers of physical illness can be traced already in childhood, either because of common life style factors in the family and/or because of a shared genetic vulnerability to mental disorders and physical illnesses, but evidence is limited. It is therefore relevant to examine early markers of evolving physical illness in children with FHR for mental illness and to analyze whether variations can be explained solely by differences in life style factors such as nutrition, environment, sleep, and physical activity. Also, very little is known about whether e.g., frequency of absence from school and the children's health service use differ between the groups. A Danish register study demonstrated, however, that children with FHR for SMI are more likely not to complete elementary school or to score lower grades than children without a predisposition for mental illness (22).

Family functioning is very often influenced when one of the parents (or both) are suffering from a severe mental illness, also in cases when the child does not live with the affected parent, but only with the co-parent (23). The daily routines can suddenly be disrupted by behavior or needs due to the mentally ill parents and resources, both materially, socially, culturally, and emotionally may be scarce. Dysfunctional family patterns are often seen in several dimensions of family life such as problem solving, communication, role functioning, affective responsiveness, affective involvement and behavior control in families with parental mental illness (24). These dimensions are thoroughly described by the authors behind Family Assessment Device, a self-administrated and widely used questionnaire based on social and system theoretical principles to measure family functioning [FAD (25)].

Briefly, the first results from the VIA 7 study showed considerable associations between parental mental illness and several domains of child functioning. Children born to parents diagnosed with schizophrenia showed markedly impaired neurocognitive functioning on the majority of applied measures; i.e., processing speed, working memory, executive functioning, visuospatial functions, sustained attention, and declarative memory (7). At the same time, we found an increased risk of displaying mental health problems or even mental disorders among both groups of children with familial high risk, but in particular among the children with familial high-risk of schizophrenia. Of children with FHR for SZ 38.7% had a life time diagnosis, while this was found in 35.6% of the children with FHR for BD, and in 15.2% of the controls. Also dimensional measures of psychopathology showed this (8). Especially anxiety, ADHD, and stress and adjustment disorders were more prevalent in both of the FHR-groups. Children with FHR for SMI also showed impairments in motor functioning (9) and in sustained attention and interference control (10). Further, children with FHR for both mental disorders were found to be at a greater risk of growing up under low socioeconomic status and reported more adverse life events than the controls based on interviews with the caregivers (unpublished data). Results further indicate an increased risk for living in a home environment with insufficient levels of stimulation and support for children predisposed for SZ and to a lesser extent also BD, and also social cognition and language development was found to be impaired in the FHR-SZ group (manuscript in preparation).

Increasing our knowledge about both the risk and the protective factors that influence these children's development is important to improve our chances for identifying the most vulnerable groups of children. More knowledge concerning the underlying psychological and neurobiological mechanism will guide future developments of early interventions with a preventive approach.

AIMS

In a cohort of children with familial high risk for schizophrenia or bipolar disorder our aims are:

1) To improve insight into early disease processes in schizophrenia and bipolar affective disorder including symptom formation, impairments or delays of maturation in different domains of cognitive functioning incl. social cognition, paralleled by difference of brain structure and of patterns of brain activation compared to controls.

2) To investigate the development over time (i.e., from age 7 to age 11) of children with familial high risk compared to controls in the domains of neurocognition, psychopathology, social cognition, motor function and adverse life events and to identify and describe possible associations between familial high risk and factors that increase resilience in children.

3) To identify the influence of genetic and environmental exposures and their interactions.

4) To identify early amendable risk factors such as lack of stimulation and support, traumatic events during childhood, insufficient parenting, low socioeconomic status, neurocognitive and social cognitive deficits, and early, subtle signs of psychopathology.

5) To improve knowledge about physical health status among children with familial high risk for severe mental illness.

DESIGN

The Danish High Risk and Resilience Study is a representative nationwide cohort study consisting of 522 children born to parents with schizophrenia, bipolar disorder or neither of these disorders. The participating families were recruited from Danish registers and investigated thoroughly during 2013–2016 when the children were seven years old. The first assessment is referred to as the VIA 7 study, for details please see study protocol for the VIA 7 study (26).

The cohort consists of 522 individuals, now 11 years old (see Figure 1):

a) 202 children with at least one parent diagnosed with schizophrenia spectrum psychosis

b) 120 children with at least one parent diagnosed with bipolar disorder

c) 200 children with neither of the parents treated in mental health services for the above diagnoses.
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FIGURE 1. Flowchart of the Danish High Risk and Resilience Study illustrating all children being assessed in the VIA 7 study and who are now being assessed again.



The children of parents with SZ and controls were matched on municipality, sex and exact age of the child. The representative cohort is based on data from The Danish Civil Registration System (27) linked to the Danish Psychiatric Central Research Register (28). Saliva from the children and blood samples from the parents were used for genome wide association analyses (GWAS, PsychChip). The children and their parents were thoroughly examined with interviews, neurocognitive, social cognitive and motor tests, questionnaires, home visits, and observations. Assessments were supplemented with data from questionnaires sent to school teachers. Outcomes for the children were assessed thoroughly in the domains of neuromotor functioning, neurocognitive, social cognitive functioning, social functioning, and psychopathology. Also, parents were interviewed about their mental health, and data on their neurocognitive as well as social cognitive functioning was collected.

Compared to previous studies this cohort is unique due to the very large representative sample of children, all of the same age at the time of assessment, which allows inference about development in the repeated cross-sectional examinations and ultimately it will allow us to follow developmental pathways in the longitudinal design. By including genetic material in combination with thorough estimates of environmental factors, measures of illness severity, and level of functioning of the parents we have a unique possibility of investigating the gene-environment interplay.

The full assessment battery in the VIA 7 study lasted ~3 days (5–6 h per day), as does the VIA 11 study-battery and the vast majority of the families completed the whole battery in the VIA 7 study. Parents were offered feedback on their child's performance, all participants received a gift card, and all families were informed that a follow-up at age 11 was planned.

METHODS

In the VIA 11 study we are aiming at re-assessing all children exactly 4 years from the date when they were included in the VIA 7 study. The adult who is taking care of the child on a regular basis and who is registered with the same address as the child is invited to give information (i.e., interviews and questionnaires) about the child's actual well-being and behavior (“primary caregiver”). This is often but not always one of the biological parents. The completion of the entire test battery lasts at least three days, and when organizing the appointments all kinds of flexible arrangements are being made to meet the families' specific needs without compromising the quality of the data collection.

All outcome measures are examined with validated instruments, specifically developed and selected for this age group, sensitive to small changes and suitable for later follow-up (Tables 1, 2). We will take advantage of the fact that most variables will be measured twice, making analyses of developmental predictors and associations possible between level of functioning at age seven and age 11, e.g., by multivariate analysis. Moreover, our analytic strategy will capitalize on the fact that the genetic exposures can be modeled directly with polygenic risk scores. Analyses will include measurement of the current environment to which the child is exposed. For each of the outcome domains listed below, we will analyse

1) the differences between the three groups of children at age 11,

2) the differences in associations of outcomes from age seven to age 11 in the three groups

3) the extent to which direct measures of environmental factors (e.g., home environment) and direct measures of genetic risk (e.g., polygenic risk scores for SZ and BD) are responsible for variations in outcomes and development.


Table 1. Domains and instruments used for testing the children at age 11 in the Danish High Risk and Resilience Study VIA 11.
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Table 2. Instruments for the assessment of the parents' mental health status, actual level of functioning and parenting issues in the Danish High Risk and Resilience Study - VIA 11.
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The analyses will thematically be divided into groups and will be carried out by Ph.D. students and postdoc researchers. Researchers are based in two centers, one in Copenhagen (Research Unit at Mental Health Center Copenhagen, Gentofte Hospital) and one in Aarhus (Psychosis Research Unit, Aarhus University Hospital Risskov) and have close collaboration at all levels including regular face-to-face meetings and video conferences. The outcomes are organized in the domains listed in Tables 1, 2 and described below.

DOMAINS AND INSTRUMENTS

Neuromotor Function

Fine motor speed is being assessed with Finger Tapping Test (30), while manual dexterity, ball skills and balance are assessed with Movement Assessment Battery for Children-2, Movement ABC-2 (29). Physical activity will be measured by a sensor in an easily wearable adhesive patch [SENS motion® (31)] which can directly measure sleep disturbances and level of physical activity during a 1-week observation period.

Neurocognitive Function

The comprehensive test battery includes Word Selective Reminding and Memory for Stories [TOMAL-2 (33)], Rey Complex Figure Test and Recognition Trial (34), Rapid Visual Information Processing [CANTAB (35)], Conners' CPT-II [Continuous Performance Test II (36)], Verbal Fluency 1–3 and Trail Making Test 2–4 [D-KEFS (38)], Symbol Search and Coding [WISC-IV (39)], Stockings of Cambridge, Intra-Extra Dimensional Shift, Spatial Recognition Memory, Spatial Span, and Spatial Working Memory [CANTAB (35)], Letter-Number Sequencing and Arithmetic [WISC-IV (39)], Cambridge Gambling Task [CANTAB (35)], and Reynolds Intellectual Screening Test [part of the RIAS (43)].

Social cognition is measured by Animated Triangles (41), Beeds Test (44) (tendency to jump to conclusion), Frederic's Stories (42), and the Social Cognition paradigm from the Human Connectome Project (78).

Psychopathology

General psychopathology and psychotic-like experiences (PLEs) will be examined with the diagnostic interview K-SADS-PL (45) including a specialized assessment of sub-threshold psychotic-like experiences (79). Magical Thinking Questionnaire (47) is included to ensure optimal information about tendency to magical ideation that is not covered by the K-SADS-PL-interview.

The aberrant salience-hypothesis (80) suggests that patients with schizophrenia have deviances in attributional style. Results from the VIA 7 study showed that familial high-risk children more often reported being bullied (unpublished results), which could be a sad truth, but it could also be partly explained by deviances in attributional style. We have developed and included a predefined social situation in a virtual reality scenario that will help us identify any liability to social anxiety and paranoid ideas. By using a virtual reality scenario, we will be able to investigate if a subgroup of the children is more inclined than the others to appraise an ambiguous social situation as threatening or bullying using a virtual reality scenario. We will apply a Danish children's version of the State Social Paranoia Scale (55), which asks about positive, neutral and paranoid appraisal of the virtual reality environment.

Executive functioning including affective regulation and flexibility will be assessed with the questionnaire Behavior Rating Inventory of Executive Function [BRIEF (51)] from both caregiver and teacher. Autism spectrum traits are evaluated with Social Responsiveness Scale [SRS (59)] also completed by the child's caregiver and the teacher. Dimensional measures of psychopathology will be covered with Child Behavior Checklist [CBCL (48)], ADHD rating scale [ADHD-RS (49)], and Strengths and Difficulties Questionnaire [SDQ (57); both by parent and teacher] while the ratings of the clinical impression of the child during the testing are registered with the Test Observation Form [TOF (81)].

Social Functioning and Behavior

Self-esteem will be coved by “I think I am”-questionnaire [Sådan er jeg (53)]. Social development is captured by the Vineland-2 Parental interview (58) and with the Strengths and Difficulties Questionnaire [SDQ (57)]. Data from the school will also be included via questionnaires sent to the teacher (see Table 1 for details). Bullying is included with the questionnaire developed by Olweus for the child itself (54). Resilience is measured by a short version of Child Youth Resilience Measurement [CYRM (56)] as well as by associating the life situation and context of the child with their course of psychopathology.

Environment

Familial environment in the home is measured by the use of a semi-structured interview, HOME, that must take place at a home visit with the caregiver and the child being present at the same time [Home Observation for Measurement of the Environment (82)]. We chose the version called Early Adolescence (EA-HOME) which is appropriate for children from age 11. An anamnestic interview with the primary caregiver includes sociodemographic data, data on the child's health service use, adverse life events, school performance and leisure activities as well as social network. Childhood trauma is measured directly from the child through the section in the K-SADS-PL (45) about post-traumatic stress disorder (PTSD) combined with the Childhood Trauma Screener [CTS (61)]. Attachment style categorization will be based on Secure Base Script Test [SBST (63)] while level of stress will be captured by Daily Life Stressor Scale [DLS (65)] and from level of hair cortisol in a hair sample.

The parents' level of daily functioning is measured with Personal and Social Performance Scale [PSP (69)] and is used as a measure of the environment together with Five Minute Speech Sample (64), which contains data about the primary caregiver's impression of the relationship with the child.

Physical Health Status

We will describe the children's physical condition including a long range of tests relevant for risk of physical illness at age 11. This will include: VO2max, anthropometry, Body Mass Index, white blood cells, C-reactive protein, HbA1c, and level of cortisol in hair samples. Puberty status will be determined by analyses of sex-hormones in blood tests and with the Tanner test (66, 67), which is letting the child look at drawings of different stages of puberty, and choose which stage is closest to the child's actual development.

Genetic and Epigenetic Analyses

Saliva and peripheral blood are being sampled from the children and will be analyzed with DNA-analytic results from the dried blood spot from birth and from saliva-sample results collected at age seven with the purpose of studying epigenetic changes.

Structural and Functional Magnetic Resonance Imaging (fMRI) an Electroencephalography (EEG)

We will examine the children with anatomical and functional magnetic resonance imaging (MRI) of the whole brain at 3.0 Tesla at Aarhus University, Center for Functionally Integrative Neuroscience (CFIN) and Hvidovre Hospital's, Danish Research Center for Magnetic Resonance (DRCMR). We will acquire 3D T1-weighted (MP2RAGE) and high-quality diffusion weighted imaging (DWI) data to calculate a set of measures that will allow us to detect regional changes in brain microstructure and structural brain connectivity (DWI based tractography) across groups. The measures include fractional anisotropy, apparent diffusion coefficient, and diffusion kurtosis indices. These measures will be used to compare regional changes in brain microstructure, as indexed by diffusion weighted imaging (DTI) across groups. Functional MR scans will map task related changes in brain activity and connectivity during three experimental tasks: the Eriksen Flanker paradigm, which addresses cognitive control and motivation, the Social Cognition (Animated Triangles) paradigm from the Human Connectome Project (78) which tap into theory of mind, and a Self-Reference paradigm to probe the ability to relate external events to oneself.

It is our intention to use these MR-scans carried out at age 11 as a basis for identifying developmental trajectories of brain changes during disease formation as we plan to repeat the same MR protocol later in adolescence (at age 15 or 16). The trajectory in children developing schizophrenia is expected to include reduced maturation of inhibitory pathways and excessive pruning of excitatory pathways leading to altered excitatory–inhibitory balance in the prefrontal cortex. We also anticipate structural and functional alterations of the brain's connectivity. Although some data support each of these possible neurodevelopmental mechanisms for schizophrenia, no study has previously provided possibilities for identifying measures of abnormal structural brain maturation (such as less or excessive pruning, less maturation of major limbic/cognitive fiber tracts, abnormal global brain connectivity, dysfunctional processing), and differences in integration in key circuits that will be probed with task-based fMRI and EEG in young individuals at risk for those disorders before puberty. We plan to correlate the abundant biological, clinical, and neurocognitive information already collected at age seven to future imaging data to see whether earlier data are predictive of imaging outcomes.

In a subgroup of ~50% of the participants, EEG will be performed at DRCMR to record functional task-related cortical activity during an auditory 40 Hz stimulation paradigm, a mismatch negativity paradigm, and a Flanker paradigm which is closely matched to the one used during functional MR to enable data integration. We selected these tasks based on consistent evidence for deficits in neural synchrony and event-related potentials (ERPs), evoked by using those paradigms in patients with SZ (83, 84) and, although to a lesser degree, in patients with BD (85). Reduced power of cortical activity and reduced amplitudes of event-related potentials in neural mechanisms are assumed to be related to both automatic sensory processes as to higher-order cognitive functions (86) and provide a window into some of the neurobehavioral symptoms (87). No study before has studied these neural correlates in a large sample of children at familial high risk for schizophrenia and bipolar disorder.

PROCEDURES AND PERMISSIONS

Contact and Procedures

All families have been informed by the completion of the first assessment in the VIA7 study that a follow-up was planned at age 11. To maintain contact with the participants of the cohort, Christmas cards and birthday cards have been sent to the children each year and a short survey consisting of two questionnaires [the “I think I am” (53) and the Child Behavior Check List CBCL (48)] was sent out to each family when the child turned 9 years of age; this survey is called the VIA 9 study.

As in the VIA 7 study, the first contact for the assessment is made by sending out a hard copy letter and an illustrative folder to the child's address (see Figure 2), followed by a phone call by the research coordinator, who invites the family to an information meeting. All parents give informed consent before data collection can start and for those who are divorced or separated and have joint custody over the child, informed consent from both parents is mandatory. We meet all families with a very friendly and flexible approach, taking into account any individual concerns or obstacles that they may have with regard to participation. The first results from the VIA 7 study are available for those participants who ask for them.
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FIGURE 2. Lay out for the invitation to all families in the VIA 11 study.



The data collection takes place during 3–4 meetings, each lasting up to ~5 h. The caregiver and the child are assessed simultaneously by two researchers, and whenever possible the assessor testing the child is kept blinded for the familial high-risk status and for the potential diagnosis from the first assessment at age seven to avoid any subjective influences. The first two days take place in the clinic, the third day is at the MR-scan facility, while the fourth day is in the family's home in order to complete the home environment assessment. However, some children may need more time or cannot concentrate sufficiently and thus need shorter but more frequent meetings. The child receives a gift card after each day completed and at the end of the whole assessment, the parents are offered a feedback on their child's performance and results. If any specific concern is raised on the basis of the interviews and testing, the researchers will guide the parents to relevant support or even make the referral or inform the social authorities or hospital service, if necessary. All diagnoses retrieved from the diagnostic interviews K-SADS-PL (45) and the SCAN interviews (68) are discussed and confirmed or declined at weekly clinical conferences, with a child and adolescent psychiatrist (A. Thorup) being present together with the research team members.

Permissions and Data Protection

The study was approved by the local Ethical committee (Protocol number: H 16043682) and the Data Protection Agency (ID- number RHP-2017-003, I-suite no. 05333).

The majority of tests that we used in the VIA 7 study were chosen at the outset (among other reasons) because they would also be suitable at age 11 and this is a considerable advantage when aiming to study relatively small changes over time (Tables 1, 2).

Statistical Analyses

Several descriptive and inferential statistical tools will be applied to analyse the data. For example, for descriptive analyses, frequency distribution, mean or median, and graphical representation will be applied. For inferential analysis, linear regression and/or analysis of variance or covariance (ANOVA/ANCOVA) will be the standard method for analyzing the association between exposure variables (i.e., high-risk status) and continuous outcome measures (e.g., psychopathology). If a variable does not follow a normal distribution even after possible transformations, non-parametric methods (e.g., Kruskal–Wallis test) or non-linear statistical models can be an alternative approach. Moreover, to control for the Type I error probability as well as the correlation between multiple outcome variables, multivariate analyses of variances/covariance (MANOVA/MANCOVA) will be applied. Furthermore, dichotomous/count outcome measures will be analyzed with generalized linear models (e.g., logistic or Poisson regression). To account for longitudinal effect from VIA 7 to VIA 11 data, linear mixed effect model for the continuous outcome and the generalized estimating equation for the dichotomous outcome will be applied. Based on our specific research question, we may consider clinically meaningful interaction terms (e.g., high-risk status and other covariates) in the models. Furthermore, as we are collecting genetic data for children and parents, to account for genetic background, polygenic risk scores (e.g., for Schizophrenia, education) would be considered as a covariate in the statistical models. In the case of missing data, multiple imputations will also be considered given that data are missing at random (MAR). However, in case of participating families with lower functioning there might be the chance that missing data are not at random (i.e., non-ignorable missing), but solely due to the inability or unwillingness to complete instruments, test, or questionnaires. Thus, we will apply sensitivity analyses for investigating the possible violations of the missing at random assumption. For families not participating at all, we will have the opportunity to include data from Danish registers in the sensitivity analyses. To handle the latent factors like resilience and vulnerability, we will apply structural equation modeling (SEM) or different kinds of path analyses. In addition, multiple regression will be applied for analyses of predictors and associations from age 7 to age 11 regarding changes in mental and physical symptoms.

RESULTS

Results will be presented within the context of both cross sectional and longitudinal analyses, i.e., comparing the results from the first assessment at age seven with the results found at age 11. Cross sectional results will be reported in all new areas or instruments like MR scans, Virtual Reality setting, SENS motion data, and blood sample data, while developmental trajectories will be investigated for those measures that are repeated, i.e., most of the cognitive measures, psychopathology, motor development, as well as many of the questionnaires, and the home environment evaluation (see Tables 1, 2).

Results concerning the actual psychopathology and the association to the mental health status at age seven will be investigated, including data on attributional style (tendency to report being excluded/bullied) and physical health. Data on social cognition will be linked to data on the developmental trajectories of Psychotic Like Experiences (PLE's; i.e., intensity, frequency, and severity) from age seven to age 11. Neurocognitive data will be analyzed to learn more about the extent to which these children's deficits or advantages measured at age seven remain stable, deteriorate or diminish over time. Brain scan data will focus on potential differences between high risk groups in terms of structural properties, neural networks, and connectivity.

DISCUSSION

This protocol describes the research strategy for the first follow-up of the unique familial high-risk cohort consisting of 522 children all the same age called The Danish High Risk and Resilience Study. This second wave is called the VIA 11 study since all children are now 11 years of age. The advantages of this cohort are especially that all children have the same age and that all families of the cohort have been recruited from national registries. Further, the comprehensive battery and the multidimensional approach will allow us to combine results from many research areas in order to add knowledge to the field of familial high risk, developmental psychopathology, brain development and risk, and resilience assessment.

The field of familial high risk studies is not new, actually the first study with this design was described and conducted by Barbara Fish (88) in New York in the early fifties, and from this study came the “pandysmaturation”-hypothesis, giving inspiration to the neurodevelopmental hypothesis of understanding the etiology of schizophrenia. In the field of schizophrenia research several familial high-risk studies have been conducted since Fish' study and recently reviewed by Hameed (89). However, we believe that the possibility of recruiting the participants from registries and not from clinics (i.e., biased toward including only those in treatment or with severe courses), with all children having the same age is a major advantage. From the perspective of neurodevelopmental psychopathology, age greatly matters when comparing results of cognitive tests, social and behavioral functioning and developmental milestones.

There are other important familial high-risk studies that are ongoing and should be mentioned here. One is the Canadian FORBOW study by Uher et al. (90) which is still recruiting both parents with schizophrenia, major depression and bipolar disorder and their offspring and testing various types of prevention and early interventions in the cohort, while also conducting annual assessments. The Spanish study led by Sanchez-Gistau (91, 92), called The Bipolar and Schizophrenia Young Offspring Study (BASYS), is a multi-center, naturalistic study which aims to evaluate psychopathology and neuropsychological and neuroimaging variables in child and adolescent offspring of patients with schizophrenia or bipolar disorder in two child and adolescent psychiatry departments in Madrid and Barcelona. The sample consists of 41 offspring of parents with schizophrenia, 90 offspring of parents with bipolar disorder and 107 controls. The age span is wide, 6–17 years and all participants are recruited via parents seeking treatment. The Dutch Bipolar Offspring Study led by Manon Hillegers in the Netherlands is a longitudinal fixed cohort study established in 1997 and followed up until early adulthood (93). It consists of 140 offspring from 86 families where one of the parents suffered from bipolar disorder. Many interesting results have been reported from this cohort, e.g., that the impact of life events especially in the early phases of the illness may be mediated by a passive reactive coping style. Further, a study led by Iacono et al. (94) has recent data on a smaller group of offspring of parents with bipolar disorder. However, all studies have much wider age ranges and smaller Ns.

Conducting a Longitudinal Study

Conducting a longitudinal study and aiming for several assessments of both parents and children over time is an ambitious and demanding project. Longitudinal studies must be well-prepared and sufficiently financially supported and the team behind the study must set a long-term plan, have a strong collaboration and develop clear and good ways of communication with regular meetings and other forms of contact. Research questions must be based on a theoretical framework and reflect current state of the art and must map onto the aims of the study. Recruitment procedures of participants and strategies for retaining participants in the study are crucial and must be planned and discussed with potential participants/pilot users. The assessor group must be properly trained, have regular meetings and good collaboration, and high levels of interrater reliability is essential. Data must be handled in accordance with rules of data protection and analyzed on the basis of a statistical, preset strategy. Finally, results must be published for both professionals and the population (95). Communication of results that reveal some aspects that could be interpreted as negative for the participants must be planned and handled with empathy.

Clinical Implications

Developmental trajectories will inform us on how the delays and abnormalities observed at age seven will evolve and influence the individual's risk of mental symptoms or reduced level of daily functioning at age 11. For example, much more knowledge is needed if we are aiming for understanding, treating or giving advice to children and their parents when children report psychotic like experiences (PLEs). Are PLEs at age seven just a normal, transient phenomenon that we as clinicians should not worry about? What is the impact if PLEs are found to correlate with an increased risk of psychopathology at age 11 and should persistent PLEs (i.e., found at both age seven and age 11) be considered as more severe early risk factor? We intend to investigate the nature of all possible PLEs mentioned by the children in the VIA 11 study in a very thorough way to be able to analyze data at a detailed level. Results from the VIA 7 study indicated that PLEs are much more common among FHR-SZ children (Ellersgaard et al, in preparation) and do correlate with poorer functioning, and this fact is important to follow very closely to help us learn more about their value as a risk marker for later mental illness, as proposed by others (96). A large cohort study reported that up to 2/3 of a population of school children aged nine to 11 would report some kind of PLEs on a self-report measurement, and for those individuals who reported the PLEs to be persistent after 2 years, a correlation with an increased risk for internal and external psychopathology later in life was found (96). However, methodological considerations are important, since other studies find much lower rates (97), for example the frequency was 5.9% based on a clinical interview in a large birth cohort of 12-year-old twins. In the VIA 11 study we initially considered using a self-report instrument, but concluded that due to the long test battery, the data collectors will have time to build a good relationship with the child and thus confidentiality will most likely be high, allowing the child to tell the interviewer if she or he has had any PLEs. Still, a well-validated rating scale for PLEs among children and adolescents with a clear and informative manual would be a considerable contribution to the field for the future. An adapted version of the SIPS/SOPS instrument (79) could be a place to start.

In a more general perspective, we hope that the results from this important cohort will shed light on the problems that these families face and struggle with every day. We appeal for authorities, institutions, and organizations, who are responsible for providing help and support to the whole population, to pay extra attention to families where severe mental disorders are involved, sometimes in two generations (see Box 1).


Box 1. Case Benjamin

Benjamin is a curious 11-year-old boy, who lives with his mother and his younger brother. Benjamin's mother has been diagnosed with bipolar disorder when Benjamin was four years old and she divorced Benjamin's father a few years ago. Benjamin visits his father every other weekend, sometimes more frequent, if his mother is depressed and in need of hospitalization. For most part of his life, Benjamin was told that his mother was hospitalized due to influenza, but recently Benjamin learned that it was because of her 'thoughts in her mind', that his mother sometime had to go away and letting him and his brother stay with their father and his new wife, and their baby twins.

Benjamin is usually a happy boy who likes to go to school, play football and Minecraft. However, he is also a rather anxious boy; who is not comfortable with sleeping at his friends or going too far away from home. He has also developed a sleep disorder as it takes him a very long time to fall asleep every night. At school and at home Benjamin sometimes gets very angry and has tantrums, although it is now much less frequent than when he was younger. He is doing fine in school and has one good friend. For a while, Benjamin was seriously bullied by some boys from another class. He was afraid to tell his mother about the bullying, because he wanted to protect her from getting sad. Eventually, the teacher found out and contacted Benjamin's mother. Now, the bulling has stopped but Benjamin still thinks a lot about having been bullied. Maybe that is why he sometimes have problems concentrating in school.

Benjamin participated in the VIA 7 study and the VIA 11 study and was fond of it, although the assessment at the hospital lasted three full days and was quite demanding. He talked to a psychologist in the VIA 11study about the sounds and voices that he had been hearing almost monthly for the past 8 months. The sounds and voices always seem to come when he is nervous or on his own, and although he realizes that they are not real, they make him feel uneasy. A few times he had shouted back at them. He had never talked to anybody about this before and found it as a relief to share it with a friendly person.



Limitations

The comprehensive and thorough test battery is also quite time consuming which may lead to some families not being able to complete all instruments, tests, and questionnaires. Although we try to motivate every family to participate again, some degree of attrition is inevitable, and that this could be expected to be more pronounced in the group of lower functioning families, but it could also be in the busy and well-functioning ones. In the VIA 7 study, however, many families were positive about their participation and for some, the feedback on their child's performance and the results that we provided, meant a lot to them. We also offer all families a feed back after completed testing in the VIA 11, and in those cases, where the situation calls for immediate help or support from authorities, we try to guide the family, or we send referrals and information to the municipalities.

Since a large group of testers are working with the same instruments, we will be ensuring very carefully that all instruments are used, and results interpreted in the same way by having monthly meetings where we discuss any issues or problems and where we score clinical examples together. Testers often work together in pairs, but in varying combinations also with colleagues from the other center.

Most tests are chosen with the follow-up perspective, allowing us to compare results from the VIA 7 study to the VIA 11 study directly. However, this was not possible in some cases and it will thus be necessary to look into the comparability of tests. This is for example the case for the measure of attachment, where the method used in the VIA 7 study was the Story Stem Assessment Profile [SSAP (98)], which is suitable for age four to nine. In the VIA 11-study we use the Secure Base Script Test [SBST (63)], which is recommended from age 9 to 14. However, both tests are based on the same theoretical basis that a narrative setting and an invitation to create a story that is inspired from everyday situations will tap into the child's inner world and working models of adult- and self-presentations. Optimally, we would conduct a validity study with e.g., 30 nine-year-old children performing both tests and then see how the attachment profiles correspond in the two tests.

We decided to use two scanner facilities, one in Aarhus and one in Copenhagen to be able to cover all of Denmark apart from the similar scanner systems across sites, and to introduce the site variable in the data analyses, so that bias due the site will be detected. Finally, we will pay close attention to securing equal distribution of the scans of the cohort between the two centers in terms of HR-status of the children, so the two centers can analyze data independently.

Mean age of onset of puberty has lowered for the last decades (99), and for some children at age 11 the process of puberty has already started. We will be able to control for this difference in our analyses by using data from the blood tests and data regarding Tanner state of puberty as covariates.

Perspectives

It is highly relevant to carry out careful examinations of early signs or symptoms of mental disorders among high-risk children several times before and during puberty to measure longitudinal patterns of symptoms. Especially, it is important to determine constellations and interactions with external influences that determine the event of a more negative progression of symptoms and function vs. constellations that facilitate resilience in an individual with a similar vulnerability. The current study allows us to explore these patterns, including a wide array of measures, reaching from phenotyping, to measures of brain structure and function.

The children at age 11 are facing puberty, which is a period characterized by massive changes in brain structures and connectivity as well as changes in physical appearance, hormonal status and psychological, and social constitution (13). Paradoxically, even though self-regulatory control develops at a fast pace during puberty, it is also a period with changes of behavior, including risk taking activities and new relational patterns, for example higher degrees of independency, and a period with high incidence rates for mental disorders. From a developmental perspective puberty is a period in life that is highly formative but also complex to study because both age, hormonal status and social and psychological aspects matter when comparing individuals in e.g., a cohort. This is why cohorts that focus on a narrow age range may be helpful in determining differences of development and behavior inter-individually, or systematically across specific groups. Social mechanisms, such as bullying or other forms of social defeat that may take place in childhood and adolescence, are frequently reported and are related to later emergence of mental illnesses like depression and psychosis (15) and other negative life outcomes.

It will be of immense value if a better understanding of the early phases of the development of mental disorders, neurodevelopmental changes including brain development and the needs of these children will permit early interventions with potential prevention or preemption of psychosis. Increased knowledge about the impact of the thoroughly described and closely investigated environmental risk factor like home environment, parenting style and relation, parental functioning and mental health, social network, socioeconomic status, and adverse life events will create the basis for developing specific supportive and preventive interventions. These children have for decades been known to be at an increased risk of mental illness. The more we know about the early development of their potential course of illness and resilience factors, the better we can provide early and specific help.

AUTHOR CONTRIBUTIONS

AET wrote the manuscript together with MN. All co-authors NH, AS, MG, ÅP, MK, JB, LC, MM, DE, BB, AG, MU, JO, AN, LJ, ALT, AA, LV, CK, HS, JJ, OM read the manuscript, commented etc. MU was responsible for the statistics section. KP, HRS, LØ, and VB were responsible for all content regarding the MR scans.

FUNDING

This study was supported by the Lundbeck Foundation Initiative for Integrative Psychiatric Research (iPSYCH), the Mental Health Services of the Capital Region of Denmark, the Research Fund in Capital Region of Denmark, The Independent Research Fund Denmark and The Innovation Foundation. The sponsors had no role in the design and conduct of the study; collection, management, analysis and interpretation of the data, preparation, review or approval of the manuscript for publication.

ACKNOWLEDGMENTS

We would like to acknowledge the following persons for their highly valued contribution to the development of the project: Physiotherapist Camilla Tjott, Child and Adolescent Mental Health Center, Capital Region of Denmark, for being responsible for learning and accreditation of Movement ABC for all assessors.

Psychologist, Ass. Prof. Elia Psouni, University of Lund, Sweden for being responsible for learning and accreditation of Secure Base Script Test and for collaboration. Research assistant, nurse Heidi Jensen, Mental Health Center Copenhagen for helping us with the Data Protection Declaration. Collaborators at Khora Virtual Reality, Copenhagen, Anders B. R. Pedersen and Peter Fisher for helping us develop the VR-environment. Specialist in data technology, Kasper Lykkegaard CEO in SENS-Innovation, Copenhagen, for collaboration about the SENS chip. PhD, MSc Troels Thorsteinsson for implementing the bicycle-test in Copenhagen. Ass. prof. Torben E. Lund, University of Aarhus for assistance with the MR scans in Aarhus. Psychologist Lars Clemmensen for implementation of the Revised Frederick's stories. Data manager, MSc Mette Rubæk, Child and Adolescent Mental Health Center, Copenhagen for setting up the database. Creative director Jørgen Høj for creating the logo and the lay out for all visual material. Psychologist Martin Wilms and Sinnika Birkehøj Roed, Mental Health Center Copenhagen, for data collection and data interpretation in the VIA 11 group. All students helping with the management of the project.

ABBREVIATIONS

ADHD, attention deficit and hyperactivity disorder; BASYS, The Bipolar and Schizophrenia Young Offspring Study; BD, bipolar disorder; DNA analytic, deoxyribonucleic acid; FHR, familial high risk; FHR-BP, familial high risk for bipolar disorder; FHR-SZ, familial high risk for schizophrenia; FORBOW (study), Families overcoming risks and building opportunities for well-being; GWAS, genome wide association analyses; MANOVA/MANCOVA, multivariate analyses of variances/covariance; MR/MR scan, magnetic resonance scanning; PLEs, psychotic like experiences; PTSD, post-traumatic stress disorder; SIPS/SOPS, Structured Interview for Prodromal Syndromes and Scale for Prodromal Symptoms; SZ, schizophrenia.

REFERENCES

 1. Rasic D, Hajek T, Alda M, Uher R. Risk of mental illness in offspring of parents with schizophrenia, bipolar disorder, and major depressive disorder: a meta-analysis of family high-risk studies. Schizophr Bull. (2013) 40:28–38. doi: 10.1093/schbul/sbt114

 2. Niemi LT, Suvisaari JM, Tuulio-Henriksson A, Lonnqvist JK. Childhood developmental abnormalities in schizophrenia: evidence from high-risk studies. Schizophr Res. (2003) 60:239–58. doi: 10.1016/S0920-9964(02)00234-7

 3. Birmaher B, Axelson D, Monk K, Kalas C, Goldstein B, Hickey MB, et al. Lifetime psychiatric disorders in school-aged offspring of parents with bipolar disorder: the Pittsburgh Bipolar Offspring study. Arch Gen Psychiatry (2009) 66:287–96. doi: 10.1001/archgenpsychiatry.2008.546

 4. Thorup AAE, Laursen TM, Munk-Olsen T, Ranning A, Mortensen PB, Plessen KJ, et al. Incidence of child and adolescent mental disorders in children aged 0-17 with familial high risk for severe mental illness - a Danish register study. Schizophr Res. (2017) S0920-9964(17)30686-2. doi: 10.1016/j.schres.2017.11.009

 5. Duffy A, Horrocks J, Doucette S, Keown-Stoneman C, McCloskey S, Grof P. Childhood anxiety: an early predictor of mood disorders in offspring of bipolar parents. J Affect Disord. (2013) 150:363–9. doi: 10.1016/j.jad.2013.04.021

 6. Pine DS, Fox NA. Childhood antecedents and risk for adult mental disorders. Annu Rev Psychol. (2015) 66:459–85. doi: 10.1146/annurev-psych-010814-015038

 7. Hemager N, Plessen KJ, Thorup A, Christiani C, Ellersgaard D, Spang KS, et al. Assessment of neurocognitive functions in 7-year-old children at familial high risk for schizophrenia or bipolar disorder: the Danish high risk and resilience study VIA 7. JAMA Psychiatry (2018) 75:844–52. doi: 10.1001/jamapsychiatry.2018.1415

 8. Ellersgaard D, Jessica Plessen K, Richardt Jepsen J, Soeborg Spang K, Hemager N, Klee Burton B, et al. Psychopathology in 7-year-old children with familial high risk of developing schizophrenia spectrum psychosis or bipolar disorder - the Danish high risk and resilience study - VIA 7, a population-based cohort study. World Psychiatry (2018) 17:210–9. doi: 10.1002/wps.20527

 9. Burton BK, Thorup AAE, Jepsen JR, Poulsen G, Ellersgaard D, Spang KS, et al. Impairments of motor function among children with a familial risk of schizophrenia or bipolar disorder at 7 years old in Denmark: an observational cohort study. Lancet Psychiatry (2017) 4:400–8. doi: 10.1016/S2215-0366(17)30103-7

 10. Burton BK, Vangkilde S, Petersen A, Skovgaard LT, Jepsen JR, Hemager N, et al. Sustained attention and interference control among 7-year-old children with a familial high risk of schizophrenia or bipolar disorder-a nationwide observational cohort study. Biol Psychiatry Cogn Neurosci Neuroimag. (2018) 3:704–12. doi: 10.1016/j.bpsc.2018.04.012

 11. Agnew-Blais J, Seidman LJ. Neurocognition in youth and young adults under age 30 at familial risk for schizophrenia: a quantitative and qualitative review. Cogn Neuropsychiatry (2013) 18:44–82. doi: 10.1080/13546805.2012.676309

 12. Bora E, Ozerdem A. A meta-analysis of neurocognition in youth with familial high risk for bipolar disorder. Eur Psychiatry (2017) 44:17–23. doi: 10.1016/j.eurpsy.2017.02.483

 13. Berenbaum SA, Beltz AM, Corley R. The importance of puberty for adolescent development: conceptualization and measurement. Adv Child Dev Behav. (2015) 48:53–92. doi: 10.1016/bs.acdb.2014.11.002

 14. Blakemore SJ. The social brain in adolescence. Nat Rev Neurosci. (2008) 9:267–77. doi: 10.1038/nrn2353

 15. Moore SE, Norman RE, Suetani S, Thomas HJ, Sly PD, Scott JG. Consequences of bullying victimization in childhood and adolescence: a systematic review and meta-analysis. World J Psychiatry (2017) 7:60–76. doi: 10.5498/wjp.v7.i1.60

 16. Howes OD, Murray RM. Schizophrenia: an integrated sociodevelopmental-cognitive model. Lancet (2014) 383:1677–87. doi: 10.1016/S0140-6736(13)62036-X

 17. Cannon M, Jones PB, Murray RM. Obstetric complications and schizophrenia: historical and meta-analytic review. Am J Psychiatry (2002) 159:1080–92. doi: 10.1176/appi.ajp.159.7.1080

 18. Insel TR. Rethinking schizophrenia. Nature (2010) 468:187–93. doi: 10.1038/nature09552

 19. Cooper D, Barker V, Radua J, Fusar-Poli P, Lawrie SM. Multimodal voxel-based meta-analysis of structural and functional magnetic resonance imaging studies in those at elevated genetic risk of developing schizophrenia. Psychiatry Res. (2014) 221:69–77. doi: 10.1016/j.pscychresns.2013.07.008

 20. Shoemaker EZ, Tully LM, Niendam TA, Peterson BS. The next big thing in child and adolescent psychiatry: interventions to prevent and intervene early in psychiatric illnesses. Psychiatr Clin North Am. (2015) 38:475–94. doi: 10.1016/j.psc.2015.05.010

 21. Nordentoft M, Wahlbeck K, Hallgren J, Westman J, Osby U, Alinaghizadeh H, et al. Excess mortality, causes of death and life expectancy in 270,770 patients with recent onset of mental disorders in Denmark, Finland and Sweden. PLoS ONE (2013) 8:e55176. doi: 10.1371/journal.pone.0055176

 22. Ranning A, Laursen T, Agerbo E, Thorup A, Hjorthoj C, Jepsen JRM, et al. School performance from primary education in the adolescent offspring of parents with schizophrenia and bipolar disorder- a national, register-based study. Psychol Med. (2017) 48:1–8. doi: 10.1017/S0033291717003518

 23. Saunders JC. Families living with severe mental illness: a literature review. Issues Ment Health Nurs. (2003) 24:175–98.

 24. Friedmann MS, McDermut WH, Solomon DA, Ryan CE, Keitner GI, Miller IW. Family functioning and mental illness: a comparison of psychiatric and nonclinical families. Fam Process. (1997) 36:357–67. doi: 10.1111/j.1545-5300.1997.00357.x

 25. Epstein N, Baldwin L, Bishop D. The McMaster family assessment device. (1983) 1983.

 26. Thorup AA, Jepsen JR, Ellersgaard DV, Burton BK, Christiani CJ, Hemager N, et al. The Danish High Risk and Resilience Study - VIA 7 - a cohort study of 520 7-year-old children born of parents diagnosed with either schizophrenia, bipolar disorder or neither of these two mental disorders. BMC Psychiatry (2015) 15:233. doi: 10.1186/s12888-015-0616-5

 27. Pedersen CB, Gøtzsche H, Møller JØ, Mortensen PB. The Danish Civil Registration System - A Cohort of 8 Million People. (2006) (Accessed 11/1/2006).

 28. Mors O, Perto GP, Mortensen PB. The Danish Psychiatric Central Research Register. Scand J Public Health (2011) 39(Suppl. 7):54–7. doi: 10.1177/1403494810395825

 29. Henderson S, Sugden D, Barnett A. The Movement Assessment Battery for Children, 2nd Edn. London: The Psychological Corporation. (2007).

 30. Letz R, Baker EL. Finger Tapping Test. Winchester, MA: Neurobehavioral Systems (1988).

 31. Bartholdy C, Gudbergsen H, Bliddal H, Kjaergaard M, Lykkegaard KL, Henriksen M. Reliability and construct validity of the sens motion(R) activity measurement system as a tool to detect sedentary behaviour in patients with knee osteoarthritis. Arthritis (2018) 2018:6596278. doi: 10.1155/2018/6596278

 32. Pulver AE, Liang KY, Brown CH, Wolyniec P, McGrath J, Adler L, et al. Risk factors in schizophrenia: Season of birth, gender, and familial risk. Br J Psychiatry (1992) 160:65–71. doi: 10.1192/bjp.160.1.65

 33. Reynolds CR, Voress JK. Tomal 2 Test of Memory and Learning, 2nd Ed. (2007)

 34. Meyers JE, Meyers KR. Rey Complex Figure Test and Recognition Trial. Odessa, FL: Psychological Assessment Resources. (1995).

 35. Sahakian BJ, Owen AM. Computerized assessment in neuropsychiatry using CANTAB: discussion paper. J R Soc Med. (1992) 85:399–402.

 36. Conners CK. Conners CPT: Conners' Continuous Performance Test Computer Program: User's Manual. Toronto, ON: Multi-Health Systems (1995).

 37. Bishop DV. Development of the Children's Communication Checklist (CCC): a method for assessing qualitative aspects of communicative impairment in children. J Child Psychol. Psychiatry. (1998) 39:879–91.

 38. Delis DC, Kaplan E, Kramer JH. D-KEFS. San Antonio, TX: The Psychological Corporation (2001).

 39. Wechsler D. WISC-IV The Wechsler Intelligence Scale for Children−4th ed. San Antonio, TX: The psychological Corporation (2003).

 40. Eriksen BA, Eriksen CW. Effects of noise letters upon the identifaction of a target letter in a nonsearch task. Percept Psychophys. (1974) 16:143–9.

 41. Klein AM, Zwickel J, Prinz W, Frith U. Animated triangles: an eye tracking investigation. Quart J Exp Psychol. (2009) 6:1189–97. doi: 10.1080/17470210802384214

 42. Clemmensen L, van OJ, Skovgaard AM, Vaever M, Blijd-Hoogewys EM, Bartels-Velthuis AA, et al. Hyper-theory-of-mind in children with Psychotic Experiences. PLoS ONE (2014) 9:e113082. doi: 10.1371/journal.pone.0113082

 43. Reynold C, Kamphaus RW. Reynold's Intellectual Assessment Scale (RIAS). Lutz, FL: Psychological Assessment Resources Inc. (2003).

 44. Hassanali N, Ruffell T, Browning S, Bracegirdle K, Ames C, Corrigall R, et al. Cognitive bias and unusual experiences in childhood. Eur Child Adolesc Psychiatry (2015) 24:949–57. doi: 10.1007/s00787-014-0644-6

 45. Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, et al. Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version (K-SADS-PL): initial reliability and validity data. J Am Acad Child Adolesc Psychiatry (1997) 36:980–8. doi: 10.1097/00004583-199707000-00021

 46. Lencz T, Smith CW, Auther A, Correll CU, Cornblatt B. Nonspecific and attenuated negative symptoms in patients at clinical high-risk for schizophrenia. Schizophr Res. (2004) 68:37–48. doi: 10.1016/S0920-9964(03)00214-7

 47. Bolton DDP, Madronal-Luque Baron-Cohen S. Magical Thinking in Childhood and Adolescence: Development and Relation to Obsessive Compulsion. London, UK: British Journal of Developmental Psychology (2002). p. 479–94.

 48. Achenbach TM, Edelbrock C. CBCL, Manual for Child Behavior Checklist and Revised Child Behavior Profile. University of Vermont, Burlington (1983).

 49. Szomlaiski N, Dyrborg J, Rasmussen H, Schumann T, Koch SV, Bilenberg N. Validity and clinical feasibility of the ADHD rating scale (ADHD-RS) A Danish Nationwide Multicenter Study. Acta Paediatr. (2009) 98:397–402. doi: 10.1111/j.1651-2227.2008.01025.x

 50. Zeman J, Shipman K., Penza-Clyve S. Development and initial validation of the Children's Sadness Management. J Nonverbal Behav. (2001) 25:540–7. doi: 10.1023/A:1010623226626

 51. Gioia GA, Isquith PK, Guy SC, Kenworthy L. Behavior rating inventory of executive function. Child Neuropsychol. (2000) 6:235–8. doi: 10.1076/chin.6.3.235.3152

 52. Spielberger C, Edwards CD, Lushene J, Montouri J, Platzek D. The State-Trait Anxiety Inventory for Children (STAIC). Palo Alto, CA: Consulting Psychologists Press. (1973).

 53. Suonpää E, Kresanov K, Ouvinen-Birgerstam P, Piha J. Self-concept of Finnish children on the second grade of normal elementary school. Acta Paedopsychiatr. (1989) 52(Spielberger):157–64.

 54. Solberg MEOD. Prevalence Estimation of School Bullying With the Olweus Bully/Victim Questionnaire. Bergen: Aggressive Behavior (2003). p. 238–68.

 55. Freeman D, Pugh K, Green C, Valmaggia L, Dunn G, Garety P. A measure of state persecutory ideation for experimental studies. J Nerv Ment Dis. (2007) 195:781–4. doi: 10.1097/NMD.0b013e318145a0a9

 56. Liebenberg L, Ungar M, LeBlanc JC. The CYRM-12: a brief measure of resilience. Can J Public Health (2013) 104:e131-e5.

 57. Obel C, Dalsgaard S, Stax HP, Bilenberg N. [Strengths and Difficulties Questionnaire (SDQ-Dan). A new instrument for psychopathologic screening of children aged 4-16 years]. Ugeskr Laeger (2003) 165:462–5.

 58. Sparrow SS, Balla DAC D.V. Vineland. Circle Pines, MN: American Guidance Service (1984).

 59. Constantino JN, Gruber CP. SRS. Los Angeles, CA: Western Psychological Services (2005).

 60. Caldwell BM, Bradley RH. Home Observation for Measurement of the Environment: Administration Manual. Tempe, AZ: Family & Human Dynamics Research Institute, Arizona State University (2003).

 61. Grabe HJ, Schulz A, Schmidt CO, Appel K, Driessen M, Wingenfeld K, et al. [A brief instrument for the assessment of childhood abuse and neglect: the childhood trauma screener (CTS)]. Psychiatr Prax. (2012) 39:109–15. doi: 10.1055/s-0031-1298984

 62. Cutrona CE, Russell D. SPS: Social Provisions-Scale. Report No.: 1. (1987).

 63. Psouni E, Apetroaia A. Measuring scripted attachment-related knowledge in middle childhood: the Secure Base Script Test. Attach Hum Dev. (2014) 16:22–41. doi: 10.1080/14616734.2013.804329

 64. Daley D, Sonuga-Barke EJ, Thompson M. Assessing expressed emotion in mothers of preschool AD/HD children: psychometric properties of a modified speech sample. Br J Clin Psychol. (2003) 42(Pt. 1):53–67. doi: 10.1348/014466503762842011

 65. Kearney CA, Drabman RS, Beasley JF. The trials of childhood: the development, reliability, and validity of the daily life stressors scale. J Child Family Stud. (1993) 2:371–88. doi: 10.1007/BF01321232

 66. Marshall WA, Tanner JM. Variations in pattern of pubertal changes in girls. Arch Dis Child. (1969) 44:291–303.

 67. Marshall WA, Tanner JM. Variations in the pattern of pubertal changes in boys. Arch Dis Child. (1970) 45:13–23.

 68. Wing JK, Babor T, Brugha T, Burke J, Cooper JE, Giel R, et al. SCAN. schedules for clinical assessment in neuropsychiatry. Arch Gen Psychiatry (1990) 47:589–93. doi: 10.1001/archpsyc.1990.01810180089012

 69. Morosini PL, Magliano L, Brambilla L, Ugolini S, Pioli R. Development, reliability and acceptability of a new version of the DSM-IV Social and Occupational Functioning Assessment Scale (SOFAS) to assess routine social functioning. Acta Psychiatr Scand. (2000) 101:323–9.

 70. Andreasen NC. Schedule for Assessment of Negative Symptoms. (1983)

 71. Andreasen NC. Schedule for Assessment of Positive Symptoms. (1984).

 72. Hamilton M. Development of a rating scale for primary depressive illness. Br J Soc Clin Psychol. (1967) 6:278–96. doi: 10.1111/j.2044-8260.1967.tb00530.x

 73. Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for mania: reliability, validity and sensitivity. Br J Psychiatry. (1978) 133:429–35. doi: 10.1192/bjp.133.5.429

 74. Oliver MNI, Simons JS. The affective lability scales: development of a short-form measure. Pers Individ Diff. (2004) 37:1279–88. doi: 10.1016/j.paid.2003.12.013

 75. Constantino JN, Todd RD. Intergenerational transmission of subthreshold autistic traits in the general population. Biol Psychiatry (2005) 57:655–60. doi: 10.1016/j.biopsych.2004.12.014

 76. Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, et al. Relationship of childhood abuse and household dysfunction to many of the leading causes of death in adults. The Adverse Childhood Experiences (ACE) Study. Am J Prev Med. (1998) 14:245–58. doi: 10.1016/S0749-3797(98)00017-8

 77. Berry K, Wearden A, Barrowclough C. Adult attachment styles and psychosis: an investigation of associations between general attachment styles and attachment relationships with specific others. Soc Psychiatry Psychiatr Epidemiol. (2007) 42:972–6. doi: 10.1007/s00127-007-0261-5

 78. Barch DM, Burgess GC, Harms MP, Petersen SE, Schlaggar BL, Corbetta M, et al. Function in the human connectome: task-fMRI and individual differences in behavior. Neuroimage (2013) 80:169–89. doi: 10.1016/j.neuroimage.2013.05.033

 79. Miller TJ, McGlashan TH, Rosen JL, Cadenhead K, Cannon T, Ventura J, et al. Prodromal assessment with the structured interview for prodromal syndromes and the scale of prodromal symptoms: predictive validity, interrater reliability, and training to reliability. Schizophr Bull. (2003) 29:703–15. doi: 10.1093/oxfordjournals.schbul.a007040

 80. Kapur S. Psychosis as a state of aberrant salience: a framework linking biology, phenomenology, and pharmacology in schizophrenia. Am J Psychiatry (2003) 160:13–23. doi: 10.1176/appi.ajp.160.1.13

 81. McConaughy SH AT. Manual for the Test Observation Form (TOF) for Ages 2-18. Burlington, VT: University of Vermont, Research Center for Children, Youth, & Families (2004).

 82. Bradley RH, Caldwell BM. Home observation for measurement of the environment: a revision of the preschool scale. Am J Ment Defic. (1979) 84:235–44.

 83. Thune H, Recasens M, Uhlhaas PJ. The 40-Hz auditory steady-state response in patients with schizophrenia: a meta-analysis. JAMA Psychiatry (2016) 73:1145–53. doi: 10.1001/jamapsychiatry.2016.2619

 84. Umbricht D, Krljes S. Mismatch negativity in schizophrenia: a meta-analysis. Schizophr Res. (2005) 76:1–23. doi: 10.1016/j.schres.2004.12.002

 85. O'Donnell BF, Vohs JL, Hetrick WP, Carroll CA, Shekhar A. Auditory event-related potential abnormalities in bipolar disorder and schizophrenia. Int J Psychophysiol. (2004) 53:45–55. doi: 10.1016/j.ijpsycho.2004.02.001

 86. Naatanen R, Sussman ES, Salisbury D, Shafer VL. Mismatch negativity (MMN) as an index of cognitive dysfunction. Brain Topogr. (2014) 27:451–66. doi: 10.1007/s10548-014-0374-6

 87. O'Donnell BF, Vohs JL, Krishnan GP, Rass O, Hetrick WP, Morzorati SL. The auditory steady-state response (ASSR): a translational biomarker for schizophrenia. Suppl Clin Neurophysiol. (2013) 62:101–12. doi: 10.1016/B978-0-7020-5307-8.00006-5

 88. Jablensky A, McNeil TF, Morgan VA. Barbara fish and a short history of the neurodevelopmental hypothesis of schizophrenia. Schizophr Bull. (2017) 43:1158–63. doi: 10.1093/schbul/sbx094

 89. Hameed MA, Lewis AJ. Offspring of parents with schizophrenia: a systematic review of developmental features across childhood. Harv Rev Psychiatry (2016) 24:104–17.doi: 10.1097/HRP.0000000000000076

 90. Uher R, Cumby J, MacKenzie LE, Morash-Conway J, Glover JM, Aylott A, et al. A familial risk enriched cohort as a platform for testing early interventions to prevent severe mental illness. BMC Psychiatry (2014) 14:344. doi: 10.1186/s12888-014-0344-2

 91. de la Serna E, Sugranyes G, Sanchez-Gistau V, Rodriguez-Toscano E, Baeza I, Vila M, et al. Neuropsychological characteristics of child and adolescent offspring of patients with schizophrenia or bipolar disorder. Schizophr Res. (2017) 183:110–5. doi: 10.1016/j.pnpbp.2015.08.014

 92. Sanchez-Gistau V, Romero S, Moreno D, de la Serna E, Baeza I, Sugranyes G, et al. Psychiatric disorders in child and adolescent offspring of patients with schizophrenia and bipolar disorder: a controlled study. Schizophr Res. (2015) 168:197–203. doi: 10.1016/j.schres.2015.08.034

 93. Mesman E, Nolen WA, Reichart CG, Wals M, Hillegers MH. The Dutch bipolar offspring study: 12-year follow-up. Am J Psychiatry (2013) 170:542–9. doi: 10.1176/appi.ajp.2012.12030401

 94. Iacono V, Beaulieu L, Hodgins S, Ellenbogen MA. Parenting practices in middle childhood mediate the relation between growing up with a parent having bipolar disorder and offspring psychopathology from childhood into early adulthood. Dev Psychopathol. (2017) 30:1–15. doi: 10.1017/S095457941700116X

 95. Language Reading Research C, Farquharson K, Murphy KA. Ten steps to conducting a large, multi-site, longitudinal investigation of language and reading in young children. Front Psychol. (2016) 7:419. doi: 10.3389/fpsyg.2016.00419

 96. Downs JM, Cullen AE, Barragan M, Laurens KR. Persisting psychotic-like experiences are associated with both externalising and internalising psychopathology in a longitudinal general population child cohort. Schizophr Res. (2013) 144:99–104. doi: 10.1016/j.schres.2012.12.009

 97. Polanczyk G, Moffitt TE, Arseneault L, Cannon M, Ambler A, Keefe RS, et al. Etiological and clinical features of childhood psychotic symptoms: results from a birth cohort. Arch Gen Psychiatry (2010) 67:328–38. doi: 10.1001/archgenpsychiatry.2010.14

 98. Hodges J, Hillman S. Story Stem Assessment Profile (SSAP). (2007). (Unpublished data).

 99. Abreu AP, Kaiser UB. Pubertal development and regulation. Lancet Diabetes Endocrinol. (2016) 4:254–64. doi: 10.1016/S2213-8587(15)00418-0

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © Thorup, Hemager, Søndergaard, Gregersen, Prøsch, Krantz, Brandt, Carmichael, Melau, Ellersgaard, Burton, Greve, Uddin, Ohland, Nejad, Johnsen, Ver Loren van Themaat, Andreassen, Vedum, Knudsen, Stadsgaard, Jepsen, Siebner, Østergaard, Bliksted, Plessen, Mors and Nordentoft. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyt-09-00661-t001.jpg
Domains Outcomes InVIA7  Child Primary Teacher Type of instrument

caregiver

Neuromotorand  Motor development and Yes Movement ABG (29) Test in clinic

physical milestones

measures
Anthropometry Yes Height, weight, waist Observations in ciinic
Motor speed and dexterity ~ Yes Finger tapping (30) Test in clinic (or home)
Physical activity and sleep  No SENS chip (31) Anamnestio Chip on tight for one

interview week (32)
Interview with primary
caregiver

Neurocognition  Verbal Memory and visual  Yes Word Selective Reminding and Test in clinic or at home
memory Memory for Stories from Tomal-2 (33)

RCFT (Rey Complex Figure Test and
Recognition Trial (34) and Spatial
Recognition Memory from CANTAB
(35)
Attention Yes RVP (Rapid Visual Information Computer test
Processing;3-5-7 mode) from
GANTAB (35). Conners GPT
(Continuous Performance Test (36)
Gommunication and Yes GCC-2 (Children's  Questionnaire
pragmatic/social interaction Communication
Checkiist-ll (37)
Speed of Processing Yes Verbal Fluency 1-2 and Trail making Test in clinic or home:
Test 2-4 from D-KEFS (38) and
Symbol Search, and Coding test from
WISC-IV (39)
Executive functions (planning  Yes SOC (Stockings of Cambridge) and Computer test
and flexibility) ED (intra-Extra Dimensional Set Shift)
from GANTAB (35) and Verbal Fluency
3 from D- KEFS (38)
Executive functions (visual ~ Yes SSP (Spatial Span) and SWM (Spatial Computer test and test
and verbal working memory) Working Memory) from CANTAB (35) in
and Letter-number Sequencing and ciinic or home
Arithmetic from WISC-IV (39)
Executive functions (eror  Yes. Flanker Task (40) - before and during Computer test
monitoring) MRI
Social cognition Yes Animated Triangles (41) before and Computer test
No during fMRI (without the goal directed
animation)
Frederic’s stories (42) Practical test
Intelligence Yes RIST (Reynolds Intellectual Screening Test in clinic or home:
Test) (43)
Decision making No Beads' Test (44) Computer test
Yes Cambridge
Gambiing Task from CANTAB (35)

Psychopathology ~ Psychiatric symptoms, incl. ~ Yes Kiddie-SADS-PL interview (45) Kiddie-SADS-PL Interview (categorical
depression, anxiety, psychotic interview (45) psychopathology)
symptoms, thought disorders, Yes PLE assessment (46) Anamnestic
PLES, obsessive-compulsive interview
symptoms, eating disorders,  No Magical Ideation Questionnaire (47) ~ CBCL (48) (Chid  TRF (48) (Teachers Questionnaires,
sleep disturbances, self Behavior Rating Form) (dimensional
harming behavior and Yes Checkist) psychopathology)
traumatic ife events

Do Attentiorvhyperactivity Yes ADHD-Rating ADHD-Rating Questionnaire

Scale (49) Scale (49)
Affect regulation/flexibiity ~ Yes GEMS (50) (Children's Emotion BRIEF (Behavior ~ BRIEF (Behavior  Questionnaire
Rating
Management Scale) Inventory of Rating Inventory of
Executive
Function (51) Executive Function
61
Do Anxiety Yes STAIC (State-Trait Anxiety Questionnaire
Inventory for Children (52)

Social functioning ~ Self-esteem Yes Sadan er jeg’ [ think | am’ (52)] Questionnaire

and behavior
Bullying No Olweus BullyNictim Questionnaire

Questionnaire (54)
SSPS (State Social Paranoia Scale Questionnaire after
(55) Virtual Reality scenario
Resilience No CYRM (Child and Youth
Resiience Measure short version (56)
Social Functioning Yes SDQ (Strengths  SDQ for teachers  Questionnaire
and Diffcuies  (Strengthsand ~ (emotional symptoms,
Questionnaire (57) Difficulties conduct problems,
Questionnaire (57) ~ hyperactivity/
inattention)
Yes ©OC-2 (Child
Communication
Checkist (37)]
Social development Yes Vineland Adaptive Interview
Behavior Scales I
©8)
Autism spectrum traits Yes SRS-2 (Social  SRS-2(Social  Questionnaire
Responsiveness  Responsive ness
Scale (59) Scale (59)
Environmentand ~ Stimulation and supportin  Yes HOME Inventory, Early HOME inventory, Interview made in the
emotional climate  actual rearing environment Adolescent version (60) Early Adolescent home with both child
version (60) and parent
Life events and trauma No CTS [Chidhood Trauma Soreener  Anamnestic Questionnaire and
(@)} interview focusing semi-structured
onage 7-11 interview
Perceived support from social Yes SPS [Social Questionnaire
network Provision Scale
©2)
Attachment style Yes,but  Secure Base Script Test (63) Test in clinic or home
new test
Expressed Yes FMSS [Five Minute Interview
emotions/emotional family  No Speech Sample Questionnaire
climate/familiar relations (64)) FAD [Family
Assessment
Device (25))
Stress Yes Hair test for cortisol Hair sample
Items from DLSS [Daily Life Questionnaire
Stressor Scale (65)]
Use of social media No Anamnestic Questionnaire
interview
Physical health  Puberty status No Tanner stages (86, 67) lustrations
Hormone level Blood sample
Physical health No HbA1c. leucocytes, CRP Blood sample
Exercise on bicycle, Test (Gopenhagen only)

Genetic and Polygenic risk scores Yes Dry blood spots from Danish Day 1, hospital

epigenetic Neonatal Screening Biobank and

analyses blood samples
Inflammatory and infectious  Yes Dry blood spots from Danish Day 1, hospital
markers. Neonatal Scrbeening Biobank and

blood samples

Brain scan Functional and structural No MR Scanning and EEG Day 2, Scan at hospital
MRI
Electrophysiology No The Copenhagen Day 2, before the scan

Psychophysiological Test Battery

(CPTB) (prepuise inhibition, P50
gating, mismatch negativity)

at hospital





OPS/images/fpsyt-09-00661-t002.jpg
Domains

Mental health status (previous
4 years)

Dally Functioning

Actual state of iliness

Do

Do

Do

Affective regulation

Family functioning

Percaived support from social network
Social Response, adult

Relation to chid and refation to other
parent

Adverse childhood experiences

Attachment style
Knowledge about mental illness and
talking to children about mental illness if
relevant

InVIA7
Yes (lfetime)

Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes

No

Yes
No

Parent/actual caregiver

SCAN [Schediules for Ciinical Assessment in Neuropsychiatry (68)]
for the person himvherself and the other parent

PSP [Personal and Social Performance Scale (69))
SANS [Scale for the Assessment of Negative Symptoms (70))
SAPS [Scale for the Assessment of Positive Symptoms (71)]
Hamilton Rating Scale for Depression (72)

YMRS [Young Mania Rating Scale (73))
ALS [Affective Liabiity Scale (74)

Family Assessment Device, short version [FAD-12 (25)]

Social Provision Scale [SPS (62)

Social Responsiveness Scale -Adult, self-report [SRS-A (75))

FMSS [Five Minute Speech Sample (64)]

AACE Study Questionnaire [Adverse Childhood Experiences

Questionnaire (76)]
PAM questionnaire (77)
Included in anarmnesis

Co- parent

do

do
do
do
do
do
do

do
do

do

Type of test

Interview

Interview
Interview
Interview
Interview

Interview

Questionnaire
Questionnaire
Questionnaire

Interview
(recorded and
transoribed)

Questionnaire

Questionnaire
Interview





OPS/images/fpsyt-09-00661-g001.gif





OPS/images/fpsyt-09-00661-g002.gif





OPS/images/cover.jpg
’ frontiers
in Psychiatry

The Danish High Risk and Resilience
Study—VIA 11: Study Protocol for
the First Follow-Up of the VIA 7
Cohort —522 Children Born to
Parents With Schizophrenia
Spectrum Disorders or Bipolar
Disorder and Controls Being
Re-examined for the First Time
at Age 11









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





