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Objective: Children with familial high-risk of schizo-
phrenia (FHR-SZ) or bipolar disorder (FHR-BP) are
frequently affected in a range of domains known to be
precursors of severe mental illness. No previous studies
have gathered known precursors to examine whether they
distribute evenly across familial high risk (FHR) children
or if they cluster among a smaller group. Since such exam-
ination holds the potential to identify high and low risk of
severe mental illness groups, we aimed to cluster FHR and
control children affected to various degrees.

Method: In The Danish High Risk and Resilience Study
VIA 7, a clinical cohort study, 514 7-year-old children with
FHR-SZ or FHR-BP and matched controls were assessed in
domains of motor function, neurocognition, emotional con-
trol, behavior, social cognition, self-perception, language,
psychotic experiences, and psychopathology, and grouped
using cluster analysis. Associations between clusters and
parents' level of education, functioning, caregiver status,

child's level of stimulation and support in the home, and
polygenic risk scores were examined.

Results: A total of four groups including one of broadly
affected children were identified. The broadly affected
group was represented 4-5-fold (18.1%) amongst
FHR-SZ children and 2-3-fold (10.2%) amongst
FHR-BP children, compared to controls (4.1%) (P <
.001), and the broadly affected group had lower levels of
caregiver functioning (P < .001) and stimulation and sup-
port at home (P < .001).

Conclusion: Precursors of severe mental illness distribute
unevenly among FHR children; while approximately half
are not affected in any domains, the other half are affected
to various degrees. Targeted support towards the affected
groups is indicated.

Key words:  familial high-risk/schizophrenia/bipolar
disorder/cross-domain/distribution
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Introduction

Children of parents diagnosed with schizophrenia or bi-
polar disorder have a 10-fold increased risk of developing
a severe mental illness compared to the general popula-
tion.! High-risk studies examining children with familial
high-risk of schizophrenia and bipolar disorder have pro-
vided considerable knowledge on the possible precursors
amongst these children, and a range of domains have
been identified to be affected amongst familial high-
risk children who later develop a severe mental illness.>*®
Previous studies regarding children born to parents with
schizophrenia, and to a lesser extent regarding children
born to parents with bipolar disorder, have reported
impairments such as cognitive deficits,”!! language and
behavior problems,'>!* deficits in motor function,”'*!* and
higher prevalence of psychopathology.!!* However, many
studies had limitations such as small sample sizes, wide
age ranges, inclusion from psychiatric clinics rather than
population-based inclusion, and nonmatched controls.”'?
Furthermore, only a few studies have compared children
of parents with schizophrenia with children of parents
with bipolar disorder,'® generally showing children
of parents with schizophrenia to be most affected in
the domains examined. Furthermore, most have only
examined a few of the domains at a time and have thus
allowed for conclusions regarding eg prevalence of motor
difficulties but not regarding accumulation of other
precursors, eg neurocognitive precursors, in those with
motor difficulties.

As early as in the first familial high-risk study on schiz-
ophrenia, Barbara Fish hypothesized that impairments
and possible precursors of illness were found in several
domains® and while numerous studies have demonstrated
impairments in familial high-risk offspring, no studies
have analyzed the distribution of impairments from
many domains together. Analyses of data across domains
are needed to examine whether a group of children are
broadly affected and thus, in broad need for support and
likely also at higher risk of severe mental illness than
other FHR children, considering the extensive literature
which have demonstrated premorbid impairments before
onset of severe mental illness. Since most FHR studies
have only included a few of the domains known to be
precursors of severe mental illness each, these studies
have not been able to answer whether the same children
who are affected in one domain are also affected in other
domains (Supplementary Figure 1 A), or if difficulties
known to be precursors are more evenly distributed
(Supplementary Figure 1 B) among FHR children. This
question is of clinical importance since identification of
a possible group with multiple impairments could be the
first step towards a preventive strategy which focused
on this group of familial high-risk children rather than
the other groups of children, of which many may not
be in need of support and may not be at as high risk of
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developing a severe mental illness. Further, a possible iden-
tification of a FHR child profile which is not affected by
known precursors is of importance for antistigmatization
and to identify characteristics possibly related to resil-
ience. The Danish High Risk and Resilience Study - VIA
7' (hereafter the VIA 7 study) is a population-based fa-
milial high-risk cohort study of children all the same age.
The test battery of the study was created on the basis of
the existing literature concerning precursors for severe
mental illness among familial high-risk children and age
7 was chosen because this age allowed for informants
from school as well as from parents and further, be-
cause it was found suitable since precursors have previ-
ously been reported from this age.'” The VIA 7 Study has
identified impairments in many of the above-mentioned
domains'® > separately but not previously combined. Our
study design allows for examination of the distribution
of impairments across domains, using cluster analysis to
identify children affected across multiple domains to var-
ious degrees.

Objectives

We aimed to examine whether we could identify a group
of children who were broadly affected in many domains,
and to identify the proportions of children of parents
with schizophrenia, children of parents with bipolar dis-
order, and population-based controls belonging to this
group. We likewise aimed to examine whether we could
identify a group of children who were not affected in any
domains. Furthermore, we aimed to analyze how social
and genetic characteristics were associated with cluster
groups. We hypothesized that the broadly affected profile
would be overrepresented among children of parents with
schizophrenia. We further hypothesized that the broadly
affected children would be characterized by high genetic
risk of mental illness and social disadvantages such as
low levels of parental functioning and low levels of stim-
ulation and support and likewise, that children who were
not affected would have parents with high levels of pa-
rental functioning and high levels of stimulation and sup-
port in their homes.

Methods

Study Design and Setting

The VIA 7 study is a population-based case-cohort study
consisting of 522 7-year-old, Danish children with fa-
milial high-risk of schizophrenia (FHR-SZ), familial
high-risk of bipolar disorder (FHR-BP), and population-
based controls (PBC) matched to the FHR-SZ children
on age, sex, and municipality.!”**

Children and parents were identified through Danish
nationwide registers.”® Inclusion and data collection
were conducted between January 1, 2013 and January
31, 2016. Assessments were performed in research
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departments in Aarhus and Copenhagen, and in the
children's homes, by trained psychologists, doctors, and
nurses. Child assessors were blinded to FHR status. The
levels of stimulation and support were measured by using
a semistructured home environment interview including
several subscales of relevance for the home environment®
during home visits. The study domains included child
motor function, neurocognition, emotional control, be-
havior, social cognition, self-perception, language, psy-
chotic experiences, and psychopathology.'” Also, data
from biological parents (or nonbiological caregivers if
the child was in foster care) regarding their psychopa-
thology, global level of functioning, and socio-economy
was collected. Furthermore, biological material including
DNA samples from children and parents were collected.
The study was approved by the Danish Data Protection
Agency and the National Committee for Health Research
Ethics — for the latter, only approval of the biological
samples was needed.

Participants

Danish children who turned seven between September
1, 2011, and August 31, 2016, born to at least one
parent with schizophrenia or bipolar disorder (here-
after the index parent), and controls with neither parents
diagnosed with any of these, were identified through
national registers as eligible!” (see Supplementary Table 3,
available online). According to the diagnostic ICD-10 hi-
erarchy, children with one parent diagnosed with bipolar
disorder and one with schizophrenia spectrum disorder
were assigned to the schizophrenia group. The cohort
has been described extensively elsewhere.!” Examined
through register-based data concerning socio-economic
factors and health characteristics, the cohort was found
to be nationwide representative regarding parental se-
verity of illness (as measured by service use and use of
coercive measures) but with a selection bias towards in-
clusion of families from densely populated areas and of
families which had not received preventive interventions
for their included child.

Further, participants had a higher level of education
than non-participants.?’” A total of 514 (8 were excluded
due to missing assessments) children and their parents
were included in this analysis.

Measures of Child Performance Used for Cluster
Analysis

We included instruments from domains frequently af-
fected in familial high-risk children and considered to be
precursors of severe mental illness regarding motor func-
tion, neurocognition, emotional control, behavior, social
cognition, self-perception, language, psychoticexperiences
(PEs), and psychopathology (see Supplementary Table 1,
available online). Validated, comprehensive instruments
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with the lowest amount of missing answers (fewer than 9
missing total scores or subscale scores, see Supplementary
Table 2, available online) were chosen from the assess-
ment battery administered in the VIA 7 study.!” Data con-
cerning domains which had been the subject of separate
studies'® ?* were gathered to examine the distribution of
impairments across domains. For neurocognition, four
neurocognitive domains were included, based on principle
component analysis in a previous study.”! We thus aimed
to include data related to the child's own performance
from all the domains which have been found in previous
studies to be possible precursors of severe mental illness
to examine the distribution of impairments.

Measures Not Included in the Cluster Analysis

In order to illustrate the general function of the children
with well-known measures, we further analysed the
group level of global functioning (CGAS)*® and mean
estimated 1Q (RIST Index)® separately. The analysis of
the CGAS served to validate cluster findings since this
is a clinically well-known measure to estimate overall
level of functioning, and the 1Q analysis was also shown
separately because of its clinical relevance, besides
being included in the clustering as part of one of the
neurocognitive variables.

Genetic Risk and Social Disadvantages

Supplemental analyses were performed to describe the dis-
tribution of genetic and social characteristics within each
identified cluster (see Supplementary Table 1, available
online). We used the Danish version of the International
Standard Classification of Education (DISCED)¥ to
measure parental level of education.

We included polygenic risk scores (PRS)* for schizo-
phrenia, bipolar disorder, major depression, cognitive
performance, and educational attainment, for a subset
who provided biological material. The quality control
(QC) procedure for the genetic data in the VIA 7 study
is described elsewhere.?? For the full PRS generation pro-
tocol, see Supplementary Text 7 (available online).

Statistical Methods

Descriptive  statistics estimated the means and
standard deviations for all variables by risk status. All
nondichotomous scores were converted to z-scores with
the control group mean as reference. The principal com-
ponent analysis for the four neurocognitive variables is
described elsewhere.”’ A correlation analysis confirmed
that correlations between the chosen tests did not exceed
0.8 (Supplementary Table 4, available online) to avoid
multicollinearity. Prior to clustering, missing values
were imputed using the regularised iterative principle
component analysis algorithm using the first two prin-
ciple components.** Hierarchical cluster analysis (Ward's
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criterion) was used to identify latent groups.** The hier-
archical cluster analysis approach was chosen over other
approaches, eg latent class or logistic regression models,
because our goal was to perform a descriptive analysis
which could find natural groupings in the dataset rather
than to identify latent structures in the data, and because
clustering is more flexible when boundaries for deci-
sion-making are multiple while other approaches, eg lo-
gistic regression models, are often too inflexible to identify
complex structures in the data.*® Dissimilarities between
clusters were calculated by using the Euclidian squared
distance between clusters. A priori we hypothesized that
children would distribute across three to four cluster
groups; one that would be broadly affected across all
domains, one or two with intermediate results and one
that was not affected. The final split was based on a data-
driven distribution and visual inspection of the dendro-
gram. Mean differences between cluster groups were
estimated and tested for each variable separately using
one-way ANOVA. The means and proportions of envi-
ronmental and genetic variables were compared between
cluster groups using one-way ANOVA or, for dichot-
omous data, chi-square test, to determine differences.
The cluster analysis was unadjusted in order to show
differences eg in prevalence of diagnosis. Since the study
was primarily descriptive and hypothesis-generating, all
P-values are nominal with a significance level of 5%, ie
no correction for multiplicity was applied.

As a few instruments had known norm scores for boys
respectively girls, an analysis adjusting for the effect of
sex amongst control children was made (Supplementary
Table 6, available online).

All analyses were conducted using the statistical soft-
ware R, version 3.5.3.

Results

FHR-SZ children were significantly more affected than
PBC in most domains whilst FHR-BP children were af-
fected to an intermediate level, compared to FHR-SZ and
PBC (Table 1). Thus, the schizophrenia group had worst
outcomes in 15 out of 17 measures while this was the
case for 1 out of 17 measures for the bipolar group. For
one other measure (concerning psychotic experiences),
the schizophrenia and bipolar groups had equal results,
and also in this measure, these groups were more affected
than PBC.

The Cluster Analysis

Four overall profiles which differed significantly from each
other in the cluster analysis were identified. These dis-
played the distribution of difficulties across the included
domains and showed that one group of children had
multiple poor outcomes, two had intermediate outcomes
with different profiles and the last had the best outcomes.
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After inspection and discussion of their content, these
were named “broadly affected profile” (N = 56), “selec-
tively affected profile” (N = 80), “intermediate outcome
profile” (N = 48), and “best outcome profile” (N = 330)
(Table 2). Of PBC children, 78.7% clustered in the best
outcome group, 5.1% in the intermediate outcome group,
12.2% in the selectively affected group, and 4.1% in the
broadly affected group. Of FHR-SZ children, 51.8%
clustered in the best outcome group, 12.1% in the inter-
mediate outcome group, 18.1% in the selectively affected
group, and 18.1% in the broadly affected group. Of
FHR-BP children, 61.0% clustered in the best outcome
group, 11.9% in the intermediate outcome group, 16.9%
in the selectively affected group, and 10.2% in the broadly
affected group (figure 1 and Supplementary Table 5 (the
latter available online)).

Significant differences were found between the cluster
groups regarding all the examined domains (figure 2)
(see Supplementary Table 8, available online, for pair-
wise comparisons). The broadly affected group had
poor scores regarding motor function, social cognition
and neurocognitive function, language, self-perception
and symptoms of ADHD, and oppositional defiant dis-
order. The selectively affected group had poor results
regarding present axis 1 diagnosis, emotional control,
externalizing, and internalizing behavior. Also, PE's were
prevalent more often in the selectively affected group and
even more in the intermediate outcome group that clus-
tered children which had all experienced severe PE's but
also children with motor and neurocognitive difficulties.
Comparing the two middle groups, the selectively affected
group thus constituted a group with more difficulties con-
cerning psychopathology, emotion regulation, and be-
havior while the intermediate outcome group constituted
a group with more “neurodevelopmental” difficulties
such as motor and neurocognitive difficulties. The best
outcome group had best results in all domains except in
“Theory of mind” where the results in the selectively af-
fected group were slightly better (8.02 (2.25) versus 8.04
(2.26) (mean, SD)).

The cluster groups did not vary with respect to age of
inclusion but showed substantial differences with respect
to sex. Most children in the broadly affected profile group
were male (71.4%) (Table 2). Adjusting for sex differences
as described did not change any levels of significance (see
Supplementary Table 6, available online).

Associations between Genetic risk, Environmental
Disadvantages, and Clusters

Associations were found between cluster groups and soci-
oeconomic disadvantages of the child and family (figure 3
and Table 2). Children in the best outcome group had
caregivers with significantly higher levels of functioning
than in other groups. They also had significantly higher
levels of stimulation and support at home in contrast to
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Children of Parents With Schizophrenia or Bipolar Disorder
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M. F. Krantz et al

2 S > = the broadly affected group wh.ere the mean scores n@arly
—~ | N = « @ 8 equalled the definition of an insufficient home environ-
2 :‘2 é % % % 2 E ment*® (Table 2). Significant differences were also found
j:% T = 3 S g £ 2 between parental levels of education across cluster
S = < < S profiles, and between child PRS for educational attain-
§ 2 o o~ o S g ment across cluster profiles (Tgble 2)'. PRS for cognitive
EREYS) S = 3 R performance were on average higher in the best outcome
| R % % ? : 2 group as well (P = .049). .
£ & 2 3 2 = ; We also examined the children's global level of
2 s s S : oz functioning (CGAS) and IQ (not included in Table 2)
gl ¢ _ _ _ g £ and found significant differ.ences regarding both. The
g No & § é” = 2 best outcome group's 1Q estimate was 106.01 (SD 8.48)
9| w2 = S S £ § compared to 89.29 (SD 11.35) in the broadly affected
15 5 2 e e g5 £ group. The best outcome group had a CGAS mean score
S = P P § P of 80.07 (SD 10.33) compared to 54.88 (SD 15.06) in the
o 5 o broadly affected group (P < .001).
ol g 5| i
& < = = 89 & Discussion
~ ~ ~ é § § In the hitherto largest familial high-risk study with data
g 3 = § % :f é from multiple domains, wg identiﬁedS fm;lr clusters affectect}
3= = = =8 5 to various levels across domains. Such examination o
N § § § é % E distribution of impairments across multiple domains in-
5= 2 cluding known precursors of severe mental illness yields
- sla I S %E g new i.nformati(l)n to the ﬁelcli sincg it dem(ﬁnstrates thatE
sz |2 e S =2 8 impairments cluster particularly in a smaller group o
9|23|a = 3 5% & . children. Particularly if replicated in other FHR studies,
A & | - - 28 = 2 this finding has relevance for future preventive strategies
~ 528 £ & towards FHR children since such strategies may thus
) 5 § S :""é § & 8  meaningfully have a special focus on this smaller, broadly
S g ~ % 2= = £ affected group of children because their relative risk of
N o < = g @ —“u; g having a severe mental illness is likely to be higher than
' E = 5 that of other FHR children. A significantly higher pro-
<S5 = a %rz g g portion of FHR children, partlcularly.FHR-SZ, were
&g ; = = pc — & z S broadly affected across numerous domains. The broadly
v | S 2 § % g 89 &g ;:‘j affected profile was 4-5 times more prevalent amongst
E S - = ;c 3 § g~ FHR-SZand 2-3 times more prevalent amongst FHR-BP,
2g 2 g compared to controls. The.broadly affectqd group showed
o |@ < s §% % £ the highestlevels of impaumentg .regardlng motor func-
g ; e g S =.4 2 = tion,social cognition, neurocognitive function, language,
JE & S  &g2= 5  self-perception and symptoms of ADHD, and oppo-
= T = g:a 2 &% £ sitional deflant disorder while the selectively affected
_ w287 5 group had the highest level of impairments concerning
N | = S < E TE Z = S £ axis 1 diagnoses, qmotlonal control, internalizing and
Az S < LB 2 % £  externalizing behavior.
% Zp |2 3 % SEL28 E The best outcome group had best results in all meas-
= e - = g ; g ;05) g g ures except regarding theory of mind where results were
Tl =N €522 & € quite similar for the three cluster groups and lower for the
g fa\ ? § gncy gﬁg :5) g g < broadly affected group. PEs were to a large extent found
Ca &g 98| £E5gTE 2 amongst children in the intermediate outcome group.
?5 £g 2% §£=2| 24 €5 § % Inspection of the axis 1 diagnoses of these children
= 2g 2&£ 2 a g, 3 S oo versus the children in the broadly affected group showed
E o Figts| ;:5Es2% hildren in the broadly affected group often had 2
S g5 ;glﬁ,H% 857;5;3: that chi ren in the broadly affec group off 2,
= g.¢ g=S8 £ S -585Z25Z 3, and 4 diagnoses, frequently including autism, while
2 SHETHER D | o %‘)E é o £ 5 the children in the intermediate outcome group only
E £ @gg 3 % £S8| RED=E jﬁ gé had one disorder, frequently ADHD. These diagnostic
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P-value
0.953
0.005
0.049

Z-SCore
0.09 (0.99)
~0.08 (0.97)
~0.09 (0.96)

Broadly affected profile
Mean

(SD)/N (%)

8.95(2.74)

1.55(0.43)

1.00 (0.65)

Z-SCOore
0.20 (1.05)
-0.43 (1.03)
-0.30 (0.96)

Mean
(SD)/N (%)

Selectively affected profile
9.25(2.91)
1.40 (0.46)
0.85 (0.65)

Z-SCOore
0.20 (0.90)
~0.50 (1.06)
-0.43 (1.16)

Mean
(SD)/N (%)

0.16 (1.02)  9.26 (2.48)

Intermediate outcome profile

1.37 (0.47)
0.77 (0.79)

Z-SCOore
-0.03 (0.96)
0.00 (1.05)

Mean
(SD)/N (%)
9.14 (2.81)

Best outcome profile

1.58 (0.43)
1.06 (0.71)

“Higher raw score is indicative of higher level of problem behavior. Low z-score is indicative of higher level of problem behavior.

Bold values represent significant at P = .05 level.

Polygenic risk score, educational attain-

ment (mean (SD)) (10-5)
Polygenic risk score, cognition (mean

Polygenic risk score, schizophrenia
(SD)) (10-5)

Table 2. Continued
(mean (SD)) (10-5)

Children of Parents With Schizophrenia or Bipolar Disorder

100-

Percentage
g

. Best outcome profile

. Intermediate outcome profile
. Selectively affected profile
. Broadly affected profile

FHA-82 FHA-8P PEC

Fig. 1. Distribution of cluster profiles among 514 children
of parents with schizophrenia (FHR-SZ) or bipolar disorder
(FHR-BP) and population-based controls (PBC).

characteristics might have relevance with regards to how
the children have replied to questions about PE's and how
the assessor has interpreted the reply. Furthermore, to
some degree, a fairly good function including good verbal
function may be required to even express, notice, and re-
member, psychotic experiences, and the broadly affected
children may to a larger extent be impaired in this respect.

Most children in the broadly affected group were boys.
This finding might be related to sex differences regarding
eg psychopathology or behavior, or to a male maturation
delay at the age of 7.9 As adjustment for sex differences
did not change levels of significance between the clusters,
it is unlikely that the sex differences are driven by general
sex differences but rather by differences more specific to
FHR children.

Children in the broadly and selectively affected groups
had many disadvantages in their daily life such as low
levels of stimulation and support at home and low
levels of parental functioning and education. Thus, the
children most in need of support were also those who
received the lowest levels of support by their caregivers.
The disadvantages of these children were in this sense
double: Not only did they display an accumulation of
impairments, as they were themselves affected in domains
such as neurocognition, motor function etc., they also
had caregivers with lower levels of function, providing
lower levels of stimulation and support. Low levels of pa-
rental functioning and education, and low levels of stim-
ulation and support at home, have previously been found
to affect child development negatively.”® In contrast,
children in the best outcome and two intermediate groups
had higher levels of stimulation and support at home and
higher levels of parental functioning and education.

The children in the best and intermediate outcome
groups neither had many impairments in the cluster
domains, nor did they have many disadvantages in their
daily life. These findings may provide insight concerning
resilience to risk status of mental illness. Causation
cannot be determined in this cross-sectional design, and
bidirectional effects are likely present — for instance, if a
child has severe impairments this can affect the level of
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Standardized response

I
P =] r
i 1 1 e
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| Aiming and catching |

Balance

F-l Maotar function

| Manual dexterity

| Processing speed and working memeory | i

I Verbal functions

=

| Declarative memary and attention I E

l Executive and visuospatial functions |

Neurocognition

| Emotional control | #

Symptoms of ADHD and oppositional defiant disorder | %
| Externalizing behavior ‘ #

jl‘l Emotianal control ‘

»—| Problem behavior |

Internalizing behavior
| e
| Theory of mind | $— -

I Emaotion recognition I % [ ]
' Self-perception | *
e el

| Receptive language |

= Social cognition |

}— Self-perception
1 i
I

. Best outcome profile
. Intermediate outcome profile

. Selectively affected profile
. Broadly affected profile

Fig. 2. Distribution of cross-domain test outcomes in four clusters amongst 514 children with familial high risk of schizophrenia or

bipolar disorder and matched controls.

stimulation and support in the home because caregivers
might choose to avoid activities associated with high
scores of stimulation such as including the child in tidying
up or going on excursions.

Group mean CGAS levels showed a significant de-
cline from the best outcome group to the broadly affected
group and thus confirmed that our analysis succeeded in
clustering children in the broadly affected group who had
also been evaluated by the VIA 7 Study assessors to have
severe impairments.
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When examining genetic contributions to the four
cluster group outcomes with PRS for schizophrenia, bi-
polar disorder, major depression, cognitive performance,
and educational attainment, we only found significant
associations regarding educational attainment and cog-
nition, and the trends were not always consistent across
all groups. The child PRS for educational attainment did
not display consistent linear increments in the PRS across
groups in a decreasing order of affectedness; while the
best outcome group had the highest mean PRS, the cluster
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group with the second highest mean PRS was the broadly
affected group. In this context it is worth mentioning that
previous studies have found positive genetic overlaps be-
tween schizophrenia, bipolar disorder, and educational
attainment.*

The predictive power of the PRS depends greatly on
the sample size of the discovery GWAS from which the
summary statistics are derived. The discovery study for
educational attainment was by far the largest in terms of
sample size, which could explain the better performance
of the PRS for that trait. However, other factors, such as
the genetic architecture of the traits themselves, or var-
ious parameters of the target sample could also influence
the performance of the PRS analyses.

Future studies will show whether the broadly affected
profile group will be more likely to develop psychotic
symptoms or other severe mental problems compared
with FHR children in general. Previous studies have
documented that individuals who develop psychotic ill-
ness have low premorbid functioning and show early signs
of neuro- and social cognitive deficits.>*** Other studies
report that poor levels of stimulation and support are as-
sociated with psychopathology in late adolescence.*® The
broadly affected profile group may be at a higher risk due
to the combination of individual impairments, environ-
mental disadvantages and, for some, genetic risk. This as-
sumption would be in line with the existing literature in the
field which suggests that precursors of psychosis are mul-
tifaceted and consist of many of the domains included in
this study.*® If so, identifying this group at an early stage
and intervening already in childhood might be of great
future relevance. For now, the broadly affected profile

group show significant impairments that, for many, call
for supportive strategies not only to prevent the possible
development of severe psychopathology but also to sup-
port their positive development in general, and the finding
of such a broadly affected group highlights the need for
future screening and identification of FHR children with
multiple individual and family-level impairments so that
support can be focused on these rather than on the ap-
proximately 50% who display no such impairments.

To our knowledge, the distribution of impairments
has previously been examined only within one or a
few domains at a time, eg regarding neurocognitive
impairments in the prodrome of psychosis in a clinical
high-risk and partly familial high-risk sample,”’ and
to some degree in multivariate prediction models®*%
which did however not have the distribution as a primary
focus. Likewise, to our knowledge, no previous study has
examined whether environmental disadvantages (such as
low levels of stimulation and support in the home, the
level of parental functioning and education) or the in-
cluded genetic characteristics are associated with accu-
mulation of child impairments from many domains in
children with parental schizophrenia or bipolar disorder.

Limitations

Reducing the set of tests from the VIA 7 study to selected
domain representatives was necessary to handle data in
the cluster analysis. The clustering might also have lim-
itations, as the results depend to a certain degree of the
analyst's decisions, but this would however not have al-
tered our conclusions: Elaborating on this possible
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limitation, the final split in the dendrogram could have
been made between the best outcome group and the re-
maining three groups but even so, results would indicate
that some familial high-risk children are unaffected while
others are affected in a range of domains, and that the
latter have less support in their family environment.

A latent class analysis could also have been applied
but at this stage, we intended to examine the distribution
without the assumption of a latent statistical model. Thus,
this study can answer to the distribution of impairments
across domains but can only hypothesize that the broadly
affected children are perhaps also most at risk of severe
mental illness.

Furthermore, as Denmark has a universal welfare
system® which provides economic and practical aid to sup-
port family well-being and child development, differences
may be larger in countries with no such system. Finally,
data are baseline and the impairments assessed at the age
of seven could be transient.

Interpretation and Generalizability

We identified cluster groups of FHR-SZ, FHR-BP, and
PBC children affected to various degrees in numerous
domains, with FHR-SZ children having the highest risk
of belonging to the group of broadly affected children.
We have demonstrated that familial high-risk children
display substantial heterogeneity with regards to whether
they are affected across domains known from previous
studies to affect familial high-risk children, and that
impairments from the various domains examined ac-
cumulate in some children rather than distribute evenly
across children. Our study further shows that the children
most broadly affected in multiple domains receive lower
levels of stimulation and support in their homes and have
caregivers with low levels of functioning and education.
The children are thus disadvantaged in several ways. The
broadly and partly also the intermediate groups may con-
stitute certain risk groups for later negative life outcomes
since they show high levels of psychopathology as well
as impairments across several well-defined and impor-
tant domains of child development at age seven. If not
inspected altogether, the combined load of individual
impairments and social disadvantages amongst this
group of children and their families might be overseen
in the health care and social systems even though evi-
dence from the literature suggests that early interventions
may be preventive of further negative developmental
course.®’ The broadly affected FHR children stand in
contrast to the FHR children in the best outcome group
which emphasizes the heterogeneity of FHR children.
The results call for an increased focus on identification
and targeted, differentiated interventions which integrate
child and adolescent and adult mental services and aim
towards family as well as child support. Since general
VIA 7 study findings are in line with previous studies and
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as analyses have found our study to be overall nationwide
representative, we conclude that our results concerning
the heterogeneity of children with familial high-risk of
schizophrenia or bipolar disorder are generalizable to
industrialized countries with well-established social and
health systems.
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