Research

JAMA Psychiatry | Original Investigation

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

Nicoline Hemager, MSc; Kerstin J. Plessen, MD, PhD; Anne Thorup, MD, PhD; Camilla Christiani, MSc; Ditte Ellersgaard, MD; Katrine Sgborg Spang, MD;
Birgitte Klee Burton, MD, PhD; Maja Gregersen, MSc; Anne Sgndergaard, MSc; Aja Neergaard Greve, MSc; Ditte Lou Gantriis, MSc; Gry Poulsen, PhD;
Larry J. Seidman, PhD; Ole Mors, MD, PhD; Merete Nordentoft, MD, PhD; Jens Richardt Mgllegaard Jepsen, PhD

Supplemental content
IMPORTANCE Children at familial high risk of schizophrenia spectrum disorders (FHR-SZ) or
bipolar disorder (FHR-BP) exhibit neurocognitive impairments. Large studies of
neurocognition in young children at familial high risk at the same age are important to
differentiate the pathophysiology and developmental trajectory of these 2 groups.

OBJECTIVE To characterize neurocognitive functions in 7-year-old children with FHR-SZ or
FHR-BP and a control population.

DESIGN, SETTING, AND PARTICIPANTS This multisite population-based cohort study collected
data from January 1, 2013, to January 31, 2016, in the first wave of the Danish High Risk and
Resilience Study VIA 7 at 2 university hospital research sites in Copenhagen and Aarhus using
Danish registries. Participants (n = 514)included 197 children with FHR-SZ, 118 with FHR-BP.
and 199 controls matched with the FHR-SZ group for age, sex, and municipality. Assessors
were blinded to risk status.

EXPOSURES Parents with schizophrenia, bipolar disorder, or neither diagnosis.

MAIN OUTCOMES AND MEASURES Neurocognitive functions were measured across 23 tests.
Four neurocognitive domains were derived by principal component analysis, including
processing speed and working memory, verbal functions, executive and visuospatial
functions, and declarative memory and attention.

RESULTS A total of 514 children aged 7 years were included in the analysis (46.3% girls),
consisting of 197 children with FHR-SZ (46.2% girls), 118 with FHR-BP (46.6% girls), and 199
controls (46.2% girls). Children with FHR-SZ were significantly impaired compared with
controls on processing speed and working memory (Cohen d = 0.50; P < .001), executive and
visuospatial functions (Cohen d = 0.28; P = .03), and declarative memory and attention
(Cohen d = 0.29; P = .02). Compared with children with FHR-BP, children with FHR-SZ
performed significantly poorer in processing speed and working memory (Cohen d = 0.40;

P =.002), executive and visuospatial functions (Cohen d = 0.35; P = .008), and declarative
memory and attention (Cohen d = 0.31; P = .03). Children with FHR-BP and controls did

not differ.

CONCLUSIONS AND RELEVANCE Children with FHR-SZ had widespread neurocognitive
impairments, supporting the hypothesis of neurocognitive functions as endophenotypes of

schizophrenia. The absence of neurocognitive deficits in children with FHR-BP suggests Author Affiliations: Author
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developmental pathophysiology, and inform early intervention programs.
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chizophrenia is widely recognized as a neurodevelopmen-
tal disorder,!* with early neurocognitive deficits present-
ing well before the prodromal phase and first episode of
psychosis.® The cognitive domains affected include intelligence,
processing speed, verbal and visuospatial memory, attention, and
executive functions before and after illness onset.®® Bipolar dis-
order implicates many of the same neurocognitive deficits be-
fore and after illness onset, although to a lesser degree.®3
Neurocognitive deficits are core features of schizophrenia
and bipolar disorder,'* and thus research in the premorbid phase
may characterize the developmental trajectories of the neuro-
cognitive functions in their pathogenesis. Children of parents with
schizophrenia or bipolar disorder are at increased familial (ie, ge-
netic and environmental) risk of developing the same or other
mental illnesses.'® Consequently, a broadly recognized way to
examine the pathogenesis of severe mental disorders is to study
high-risk populations of first-degree relatives.'® Previous famil-
ial high-risk studies'” have demonstrated developmental abnor-
malities or neurocognitive deficits already in infancy in the chil-
dren of parents with schizophrenia, including lower intelligence
and verbal and visuospatial dysfunctions. These deficits are simi-
lar to, but less severe than, those seen in individuals diagnosed
with schizophrenia.'® The evidence concerning neurocognitive
functioning in children of parents with bipolar disorder is scarce
and contradictory.’®2* Several studies observed deficits in
processing speed,!° attention,?%-?! visual memory,'° executive
functions,?! and intelligence,?* whereas other reported spared
neurocogntive functions with regard to intelligence,?2 executive
functions,2%-2! verbal learning and memory,?! and attention.?!
Neurocognitive deficits were not necessarily concurrent with sig-
nificantly lower intelligence.'®
Neurocognitive functions have a high genetic load and a
genetic overlap with illness proneness in individuals with
schizophrenia and bipolar disorder.?42> Thus, neurocogni-
tive functions are considered endophenotypes or vulnerabil-
ity markers for schizophrenia and bipolar disorder.®2® Neu-
rocognitive assessment of children at familial high risk of
schizophrenia spectrum disorders (FHR-SZ) or bipolar disor-
der (FHR-BP) in early childhood provides a unique possibility
for discriminating the neurocognitive profiles and differenti-
ating the pathophysiology and developmental trajectory of
these 2 familial high-risk groups with increased long-term risk
of psychosis and other mental disorders. Ultimately, the iden-
tification of early neurocognitive deficits may enable the de-
velopment of interventions to reduce the risk of transition.?”
The study objective was to characterize the neurocogni-
tive functions of children with FHR-SZ or FHR-BP. We hypoth-
esized that both groups would display impairments com-
pared with a control group and that children with FHR-SZ
would present more pronounced impairments than children
with FHR-BP.

Methods

Participants
The Danish High Risk and Resilience Study VIA 7 (hereafter re-
ferred to as the VIA 7 study) is a population-based cohort study
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Key Points

Questions Do 7-year-old children at familial high risk of
schizophrenia spectrum disorders or bipolar disorder have
neurocognitive impairments, and how do their neurocognitive
profiles differ?

Findings This multisite population-based Danish cohort study of
514 children demonstrated significant neurocognitive impairments
in those at familial high risk of schizophrenia, with the most
pronounced deficits in processing speed and working memory.
Children at familial high risk of bipolar disorder performed
significantly better than children at familial high risk of
schizophrenia, but did not differ significantly from controls.

Meaning Early identification of children at familial high risk of
schizophrenia with neurocognitive impairments is warranted to
monitor their developmental pathophysiology, prevent transition
to psychosis, and inform early intervention programs.

of 522 children aged 7 years who have at least 1 parent diag-
nosed with schizophrenia spectrum psychosis (n = 202), de-
fined as schizophrenia (International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision [ICD-
101, code F20; International Classification of Diseases, Eighth
Revision [ICD-8], code 295), delusional disorder (ICD-10 code
F22;ICD-8 code 297), and schizoaffective disorder (ICD-10 code
F25; ICD-8 codes 298.29, 298.39, 298.89, or 298.99), bipolar
disorder (n = 120) (ICD-10 codes F30 and F31; ICD-8 codes
296.19 and 296.39), or none of the above (n = 200). Children
of parents with diagnoses of schizophrenia and bipolar disor-
der were assigned to the FHR-SZ group as per the ICD-10 hi-
erarchy. The eMethods in the Supplement entails specifica-
tions of the ICD-8 and ICD-10 codes and information on
differences between the participating and nonparticipating
families. Approval from the Danish Data Protection Agency was
obtained for this study. All procedures were performed ac-
cording to the guidelines of the National Committee for Health
Research Ethics, although formal approval was not deemed
necessary by this authority owing to the observational na-
ture of the study. All families received a thorough oral and writ-
ten description of the study, and the parents or legal guard-
ians of each child gave written informed consent.

The VIA 7 study design has been described in detail
elsewhere.?® Families were identified through the Danish Civil
Registration System?° and the Danish Psychiatric Central Re-
search Register.>° Data collection took place from January 1,
2013, through January 31, 2016. Contact by mail and subse-
quently by telephone and text messages was attempted with
410 of 1073 eligible children with FHR-SZ (38.2%) and 214 of
774 eligible children with FHR-BP (27.6%) (eFigure in the
Supplement). The reasons for the rather low proportion of fami-
lies approached were that (1) during part of the data collec-
tion period, approximately 20% of the families were regis-
tered as protected from being approached for research purposes
owing to legislation enacted in May 2011; and (2) for the en-
tire period, some of the eligible children turned 8 years of age
before the assessment capacity allowed for them to be en-
rolled. Dropout rates were less than 2%. The population-
based control group was matched with the children with
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FHR-SZ by age, sex, and municipality. A total of 10 controls were
retrieved for each child in the FHR-SZ group and the FHR-BP
group; the original intent was to only select controls matched
to children in the FHR-SZ group, but 38 FHR-BP-matched con-
trols were included among the control group. All the partici-
pating children had Danish as their first language.

Procedures

The study assessors were trained psychologists (N.H., C.C.,
M.G., A.N.G., and D.L.G.), physicians (A.T., D.E., K.S.S., and
B.K.B.), and nurses (A.S.) and were instructed, supervised, and
certified by a specialist in child neuropsychology (J.R.M.J.).
Most of the assessments were conducted at the research sites
in Copenhagen and Aarhus, Denmark. A small number of as-
sessments were performed in the homes of the participating
families if the home allowed for equal conditions of the ex-
amination as in the research sites (ie, a quiet room, a suitable
work desk, and no distractions). The child assessors were
blinded to familial risk status.

Measures

We used the Children’s Global Assessment Scale (CGAS)*!
to assess the current level of functioning and the Child
Behavior Checklist (CBCL) School-Age Version (completed by
the primary caregiver) to assess problem behavior.>? The
neuropsychological test battery (eTable 1 in the Supplement)
was designed to map the neurocognitive functions affected
in individuals with schizophrenia®® or bipolar disorder®3*
using well-established and validated tests. One key variable
from each subtest was selected a priori (eTable 1 in the
Supplement).

The neurocognitive test performances were scored by
trained psychology students who were blinded to the risk sta-
tus of the children and supervised by a specialist in clinical child
psychology (N.H.). A sample of the test performances of at least
40 children on the 17 test scores that were not computerized
was rescored by the specialist in child psychology or a second
trained psychology student who was blinded to the original
scoring and the familial risk status. If the intraclass correla-
tion coefficient was greater than 0.90, the initial scoring was
accepted. Intraclass correlation coefficients were greater than
0.90 on all test scores.

Statistical Analysis

We compared demographic and clinical characteristics of the
3 study groups using univariate analysis of variance for con-
tinuous data and the x? test for categorical data. Log transfor-
mation was used to approximate a normal distribution when
appropriate (CBCL Total Score).

Analysis of missing values was conducted on each of the 23
neurocognitive test scores (eTable 2 in the Supplement). Eight
children (1 control [0.5%], 5 with FHR-SZ [2.5%], and 2 with FHR-
BD [1.7%]) had more than 8 missing values and were excluded.
Because the total number of missing values was low (<1.6%) and
no systematic pattern of missing values was apparent for the re-
maining 514 children, we performed univariate mean imputa-
tion (in cases of normal distribution) or median imputation (in
cases of nonnormal distribution). The 23 neurocognitive test
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scores were reexamined to determine the normality of distribu-
tion. The distribution of the Word Selective Reminding-Delayed
Recall score included 8 extreme outliers that were truncated at
-3 SDs. In case of deviations from the normal distribution, log
transformation (Odd-Item Out, Letter-Number Sequencing, Word
Selective Reminding-Immediate Recall, and Trail-Making Test
Number Sequencing and Letter Sequencing) and square root
transformation (Trail-Making Test Number-Letter Switching)
were applied so that all test scores approximated a normal dis-
tribution. All 23 test scores were standardized into z scores using
the means and SDs of the control group as reference. The z scores
were constructed so that a negative score always denoted a poorer
performance. To reduce the risk of type I errors, we compared
the 3 study groups on their performance on the 23 neurocogni-
tive functions using multivariate analysis of variance (MANOVA).
Significance for the mean comparisons was corrected using the
Scheffé method and set at P < .05. Estimates of effect size were
calculated with Cohen d. A multivariate analysis of covariance
(MANCOVA) was conducted to control for potential effects of sex
and age. In case of a significant result, separate univariate analy-
sis of covariance (ANCOVA) was conducted with sex or age as
the covariate. An intelligence composite score was created by re-
standardizing the mean z scores derived from the Reynolds In-
tellectual Screening Test, included in the Reynolds Intellectual
Assessment Scales battery.>> To assess the potential effects of in-
telligence on the observed between-group differences of the other
neurocognitive z scores, we repeated the MANCOVA with the in-
telligence composite score as covariate. In case of a significant
result, a series of ANCOVAs was conducted with intelligence
as covariate. Potential associations between neurocognition
and problem behavior were assessed by explorative bivariate
correlation analyses between all 23 neurocognitive functions
and the CBCL Total Score.

To reduce the number of variables, we conducted a princi-
pal component analysis of the 23 neurocognitive z scores using
oblimin rotation with Kaiser normalization. We then compared
the factor structure by study group by means of confirmatory
factor analysis.*® A minimum factor loading of 0.32 was used
asa criterion for interpretation,® and in cases of cross loadings,
the highest loading would determine to which factor a given ob-
served measure would belong. Factor scores were restandard-
ized into z scores using the means and SDs of the control group
asreference. The factor zscores of the 3 study groups were com-
pared using MANOVA to reduce therisk of typeIerrors. Scheffé
post hocanalyses were used to compare mean differences across
the 3 groups and the 4 neurocognitive factors. Effect size esti-
mates were calculated using Cohen d. MANCOVA was conducted
to control for potential effects of sex and age. In case of a signifi-
cant result, a series of ANCOVAs was conducted with sex or
age as the covariate. Data were analyzed using SPSS Statistics
software (version 22; IBM Corp).3”

. |
Results

Demographic and Clinical Characteristics
In this multisite population-based cohort study, the study
population of 514 children (238 girls [46.3%] and 276 boys
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Table 1. Demographic Characteristics of Study Population

Study Group P Value for Pairwise Comparisons®
Control vs Control vs FHR-SZ vs

Control FHR-SZ FHR-BP FHR-SZ FHR-BP FHR-BP
Variables (n=199) (n=197) (n=118) P Value Groups Groups Groups
Female, No. (%) 92 (46.2) 91 (46.2) 55 (46.6) >.99P NA NA NA
Age at inclusion, mean (SD), y 7.8(0.2) 7.8(0.2) 7.9(0.2) .09 NA NA NA
CBCL total score, mean (SD)<¢ 17.0 (14.7) 27.2 (21.1) 23.4 (19.7) <.001° <.001 .009 .06
CGAS score, mean (SD)®* 77.7 (13.5) 68.1 (15.5) 73.6 (14.9) <.001? <.001 .02 .001

Abbreviations: CBCL, Child Behavior Checklist; CGAS, Children’s Global

Assessment Scale; FHR-BP, familial high risk for bipolar disorder;

FHR-SZ, familial high risk for schizophrenia spectrum disorders; NA, not

applicable.

2 Calculated using 1-way analysis of variance with Fisher least significant
difference post hoc test.

b Calculated using the Pearson ¥ test.

¢ Includes 191 controls, 190 children with FHR-SZ, and 111 children with FHR-BP.

9 Minimum and maximum scores for this scale range from O to 226, with higher
scores indicating more problems; scores in this cohort range from O to 103.

¢ Includes 197 controls, 197 children with FHR-SZ, and 118 children with FHR-BP.

f Minimum and maximum scores for this scale range from 1to 100, with higher
scores indicating higher level of functioning; scores in this cohort range from
35t0100.

[53.7%]) included 197 with FHR-SZ (91 girls [46.2%]), 118 with
FHR-BP (55 girls [46.6%]), and 199 controls (92 girls [46.2%])
aged 7 years (Table 1). The 3 study groups did not differ sig-
nificantly by age or sex. Compared with the control group, the
FHR-SZ group displayed significantly more problem behav-
ior (mean [SD] CBCL Total Score 27.2 [21.1] vs 17.0 [14.7];
P <.001) and significantly lower functioning (mean [SD] CGAS
score, 68.1[15.5]vs 77.7 [13.5]; P < .001). In the FHR-BP group,
the problem behavior score (mean [SD], 23.4 [19.7]) and func-
tional score (mean [SD], 73.6 [14.9]) were intermediate be-
tween scores in the other study groups and differed signifi-
cantly from the control group on both scores (P = .009 and
P = .02, respectively) and the FHR-SZ group on the CGAS score
(P =.001).

Neurocognitive Functions

MANOVA showed a statistically significant effect of group on all
23 functions (F = 1.93; P < .001; Wilks A = 0.84). The results of
the pairwise comparisons (Table 2) revealed that the FHR-SZ
group had a significantly poorer performance compared with con-
trols on 14 of the 23 neurocognitive functions and compared with
the FHR-BP group on 8 of the 23 neurocognitive functions with
small to medium effect sizes. Results remained significant after
adjusting for age and sex. Because the MANCOVA revealed a sig-
nificant effect of sex, ANCOVAs controlling for sex were con-
ducted on all 23 neurocognitive scores except for Guess What ow-
ing tolack of homogeneity of regression between the FHR-SZ and
control groups. ANCOVAs controlling for sex did not change the
significant between-group effect. Children with FHR-BPand con-
trols did not differ significantly on any of the 23 neurocognitive
functions. Owing to multicollinearity of the intelligence compos-
ite score and its subtest Guess What and Odd-Item Out scores,
we conducted univariate analyses in the pairwise comparisons
of the intelligence composite score. The intelligence composite
scorerevealed a significant difference between the FHR-SZ and
control groups (mean [SD] z score, —0.29 [1.20] vs O [1.00])
(Table 2) that remained significant after adjusting for age and sex.
Despite a significant effect of intelligence on all other 21 functions,
the effect of group remained significant in all comparisons when
controlling for intelligence. Owing to the fact that we have a con-

JAMA Psychiatry Published online June 20, 2018

© 2018 American Medical Association. All rights reserved.
PAGE: left 4 SESS: 68

siderably larger control group than the number of children used
for this specific age range in the Danish norms of the Reynolds
Intelligence Screening Test (n <80), we calculated our own IQ
estimate using linear transformation of the z scores to IQ scale
score, which revealed a mean (SD) IQ estimate 0f 100.00 (15.00)
for the control group, 95.64 (17.92) for the FHR-SZ group, and
99.27(16.49) for the FHR-BP group. The corresponding mean (SD)
Reynolds Intelligence Screening Test index of the 3 groups
was 104.95 (9.82) for the control group, 102.10 (11.40) for the
FHR-SZ group, and 104.13 (9.32) for the FHR-BP group (Cohen
d = 0.27 for control vs FHR-SZ groups; 0.09 for control vs
FHR-BP groups; 0.20 for FHR-SZ vs FHR-BP groups). Pearson
correlations between our own IQ estimate and the Reynolds In-
telligence Screening Test index were greater than 0.90 (P < .001)
in all 3 groups. Explorative bivariate correlation analyses
between all 23 neurocognitive functions and the CBCL Total
Score revealed 15 significant Pearson correlations ranging from
r=-0.094 to r = -0.202, explaining less than 1% to approxi-
mately 4% of the variance.

Neurocognitive Domains

After conducting principal component analysis, the follow-
ing observed 4 neurocognitive factors were identified: (1) pro-
cessing speed and working memory, (2) verbal functions,
(3) executive and visuospatial functions, and (4) declarative
memory and attention (Table 3) (factor selection is explained
in eMethods in the Supplement). Confirmatory factor analy-
sis supported the 4-factor structure of neurocognitive func-
tioning (factor invariance) across the 3 groups. MANOVA
showed a statistically significant effect of group on the 4 fac-
tors (F = 3.76; P < .001; Wilks A = 0.94). The results of the pair-
wise comparisons revealed that the FHR-SZ group was signifi-
cantly impaired compared with the control group on processing
speed and working memory (Cohen d = 0.50; P < .001), ex-
ecutive and visuospatial functions (Cohen d = 0.28; P = .03),
and declarative memory and attention (Cohend = 0.29; P = .02)
(Table 2). Children with FHR-SZ also had a significantly poorer
performance than children with FHR-BP on the same 3 fac-
tors (processing speed and working memory [Cohen d = 0.40;
P = .002]; executive and visuospatial functions [Cohen
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Table 2. Performance of Study Groups on Neurocognitive Functions and Domains

Study Group, Mean (SD) z Score?

Pairwise Comparisons Between Groups”

Control vs FHR-SZ Control vs FHR-BP FHR-SZ vs FHR-BP

Effect Effect

Control FHR-SZ FHR-BP Size, Size, Effect Size,
Test Variable (n=199) (n=197) (n=118) P Value Cohend P Value Cohend  PValue Cohend
SOC PSIMM 0.00 (1.00) -0.16 (1.01) 0.06 (1.16) 34 0.15 .87 0.06 .20 0.19
SRM percentage correct 0.00 (1.00) -0.40 (1.13) -0.12 (0.92) <.001¢ 0.35 .63 0.13 .06 0.25
SSP span length 0.00 (1.00) -0.35(1.17) 0.15(1.19) .008¢ 0.32 .50 0.14 <.001¢ 0.43
SWM total errors 0.00 (1.00) -0.29 (1.03) -0.14 (1.12) .02¢ 0.29 .52 0.13 44 0.14
RVP A’ 0.00 (1.00) -0.41 (1.24) -0.16 (1.14) .002¢ 0.36 47 0.15 .17 0.21
Guess What 0.00 (1.00) -0.33 (1.25) -0.16 (1.05) .01¢ 0.29 47 0.16 41 0.15
Coding 0.00 (1.00) -0.43 (1.06) -0.11 (0.97) <.001°¢ 0.42 .65 0.11 .03¢ 0.32
Symbol Search 0.00 (1.00) -0.38 (1.02) 0.01 (0.93) <.001¢ 0.38 >.99 0.01 .003¢ 0.40
Arithmetic 0.00 (1.00) -0.38 (1.19) 0.06 (1.15) .003¢ 0.35 91 0.06 .004¢ 0.38
MFS immediate recall 0.00 (1.00) -0.07 (1.07) 0.07 (1.06) .79 0.07 .84 0.07 .50 0.13
MFS delayed recall 0.00 (1.00) -0.08 (1.10) 0.17 (1.11) .76 0.08 .39 0.16 .13 0.23
Verbal Fluency phonemic 0.00 (1.00) -0.20 (1.08) -0.01 (1.03) .17 0.19 >.99 0.01 .29 0.18
Verbal Fluency semantic 0.00 (1.00) -0.29 (0.96) -0.13 (1.00) .02¢ 0.30 .53 0.13 .38 0.16
Verbal Fluency switching 0.00 (1.00) -0.17 (1.02) 0.12 (0.88) 22 0.17 .57 0.13 .04¢ 0.30
RCFT immediate recall 0.00 (1.00) -0.37 (0.87) -0.05 (1.00) <.001¢ 0.40 .90 0.05 .02¢ 0.34
IED EDS errors 0.00 (1.00) 0.15 (1.00) 0.07 (1.04) .36 0.15 .83 0.07 .82 0.08
0dd-Item Out 0.00 (1.00) -0.12 (1.06) 0.08 (1.13) .53 0.12 .80 0.08 .26 0.18
Letter-Number Sequencing  0.00 (1.00) -0.33 (0.98) 0.13 (1.21) .008¢ 0.33 .56 0.12 <.001¢ 0.42
WSR Immediate Recall 0.00 (1.00) -0.06 (1.03) 0.10 (1.07) .84 0.06 .70 0.10 .39 0.15
WSR Delayed Recall 0.00 (1.00) -0.03 (1.03) 0.10 (0.98) .96 0.03 .70 0.10 .56 0.13
TMT Number Sequencing 0.00 (1.00) -0.35(1.17) -0.13 (1.11) .006° 0.32 .58 0.12 .22 0.20
TMT Letter Sequencing 0.00 (1.00) -0.29 (1.06) -0.07 (1.04) .02¢ 0.28 .83 0.07 .20 0.21
TMT Number-Letter 0.00 (1.00) -0.41 (0.95) -0.13 (0.95) <.001°¢ 0.42 .52 0.13 .05¢ 0.30
Switching
Domain
Processing speed and 0.00 (1.00) -0.52 (1.07) -0.09 (1.07) <.001¢ 0.50 .78 0.09 .002¢ 0.40
working memory
Verbal functions® 0.00 (1.00) -0.26 (1.18) 0.03 (1.09) .06 0.24 .97 0.03 .07 0.26
Executive and visuospatial 0.00 (1.00) -0.29 (1.08) 0.10 (1.15) .03¢ 0.28 72 0.09 .008¢ 0.35
functions’
Declarative memory and 0.00 (1.00) -0.31(1.15) 0.03 (1.08) .02¢ 0.29 .98 0.03 .03¢ 0.31
attention?
Composite Score
Intelligence 0.00 (1.00) -0.29 (1.20) -0.05 (1.10) .009¢ 0.26 .69 0.05 .07 0.21

Abbreviations: A", A prime; EDS, extradimensional stage; FHR-BP, familial high
risk of bipolar disorder; FHR-SZ, familial high risk of schizophrenia spectrum
disorders; IED, Intra-Extra Dimensional Set Shift; MFS, Memory for Stories;
PSIMM, Problems Solved in Minimum Moves; RCFT, Rey Complex Figure Test
and Recognition Trial; RVP, Rapid Visual Information Processing; SOC, Stockings
of Cambridge; SRM, Spatial Recognition Memory; SSP, Spatial Span; SWM,
Spatial Working Memory; TMT, Trail-Making Test; WSR, Word Selective
Reminding.
2 Calculated after imputation of missing data. Negative values denote poorer
performance.

b A significant effect of sex was found on SRM percentage correct, Coding,
Symbol Search, Verbal Fluency Switching, RCFT Immediate Recall, processing
speed and working memory, executive and visuospatial functions, and
declarative memory and attention. Being female was associated with better
neurocognitive performance compared with being male. Owing to the risk of

overcorrecting the neurocognitive data, we did not covary for socioeconomic
status, which is intrinsically associated with group status. The presented
values are unadjusted for sex, age, and intelligence.

¢ Indicates significance after post hoc correction for multiple comparisons with
Scheffé method (P < .05).

9Includes TMT Number Sequencing, TMT Letter Sequencing, TMT
Letter-Number Switching, Symbol Search, Coding, Arithmetic, Letter-Number
Sequencing, and SWM total errors.

€ Includes MFS immediate recall, MFS delayed recall, Guess What, Verbal
Fluency phonemic, Verbal Fluency semantic, and Verbal Fluency switching.

f Includes SOC PSIMM, SSP span length, Odd-Item Out, IED EDS errors, and
SRM percentage correct.

gIncludes RCFT Recall, WSR Immediate Recall, WSR Delayed Recall, and RVP A".

d = 0.35; P = .008]; and declarative memory and attention [Co-
hend = 0.31; P = .03]) with small to moderate effect sizes. Re-
sults remained significant after adjusting for age and sex. Again,
MANCOVA revealed a significant effect of sex on the 4 neuro-

jamapsychiatry.com

cognitive factors, but after controlling for sex with a series of
ANCOVAs, the results remained significant in all compari-
sons. We found no statistically significant differences be-
tween the FHR-BP and control groups on the 4 neurocogni-
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Table 3. Principal Component Analysis of the 23 Neurocognitive Test Scores®°

Neurocognitive Domain

Processing Executive and Declarative
Speed and Verbal Visuospatial Memory
Test Variable Working Memory Functions Functions and Attention
SOC PSIMM 0.167 -0.175 0.594¢ NA
SRM percentage correct 0.176 NA 0.373¢ NA
SSP span length 0.267 NA 0.459¢ NA
SWM total errors 0.472°¢ NA 0.399¢ NA
RVP A’ 0.338¢ NA 0.133 0.367°¢
Guess What 0.137 0.728¢ 0.101 -0.236
Coding 0.526¢ NA NA 0.384¢
Symbol Search 0.625¢ NA NA 0.131 Abbreviations: A", A prime;
Arithmetic 0.514¢ 0.383¢ 0.168 NA EDS. extradlmens.lonal S.,tage;
: ) : IED, Intra-Extra Dimensional Set

MFS Immediate Recall -0.257 0.793¢ NA 0.242 Shift; MFS, Memory for Stories;
MFS Delayed Recall -0.188 0.786¢ NA 0.228 'S‘“} ”gt_ai’ll’_"c_ab'ei F'\’AS'MMv;Eit;'eF;“S

- olved in Minimum Moves; . Rey
Verbal Fluency phonemic 0.392¢ 0.436¢ NA NA Complex Figure Test and Recognition
Verbal Fluency semantic 0.226 0.395¢ -0.232 0.293 Trial; RVP, Rapid Visual Information
Verbal Fluency switching 0.151 0.439¢ NA NA Processing; SOC, Stockings of
RCFT immediate recall NA A 0.429° e Cambridge; SRM, S_patlal Recognition

: : Memory; SSP, Spatial Span;
IED EDS errors -0.169 NA 0.476° NA SWM, Spatial Working Memory;
0dd-Item Out 0.120 0.194 0.494¢ NA TMT, Trail-Making Test; WSR, Word
Selective Reminding.
Letter-Number Sequencing 0.396¢ 0.393¢ 0.199 NA & .
- . 2 Data are rotated factor matrix after
WSR Immediate Recall NA 0.215 NA 0.554 oblimin rotation with Kaiser
WSR Delayed Recall 0.105 NA -0.201 0.649¢ normalization.
TMT Number Sequencing 0.724¢ NA NA NA ® Factor loadings of less than 0100
TMT Letter Sequencing 0.776¢ NA NA NA are not reported (NA).
g ’

TMT Letter-Number Switching 0.685¢ NA NA NA Indicates factor loadings of 0.320

or larger.

tive factors. Figure 1 and Figure 2 display the unadjusted
neurocognitive profiles of the 3 study groups across all func-
tions and domains.

|
Discussion

In this large, population-based cohort study with comprehen-
sive neurocognitive assessments of familial high-risk off-
spring, we demonstrated widespread neurocognitive impair-
ments in 7-year-old children with FHR-SZ in the domains of
processing speed and working memory, executive and visuo-
spatial functions, and declarative memory and attention. Chil-
dren with FHR-BD did not show neurocognitive impairments
at this young age. Children with FHR-SZ also had a signifi-
cantly poorer performance than children with FHR-BP in the
same domains. These findings suggest distinct neurodevel-
opmental pathophysiology and trajectory of these familial
high-risk groups.

Our findings of widespread neurocognitive impairments in
children with FHR-SZ are consistent with findings of previous
high-risk studies of first-degree relatives.>® However, previous
high-risk studies were small, including a wide age range, which
introduces cognitive heterogeneity, or included adult relatives,
which implicates attrition bias. A broad age range obscures the
effects of cognitive maturation in the event of a neurocognitive
developmental lag. Children developing schizophrenia in adult-
hood display developmental lags between the ages of 7to 13 years
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in some neurocognitive functions.*® Although speculative, the
currently observed neurocognitive impairments may also reflect
a developmental lag suggesting worse deficits with increasing
age. Also, the larger effect sizes (predominantly in the medium
range) reported in most of the studies on neurocognition in
children with FHR-SZ (compared with the small to medium
effect sizes in our study) may be explained by higher mean
ages.!” Thus, comparable small to medium effect sizes were ob-
served in another study of 7-year-old children of parents with
schizophrenia.*® Finally, several studies included relatives of
currently hospitalized patients.>® This recruitment procedure
may bias toward poorer functioning associated with poorer
neurocognition,'* which may lead to larger effect sizes. On a simi-
lar note, previous neurocognitive studies on children with FHR-
BP may have been affected by a broader age range (implicating
different neurocognitive maturational stages) and a higher
mean age (allowing deficits to emerge owing to developmental
lag)'°22% and, in 2 studies,?>*! by including individuals at ex-
treme risk, which may explain the differences between earlier
findings and the currently observed absence of neurocognitive
deficits in children with FHR-BP.

We observed no difference between children with FHR-SZ
and controls in the domain of verbal functions. This finding
is consistent with those in older children with FHR-SZ,%? in-
dividuals at clinical high risk,** and individuals with estab-
lished schizophrenia,** although inconsistent with a study se-
lectively including 7-year-old children who later developed
schizophrenia.*®
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Figure 1. Unadjusted Profile of Neurocognitive Functions by Familial High-Risk Groups

Mean z Score (95% Cl) Mean z Score (95% Cl) B FHR-SZ

Test variable for FHR-SZ Group for FHR-BP Group FHR-BP
Processing speed and working memory

TMT number sequencing -0.35(-0.51t0-0.20) —W— -0.13 (-0.33 t0 0.06) ——

TMT letter sequencing -0.29(-0.43t0 -0.14) —— -0.07 (-0.26t0 0.11) —

TMT number-letter switching -0.41(-0.55t0-0.28) —l— -0.13 (-0.30t0 0.05) ——

Symbol search -0.38(-0.52t0-0.24) —— 0.01(-0.17t00.19) ——

Coding -0.43(-0.58t0-0.29) —l— -0.11 (-0.29t0 0.07) ——

Arithmetic -0.38(-0.53t0-0.22) —— 0.06 (-0.14 t0 0.26) — -

Letter-number sequencing -0.33(-0.47t0-0.18) —— 0.13 (-0.06 t0 0.32) ———

SWM total errors -0.29 (-0.44 to -0.15) —— -0.14 (-0.33 t0 0.05) —
Verbal functions

MFS immediate recall -0.07 (-0.22t0 0.07) —— 0.07 (-0.12t0 0.26) —m—

MFS delayed recall -0.08 (-0.23t0 0.07) ——— 0.17 (-0.02 t0 0.36) —

Guess what -0.33(-0.49t0-0.18) —— -0.16 (-0.36 to 0.04) —

Verbal fluency phonemic -0.20 (-0.34 to -0.05) —i— -0.01(-0.19t00.18) [ E—

Verbal fluency semantic -0.29 (-0.43 t0 -0.15) —E— -0.13(-0.31t00.05) T

Verbal fluency switching -0.17 (-0.31to -0.04) —a— 0.12 (-0.06 to 0.30) —
Executive and visuospatial functions

SOC PSIMM -0.16 (-0.30 to -0.01) —— 0.06 (-0.13 t0 0.25) —

SSP span length -0.35(-0.51t0-0.19) —— 0.15 (-0.05 to 0.35) -

Odd-item out -0.12 (-0.27 t0 0.03) —— 0.08 (-0.11t00.27) ——

IED EDS errors 0.15(0.004 t0 0.29) —— 0.07 (-0.11t00.25) ——

SRM percentage correct -0.40(-0.55t0-0.26) —W— -0.12 (-0.30 t0 0.07) —
Declarative memory and attention

RCFT recall -0.37(-0.50t0-0.24) —— -0.05(-0.22t00.12) Faa—

WSR immediate recall -0.06 (-0.21t0 0.08) —— 0.10(-0.08 t0 0.29) —

WSR delayed recall -0.03(-0.17t00.11) + 0.10(-0.08t0 0.28) e

RVP A' -0.41(-0.56t0-0.25) ——— : -0.16 (-0.36 t0 0.04) —

-05 0 0s -05 0 05

Mean z Scores (95% Cl) Mean z Scores (95% Cl)

Includes 197 children with FHR-5Z and 118 with FHR-BP, with 199 controls as
reference. A" indicates A prime; EDS, extradimensional stage; FHR-BP, familial
high risk for bipolar disorder; FHR-SZ, familial high risk for schizophrenia
spectrum disorders; IED, Intra-Extra Dimensional Set Shift; MFS, Memory for
Stories; PSIMM, Problems Solved in Minimum Moves; RCFT, Rey Complex

Figure Test and Recognition Trial; RVP, Rapid Visual Information Processing;
SOC, Stockings of Cambridge; SRM, Spatial Recognition Memory; SSP, Spatial
Span; SWM, Spatial Working Memory; TMT, Trail-Making Test; and WSR, Word
Selective Reminding.

Figure 2. Unadjusted Profile of Neurocognitive Domains by Familial High-Risk Groups

Mean z Score (95% Cl)
Domain for FHR-SZ Group

Processing speed and working memory ~ -0.52 (-0.67 to -0.37) —l—

Mean z Score (95% Cl) M FHR-SZ
for FHR-BP Group . FHR-BP

-0.09 (-0.27 t0 0.10) — —

Verbal functions -0.26 (-0.42t0 -0.11) —— 0.03(-0.17t0 0.23) — —
Executive and visuospatial functions -0.29 (-0.43t0 -0.14) —i— 0.10 (-0.09 t0 0.29) *ﬁ ——
Declarative memory and attention -0.31(-0.46 t0 -0.16) —— 0.03(-0.17t0 0.22) ﬁ ——

05 05 -05 0 05

Mean z Scores (95% CI)

Mean z Scores (95% Cl)

Includes 197 children with FHR-SZ and 118 with FHR-BP, with 199 controls as reference. FHR-BP indicates familial high risk for bipolar disorder; FHR-SZ, familial high
risk for schizophrenia spectrum disorders.

Our observation of widespread neurocognitive dysfunc-
tions in children with FHR-SZ supports the hypothesis that
schizophrenia is a disorder with substantial neurodevelop-
mental deficits, even in individuals with a mere vulnerability
for the disorder.*® We found no evidence of shared neurocog-
nitive impairments between familial high risk of schizophre-
nia and bipolar disorder. Our findings suggest unimpaired early
neurocognitive maturation in children with FHR-BP, al-
though neurocognitive dysfunctions are reported to emerge
later.’®-?! In alignment with the model of Craddock and Owen,*®

jamapsychiatry.com

our findings suggest more pronounced neurodevelopmental
pathologic findings in children with FHR-SZ compared with
FHR-BP. Despite partly shared genetic underpinnings,*” the
shared genetic risk factors may not affect early neurocogni-
tive development. Finally, neurocognition appeared to be un-
related or very weakly related to psychopathology.
Heterogeneity within these high-risk groups must be rec-
ognized. Cross-diagnostic latent class analysis may identify dif-
ferent subgroups based on neurocognitive functioning*® and
reveal potential neurocognitive subtypes. Furthermore, po-
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tential associations between neurocognition in offspring at high
risk and the severity of parental illness as well as functional
impairment are important to consider. Although meta-
analytic evidence comparing individuals with bipolar I and II
disorder suggests nonsignificant differences in several neu-
rocognitive functions,*° the transmission of neurocognitive en-
dophenotypes to their offspring may be different. Finally, our
study provides insight into neurocognitive profiles of chil-
dren at familial high risk, which may not be representative
of children who develop sporadic schizophrenia or bipolar
disorder.

Follow-up assessments will elucidate whether our cur-
rent results reflect stable or dynamic neurocognitive group
differences.® In addition, they may identify neurocognitive
predictors of conversion to psychosis and clarify which neu-
rocognitive dysfunctions emerge in bipolar offspring and when.

Strengths and Limitations

Our study is, to our knowledge, the largest and most compre-
hensive familial high-risk study of neurocognition to date, in-
cluding offspring with FHR-SZ and FHR-BP. All children were
examined at the same age, which is unique within this field.
The detailed assessment battery consisted of validated tests,
and scoring was reliable. Register-based recruitment ensured

Neurocognitive Functions in Children at Familial High Risk of Schizophrenia or Bipolar Disorder

an epidemiologically identified population with no referral bias.
Finally, the dropout rate was low.

Representativity analyses revealed that participating par-
ents were slightly older than nonparticipating parents and that
a higher proportion of participating families lived in densely
populated areas in all 3 groups. We prioritized visuospatial
memory, and a visuospatial construction score was not in-
cluded. Finally, inclusion of children at familial high risk from
an even younger age would have ensured the capturing of neu-
rocognitive development from early childhood and onwards.

. |
Conclusions

Neurocognitive impairments are widespread in 7-year-old chil-
dren with FHR-SZ, supporting the notion of neurocognition as
an endophenotype for schizophrenia and a target for interven-
tion. Children with FHR-BP do not display neurocognitive defi-
cits at this age, suggesting a less pronounced neurodevelopmen-
tal component. Early detection of children with FHR-SZ and cog-
nitive impairments is warranted to (1) investigate associations
of neurocognition with functional outcome and transition to
psychosis, (2) add to the knowledge of their developmental
pathophysiology, and (3) inform early intervention programs.
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