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Background: Psychotic experiences are common in childhood and an important risk indicator of adverse mental
health outcomes. However, little is known about the association of psychotic experiences with functional outcomes in
childhood, particularly regarding school performance. The aim of the present study was to examine whether
psychotic experiences were prospectively related to school performance in childhood. Methods: This study was
embedded in the population-based Generation R Study (N = 2,362). Psychotic experiences were assessed using self-
reports on hallucinations at age 10 years. School performance was assessed using a standardized national school
performance test at age 12 years. We considered the total school performance score, as well as language and
mathematics subscales. Analyses were adjusted for sociodemographic characteristics, maternal nonverbal IQ,
nonverbal IQ at age 6 years and co-occurring psychopathology at age 10 years. Results: Psychotic experiences were
prospectively associated with poorer school performance scores (B = �0.61, 95% CI [�0.98;�0.25], p = .001), as well
as poorer language (Bpercentile rank score = �2.00, 95% CI [�3.20;�0.79], p = .001) and mathematical ability (Bpercentile

rank score = �1.75, 95% CI [�2.99;�0.51], p = .006). These associations remained after additional adjustment for
nonverbal IQ at age 6 years (B = �0.51, 95% CI [�0.86;�0.16], p = .005), and co-occurring internalizing (B = �0.40,
95% CI [�0.77;�0.03], p = .036) and externalizing problems (B = �0.40, 95% CI [�0.75;�0.04], p = .029), but not
attention problems (B = �0.10, 95% CI [�0.47;0.26], p = .57). Conclusions: Children with psychotic experiences
had lower school performance scores than their nonaffected peers. The finding was independent of sociodemographic
characteristics, intelligence and co-occurring internalizing and externalizing problems, but not attention problems.
This study suggests that psychotic experiences are associated with childhood functional impairments, although the
relatively small effects and the role of attention problems warrant further exploration. Keywords: Psychosis; school
performance; intelligence; cognitive impairment; school children.

Introduction
Psychotic experiences are common in children and
often co-occur with mental distress and psy-
chopathology (Bolhuis et al., 2018; Kelleher, Connor
et al., 2012; Kelleher et al., 2015). They are concep-
tualized on a psychosis continuum, which ranges
from subclinical psychotic experiences in the general
population to distressing florid psychotic symptoms
in patients with a formal psychotic disorder (van Os
& Reininghaus, 2016). The psychosis continuum is
supported by evidence of genetic, cognitive and
environmental risk factors shared between psychotic
experiences and psychotic disorders (Linscott & Van
Os, 2013; Zavos et al., 2014). Individuals with
psychotic experiences are at increased risk for psy-
chotic and nonpsychotic disorders, as well as
adverse outcomes such as suicidality and a lower
quality of life (Healy et al., 2019; Kaymaz et al., 2012;
van Os & Reininghaus, 2016; Trotta et al., 2019;
Yates et al., 2018).

Given that the majority of prospective studies on
psychotic experiences have investigated severe adult

outcomes, relatively little is known about whether
psychotic experiences result in poorer functional
outcomes in childhood, especially school perfor-
mance. Studies in adolescents and adults have
shown a negative association between psychotic
experiences and educational achievement (Davies,
Sullivan, & Zammit, 2018; Unterrassner et al.,
2017). To our knowledge, only one study has inves-
tigated the relationship between psychotic experi-
ences and school performance in children, which
reported that persistent auditory hallucinations
were associated with poorer school performance
(Bartels-Velthuis, van de Willige, Jenner, van Os, &
Wiersma, 2011). However, this was based on a
relatively small number of children without covary-
ing for important confounders, such as ethnic back-
ground, maternal education and co-occurring
psychopathology. Since psychotic experiences fre-
quently co-occur with other psychological problems
(Bolhuis et al., 2018; van Os & Reininghaus, 2016;
Wigman et al., 2012), adjusting for co-occurring
psychopathology would provide insight into whether
the observed associations are specific for psychotic
experiences or might be mediated by other problems
arising as a consequence of psychotic experiences.Conflict of interest statement: No conflicts declared.
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Moreover, it remains unknown whether the asso-
ciation between psychotic experiences and school
performance is independent of early childhood
intelligence. This is important in the light of evi-
dence suggesting that adolescents with psychotic
experiences have impaired cognitive functioning
(Kelleher, Clarke, Rawdon, Murphy, & Cannon,
2012). In addition, longitudinal studies demon-
strated that children with lower IQ scores were
more likely to report psychotic experiences in ado-
lescence (Horwood et al., 2008; Polanczyk et al.,
2010). This is consistent with the identification of
poor cognitive functioning as a risk factor for
psychosis (Khandaker, Barnett, White, & Jones,
2011).

The present study aimed to examine the associa-
tion between psychotic experiences at age 10 years
and school performance at age 12 years, objectively
assessed by a national standardized test of school
performance. We hypothesized that children who
report psychotic experiences have poorer future
school performance, including impaired language
and mathematical ability. We also tested whether
nonverbal IQ at age 6 years and co-occurring psy-
chopathology at age 10 years accounted for the
association between psychotic experiences and
school performance.

Methods
Design and study population

The present study was embedded in Generation R, a large
population-based prospective cohort from foetal life until
adulthood (Kooijman et al., 2016). In the period 2002 to
2006, all pregnant women living in Rotterdam (the Nether-
lands) were eligible for inclusion and approximately 61% of
them were included at baseline (N = 9,778). All study proce-
dures were approved by the Medical Ethics Committee of the
Erasmus Medical Centre Rotterdam. We obtained written
informed consent from all mothers.

A flowchart of the study population is shown in Figure 1.
Assessment of psychotic experiences was conducted for 4,340
children, and of these children, n = 2,362 had data on school
performance scores available. The prevalence of psychotic
experiences of children in the study population did not differ
from the prevalence of psychotic experiences in children not
included (v2 = 4.69, p = .10), but included children had higher
nonverbal IQ scores (105.2 vs. 101.0, t (3524) = �8.80,
p < .001), were more often of Dutch origin (v2 = 48.15,
p < .001) and had mothers with higher educational attainment
(v2 = 31.12, p < .001) and higher nonverbal IQ scores (99.8 vs.
97.3, t (3675) = �5.57, p < .001) than those without school
performance data available (n = 1,978). Nonverbal IQ assess-
ments were available for n = 3,737 children.

Psychotic experiences – age 10 years

Two items on auditory and visual hallucinations from the
Youth Self-Report questionnaire were used to assess psychotic
experiences at age 10 years (Achenbach & Edelbrock, 1987).
These items were selected because they have the highest
predictive power of clinician-confirmed psychotic experiences
in young people (Gundersen et al., 2019; Kelleher, Harley,

Murtagh, & Cannon, 2009). The items inquired about the
presence of hallucinations in the preceding 6 months and were
rated on a three-point scale: not at all (0), a bit (1) or clearly (2).
Besides using the sum score of the two items as a continuous
variable, we categorized the sum score of psychotic experiences
into: no (0 points), mild (a score of 1 point on at least one of the
items) and moderate-to-severe psychotic experiences (a score
of 2 points on at least one of the items). We chose these cut-offs
so that the children in the moderate-to-severe category would
have ‘clearly’ endorsed at least one of the items (Bolhuis et al.,
2018).

School performance – age 12 years

School performance was assessed with the Dutch standardized
end-of-primary-school test, created by the Central Institute for
Test Development (CITO; www.cito.com). The CITO test
broadly assesses the learning achievement of 12-year-old
children and is the most widely used academic test in primary
school, involving 85% of all Dutch children (van der Lubbe,
2007). CITO test scores range from 501 to 550 points, and each
score is traditionally converted to a secondary school recom-
mendation (see Table S1). The CITO test scores are non-
normally distributed (left-skewed) and have a ceiling effect.
Although all the model assumptions were met, we also
conducted a sensitivity analysis using the raw CITO test
scores. These raw scores are normally distributed but not
easily comparable between test years. Hence, we standardized
the scores for each test year. In addition, we assessed the
relationship between psychotic experiences and school perfor-
mance using ordinal logistic regression. To this aim, we
converted the CITO scores into the corresponding school
levels. Since the results of these sensitivity analyses were
highly similar to the original results (data available upon
request), we decided to report the original CITO test scores to
enhance interpretability and to use the full information avail-
able in continuous data.

Test scores were obtained from CITO (n = 2,028) and, if not
available, retrieved from maternal reports by questionnaire
(n = 334). We assessed inter-rater reliability between maternal
reported and CITO test scores from data linkage (overlap
n = 975). The intraclass correlation coefficient indicated excel-
lent inter-rater reliability (ICC = 0.97), supporting the use of
maternal-reported CITO scores as complementary to the test
scores obtained from CITO.

We additionally examined the two CITO test subscales: (a)
language and (b) mathematics. The language subscale con-
sisted of writing, reading comprehension, spelling, grammar,
punctuation and vocabulary. The mathematics subscale com-
prised dealing with numbers, money and time, mental arith-
metic, proportions, fractions and percentages and geometry
(Van Boxtel, Engelen, & de Wijs, 2011). Subscale scores were
only available for the children with test scores retrieved from
CITO (n = 2,028). Because raw subscale scores are not easily
comparable between different CITO test years, we used
percentile rank scores as recommended by the publishers.

Nonverbal IQ – age 6 years

At age 6 years, children were invited to the research centre for
the assessment of nonverbal IQusing two subtests of a validated
Dutch nonverbal intelligence test ‘the Snijders-Oomen Niet-
verbale intelligentie Test-Revisie’ (SON-R, Tellegen, Winkel,
Wijnberg-Williams, & Laros, 2005). The SON-R assesses intel-
ligence without being dependent upon language skills and was
therefore suitable for our young and multi-ethnic cohort, in
whichchildrenofnon-Dutchoriginwere likely tobe less exposed
to the Dutch language. The scores were converted into a
nonverbal IQ score based on age-specific reference scores from
a Dutch population norm (Tellegen et al., 2005).
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Covariates

Based on previous research, age, sex and ethnicity, and
maternal education and IQ were considered to be potential
confounders in the relationship between psychotic experiences
and school performance (Horwood et al., 2008; Linscott & Van
Os, 2013). Children’s ethnicity was determined using the
classification procedure of Statistics Netherlands. Ethnicity
was defined as Dutch when both parents were born in the
Netherlands and Non-Dutch when at least one parent was born
outside of the Netherlands. Non-Dutch children were classified
into Other Western and Non-Western. Maternal educational
level was classified into low (primary school or lower), middle
(lower and intermediate vocational training) or high (higher
vocational education and university). Maternal nonverbal IQ
was assessed by a computerized version of set I from the
Ravens Advanced Progressive Matrices Test, which has been
demonstrated to be a valid and reliable short form to assess
nonverbal IQ (Chiesi, Ciancaleoni, Galli, & Primi, 2012). In
addition, we measured children’s self-reported internalizing,
externalizing and attention problems at age 10 years with the
Brief Problem Monitor (Achenbach, McConaughy, Ivanova, &
Rescorla, 2011).

Statistical analyses

First, the associations between psychotic experiences and
school performance score were examined with multivariable
linear regression analyses. Analyses were adjusted for sex, age,
ethnicity, maternal educational level, maternal nonverbal IQ
and whether the questionnaire on psychotic experiences was
completed alone or with help from others. Second, we addi-
tionally adjusted for nonverbal IQ at age 6 years. Third, in a
sensitivity step, we repeated the main analysis with additional
adjustment for self-reported co-occurring emotional and
behavioural problems at age 10 years, in order to assess
whether the association between psychotic experiences and
school performance might be explained by more general
psychopathology. It is important to note that in a cross-
sectional analysis co-occurring emotional and behavioural
problems can be conceived as confounders, but also as
mediators of the relationship between psychotic experiences
and school performance. Given that emotional and behavioural
problems were measured at the same time point as psychotic

experiences, emotional and behavioural problems could not be
studied as a mediator, and thus, statistically distinguishing
between confounding and mediation is not possible.

Fourth, we performed ordinal logistic regression analysis to
assess the relationship of nonverbal IQ with psychotic expe-
riences, and separately for auditory and visual hallucinations.
As a sensitivity analysis, we also assessed this relationship in
the subgroup of children for whom we had school performance
data available (n = 2,362), in order to assess possible selection
effects. We divided nonverbal IQ scores by 10 in order to
enhance interpretation.

All statistical analyses were performed using R version 3.5.1
(R Core Team, 2015). Missing data on covariates were handled
using multiple imputations in MICE 2.46 with 100 imputed
data sets (van Buuren & Groothuis-Oudshoorn, 2011). A
complete-case analysis yielded similar results as those
obtained using multiple-imputed data (data not shown).

Results
Study population characteristics

The characteristics of the school performance and IQ
samples are described in Table 1. The samples are
similar on most sociodemographic characteristics,
including age, sex and prevalence of psychotic
experiences. However, in the school performance
sample, there are slightly more children of Dutch
origin and more highly educated mothers. In our
study population (i.e. school performance sample),
24% of children reported mild psychotic experiences
and 7% of children reported moderate-to-severe
psychotic experiences. Auditory and visual halluci-
nations were reported by 26% and 16%, respectively;
11% of children reported having both. There were no
sex differences in the prevalence of psychotic expe-
riences. Nonverbal IQ scores were moderately corre-
lated with school performance scores (r = .40).
Table S1 shows the classification in secondary
school levels of children with (any) psychotic

PEs data available

n = 4,340 (58.7%)

Eligble for inclusion

n = 7,393

IQ data available

n = 3,737 (86.1%)

School performance data available 

n = 2,362 (54.4%)

No PEs data available

n = 3,053

Figure 1 Flowchart inclusion
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experiences and children without psychotic experi-
ences, based on their CITO scores.

Psychotic experiences and school performance

In analyses adjusted for sociodemographic covari-
ates and maternal educational level and nonverbal
IQ, psychotic experiences at age 10 years were
associated with poorer school performance scores
at age 12 years (B = �0.61, 95% CI [�0.98;�0.25],
p = .001), as well as with poorer scores on the
language (B = �2.00, 95% CI [�3.20;�0.79],
p = .001) and mathematics (B = �1.75, 95% CI
[�2.99;�0.51], p = .006, Table 2; Model 1)

subscales. These associations were attenuated, but
remained, after additional adjustment for nonverbal
IQ at age 6 years (total school performance:
B = �0.51, 95% CI [�0.86;�0.16], p = .005); lan-
guage: B = �1.67, 95% CI [�2.85;�0.50], p = .005);
and mathematics: B = �1.33, 95% CI [�2.52;�0.14],
p = .028, Table 2; Model 2).

Visual and auditory hallucinations

Auditory and visual hallucinations were indepen-
dently associated with lower total school perfor-
mance scores, as well as with lower scores on the
language and mathematics subscales (Table 2;
Model 1). After additional adjustment for nonverbal
IQ, visual hallucinations, but not auditory halluci-
nations, remained associated with total school per-
formance scores, as well as with language and
mathematics subscale scores (Table 2; Model 2).

Severity of psychotic experiences

We also compared school performance scores of
children with no, mild and moderate-to-severe psy-
chotic experiences (Table S2). A trend test provided
evidence of a dose–response relationship between
severity of psychotic experiences and school perfor-
mance scores (p-trend = .003). The impairment in
school performance of children with moderate-to-
severe psychotic experiences (B = �1.68, 95% CI
[�2.90;�0.45], p = .007) was more marked than the
impairment of children with mild psychotic experi-
ences (B = �0.60, 95% CI [�1.34;0.14], p = .11).

Co-occurring psychopathology

In sensitivity analyses adjusted for co-occurring
psychopathology (Table 3), psychotic experiences
remained associated with total school performance
scores after adjustment for internalizing problems
(B = �0.40, 95% CI [�0.77;�0.03], p = .036) and
externalizing problems (B = �0.40, 95% CI
[�0.75;�0.04], p = .029). However, psychotic expe-
riences did not remain associated with school per-
formance after adjustment for attention problems
(B = �0.10, 95% CI [�0.47;0.26], p = .57).

Nonverbal IQ

Nonverbal IQ scores at age 6 years were not associ-
ated with psychotic experiences at age 10 years
(Table S3). Likewise, sensitivity analyses in the
smaller sample of children for whom school perfor-
mance data were available, no association between
nonverbal IQ and psychotic experiences was demon-
strated. However, in this subsample, children with a
higher nonverbal IQ score were slightly less likely to
have auditory hallucinations (OR = 0.93, 95% CI
[0.86–1.00], p = .04), suggesting some selection
effects.

Table 1 Sample characteristics

School performance
sample (n = 2,362)

IQ sample
(n = 3,737)

n n

Child characteristics
Sex, % girls 2,362 52.6% 3,737 51.5%
Ethnicity, % 2,350 3,716
Dutch 70.8% 66.8%
Other Western 8.5% 8.6%
Non-Western 20.6% 24.6%

Auditory
hallucinations,
%

2,362 3,737

No 74.2% 73.9%
A bit 20.4% 19.7%
Clearly 5.4% 6.4%

Visual
hallucinations,
%

2,362 3,737

No 84.1% 83.4%
A bit 12.8% 12.9%
Clearly 3.1% 3.7%

Age at PEs
assessment,
mean (SD)

2,362 9.8 (0.3) 3,737 9.8 (0.4)

PEs assessment,
% filled out
alone

2,362 48.1% 3,736 44.3%

CITO test score,
median (IQR),
range (501–550)

2,362 541.0 (13.0) 2,066 541.0 (13.0)

Age at CITO test
assessment,
mean (SD)

2,119 11.8 (0.4) 1,983 11.9 (0.4)

Nonverbal IQ,
mean (SD)

2,066 105.2 (14.2) 3,737 103.3 (14.5)

Age at IQ
assessment,
mean (SD)

2,222 6.1 (0.4) 3,737 6.0 (0.4)

Maternal characteristics
Educational
level, %

2,215 3,511

High 67.5% 62.9%
Medium 30.6% 35.1%
Low 1.9% 2.0%

Nonverbal IQ,
median (IQR)

2,177 100.0 (17.0) 3,629 100.0 (17.0)

PEs, psychotic experiences. School performance and IQ sam-
ple are overlapping (n = 2,066).
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Discussion
In this population-based cohort study, psychotic
experiences at age 10 years, as assessed by self-
reported hallucinations, were prospectively associ-
ated with poorer – albeit of small magnitude – school
performance at age 12 years, including poorer lan-
guage and mathematical skills. These associations
were independent of sociodemographic characteris-
tics, maternal and early childhood nonverbal IQ, as
well as co-occurring internalizing and externalizing
problems. However, the association between psy-
chotic experiences and school performance was not
independent of co-occurring attention problems.
This indicates that the association with school
performance may be accounted for by attention
problems – or a common vulnerability underlying
both psychotic experiences and attention problems –
rather than be solely attributable to the effects of

psychotic experiences. Nevertheless, the present
findings are in line with prior work indicating that
children with psychotic experiences represent a
particularly vulnerable group at risk for adverse
clinical and functional outcomes (Bhavsar, McGuire,
MacCabe, Oliver, & Fusar-Poli, 2018; Healy et al.,
2019; Yates et al., 2018). Although the observed
effect estimates were small, even minor deviations in
school test performance may have important conse-
quences for educational attainment of a small num-
ber of children.

Our results confirm previous findings of lower
educational achievement in individuals with psy-
chotic experiences (Bartels-Velthuis et al., 2011;
Davies et al., 2018; Unterrassner et al., 2017). As
opposed to most previous studies, we accounted for
maternal education and maternal nonverbal IQ, as
well as early childhood nonverbal IQ. Accounting for
IQ is important as children with lower IQ levels are
more likely to have poorer school performance scores
(Lynn, Meisenberg, Mikk, & Williams, 2007) and
potentially at increased risk for psychotic experi-
ences (Horwood et al., 2008). Our study also
extended previous findings by independently inves-
tigating auditory and visual hallucinations, which
indicated that visual hallucinations had particularly
robust associations with school performance. This is
in line with studies in psychosis demonstrating that
visual hallucinations are associated with greater
clinical impairments and a poorer prognosis (Waters
et al., 2014).

It should be noted that the observed effect sizes of
the relationship between psychotic experiences and
school performance were small and that the confi-
dence intervals were wide, which could be expected
in population-based studies examining subclinical
psychotic phenomena (Paulus & Thompson, 2019).
Moreover, in the Netherlands, since the CITO exam-
ination is used as important guidance for official

Table 2 The association between psychotic experiences at age 10 years and school performance score at age 12 years

Total school performance score
(n = 2,362)

Language subscale percentile
rank score (n = 2,028)

Math subscale percentile rank
score (n = 2,028)

B 95% CI p B 95% CI p B 95% CI p

Psychotic experiences
Unadjusted �0.48 [�0.89;�0.08] .019 �1.64 [�2.98;�0.30] .016 �1.37 [�2.72;�0.02] .047
Model 1 �0.61 [�0.98;�0.25] .001 �2.00 [�3.20;�0.79] .001 �1.75 [�2.99;�0.51] .006
Model 2 �0.51 [�0.86;�0.16] .005 �1.67 [�2.85;�0.50] .005 �1.33 [�2.52;�0.14] .028

Auditory hallucinations
Unadjusted �0.58 [�1.21;0.05] .071 �1.99 [�4.09;0.11] .064 �1.91 [�4.03;0.21] .078
Model 1 �0.66 [�1.23;�0.09] .023 �2.13 [�4.02;�0.24] .027 �2.01 [�3.96;�0.06] .043
Model 2 �0.47 [�1.02;0.08] .094 �1.49 [�3.33;0.35] .113 �1.20 [�3.06;0.68] .210

Visual hallucinations
Unadjusted �0.88 [�1.65;�0.11] .024 �2.92 [�5.43;�0.41] .022 �2.08 [�4.61;0.45] .107
Model 1 �1.24 [�1.93;�0.54] <.001 �3.98 [�6.24;�1.73] <.001 �3.27 [�5.59;�0.95] .006
Model 2 �1.16 [�1.83;�0.49] <.001 �3.75 [�5.94;�1.56] <.001 �2.97 [�5.20;�0.75] .009

Range of total school performance score is 501–550. Range of psychotic experiences score is 0–4 and range of auditory/visual
hallucinations score is 0–2. Model 1 is adjusted for sex, age, ethnicity, maternal educational level, maternal nonverbal IQ and
whether the questionnaire on psychotic experiences was completed alone or with help from others. Model 2 is additionally adjusted
for nonverbal IQ at age 6 years.

Table 3 The association between psychotic experiences at age
10 years and school performance scores at age 12 years,
corrected for co-occurring psychopathology at age 10 years

Psychotic experiences

Total school performance
score

B 95% CI p

Unadjusted �0.48 [�0.89;�0.08] .019
Model 1 �0.61 [�0.98;�0.25] .001
Model 2 �0.51 [�0.86;�0.16] .005
+ adjusted for internalizing
problems

�0.40 [�0.77;�0.03] .036

+ adjusted for externalizing
problems

�0.40 [�0.75;�0.04] .029

+ adjusted for attention
problems

�0.10 [�0.47;0.26] .57

Model 1 is adjusted for sex, age, ethnicity, maternal educational
level, maternal nonverbal IQ and whether the questionnaire on
psychotic experiences was completed alone or with help from
others. Model 2 is additionally adjusted for nonverbal IQ at age
6 years.
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recommendations concerning secondary school level
(van der Lubbe, 2007), small differences in test
scores have the potential to substantially impact a
child’s long-term educational trajectory. Given our
observation that the CITO score of children with
moderate-to-severe psychotic experiences was
approximately 2 points lower than their nonaffected
peers, and formal recommendations for a child to
advance to a preuniversity school has a window of
only 5 points, a difference of 2 points might conceiv-
ably influence the level to which a child is referred.

In contrast to previous studies, we did not observe
an association between early childhood IQ and pre-
adolescent psychotic experiences (Horwood et al.,
2008; Polanczyk et al., 2010). Thismightbedue to our
assessment of nonverbal IQ at a young age, which
potentially did not capture the full spectrum of
cognitive abilities. Similarly, other population-based
studies also have found weak evidence of a prospec-
tiveassociationbetween IQandpsychotic experiences
(Mollon, David, Zammit, Lewis, & Reichenberg, 2018;
Wiles et al., 2006). Rather, IQ deficitsmay be a feature
of clinical psychosis, whereas psychotic experiences
may be associated with more subtle neuropsycholog-
ical deficits, such as impaired processing speed
(Kelleher, Clarke et al., 2012), which are not easily
captured by more global measures such as IQ. In
addition, it may be difficult to detect an effect in
younger samples, in which psychotic experiences
have a higher prevalence and are more likely to be
transient (Kelleher, Connor et al., 2012).

Since psychotic experiences often co-occur with
psychopathology (Kelleher, Keeley et al., 2012; vanOs
&Reininghaus, 2016; Polanczyk et al., 2010;Wigman
et al., 2012), the relationship of psychotic experiences
with any outcome, including school performance,
should be considered in the light of co-occurring
mental health problems. In the present study, we
observed that the relationship between psychotic
experiences and school performance was indepen-
dent of co-occurring internalizing and externalizing
problems. However, the association was not indepen-
dent of co-occurring attention problems, which raises
the question whether psychotic experiences are
causally related to impaired school performance.
Attention-deficit/hyperactivity disorder (ADHD)
symptoms, and in particular symptoms of inattention
(rather than hyperactivity), are robustly associated
with poor school performance (Daley & Birchwood,
2010; Pingault et al., 2011). In addition, ADHD
symptoms and psychotic experiences often co-occur,
but it is unclear which mechanisms underlie this
association (Hennig, Jaya, Koglin, & Lincoln, 2017;
McGrath et al., 2016). This may indicate that atten-
tion problems – or rather, a common vulnerability
underlying both psychotic experiences and attention
problems – might explain the association between
psychotic experiences and school performance. An
alternative, but arguably less likely explanation is
that attention problems constitute a mechanism

through which psychotic experiences affect school
performance (i.e. a mediating effect). In the case of
mediation, the correction for attention problems
wouldhave resulted in over-adjustment and therefore
an underestimation of the actual effect. However, it is
not possible to statistically differentiate between
confounding and mediation, because attention prob-
lems and psychotic experiences weremeasured at the
same timepoint. Sinceattentionskills are in itself part
of amore general construct of cognition and executive
functioning (Diamond, 2013), the adjustment for
attention problems should be interpreted carefully.
The complex interplay between psychotic experi-
ences, attention problems and school performance
warrants further exploration in prospective designs
with repeated measures to explore (causal) direction-
alities of effects.

There are several other, nonmutually exclusive,
mechanisms that could explain the relationship
between psychotic experiences and poor school
performance. Psychotic experiences may impact
school performance through the psychological dis-
tress resulting from having psychotic experiences.
Approximately 75% of children with psychotic expe-
riences report feeling distressed by them (Kelleher
et al., 2015). Furthermore, psychotic experiences
and school performance could share a common
pathophysiology, such as reduced functional con-
nectivity of higher-order cognitive networks
(Karcher, O’Brien, Kandala, & Barch, 2019). Psy-
chotic experiences and poor school performance
could also share a common aetiology, such as
childhood trauma (Janssen et al., 2004; McGrath
et al., 2017; Trotta, Murray, & Fisher, 2015) or
genetic risk (Legge et al., 2019). A recent twin study
reported that childhood psychotic experiences were
associated with several negative functional outcomes
in young adulthood, including lower life satisfaction,
social isolation and obesity (Trotta et al., 2019),
which was mainly explained by familial risk factors.
This suggests that psychotic experiences may not
directly cause functional difficulties. While we
adjusted for several familial factors including mater-
nal education and IQ, the role of other (unmeasured)
familial confounding warrants further investigation.

Previous studies have reported lower levels of
global functioning in both adults (Navarro-Mateu
et al., 2017) and children with psychotic experiences
(Healy et al., 2018; Kelleher et al., 2015). Most of
these studies used global assessment scales, which
provide limited insight into specific areas of func-
tioning that are impaired. Using an objective natu-
ralistic outcome of school performance, we provide
further evidence that psychotic experiences not only
reflect a risk for severe outcomes in adulthood, but
also for functional impairment in childhood. Given
the high individual and public burden of functional
impairment, longitudinal studies are needed to bet-
ter understand the significance of psychotic experi-
ences across specific domains of functioning. Future
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research would also benefit to examine the persis-
tence and distress of psychotic experiences in rela-
tion to functional outcomes, although studies
suggest that severe psychotic experiences share
similar aetiologies as more mild or transient psy-
chotic experiences (Zavos et al., 2014).

Strengths and limitations

The main strengths of our study are the use of a
population-based sample and an objective and stan-
dardized assessment of school performance (CITO
test). The CITO test is a reliable and objective
predictor of secondary school attainment (De Boer,
Bosker, & van der Werf, 2010). Another strength is
that we accounted for early childhood IQ and co-
occurring emotional and behavioural problems in
order to disentangle the specific effects of psychotic
experiences on school performance.

However, several limitations need to be considered.
First, due to the observational nature of this study, no
causal inferences can be made. Second, due to
selective loss to follow-up and selective participation
in the CITO linkage, children in this study were more
often of Dutch nationality and had more highly
educated mothers, whichmay have introduced selec-
tion effects. Third, nonverbal IQ was measured at age
6 years, whereas psychotic experiences and school
performance were measured at age 10 and 12 years,
respectively. However, IQ is moderately stable during
childhood (Trzaskowski, Yang, Visscher, & Plomin,
2014) and in our study predictive of school perfor-
mance scores, which supports the suitability of
including nonverbal IQ at age 6 years as a covariate.
Fourth, we assessed psychotic experiences using a
self-report questionnaire on hallucinations, which
may have resulted in a suboptimal assessment of
psychotic experiences since our assessment did not
cover delusional thoughts. It has repeatedly been
shown, however, that self-reported hallucinations
have the highest predictive power of clinician-con-
firmedpsychotic experiences (Gundersen et al., 2019;
Horwood et al., 2008; Kelleher et al., 2009). In
addition, the use of self-reports may have led to an
overestimation of the prevalence of psychotic experi-
ences (Linscott & Van Os, 2013). This overestimation
may be more marked in samples including younger
children (as in the current study), because of a
reduced ability to understand the questions. How-
ever, a recent study reported that the positive predic-
tive value of self-reported psychotic experiences
against clinical judgement did not differ between
assessment at ages6–10 years andages11–14 years,
suggesting that the predictive value might not
increase with age (Moriyama et al., 2019). Further-
more, self-reported psychotic experiences uncon-
firmed by clinical interview have previously been
shown to predict future clinical psychotic symptoms
and adverse psychological outcomes (Rimvall et al.,
2019; van der Steen et al., 2018).

Conclusions
We observed that psychotic experiences were asso-
ciated with impaired school performance in pre-
adolescent children. This association was largely
independent of early childhood IQ and co-occurring
internalizing and externalizing problems. However,
the observed effects were small and not independent
of co-occurring attention problems. Given the impor-
tance of school performance for a multitude of
quality of life outcomes, future longitudinal studies
are needed to better understand the relevance and
nature of the relationship between psychotic experi-
ences and school performance.
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Table S3. The association between non-verbal IQ at age
6 years and psychotic experiences at age 10 years.
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Key points

� Although psychotic experiences are predictive of future mental health outcomes, little is known about the
functional significance of psychotic experiences in childhood, especially with respect to school performance.

� In a large population-based sample, psychotic experiences at age 10 years, as assessed by self-reported
hallucinations, were prospectively associated with poorer school performance at age 12 years.

� This association was independent of maternal and early childhood intelligence, as well as co-occurring
internalizing and externalizing problems, but not of co-occurring attention problems.

� It is concerning that children with psychotic experiences represent a vulnerable group characterized by
higher levels of co-occurring psychopathology, impairment and poorer school performance.

� The role of attention problems in the association between psychotic experiences and school performance
should be further examined.
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