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Abstract  Formal thought disorder (FTD) is a disruption
in the flow of thought, which is inferred from disorgani-
sation of spoken language. FTD in autism spectrum dis-
orders (ASD) might be a precursor of psychotic disorders
or a manifestation of ASD symptom severity. The current
longitudinal study is a seven-year follow-up of 91 indi-
viduals aged 5-12 years with ASD. We tested (1) whether
childhood FTD predicted prodromal symptoms of psy-
chosis in adolescence and (2) whether childhood FTD was
associated with greater ASD symptom severity in adoles-
cence. ASD symptom severity was assessed in childhood
(T1) and 7 years later (T2), using the autism diagnostic
observation schedule (ADOS). At T1, the Kiddie-Formal
Thought Disorder Rating Scale (KFTDS) was used to
measure symptoms of FTD. At T2, the prodromal ques-
tionnaire (PQ) was used to assess prodromal symptoms of
psychosis. FTD at T1 did not predict prodromal symptoms
of psychosis at T2 in children with ASD. FTD symptoms at
T1, namely illogical thinking, predicted ASD symptom
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severity at T2 and this effect remained significant after
controlling for T1 ASD symptom severity. In children with
ASD, illogical thinking predicts severity of ASD symptoms
in adolescence, but FTD does not predict prodromal
symptoms of psychosis.
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Introduction

Disordered speech is an important symptom of severe
mental illnesses like schizophrenia and autism [1]. Disor-
dered speech in these conditions can reflect a linguistic
impairment, a cognitive impairment, or an abnormal inte-
gration of these functions for communication as in formal
thought disorder (FTD) [1]. FTD has been defined as a
disruption in the organisation and flow of thoughts, which
is inferred from the disorganisation of spoken language i.e.
as assessed using the Kiddie-Formal Thought Disorder
rating Scale (KFTDS) [2, 3].

FTD has been viewed as an impaired ability to apply
goal-directed behaviour in the language domain [4]. It
has been established that FTD is associated with a wide
variety of neuropsychological dysfunctions, including
dysfunctions in sustained attention, working memory and
sequencing [1, 5]. This association explains why FTD has
been found in severe mental illness and in attention
deficit and hyperactivity disorder (ADHD), as well as in
neurological diseases like epilepsy [6]. Originally, based
on Andreasen’s scale [7], four types of FTD symptoms
were discerned: illogical thinking, loose associations,
poverty of content of speech and incoherence [8]. Later,
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based on empirical studies, two of these types of FTD
remained to be valid: loose associations and illogical
thinking [9]. Loose associations were rated when the
child changed the topic of conversation to a new and
unrelated topic without preparing the listener for this
change. Illogical thinking was rated when the child used
causal utterances in an inappropriate way, and presented
the listener with unfounded and inappropriate reasoning
in non-causal utterances or when the child contradicted
him/herself.

Formal thought disorder is regarded as a hallmark for
childhood or adult onset schizophrenia [2, 5, 7, 9, 10] and
as a marker of abnormal neurodevelopment in schizo-
phrenia, indicated by the fact that school-aged children
with schizophrenia show persistent high levels of illog-
ical thinking and loose associations, whereas in typically
developing school-aged children, there is a considerable
decline of illogical thinking and loose associations [2].
FTD is also regarded as a manifestation of the genetic
vulnerability to schizophrenia, which was underscored
by the finding that subtle forms of FTD were present
in first-degree relatives of patients with schizophrenia
[11, 12].

However, FTD is not only restricted to patients who
might develop psychosis, but it is also a symptom of autism
spectrum disorders (ASD) [13]. Some older studies showed
that certain forms of FTD (i.e. neologisms, idiosyncratic
language or lack of cohesion) were very common in ASD
[14, 15]. Moreover, high levels of FTD, as assessed by
KFTDS, have been found in ASD, and were related to
language abnormalities [13, 16]. In one study, half of the
ASD participants showed two or more illogical utterances,
and 30 % showed two or more loose associations [13]. It
was found that the amount of loose associations correlated
positively with total scores on the Autism Diagnostic
Observation Schedule (ADOS) [13].

The relationship between ASD and schizophrenia is
complicated. Historically, some authors have considered
autism and schizophrenia as two independent disorders
[17-19], whereas others have considered autism as an early
precursor of schizophrenia [20]. Nowadays, ASD are
considered to be a developmental disorder without a rela-
tion to schizophrenia or other psychotic disorders, although
this remains a point of debate.

There are clear differences between core autism and
core schizophrenia and the rate of comorbidity is very low
[21, 22]. However, within the broader-defined autism
spectrum some children go on to develop psychosis or
broader-defined schizophrenia spectrum disorder. For
instance, longitudinal studies revealed that 6-29 % of
individuals diagnosed with ASD in childhood developed
schizophrenia later in life [23, 24] and it was found that
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ASD were present before onset of the psychotic disorder in
25 % of a cohort of children diagnosed with early onset
schizophrenia [25]. A distinct subgroup of children with
ASD characterised by the presence of FTD and a high
vulnerability to develop schizophrenia spectrum disorder
has been suggested, referred to as multiple complex
developmental disorder (MCDD). Follow-up of children
diagnosed with MCDD into adulthood demonstrated that
17 % developed schizophrenia and 58 % schizotypal per-
sonality disorder [26, 27].

In the last decade, there has been an impressive increase
of research into the developmental aspects of psychosis and
more specifically research aimed at the definition of criteria
to identify young people at immanent risk for developing
psychosis. Yung and McGorry [28] distinguished three
groups, comprising children with “ultra high risk” (UHR)
for psychosis, namely (1) a vulnerability group, defined as
having schizotypal personality disorder or a first-degree
relative with psychotic disorder, accompanied by a sig-
nificant deterioration in social functioning in the last year;
(2) a group with attenuated psychotic symptoms (APS) and
(3) a group with brief, limited intermittent psychotic
symptoms. This UHR approach has resulted in measures,
including the prodromal questionnaire (PQ) [29] and the
composite assessment of at risk mental states (CAARMS)
[30]. The latter predicts the outbreak of psychosis with
probabilities of 22 % within 1 year and 36 % within
3 years [31]. The incidence rate of first episode psychosis
in the general population is about 0.09 % per year [32, 33],
and therefore it can be concluded that these UHR patients
have a 405-fold risk of becoming psychotic within a year
relative to an average boy or girl from the same age [34].
Recently, it was shown that UHR patients who converted to
psychosis showed higher rates of FTD before the onset of
psychosis than a group UHR patients, who did not convert
to psychosis and this latter group showed higher rates of
FTD than a group of typically developing controls [3].
Using the KFTDS [8] as a measure for FTD, illogical
thinking predicted conversion to psychosis in 70.5 % of the
cases, whereas the scale of prodromal symptoms predicted
only 35 % of the cases [3]. In other words, FTD may be an
early and reliable predictor for later psychosis in UHR
patients.

The presence of FTD both in ASD and in individuals,
who will develop schizophrenia and the fact that some
ASD patients develop psychotic disorders, raises the
question, whether FTD symptoms in ASD are a sign of
impending psychosis or a manifestation of language and
thought problems inherent to ASD. Summarizing, FTD can
be a precursor of psychosis, a symptom of ASD and might
be predictive of the development of psychosis in adoles-
cence in children with ASD.
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Aims of the study

The current study is a seven-year follow-up of 91 indi-
viduals, aged 6-12 years old, diagnosed with ASD at T1,
with the aims to determine whether: (1) childhood FTD
predicted prodromal symptoms of psychosis in adolescence
and (2) childhood FTD was associated with ASD symptom
severity in adolescence. Moreover, the effects of age, IQ,
and comorbid psychopathology were explored.

Method
Participants and procedure

At the first assessment (T1) participants visited the outpa-
tient’s department of child and adolescent psychiatry of
Erasmus University Medical Center Rotterdam in the
Netherlands. The inclusion criteria were (a) a clinical
DSM-IV-TR [35] classification of ASD, and (b) parents
were able to communicate in the Dutch language. Exclu-
sion criterion was (a) the presence of severe neurological or
physical problems (e.g. blindness) [36]. A total of 142
children received a DSM-IV-TR [35] clinical diagnosis of
ASD, obtained by a multi-disciplinary team based on
elaborate assessment of early development, semi-structured
interviews and parental questionnaires, psychiatric obser-
vation of the child in a one-to-one situation, psychological
assessment, medical history, and school information [36].
Seventeen individuals (12 %) met DSM-IV-TR criteria for
autistic disorder, 11/142 (7.7 %) met criteria for asperger
syndrome, and 114/142 (80.3 %) received a diagnosis of
pervasive developmental disorder not otherwise specified
(PDD-NOS); n = 142; mean age 8.9 years, SD 1.81 years;
Boys 88.1 %; mean 1Q 91.2, SD 18. How these DSM-IV-
TR PDD classifications relate to the DSM 5 classification
of ASD still needs to be further clarified [37, 38]. To
connect to the DSM 5 recommendations as closely as
possible, we combined all PDD sub classifications into one
category of ASD.

Comorbid diagnoses were assessed, using the Diagnos-
tic Interview Schedule for Children (DISC) [39]. The most
common comorbid disorders were anxiety disorders
(n = 40; 44 %); ADHD (n = 30; 33 %); oppositional
defiant disorder (ODD) (n = 20; 22 %) and mood disorder
(n = 8; 8.8 %).

All participants with a clinical diagnosis of ASD at T1
(n = 142) were eligible for the follow-up study (T2).
Participants were then 12-19 years old. The average time
to follow-up was 7.17 years. For these children, KFTDS
and ADOS data on T1 were available. To assess prodromal
symptoms of psychosis at T2, the PQ was completed by the
participants and when they scored above the cut-off score

(>=18), a complete CAARMS was performed. The ADOS
was administered again to assess ASD symptoms at T2. In
total, 114 children agreed to participate in the follow-up
study (response rate 80.3 %) and 91 children had complete
data at T2 (64.1 %).

Ethical aspects

At T1, parents/caretakers of the participating children
signed informed consent forms prior to participation in the
study. At Time 2, both parents and adolescents signed the
informed consent forms. The Medical Ethics Committee of
the Erasmus Medical Centre approved this study.

Materials
Formal thought disorder at T1

The KFTDS is considered as a reliable measure of FTD in
children aged 7-18 years [8, 9]. The validity of the KFTDS
has been established in children with ASD (13), with
schizophrenia spectrum disorders [2, 9] and in children
with ADHD [40]. Loose associations and illogical thinking
have the highest clinical significance for childhood psy-
chopathology, because they appear at high base rate in
ASD and childhood-onset schizophrenia and at a much
lower base rate in controls [4].

Children were presented two audio taped stories for
which they were asked to answer questions in a standard-
ized, structured way (i.e. “what did you like about this
story?” or “do you think this a true story?”’). Subsequently,
the child was asked to make up his/her own story about one
of four given topics (the incredible hulk, a witch, a dis-
obedient child or an unhappy child). During this part of the
test session, the investigator mainly made encouraging
remarks, but could pose extra open-ended questions (i.e.
“can you tell more?””) when for instance the child was only
giving limited or very short verbal responses, or when the
child was hesitating to carry on. This took approximately
20-30 min, during which the speech samples were video-
taped. A blind rater established the number of FTD signs.
A total raw score was derived by summing frequency
counts for illogical thinking and loose associations. To
correct for the variability of speech elicited in different
children, raw scores were divided by the number of utter-
ances per minute, which yielded the final corrected Loose
Associations and Illogical Thinking scores. Signs of FTD
were scored according to KFTDS guidelines [8].

Caplan [8] determined clinical cut-off scores with
optimal sensitivity and specificity. Scores above the cut-off
point reflect a higher likelihood of pathology [8]. We used
these dichotomized scores for the regression analyses,
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because the dimensional variables Loose Associations and
Illogical Thinking were not normally distributed. Contin-
uous KFTDS scores were dichotomized as falling above or
below the cut-off point. These cut-off scores are not
available for children younger than 7 years, because below
this age illogical thinking and loose associations appear at a
much higher base rate and therefore these measures cannot
be used to discriminate between normality and pathology
[8, 9]. The inter-rater reliability was good: Caplan et al [8]
reported a kappa of 0.77 for the total KFTDS score and in
the present study, the kappa for the total KFTDS score was
0.78. One of the authors (EdB) was trained in KFTDS
ratings by R. Caplan.

Prodromal symptoms at T2

The PQ [29] is designed to assess the presence and the
severity of prodromal symptoms of psychosis using self-
report and it serves to identify young people, with a min-
imum (mental) age of 12 years, at UHR for psychosis in an
early stage. The PQ sums up 92 true or false statements
about symptoms, which may manifest in the prodromal
phase of psychosis. The PQ consists of a positive scale,
measuring symptoms like ideas of reference, delusional
ideas and perceptual illusions and a negative scale, mea-
suring symptoms like decline in social functioning, pas-
sivity and withdrawn behaviour. A threshold of 18 on the
PQ total score (positive and negative symptoms of psy-
chosis) predicted UHR status with 90 % sensitivity and
38 % specificity [29] and a threshold of 14 on the PQ
positive score predicted UHR status with 71 % sensitivity
and 81 % specificity [29]. These thresholds were used in
this study to describe severity of UHR symptoms. The PQ
was also used as an outcome measure at T2 and for that
goal dimensional scores on the PQ positive scale were
assessed. We used the PQ positive scale, because 12 out of
the 17 questions that pertain to the PQ negative scale bear
crucial similarities with symptoms of ASD, leading to
overrating of presumed prodromal symptoms (and loss of
specificity) when using the PQ total score or the PQ neg-
ative score in an ASD population. Because scores of the PQ
were not normally distributed, we used a root transforma-
tion, which resulted in a normal distribution. Participants
with incomplete PQ data (n = 23; 21 %) were excluded
from these analyses.

When the PQ total score exceeded or equalled 18, the
CAARMS [30] was administered.The CAARMS, which is
validated for children from 14 years onwards, uses strictly
defined quantitative criteria to distinguish between full
threshold psychosis, attenuated psychosis and no UHR. In
this study, mean age of the participants who completed the
CAARMS was 15.8 years, SD 1.8 years; range
13.0-19.6 years. In the CAARMS, psychotic symptoms are
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described under four main headings: unusual thoughts,
non-bizarre ideas, perceptual disturbances and cognitive
disorganisation.

ASD severity at T1 and T2

The ADOS (41) was administered at both time points. The
ADOS provides a standardized context for an elaborate
observation of ASD-related behaviours in the domains of
social interaction, communication, and stereotyped
behaviours and restricted interests. Lord et al. [41] showed
that the psychometric properties of the ADOS are good
with an excellent internal consistency. In the current study,
at T1 ADOS, module 3 was used and at T2 ADOS, module
4 was administered. The items are scored on a 3-point scale
from 0 (no evidence of abnormality related to autism) to 2
(definite evidence of abnormality). We used the ADOS
scores in a dimensional way as proposed by Volkmar et al.
[42]. Mean weighted scores were computed by adding all
item scores (0, 1, or 2), and subsequently dividing these
scores by the total number of items; thus yielding scores
ranging between 0 and 2. We did not use ADOS calibrated
severity scores, because at T2, module 4 of the ADOS was
administered in a substantial number of cases and cur-
rently, there are no guidelines to translate module 4 scores
into ADOS calibrated severity scores. The ADOS at T1 and
at T2 were performed and scored by trained and certified
clinicians and researchers, who were blind for the clinical
diagnosis.

Putative covariates

Age, sex, 1Q, co-occurring attention problems, anxious/
depressed problems and the use of anti-psychotic medica-
tion were taken into account as possible confounding
covariates. Age was taken into account as a covariate,
because developmental aspects play a pivotal role in the
manifestation of FTD and therefore FTD scores could
correlate with age. Age was included as a possible con-
founder since prodromal symptoms of psychosis emerge in
middle or late adolescence and therefore older adolescents
are more often affected with prodromal symptoms of
psychosis than younger adolescents [43]. Intelligence
Quotient (IQ) was taken into account as possible covariate,
because FTD might be more prominent in children with
lower 1Q’s. At T1, IQ was measured with the Wechsler’s
Intelligence Scale for Children-Revised version (WISC-R)
[44] and at T2 with the Wechsler’s Abbreviated Scale for
Intelligence (WASI). Co-occurring attention problems and
anxious/depressed problems were assessed with the child
behaviour checklist (CBCL) [45] Attention problems and
the anxious/depressed problems subscales. This was done
because comorbid attention problems [46] or internalizing
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problems could increase the chance of developing psy-
chosis for a youngster with ASD. The CBCL/4-18 [45],
problem items are scored on a three-point scale (0 not true,
1 somewhat or sometimes true, 2 very true or often true),
and were completed by the mother. The CBCL, attention
problems subscale consists of 10 items, the anxious-
depressed scale consists of 13 items. The psychometric
qualities of the CBCL have been well established [45, 47].

The DISC [39] was used to assess correlations between
DISC- diagnoses of ADHD, ODD, anxiety disorders,
depression and the outcome variables of ADOS total scores
at T2 and the PQ positive scale.

To investigate whether use of medication between time
1 and 2 influenced the development of prodromal symp-
toms in adolescence; an additional health care question-
naire was used [48]. At T2, parents were asked if their
adolescents had used medication in the past 2 weeks. Anti-
psychotics use was taken into account.

Statistical analyses

To check for the effects of attrition differences in age, sex,
ASD subtype and mean 1Q were calculated between the
groups at T1 (n = 142) and at T2 (n = 91) and between
the groups with complete data on the PQ (n = 91) and the
part of T2 group without PQ data (n = 23).

For descriptive purposes, means, ranges and standard
deviations were calculated at T1 and T2 for age, IQ,
weighted ADOS total scores and PQ scores. KFTDS scores
and CBCL, Attention Problems subscale scores were only
assessed at T1 and PQ scores were only assessed at T2. To
provide further descriptive information regarding psychotic
symptoms at T2, frequencies of CAARMS scores were
computed. For children participating on PQ and/or CA-
ARMS complete age, intelligence range and mental age
were calculated, because we used these measures in rela-
tively young children.

To check which putative covariates needed to be
included in the models, correlations were computed
between each of these covariates (age; sex; 1Q; CBCL:
attention problems, anxious/depressed problems; DISC
sections: ADHD, anxiety disorders, mood disorders; use of
anti-psychotic medication) and the outcome variables (PQ
and ADOS symptom severity). If one of these putative
covariates showed a significant correlation with the pre-
dictor and with the outcome variable, we included this
covariate in the subsequent multiple linear regression.

To investigate whether FTD during childhood predicted
prodromal symptoms of psychosis during adolescence
(Aim 1), multiple linear regression analyses were per-
formed with the dichotomous KFTDS loose associations
and illogical thinking scores as predictors and the PQ
positive symptoms scale as the outcome variable.

To investigate whether FTD during childhood was
associated with higher ASD symptom severity in adoles-
cence (Aim 2), multiple linear regression analyses were
performed with the dichotomous scores regarding loose
associations and illogical thinking on the KFTDS as the
predictors and the ADOS symptom severity score at T2 as
the outcome.

Results
Descriptives

No statistically significant differences were found between
participants at T1 and T2, regarding initial age, sex and
ASD subtype. The mean IQ at T1 was 94.4 (SD 16.9),
range 56—128. Nine participants scored below 70 at T1.
The mean IQ at T2 was 100.6 (SD 17.0), range 58—135.
Four participants scored below 70 at T2. Mean IQ at T2
was higher than mean IQ of this group at T1 (mean IQ T1
94.4 (SD 16.9), mean IQ T2 100.6 (SD 17.0), mean dif-
ference 6.2; t = —5.69; df = 73; p < 0.01).

An attrition analysis was performed, in which the par-
ticipants who did not have complete PQ data at T2 were
compared to the participants with complete PQ data at T2
on several features. The groups with and without complete
PQ data at T2 did not differ significantly on age, sex, IQ,
ADOS, or KFTDS scores (p > 0.05).

On the KFTDS, 55/91 (60.4 %) of the sample scored
above the diagnostic threshold for illogical thinking at T1
and 15/91 (16.5 %) scored above the threshold for loose
associations.

With regard to the PQ, in 32/91 (35.2 %) of the subjects,
the total score equalled or exceeded 18 and subsequently
the CAARMS was administered. In 22/91 (24.2 %) of the
subjects, the PQ positive score scored equalled or exceeded
14 (all of the subjects with PQ positive scores above 14
scored also more than 18 on the PQ total scores). On the
CAARMS, two patients met the criteria for attenuated
psychosis, high-risk state, but none of these 32 patients
with high PQ scores met the criteria for full threshold
psychosis. These 32 patients, however, showed quite seri-
ous attenuated psychotic symptoms. Perceptual distur-
bances were present in 14 of these 32 subjects, unusual
thought content in 13 subjects and non-bizarre ideas in 12
subjects. Eighteen participants (19.8 %) used anti-psy-
chotic medication at T2 (Table 1).

Correlations with putative covariates
The predictor variables illogical thinking and loose asso-

ciations did not show significant bivariate correlations with
any of the comorbid DISC classifications (Illogical
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Table 1 Descriptive information of the total sample at T1 and at T2
(n=91)

Table 2 Multiple regression using scores on prodromal questionnaire
(PQ) positive symptoms scale at T2 as outcome measure and illogical
thinking/loose associations as predictors (N = 69)

N =91

N % Variable B SE t value CI-L CI-U p R2
Male 82 (90.1 %) Model 0.66 0.04
ASD subtype: AD 9 (9.9 %) Ilogical 0.03 0.06 048 —-0.09 0.15 0.63
ASD subtype: AS 7 (7.7 %) Loose Ass. 0.04 0.07 0.67 —-0.09 0.18 0.1
ASD subtype PDD-NOS 75 (824 %) B regression coefficient, SE standard error, ¢ ¢ test value, CI-L 95 %
T1 KFTDS, total score above threshold 63/91 (69 %) confidence interval lower bound, CI-U 95 % confidence interval
T1 KFTDS, loose associations above threshold 15 (16.5 %) upper bound, p significance value, R2 multiple correlation coefficient
T1 KFTDS, illogical thinking above threshold 55 (60.4 %) squared

T2 PQ, total score >18
T2 PQ, positive score >14

32/91 (35.2 %)
22/91 (24.2 %)

T2 use of anti-psychotics 18 (19.8 %)
Mean (SD) Range
T1 chronological age (years) 8.82 (1.84) 5.08-12.64
T2 chronological age (years) 16.03 (1.97) 12.85-20.87
Total IQ T1 94.4(16.91) 56-128
Total IQ T2 100.58 (16.95)  58-135
ADOS T1 raw total scores 9.67 (5.04) 0-31
ADOS T2 weighted score per item  0.73 (0.39) 0.14-1.93
PQ total score T2 20 (16.69) 1-75

AD autistic disorder, ADOS raw total scores autism diagnostic
observation schedule, total raw scores of the sum of social affect and
restricted repetitive behaviour domain of module 3, ADOS weighted
score total raw scores of the ADOS divided by the number of items on
module 3 and module 4, AS asperger syndrome, /Q intelligence
quotient, PDD-NOS pervasive developmental disorder not otherwise
specified, SD standard deviation

Thinking with depression (p = 0.04; p = 0.76), with anxiety
disorder (p = 0.06; p = 0.60), with DISC ADHD
(p = 0.15; p = 0.22) and loose associations with depression
(p = 0.13; p =0.31), with anxiety disorder (p = 0.08;
p = 0.53), with DISC ADHD (p = 0.23; p = 0.07)).

Only the use of anti-psychotic medication showed a
significant correlation with the outcome variable PQ posi-
tive scale at T2 (r = 0.27; p < 0.01), whereas age (r =
—0.05; p = 0.69), sex (p = 0.15, p = 0.16), 1Q (r = 0.05,
p = 0.67), CBCL attention problems (r = 0.05; p = 0.67),
CBCL anxious-depressed (r = 0.01; p = 0.90), DISC
depression (p = 0.12; p = 0.28), DISC anxiety disorder
(p = 0.02; p = 0.85), DISC ADHD (p = 0.09; p = 0.43)
did not show a significant correlation with the PQ positive
scale at T2. Use of anti-psychotic medication at T2 did not
show a significant correlation with the predictor loose
associations (r = 0.08; p = 0.52) or illogical thinking
(r =0.19, p = 0.11). Therefore, in the multiple linear
regression analysis with the PQ positive scale at T2 as
outcome measure and KFTDS illogical thinking and loose
associations as predictors, the use of anti-psychotic medi-
cation was not taken into account as a covariate.
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The putative covariates sex (p = <0.01; p = 0.97), 1Q
(r = 0.17; p = 0.13), comorbid CBCL attention problems
(r=-0.07; p=0.57), CBCL anxious-depressed (r =
—0.18;p = 0.11), DISC depression (p = —0.09;p = 0.43),
DISC anxiety disorder (p = 0.15; p = 0.16), DISC inter-
nalizing disorder (p = —0.19; p = 0.07), DISC ADHD
(p = 0.19; p = 0.08) did not show a significant correlation
with the ADOS symptom severity score at T2, whereas age
did (r = —0.21; p = 0.03). Moreover, age was nega-
tively correlated with the dichotomous predictor illogical
thinking (p = —0.29; p = 0.01) and with loose associations
(p = —0.30; p = 0.01). Therefore, in the multiple regres-
sion analyses with the ADOS symptom severity score at T2
as the outcome variable, age was entered as a covariate.

Main effects: FTD as a predictor of prodromal
symptoms

As shown in Table 2, KFTDS scores on illogical thinking
(t=1048, p=0.63) and loose associations (¢t = 0.67,
p = 0.51) did not significantly predict scores on the PQ
positive scale. Excluding the nine participants for whom
the use of PQ was not validated due to a mental age at T2
lower than 12 years old did not change the results. As
found in the total sample, illogical thinking (+ = 0.06,
p = 0.95) and loose associations (¢ = 0.53, p = 0.60) did
not significantly predict scores on PQ positive scale in this
subsample.

When taking the covariate, use of anti-psychotics, into
account, this covariate did predict scores on PQ positive
scale (t = 2.54; p = 0.01; 95 % CI 0.03-0.27).

Main effects: FTD as a predictor of ASD severity

As shown in Table 3, illogical thinking at T1 significantly
predicted a higher total score on the ADOS symptom
severity score at T2 7 years later (r = 2.91; p < 0.01; 95 %
CI 0.09-0.46). Other factors, in particular loose associa-
tions did not significantly predict ADOS symptom severity
scores at T2 (Table 3).
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Table 3 Multiple regression with total score on ADOS at T2 as
outcome measure; illogical thinking and loose associations as pre-
dictors and age as a covariate (N = 67)

Variable B SE tvalue CI-L CI-U p R2
Model 0.02 0.15
Ilogical 0.28 0.10 291 0.09 046 <0.01 0.13
Loose Ass. —0.05 0.11 -047 —-0.27 0.17 0.64

Age T1 -0.02 0.03 -0.87 —0.07 0.03 0.39

Regression coefficient (B), standard error (SE), ¢ test value (¢), CI-L
95 % confidence interval lower bound, CI-U 95 % confidence interval
upper bound, p significance value, R2 multiple correlation coefficient
squared

Table 4 Multiple regression with total score on ADOS at T2 as
outcome measure and ADOS score at T1 and illogical thinking as
predictors (N = 73)

Variable B SE tvalue CI-L CI-U p R2

Model <0.01 0.26

Illogical 026 0.09 2.90 0.08 044 <0.01 0.13
thinking

ADOS T1  0.02 0.01 290 0.01 004 <0.01

B regression coefficient, SE standard error, ¢ ¢ test value, CI-L 95 %
confidence interval lower bound, CI-U 95 % confidence interval
upper bound, p significance value, R2 multiple correlation coefficient
squared

Ilogical thinking correlated positively with ADOS total
score at T1 (r = 0.27; p = 0.01) and with ADOS total
score at T2 (r = 0.22; p = 0.03). Loose associations did
not correlate significantly with ADOS total scores at T1
(r=0.13; p =0.19) or with ADOS total score at T2
(r = 0.06; p = 0.59). As expected, ADOS T1 total scores
correlated significantly with ADOS T2 total scores
(r =0.44; p < 0.01). ADOS T1 total scores were added to
the multiple regression models to evaluate whether illogi-
cal thinking predicted ADOS T2 total scores independent
of ADOS T1 total scores. It turned out that illogical
thinking predicted ADOS T2 total scores significantly
(p < 0.01) even if the ADOS T1 total scores (p < 0.01)
were taken into account. Illogical thinking and ADOS T1
scores together accounted for 26 % of the total variance in
the ADOS T2 scores and illogical thinking accounted for
13 % of the total variance. Cohen’s f2 was 0.15, which
represents a medium effect size (Table 4).

Discussion

This study showed that illogical thinking and loose asso-
ciations as forms of FTD in children with ASD did not
predict prodromal symptoms of psychosis 7 years later.
The presence of illogical thinking predicted the severity of

autistic symptoms 7 years later, whereas loose associations
did not. FTD in ASD may not be an early sign of psychosis,
but it may rather be a manifestation of the social com-
munication difficulties that are part of ASD.

These data provide evidence for the hypothesis that
FTD, especially illogical thinking, in children with ASD
predicts a higher future severity of ASD. The fact that
illogical thinking had a significant influence on ADOS T2
severity scores, even when the ADOS scores on T1 were
taken into account, underscores the importance of illogical
thinking as a predictor for the future severity of ASD
independent of the severity of ASD at baseline. For theo-
retical reasons, we also examined whether illogical think-
ing predicted ADOS T2 scores over and above 1Q. Adding
IQ at T1 to the model did not change the findings, indi-
cating that illogical thinking predicted ADOS T2 scores
over and above ADOS T1 and IQ. Thus, FTD seems to be a
predictor of future ASD severity rather than a predictor of
positive prodromal symptoms.

A note of caution needs to be made concerning our
findings that illogical thinking and loose associations do
not predict (prodromal state of) psychosis. From the fact
that at T1 60.4 % of this sample scored above the threshold
for illogical thinking and 16.5 % for loose associations, it
can be concluded that FTD is very common in childhood
ASD. However, the fact that FTD is so common among
ASD subjects and later conversion to psychosis is so rare
has a negative impact on the predictive value of FTD.
Furthermore, FTD also does not seem to influence the
chance of developing psychotic symptoms.

We chose not to study the predictive value of FTD on
negative prodromal symptoms, because of the close
resemblance between autistic symptoms and negative
symptoms.

However, recent research has pointed out that negative
symptoms and cognitive disorganisation may both play an
important role in the transition to psychosis [49]. More-
over, it is assumed nowadays that autism and psychosis
share common pathophysiological mechanisms [25] and
negative symptoms may well be the common ground for
the two disorders.

The results and the design of the present study bear
important similarities and also differences with the
Bearden et al. [3] study. In their study, FTD was assessed
in clinically referred or UHR adolescents, who were fol-
lowed-up for conversion to psychosis during a mean period
of 14.8 months. In the present study, FTD was assessed in
ASD children, who were followed-up for 7 years, using
prodromal symptoms of psychosis as outcome measure. In
the Bearden [3] study illogical thinking and lack of cohe-
sion predicted transition to psychosis. In our ASD sample,
illogical thinking did not predict prodromal symptoms. In
both studies, loose associations did not predict prodromal
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symptoms or transition to psychosis. These different find-
ings may be due to the inclusion of different age groups
(adolescents versus children), to differences in initial
diagnosis (UHR versus ASD) or to differences in the out-
come measure (psychosis versus psychosis prodromal
state). The percentage of adolescents on anti-psychotic
medication was almost equal in both studies and in our
sample this was an important covariate, whereas use of
medication at baseline in their study did not differ between
those who converted to psychosis and those who did not.
The use of anti-psychotic medication may have masked
symptoms of emerging psychosis. We found a significant
positive association between use of anti-psychotics and
scores on the PQ positive scale, indicating that subjects on
medication showed significantly more positive symptoms
of psychosis even after the administration of anti-psy-
chotics. Whether use of anti-psychotics in this study has
resulted in lower numbers of subjects with attenuated
psychotic symptoms (APS) or lower numbers with full
threshold psychosis remains object of speculation and
should be clarified in further research.

The factors age and comorbid attention problems or
internalizing problems are relevant for the interpretation of
our results. The average age at first episode psychosis is
19 years for men and 22 years for women; prodromal
symptoms emerge about 2 years earlier [50]. Therefore, the
younger part of the adolescents in our T2 sample (ages
between 12.8 and 16 years) may still be too young to
display prodromal symptoms of psychosis and they might
develop prodromal symptoms in the next 5 years. How-
ever, in bivariate correlations we did not find a correlation
between age and PQ scores.

Other authors [46] found that FTD and attenuated psy-
chotic experiences in samples of ASD children were
associated with the presence of comorbid attention prob-
lems. However, we observed no relationship between
attention problems at T1 and FTD at T1 and prodromal
signs at T2. Also we did not find a correlation between
attention problems and illogical thinking or between
attention problems and loose associations. Because a
relation between anxiety and FTD has been demonstrated
[4], we examined the putative influence of comorbid anx-
iety and depression on our outcome measures, but we
found no significant effect.

The choice to take prodromal symptoms of psychosis as
an outcome measure raises three methodological issues.
Firstly, when identifying individuals at risk for psychosis,
the threshold should not be set too low not to compromise
specificity and to avoid “false positives”. Psychotic expe-
riences are rather common in adolescents, with rates
varying from 15 to 20 % [51-53]. The empirically based
thresholds [29] we used (PQ total >18 and PQ positive
>14) are far beyond the level of having one psychotic-like
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experience ever and therefore specificity is not compro-
mised. In our analyses, we used the PQ positive score in a
dimensional way, thereby avoiding the problem of the
proper cut-off.

The second issue concerns the specificity of prodromal
symptoms with respect to impending psychosis or to put it
simply: prodromal symptoms are not always followed by a
psychotic episode. A recent meta-analysis revealed that the
transition rate from UHR to psychosis is 22 % over 1 year
and 36 % over 3 years [31] and preliminary evidence
suggests that the transition rate to psychosis is slightly
lower in adolescents as compared to adults [54]. In the
present study, based on the CAARMS, a rather large pro-
portion of adolescents with ASD had quite serious attenuated
psychotic symptoms, but none of the participants had made
the transition to full psychosis yet. This may be due to the
relatively low age of the sample and to the possibility that
these participants might be in an early prodromal stage.

The third methodological issue concerns the minimum
age for using the PQ. At T2, nine of our participants had a
mental age below 12 years (i.e. calculated as IQ divided by
100 multiplied by chronological age). We decided not to
exclude them since re-analysing results with these subjects
excluded did not change the findings.

The fact that illogical thinking in this study predicted
severity of autistic symptoms at T2 7 years later with a
medium effect size is in line with earlier findings. In a
cross-sectional study, Solomon et al. [13] found medium
effect size relationships between illogical thinking and
scores on the social communication questionnaire (SCQ)
and medium to large effect size relationships between loose
associations and ADOS symptom severity scores. We
found a negative correlation between age and illogical
thinking or loose associations, which is in line with the
findings of van der Gaag et al. [16], who concluded that
FTD reflects immature verbal skills and processing. Fur-
thermore, our conclusions are in line with the general
conclusions of the Solomon et al. [13] and the Van der
Gaag et al. [16] studies, indicating that FTD in ASD is not
an early sign of psychosis, but rather a manifestation of
pragmatic language abnormalities in ASD. The contribu-
tion of the present study is that these findings are replicated
and extended using long term follow-up data.

Limitations of the study

The fact that at follow-up about twenty percent of the
participants used anti-psychotics may have influenced the
results on the prediction of prodromal symptoms of psy-
chosis, because the use of these compounds may mask or
mitigate symptoms of psychosis.

The second limitation concerns the age of the partici-
pants at follow-up. Although this study encompasses a
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follow-up period of 7 years, the adolescents who were
younger than 16 years at T2 may still be too young to
display prodromal symptoms of psychosis.

Furthermore, at T2, 114/142 (80.3 %) children agreed to
participate in the follow-up study and 91 children had
complete data at T2 (64.1 %). In 23 (15.8 %) children, the
data on the prodromal questionnaire (PQ) were not
complete.

Conclusions and implications

Childhood FTD, namely illogical thinking, predicted more
severe symptoms of ASD in adolescence, up and above the
effect of ASD symptom severity in childhood. Because
illogical thinking constitutes a significant and independent
contribution to future ASD severity, it is advisable to assess
illogical thinking in school-aged ASD children to get an
impression of future course.

FTD does not predict prodromal symptoms of psychosis
in ASD children. Although FTD in non-ASD samples
predicts (prodromal symptoms of) psychosis, we could not
demonstrate a clear cut relation between FTD and pro-
dromal symptoms of psychosis in this ASD sample. FTD is
common among ASD subjects and later conversion to
psychosis is rare, and this negatively impacts the predictive
power of FTD for psychosis in ASD children. The presence
of illogical thinking seems to have an important psycho-
pathological impact and therefore these symptoms might
invite to be cautiously followed-up to see the evolution of
the disorder.

Future research

It would be interesting to follow-up samples of children
with ASD, especially children with PDD-NOS, for a longer
period of time, long enough to enclose the total period of
transition to psychosis, which lasts roughly until the age of
25. The goal of such studies would be to identify sub-
categories or predictors of later psychosis in samples of
children with complex developmental disorders.
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