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Abstract

Recent review articles provided an extensive collection of studies covering many aspects of format thought disorders (FTD)
among their epidemiology and phenomenology, their neurobiological underpinnings, genetics as well as their transdiagnostic
prevalence. However, less attention has been paid to the association of FTD with neurocognitive and functioning deficits in
the early stages of evolving psychosis. Therefore, this systematic review aims to investigate the state of the art regarding the
association between FTD, neurocognition and functioning in the early stages of evolving psychotic disorders in adolescents
and young adults, by following the PRISMA flowchart. A total of 106 studies were screened. We included 8 studies due to
their reports of associations between FTD measures and functioning outcomes measured with different scales and 7 studies
due to their reports of associations between FTD measures and neurocognition. In summary, the main findings of the included
studies for functioning outcomes showed that FTD severity predicted poor social functioning, unemployment, relapses, re-
hospitalisations, whereas the main findings of the included studies for neurocognition showed correlations between attentional
deficits, executive functions and FTD, and highlighted the predictive potential of executive dysfunctions for sustained FTD.
Further studies in upcoming years taking advantage of the acceleration in computational psychiatry would allow researchers
to re-investigate the clinical importance of FTD and their role in the transition from at-risk to full-blown psychosis condi-
tions. Employing automated computer-assisted diagnostic tools in the early stages of psychosis might open new avenues to
develop targeted neuropsychotherapeutics specific to FTD.
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Formal thought disorders (FTD) are psychopathological
alterations that can emerge in different psychiatric disor-
ders such as schizophrenia, major depressive disorder, and
mania. [1, 2] FTD are a multidimensional construct involv-
ing thought, language, and communication disturbances,
such as loosening of associations, blocking, semantic and
phonemic paraphasia. [1, 3] It has taken one and half cen-
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Further clinical developments over the twentieth century
led to further conceptualizations of FTD, such as “demen-
tia praecox” [6] from Kraepelin (1919), “derailment” [7]
from Schneider (1930), “concrete thinking” [8] from Gold-
stein (1944), “loosening of associations” [9] from Bleuler’s
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(1950), and Andreasen’s (1985) revision of FTD as a multi-
dimensional psychopathological construct of disturbances in
thought, language and communication [10]. (Jerénimo et al.
2018 for more details [11]).

FTD severity has been assessed with different scales since
Kraepelin and Bleuler postulated the importance of earlier
manifestation of this clinical phenomenon in an evolving
psychosis [12]. However, before the development of specific
scales such as—in chronological order—Andreasen’s scale
for the assessment of thought, language and communication
(TLC) [10], the Thought and Language Index (TLI) [13],
the Thought Disorder Index (TDI) [14], and the scale for
the assessment of Thought, Language and Disorder (TALD)
[3], FTD severity has been assessed through items part of
non-FTD-specific psychopathological scales, such as the
Positive and Negative Syndrome Scale (PANSS) [15], the
Scale for the Assessment of Positive Symptoms (SAPS)
[16], the Scale for the Assessment of Negative Symptoms
(SANS) [17] and the Brief Psychiatric Rating Scale (BPRS)
[18]. These non-specific scales usually address one or only
a few psychopathological aspects of FTD. [2] Moreover, the
heterogeneity [2] of the specific scales makes quantitative
comparison of findings in literature difficult, as they capture
various psychopathological aspects of FTD.

Recent review articles provided an extensive collection
of studies covering many aspects of FTD among their epide-
miology and phenomenology, their neurobiological under-
pinnings, genetics, their neurological correlates, as well as
their transdiagnostic prevalence. [1, 2, 11, 12] However, lit-
erature regarding the investigation of FTD as early clinical
signs of an evolving psychosis, as well as their prognostic
importance, is rather limited. Indeed, the majority of find-
ings addressed FTD relevance for disease course either in
chronic patients or in patients with a highly heterogeneous
age range (18-65). [19, 20] The limited literature in early
stages of psychosis revealed FTD not only as a core feature
of psychosis but also in association with several psychosis-
related adverse outcomes, such as functional impairments
and cognitive deficits. [2, 3, 11, 12, 21] These findings
are particularly relevant, as functional and neurocognitive
impairments [22, 23] frequently precede disease onset and
persist after remission of the acute illness in psychotic dis-
orders. [24, 25]. Consistently, given perspective changes and
contributions in the last decades regarding early diagnostic
tools aimed at recognizing such persisting impairments with
an impact on real-world prognostic outcomes, research focus
has been turned on risk groups and younger patients experi-
encing first-episode psychosis. [26-29] With specific respect
to FTD, only very few studies have highlighted that their
severity has been associated with increased (re-)hospitaliza-
tion rate [19], unemployment risk [30] and reduced quality
of life [31]. Moreover, patients with schizophrenia expe-
riencing enduring FTD after the acute phase of psychosis
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showed lower occupational functioning levels and higher
relapse rates. [32] On the other hand, FTD have been associ-
ated with attentional executive functions deficits at the early
stages of psychosis, [33, 34], even if this association has not
been fully replicated yet. Furthermore, executive dysfunc-
tions at the early stages of psychosis seem to predict FTD
severity at follow up [35]. However, despite these findings
and the increasing interest in early diagnostics and preven-
tion in psychotic disorders, literature on prodromal state and
first-episode psychosis so far did not provide any target for
preventive interventions based on the core psychopatho-
logical changes such as FTD predicting adversity in clini-
cal outcomes, yet. A potential way to understand this is to
thoroughly investigate whether and how FTD are related to
relevant outcomes of psychosis, i.e., deficits already present
in their early stages, such as functioning and neurocognitive
impairments.

Therefore, we conducted a systematic review regarding
the state of the art of the association between FTD, func-
tioning outcomes and neurocognitive impairments in the
early and prodromal stages of psychotic disorders. We sum-
marized the main findings of the included studies provid-
ing evidence related to the early diagnostic and prognostic
potential of FTD in association with functioning and neuro-
cognition. Furthermore, we discussed possible reasons for
the paucity of studies investigating the clinical relevance of
FTD in early psychosis and presented new perspectives for
potential future investigations on FTD with the help of mod-
ern computational analytical techniques that might serve as
computer-assisted early diagnostic tools. We concluded with
an outlook for future research targeting the potential preven-
tive and predictive role of FTD in psychosis trajectories.

Methods

We conducted two separate systematic literature searches;
(i) association between FTD and functioning outcomes and
(ii) association between FTD and neurocognition, both in the
early and prodromal stages of psychosis, by following the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [36] statement. Two of the authors
(O.F.0 and A.P.) independently conducted the systematic
literature searches in PubMed, PsychINFO and Web of Sci-
ence covering the last half-century until 2019.

For the literature search regarding the association between
FTD and functioning outcomes, we used the following
search terms combination: (“formal thought disorder” OR
“thought disorder”) AND (child OR adolescent OR young
adult) AND (psychosis OR “early-onset schizophrenia” OR
“first episode psychosis” OR “recent onset” OR “high risk”
OR prodrom) AND (“GAF” OR “GF” OR “functioning” OR
“disability” OR occupational OR social. For the literature
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search regarding the association between FTD and neuro-
cognition, we used the following search terms combination:
(“formal thought disorder” OR “thought disorder”) AND
(child OR adolescent OR young adult) AND (psychosis OR
“early onset schizophrenia” OR “first episode psychosis” OR
“recent onset” OR “high risk” OR prodrom) AND (neuro-
cognition OR neurocognitive or cognition or cognitive or
neuropsycho OR memory OR executi OR process).

Articles had to meet the following inclusion criteria: (1)
reported statistically significant associations between FTD
and either functioning outcomes, or neurocognitive meas-
ures; (2) did include high-risk groups [37] such as ultra-
high risk (UHR), attenuated psychotic symptoms (APS),
the brief limited intermittent psychotic episode (BLIPS) and
genetic risk and deterioration syndrome (GRD) or prodro-
mal phases or early stage of psychosis such as first-episode
psychosis (FEP), early psychosis (EP) (Onset of Psycho-
sis <2 years); (3) did include children, adolescents or young
adults (<35 years of age); (4) did include data of function-
ing outcomes or neurocognition. Articles were excluded for
the following reasons: (a) not in English, (b) sample com-
posed only of participants with chronic psychosis or with an
onset of disease > 2 years (c) sample composed only of adult
patients (18—65 age range) without any specific subgroups
analyses based on age ranges (d) did include individuals
with drug-induced psychosis (e) did include individuals with
psychosis due to medical conditions. Case series, book chap-
ters, literature reviews, conference papers, meeting abstracts
or meta-analyses were also excluded.

Based on these criteria, as a first step, two authors have
screened the titles and abstracts separately in three different
databases (PsycINFO, Medline and Web of Science), and
the results of included and excluded articles were discussed
among co-authors. Based on the abstracts screening, records
for which an inclusion or exclusion decision could not be
taken were listed. Thus, in a second round, the same two
authors have screened the full texts of these articles to check
their eligibility for inclusion. Records for which both authors
agreed on their inclusion were then proved for their eligibil-
ity again through further full-text investigation.

The procedure used for the selection of studies for each
literature search is reported in Figs. 1 and 2. The included
studies are summarized in Tables 1 and 2.

Results

Functioning outcomes and FTD

We screened 106 studies in total and included 8 of them.
These studies were included due to the presence of sig-

nificant associations between FTD in adolescents or young
adults and their reports, and functioning outcomes measured

with different scales. Overall, the included studied showed
that higher severity of FTD predicted poor social function-
ing, unemployment, relapses, re-hospitalisations. Three
studies, namely Harrow. [38], Marengo [30] and Racen-
stein et al. [39], reported results from the Chicago Follow-
up Study, assessing the importance of FTD through a com-
prehensive measure of bizarre-idiosyncratic thinking in
the acute phase of inpatients at baseline, and at follow-ups
taking place 1 ¥2, 2, 4 and 8 years after hospital discharge.
They reported that approximately 30% of patients diagnosed
with schizophrenia exhibited persisting thought disorders
during follow-up periods and that such patients with endur-
ing thought disorder signs were also a poor-outcome group.
Specifically, they highlighted a poorer prognosis with lower
occupational functioning levels (subsequent unemployment
82% and higher relapse/re-hospitalisation rates: psychosis
68% and rehospitalization 59%) in schizophrenia patients
experiencing enduring FTD after the acute phase. Moreover,
they showed that FTD and functioning levels are correlated
in the first 8 year of schizophrenia, with a stronger correla-
tion between FTD and occupational functioning compared
with social functioning.

Kotov et al. [40] interviewed 628 inpatients with first-
episode psychosis six times over two decades in an epide-
miologic cohort. They showed that a four-factor model (real-
ity distortion, disorganization, inexpressivity, and apathy/
asociality) could significantly predict functional outcomes.
Interestingly, they observed that apathy/asociality predicted
impairments in global functioning, social functioning, role
functioning, and life satisfaction, whereas inexpressivity
predicted lower residential independence. Minor et al. [41]
assessed the positive FTD via the Communication Distur-
bances Index (CDI) [42] and speech production in early
psychosis (EP) individuals and controls, and explored their
association to real-world outcomes. They reported large
differences in both positive FTD and speech production
between EP individuals and controls, and showed that posi-
tive FTD and affective reactivity were associated with poor
social and role functioning only in EP. Moreover, they found
that positive FTD and affective reactivity were consistently
accounting for poor social functioning (up to 56% of social
functioning’s variance) and associated with poor role func-
tioning (accounting for up to 46% of the variance) in EP.

Roche et al. [19] evaluated the relationship between
FTD features (namely, disorganization, verbosity and pov-
erty of speech) and social and occupational functioning
outcomes at baseline and 1 year later in a first-episode psy-
chosis cohort. This study found that only disorganization
was associated with functional outcome, specifically social
functioning and that the longitudinal course of disorgani-
zation remained significantly associated with social func-
tioning on multivariate analysis. Moreover, they reported
that higher baseline severity of disorganization predicted
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a greater number of hospitalisations and prolonged hospi-
talisation during the first year of illness. Burton et al. [43]
tested the efficacy of early intervention for youth at risk of
developing psychosis in a multisite national trial dataset,
where they followed participants prospectively at 6, 12,
and 24 months, and examined the relationships between
baseline symptoms and longitudinal global social and
role functioning. They found that higher baseline nega-
tive symptoms and deteriorated thought process predicted
worse social and role functioning for up to 2 years among
adolescents and young adults at risk for psychosis, and that
the changing effect of negative symptoms on social func-
tioning over time was moderated by positive symptoms.
Bearden et al. [44] examined the association of baseline
FTD assessed by the Kiddie Formal Thought Disorder
Rating Scale (K-FTDS) [45] and linguistic cohesion with
conversion to psychosis and social and role outcome at
follow-up (approximately 1 year later) by analyzing tran-
scribed speech samples in individuals with a clinical high-
risk for psychosis. They reported that baseline poverty of
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content (POC) and referential cohesion predicted signifi-
cantly social and role functioning at follow-up.

Neurocognition and FTD

We screened 106 studies in total and included 7 of them.
These studies were included due to the existence of sig-
nificant associations between FTD in adolescents or young
adults, and neurocognition. The study from Minor et al. [41]
was included both in this section and on the one regard-
ing functioning, as this study investigated the association
between FTD and both domains. Overall, the included stud-
ies for the associations between FTD and neurocognition
showed heterogeneous findings. Still, some consistent find-
ings were observed for what concerns associations between
attentional deficits, executive functions and FTD.

Minor et al. [41] explored associations between positive
FTD assessed by the Communication Disturbances Index
(CDI) [42] and speech production assessed by 2 min records
about negative (affective condition) and neutral (baseline,
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cognitive conditions) memories in early psychosis (EP) indi-
viduals and controls. They employed a single task for base-
line condition, where participants completed only one-back
visual working memory test, whereas a dual task for cogni-
tive condition, where participants completed the one-back
visual working memory test while simultaneously generating
speech. They showed that cognitive reactivity appeared to
have a less defined role than affective reactivity in positive
FTD. Based on these findings, they suggested that the cogni-
tive load effect may not translate to positive FTD or speech
production in early psychosis. In contrast, affective systems
played a prominent role in positive FTD that EP individuals
exhibited a steeper increase in positive FTD from the base-
line to the affective condition compared to controls.
Nuechterlein et al. [33] investigated the association
between three cognitive tests in the attention domain
(namely, two versions of the continuous performance
test (CPT) and forced-choice span of apprehension task)
and FTD assessed through Brief Psychiatric Rating Scale
(BPRS) Conceptual Disorganization subscores, Rorschach

v

Studies included in
qualitative synthesis
(n=4)

Total Inclusion
(n=7)

Thought Disorder Index factors, and negative symptoms
assessed by BPRS Anergia factor scores in inpatients expe-
riencing an early phase of schizophrenic disorders. They
retested 32 patients after clinical stabilization to address the
extent to which continued attentional deficits were associ-
ated with specific symptomatology during the hospitalized
period. Their results indicated that signal discrimination
deficits were consistently related to the presence of negative
symptoms and that the correlation of the attentional deficits
to FTD was significant, even though to a less extent. In clini-
cally stabilized outpatients, they reported significant associa-
tions between the level of signal discrimination measured
by the CPT, specifically on the degraded-stimulus CPT, and
TDI factor scores for Fluid Thinking and Associative Disor-
ganization during the inpatient period. They also observed
that the outpatient signal discrimination deficits were sig-
nificantly correlated with inpatient schizophrenic modes
of thinking measured by the Rorschach Thought Disorder
Index and with formal thought disorder measured by the
BPRS Conceptual Disorganization rating.
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Table 1 (continued)

Main findings and conclu-

sion

Sample size Mean age FTD measures Outcome measures

Study groups

Publication year Published journal

First author

GFS and GFR Baseline negative symp-

SIPS

16.69

327

Schizophrenia Research CLR, CHR, EFEP

2019

Burton, CZ

toms and thought disor-
der appeared to predict

the functional outcome

for up to 2 years among
adolescents and young
adults at risk for psy-

chosis

Transited to psychosis,

GFS and GFR

Illogical thinking,

16.66

105

Journal of the American CHR

2011

Bearden, CE

predicted significantly

poverty of content

Academy of Child and
Adolescent Psychiatry

social and role function-

ing at follow-up

(POC), and referential

cohesion

FTD formal thought disorder, CDI communication disturbances index, FEP first episode psychosis, EP early psychosis, CLR clinical low risk, CHR clinical high risk, UHR ultra-high risk, HR

high risk, LR low risk, ARMS at-risk mental state, APS attenuated psychosis syndrome, APSS attenuated positive symptom syndrome, LKPS levenstein, klein, and pollack scale, SCS strauss

and carpenter scale, OPCRIT operational criteria for psychotic illness tool, SAPS scale for the assessment of positive symptoms, SANS scale for the assessment of negative symptoms, CAARMS
comprehensive assessment of at-risk mental states, SIPS structured interview for prodromal syndromes, SCZ schizophrenia, SOPS scale of prodromal symptoms, WERCAP Washington early

recognition center affectivity and psychosis screen, GAF global assessment of functioning, GF'S global functioning scale-social GFR global functioning scale-role, QLS quality of life scale

Xu et al. [35] reported in a 1 year prospective study of
language disorganization in patients with first-episode
schizophrenia-spectrum disorders and investigated execu-
tive functions as a predictor of persistent FTD. They investi-
gated the FTD using the Clinical Language Disorder Rating
Scale (CLANG) [46] subdividing language abnormalities
into syntactic, semantic, and production levels. They found
that poorer performances in sustained attention and attention
allocation/planning at illness onset were associated with an
increased risk of having residual levels of semantic disorgan-
ization of language after 1 year, whereas poorer sustained
attention was associated with increased risk of residual pro-
duction problems. Pawelcyk et al. [47] evaluated pragmatic
language functions in patients with first-episode psychosis,
parents of the patients and healthy controls. Their results
showed that the assessed groups varied in their ability to
comprehend implicit information and to understand emo-
tional prosody, as well as in processing language informa-
tion regarding general knowledge, and in the effectiveness
of interpersonal communication. More specifically, patients
with first-episode psychosis performed significantly worse
than healthy controls in all these neurocognitive domains.
On the other hand, they found that the assessed groups did
not differ regarding humour comprehension, understand-
ing of linguistic prosody, understanding of both written and
picture metaphors, or in their ability to process language
information in the context of oral messages.

Caplan et al. [48] examined children with psychosis and
investigated their use of discourse devices as well as the rela-
tion between FTD assessed with the K-FTDS and discourse
deficits. They reported that patients not showing loose of
associations used fewer words and conjunctions than con-
trols. Furthermore, they observed that in the patients with
loose of associations lexical cohesion correlated negatively
with the total Intelligence Quotient (IQ) score, and with per-
formance IQ, but not with verbal IQ. Remberk et al. [49]
assessed the association between FTD, assessed through
the TLC scale, and several neurocognitive domains in inpa-
tients with early-onset schizophrenia-spectrum disorder
and matched healthy controls. They assessed associations
between psychopathological symptoms, cognitive functions,
and FTD. The study showed that in patients FTD severity
positively correlated with the number of non-perseverative
errors on the Wisconsin Card Sorting Test (WCST), and
with disturbances in semantic verbal fluency.

Ilonen et al. [34] explored a sample composed of clinical
high-risk individuals (CHR), patients with psychosis and
non-psychotic/non-CHR individuals. All individuals were
administered a neuropsychological battery investigating
verbal comprehension, perceptual organisation, working
memory and processing speed, as well as measures of execu-
tive function and perceptual and thinking accuracy. They
tested whether patients with CHR can be distinguished from

@ Springer
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Table 2 (continued)

Main findings and

conclusion

Outcome measures

Sample size Mean age FTD measures

Study groups

Publication year Published journal

First author

The Rorschach, PTT ~ Verbal comprehen- The deficits were

15.6,15.7,15.5

22,67, 187

CHR, psychotics,

Psychiatry research

2010

Tlonen, T

comparable in sever-

sion, perceptual
organisation,

non-psychotic/non-
CHR individuals

ity to those observed
in adolescents with

working memory,

psychotic diagnoses

processing speed,

and that patients at

executive function,
perceptual and

CHR for psychosis
displayed mild-to-

thinking accuracy

moderate executive

impairment, without
any impairment in

intellectual function-

ing

FTD formal thought disorder, CDI communication disturbances index, EP early-stage psychosis, FEP first-episode psychosis, CHR clinical high risk, HC healthy control, CPT continuous per-

formance test, SCZ schizophrenia, SSD schizophrenic spectrum disorders, TDI thought disorder index, TLC thought, language and communication scale, BPRS brief psychiatric rating scale,

CLANG clinical language disorder rating scale, PTI perceptual thinking index, KRT Kent—Rosanoff test, HSCT Hayling sentence completion test, MCT monotone counting test, SET six element

test, LNST letter number sequence test, WCST Wisconsin card sorting test, TMT trail making test, DST-B digit span test backward, DST-F digit span test forward, SVFT semantic verbal fluency

test, PVFT phonological verbal fluency test

psychotic and non-psychotic/non-CHR individuals using
neuropsychological tests. They found that adolescents with
CHR displayed poorer visual form perception and thinking
disorder compared to non-psychotic/non-CHR individuals.
They reported that the deficits observed in CHR were com-
parable in severity to those observed in adolescents with
psychotic diagnoses and that patients with CHR displayed
mild-to-moderate executive impairment, but no impairment
in intellectual functioning.

Discussion

Our literature survey showed that there was an increased
interest for FTD in the early stages of psychosis from the late
70 s to late 80 s. Harrow et al. investigated in a few studies
the course of psychosis after the first episode with a focus on
FTD and formalized the following questions already in 1986
[32]: “Is thought disorder a frequent characteristic of acute
schizophrenia? Does it persist in some or many patients with
schizophrenia after the acute phase? And is it linked to other
aspects of psychopathology? Does the presence of thought
disorder after the acute phase predict subsequent clinical
course and outcome?” These important questions reflect
the core motivation for this systematic review covering the
second half of the last century. Still, not all these questions
have been answered. Even though the clinical importance of
FTD has been observed from famous psychiatrists such as
Kraepelin, Schneider, Bleuler, in the first half of the twen-
tieth century, not so many studies in high-risk or stages of
psychosis have been published due to methodological and
phenomenological difficulties in the assessment of FTD
with its multidimensional construct. [1, 2, 11, 12] Of note,
early intellectual efforts on prevention and early diagnos-
tics in psychiatry were started to be prominent only in the
last 3 decades. Furthermore, the various measures of FTD
among the included studies make a comparative interpreta-
tion of the associations between FTD and functioning and
neurocognition difficult. Nevertheless, our review showed
that FTD aspects linked to disorganization seem to be the
most prominent in early psychosis, because of their consist-
ent and replicated associations with both functioning and
neurocognition aspects. Therefore, on the one hand, findings
from this systematic review indicated that FTD, especially
disorganization, might potentially have an early diagnostic
and prognostic relevance in psychotic disorders, as (i) sig-
nificant associations with functioning and cognition have
been reported in both first-episode and clinical high-risk
cohorts, and (ii) significant associations have been found in
several subdomains of the functioning and neurocognition
construct, spanning from general, to social, to role function-
ing, and hospitalization rate, for what concerns function-
ing, and from attention, executive function, and verbal 1Q,
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for what concerns neurocognition. On the other hand, the
predictive and generalizability potential of such symptoms
in terms of disease and risk trajectories has not been fully
explored yet in the early stages of psychotic disorders, given
the paucity of studies included. In light of these few, but
consistent associations across studies, we think that find-
ings from this review suggest the urgency of spending more
efforts in understanding the role of FTD into the risk path-
ways of psychosis. This is further testified by recent studies
showing that FTD dimensions affect 55% of those presenting
with first-episode psychosis and are associated with acute
clinical presentation, poor quality of life and worse thera-
peutic relationships. [19, 50, 51] Furthermore, FTD were
associated positively with patients’ unemployment risk [30],
and negatively with their perceived quality of life [31] and
overall life adjustment, based on indexes like work function-
ing, life disruptions and self-support. [30].

Moreover, given the significant associations between
FTD, neurocognition and functioning impairments here
reported, and given that these impairments very often pre-
cede the onset of full-blown psychosis and persist after the
acute phase is resolved [24, 25], we speculate that FTD
should be considered not only as a core psychosis char-
acteristic but also as a feature of key importance to be
targeted in early identification and intervention programs
[19, 32]. This is further testified by the fact that six of
the excluded studies (listed in Supplementary Table 1),
although out of the review scope and thus not included in
the “Results”, highlighted significant associations between
FTD and transition to psychosis in high-risk groups.
Indeed, Bearden et al. [44] reported that illogical thinking,
POC, and referential cohesion, distinguished putatively
CHR individuals who transited to psychosis from those
who did not transit. Similarly, Demjaha et al. [52] found
that scores on the negative and on the disorganization/
cognitive dimensions in the Comprehensive Assessment
of At-Risk Mental States (CAARMS) were associated with
a transition to psychosis during the 24-month-follow-up in
an at-risk mental state (ARMS)-cohort. Thompson et al.
[53] found that the presence of FTD, especially thought
blocking and tangentiality, together with elevated mood,
predicted transition to psychosis. Consistently, Devlyder
et al. [54] found that disorganized communication (i.e.,
subthreshold thought disorder) was associated with an
increased hazard for psychosis onset, both at baseline
and as a trajectory of high persistent disorganized com-
munication. Katsure et al. [55] found that converter CHR
showed more severe symptom scores for unusual thought
content, disorganized speech, and emotional disturbances
items, compared to non-converter CHR. Mamah et al.
[56] found a significant association between disorganized
communication and associated with psychosis conver-
sion. Finally, Brucato et al. [57] showed that SIPS/SOPS

@ Springer

Unusual Thought Content and Disorganized Communica-
tion subscales, measures of attenuated odd delusions and
thought disorder, were very good predictors of psychosis,
whereas attenuated suspiciousness and perceptual abnor-
malities were not associated with conversion.
Consistently with findings from our review, disorganiza-
tion seems to be the most notable FTD symptom predicting
transition to psychosis in high-risk groups. The POC was
another FTD symptom that commonly associated with social
and role functioning as well as with transition to psychosis.
Not only these findings are consistent with the associations
between FTD, functioning and neurocognition we have
discussed, but they also further speak in favor of the clini-
cal relevance of FTD in the pathophysiology of psychosis
and encourage future research to longitudinally investigate
their role in the clinical trajectories of individuals at-risk for
psychosis. A potential way to methodologically accomplish
this future research direction could be represented by fur-
ther efforts in designing computational methods that might
help clinicians in evaluating risk categories of patients at
their first presentation also through the presence of FTD,
especially in the disorganization domain. For example, some
machine learning and computational pattern recognition
studies provided promising results in automated computa-
tional speech or text analyses to improve the clinical utility
and objective quantifiability of FTD. The earlier effort has
appeared already in 2009 in the literature: Strous et al. [58]
showed that patients with schizophrenia could be classified
from non-affected individuals with 83.3% accuracy based
on written text characteristics. Consistently, Bedi et al. [59]
reported that speech features derived from a latent semantic
analysis could successfully predict subsequent transition to
psychosis (followed up quarterly for up to 2.5 years) in CHR.
Other findings from the same group showed that an auto-
mated machine learning speech classifier could discriminate
the speech of recent-onset psychosis patients from that of
healthy individuals with a cross-validated predictive accu-
racy of 79%. [60] Furthermore, Mota et al. [61] showed that
speech disorganization measured by graph connectedness
could correctly predict schizophrenia diagnosis at 6-month
follow-up with 91.67% accuracy in patients undergoing
first clinical contact for recent-onset psychosis and 21 well-
matched healthy subjects. Despite promising, these findings
need to be externally replicated in greater samples to fulfil
the challenging state-of-art criterion of machine learning
applications in computational psychiatry [62].
Nevertheless, overall, these finding and those from our
systematic review would support the relevance of FTD for
several psychosis-associated outcomes, from neurocog-
nition, to functioning, to transition to psychosis, and that
applying cutting-edge methodological techniques to fur-
ther FTD investigations may be a promising way to deliver
clinicians with time-efficient and objective clinical tools
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supporting diagnostic and prognostic procedures. Many
more future studies are warranted.

Limitations

This review has some limitation. Mainly, studies have
employed different assessment strategies to evaluate FTD,
neurocognition and functioning. As a matter of fact, this
high variability did not allow us to conduct any direct com-
parative analysis. Therefore, the results in this review can
be only partially interpreted. We also acknowledge that our
results are limited only to the published studies and that
there was no study excluded due to non-significant associa-
tions. Therefore, a possible bias through studies showing
non-significant associations between FTD, neurocognition
and functioning could not be excluded.

Conclusion

The reviewed studies showed that FTD severity is sig-
nificantly associated with poor social functioning, unem-
ployment, relapses of psychosis and re-hospitalisations,
as well as transition to psychosis in high-risk groups. The
results also showed significant associations between FTD
and attention performance, executive functions, and verbal
abilities. Machine learning algorithms show good potential
for understanding the prognostic value of FTD in the risk
trajectories of psychosis and encourage the development
of computer-assisted early diagnostic tools targeting FTD,
especially disorganization. Further studies taking advan-
tage of the acceleration in computational psychiatry using
methods such as unsupervised, supervised machine learning
algorithms, deep learning techniques, natural language pro-
cessing, sound, and rhythm analyses in records of patients’
clinical evaluations, would hopefully allow researchers to
develop novel clinical markers for FTD. Such automated
and time friendly computer-assisted diagnostic tools could
give researchers and clinicians the chance to re-investigate
the clinical importance of FTD starting from high risk and
early stage of psychosis, and to fill the gap in the literature
that might open new avenues to develop targeted neuropsy-
chotherapeutics specific to FTD.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00406-021-01295-3.

Funding Open Access funding enabled and organized by Projekt
DEAL. Oemer Faruk Oeztuerk is supported by International Max
Planck Research School for Translational Psychiatry in the frame of
the Clinician Scientist Program funded by the Else-Kroner-Fresenius-
Stiftung. Linda A. Antonucci’s salary is funded by the Structural

European Funding of the Italian Minister of Education (Attraction and
International Mobility—AIM— action, Grant No. 1859959).

Declarations
Conflict of interest The authors state no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Roche E, Creed L, Macmahon D, Brennan D, Clarke M (2015) The
epidemiology and associated phenomenology of formal thought
disorder: a systematic review. Schizophr Bull 41(4):951-962

2. Kircher T, Brohl H, Meier F, Engelen J (2018) Formal thought
disorders: from phenomenology to neurobiology. Lancet Psychia-
try 5(6):515-526

3. Kircher T, Krug A, Stratmann M et al (2014) A rating scale for
the assessment of objective and subjective formal thought and
language disorder (TALD). Schizophr Res 160(1-3):216-221

4. Esquirol E (1838) Des Maladies Mentales Considérées Sous Les
Rapports Médical, Hygiénique et Médico-Légal, Vol 1. chez JB
Bailliere

5. Griesinger W (1882) Mental pathology and therapeutics, vol 69.
W. Wood & Company, London

6. Kraepelin E (1919) Dementia praecox and paraphrenia. Living-
stone, London

7. Schneider C (1930) Die Psychologie der Schizophrenen. The psy-
chology of schizophrenics. Thieme, Leipzig

8. Goldstein K (1939) Methodological approach to the study
of schizophrenic thought disorder. Lang thought Schizophr
1944:17-40

9. Bleuler E (1950) Dementia Praecox or the Group of Schizophre-
nias, translated by J. Zinkin. International Universities Press, New
York

10. Andreasen NC (1986) Scale for the assessment of thought, lan-
guage, and communication (TLC). Schizophr Bull 12(3):473-482

11. Jer6nimo J, Queir6és T, Cheniaux E, Telles-Correia D (2018)
Formal thought disorders — historical roots. Front Psychiatry.
9(572(November)):1-5

12. Hart M, Lewine RRJ (2017) Rethinking thought disorder. Schizo-
phr Bull 43(3):514-522

13. Caissie SL, Liddle PF, Ngan ETC et al (2002) Thought and lan-
guage index: an instrument for assessing thought and language in
schizophrenia. Br J Psychiatry 181(04):326-330

14. Johnston MH, Holzman PS (1979) Assessing schizophrenic think-
ing: A clinical and research instrument for measuring thought
disorder. Jossey-Bass

15. Kay SR, Fiszbein AL (1987) Positive and negative syndrome scale
(Panss) rating criteria. Schizophr Bull 13(2):261-276. https://doi.
org/10.1016/0006-3223(91)91039-t

@ Springer


https://doi.org/10.1007/s00406-021-01295-3
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/0006-3223(91)91039-t
https://doi.org/10.1016/0006-3223(91)91039-t

European Archives of Psychiatry and Clinical Neuroscience

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Andreasen NC (1984) Scale for the assessment of positive symp-
toms (SAPS). University of Iowa, Iowa City

. Andreasen NC (1989) The scale for the assessment of negative

symptoms (SANS). Br J Psychiatry 155:49-52

Overall JE, Gorham DR (1962) The brief psychiatric rating scale.
Psychol Rep 10(3):799-812

Roche E, Lyne J, O’Donoghue B et al (2016) The prognostic
value of formal thought disorder following first episode psychosis.
Schizophr Res 178(1-3):29-34

Roche E, Segurado R, Renwick L et al (2015) Language distur-
bance and functioning in first episode psychosis. Psychiatry Res
235:29-37

Andreasen NC, Grove WM (1986) Thought, language, and com-
munication in schizophrenia: diagnosis and prognosis. Schizophr
Bull 12(3):348-359

Gaebel W, Zielasek J (2015) Focus on psychosis. Dialogues Clin
Neurosci 17(1):9

Stouten LH, Veling W, Laan W, van der Helm M, van der Gaag
M (2017) Psychosocial functioning in first-episode psychosis and
associations with neurocognition, social cognition, psychotic and
affective symptoms. Early Interv Psychiatry 11(1):23-36

Hou C-L, Xiang Y-T, Wang Z-L et al (2016) Cognitive functioning
in individuals at ultra-high risk for psychosis, first-degree relatives of
patients with psychosis and patients with first-episode schizophrenia.
Schizophr Res 174(1-3):71-76

Michel C, Ruhrmann S, Schimmelmann BG, Klosterkotter J,
Schultze-Lutter F (2018) Course of clinical high-risk states for
psychosis beyond conversion. Eur Arch Psychiatry Clin Neurosci
268(1):39-48

Insel TR, Cuthbert BN (2015) Brain disorders? precisely. Science
(80-) 348(6234):499-500

Koutsouleris N, Kambeitz-Ilankovic L, Ruhrmann S et al (2018)
Prediction models of functional outcomes for individuals in the
clinical high-risk state for psychosis or with recent-onset depression:
a multimodal, multisite machine learning analysis. JAMA Psychiat
75(11):1156-1172

Iniesta R, Stahl D, McGuffin P (2016) Machine learning, statistical
learning and the future of biological research in psychiatry. Psychol
Med 46(12):2455-2465

Dwyer DB, Falkai P, Koutsouleris N (2018) Machine learning
approaches for clinical psychology and psychiatry. Annu Rev Clin
Psychol 14(1):91-118

Marengo JT, Harrow M (1987) Schizophrenic thought disorder at
follow-up. Arch Gen Psychiatry 44:651

Sigaudo M, Crivelli B, Castagna F et al (2014) Quality of life in
stable schizophrenia: the relative contributions of disorganization
and cognitive dysfunction. Schizophr Res 153(1-3):196-203
Harrow M, Marengo JT (1986) Schizophrenic thought disorder at
followup: its persistence and prognostic significance. Schizophr Bull
12(3):373-393

Nuechterlein KH, Edell WS, Norris M, Dawson ME (1986) Atten-
tional vulnerability indicators, thought disorder, and negative symp-
toms. Schizophr Bull 12(3):408-426

Tlonen T, Heinimaa M, Korkeila J, Svirskis T, Salokangas RKR
(2010) Differentiating adolescents at clinical high risk for psycho-
sis from psychotic and non-psychotic patients with the Rorschach.
Psychiatry Res 179(2):151-156

Xu JQ, Hui CLM, Longenecker J et al (2014) Executive function as
predictors of persistent thought disorder in first-episode schizophre-
nia: a one-year follow-up study. Schizophr Res 159(2-3):465-470
Moher D, Liberati A, Tetzlaff J, Altma DG, Group P (2009) Pre-
ferred reporting items for systematic reviews and meta-analyses: the
PRISMA statement. PLoS Med 6(7):e1000097

Fusar-Poli P, Borgwardt S, Bechdolf A et al (2013) The psychosis
high-risk state: a comprehensive state-of-the-art review. JAMA Psy-
chiat 70(1):107-120

@ Springer

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Harrow M, Grossman LS, Silverstein ML, Meltzer HY, Ketter-
ing RL (1986) A longitudinal study of thought disorder in manic
patients. Arch Gen Psychiatry 43(8):781-785

Racenstein JM, Penn D, Harrow M, Schleser R (1999) Thought dis-
order and psychosocial functioning in schizophrenia: the concurrent
and predictive relationships. J Nerv Ment Dis 187(5):281-289
Kotov R, Foti D, Li K, Bromet EJ, Hajcak G, Ruggero CJ (2016)
Validating dimensions of psychosis symptomatology: neural cor-
relates and 20-year outcomes. J Abnorm Psychol 125(8):1103-1119
Minor KS, Marggraf MP, Davis BJ, Mehdiyoun NF, Breier A (2016)
Affective systems induce formal thought disorder in early-stage psy-
chosis. J Abnorm Psychol 125(4):537-542

Docherty NM, DeRosa M, Andreasen NC (1996) Communication
disturbances in schizophrenia and mania. Arch Gen Psychiatry
53(4):358-364. https://doi.org/10.1001/archpsyc.1996.0183004009
4014

Burton CZ, Tso IF, Carrion RE et al (2019) Baseline psychopathol-
ogy and relationship to longitudinal functional outcome in attenu-
ated and early first episode psychosis. Schizophr Res 212:157-162
Bearden CE, Wu KN, Caplan R, Cannon TD (2011) Thought disor-
der and communication deviance as predictors of outcome in youth
at clinical high risk for psychosis. ] Am Acad Child Adolesc Psy-
chiatry 50(7):669-680

Caplan R, Guthrie D, Fish B, Tanguay PE, David-Lando G (1989)
The kiddie formal thought disorder rating scale: clinical assess-
ment, reliability, and validity. ] Am Acad Child Adolesc Psychiatry
28(3):408-416

Chen EYH, Lam LCW, Kan CS et al (1996) Language disorganisa-
tion in schizophrenia: validation and assessment with a new clinical
rating instrument. Hong Kong J Psychiatry 6(1):4

Pawelczyk A, Lojek E, Zurner N, Gawlowska-Sawosz M, Pawelczyk
T (2018) Higher-order language dysfunctions as a possible neu-
rolinguistic endophenotype for schizophrenia: evidence from
patients and their unaffected first degree relatives. Psychiatry Res
267(May):63-72

Caplan R (1992) Communication deficits and formal thought disor-
der in schizophrenic children. J Am Acad Child Adolesc Psychiatry
31(1):151-159

Remberk B, Namystowska I, Rybakowski F (2012) Clinical and cog-
nitive correlates of formal thought disorder in early onset schizo-
phrenia. Act Nerv Super Rediviva 54(2):68-76

Cavelti M, Homan P, Vauth R (2016) The impact of thought disor-
der on therapeutic alliance and personal recovery in schizophrenia
and schizoaffective disorder: an exploratory study. Psychiatry Res
239:92-98

Tan EJ, Thomas N, Rossell SL (2014) Speech disturbances and qual-
ity of life in schizophrenia: differential impacts on functioning and
life satisfaction. Compr Psychiatry 55(3):693-698

Demjaha A, Valmaggia L, Stahl D, Byrne M, McGuire P (2012)
Disorganization/cognitive and negative symptom dimensions in
the at-risk mental state predict subsequent transition to psychosis.
Schizophr Bull 38(2):351-359

Thompson A, Nelson B, Bruxner A et al (2013) Does specific psy-
chopathology predict development of psychosis in ultra high-risk
(UHR) patients? Aust N Z J Psychiatry 47(4):380-390

DeVylder JE, Muchomba FM, Gill KE et al (2014) Symptom
trajectories and psychosis onset in a clinical high-risk cohort:
the relevance of subthreshold thought disorder. Schizophr Res
159(2-3):278-283

Katsura M, Ohmuro N, Obara C et al (2014) A naturalistic longi-
tudinal study of at-risk mental state with a 2.4 year follow-up at a
specialized clinic setting in Japan. Schizophr Res 158(1-3):32-38
Mamah D, Musau A, Mutiso VN et al (2016) Characterizing psycho-
sis risk traits in Africa: a longitudinal study of Kenyan adolescents.
Schizophr Res 176(2-3):340-348


https://doi.org/10.1001/archpsyc.1996.01830040094014
https://doi.org/10.1001/archpsyc.1996.01830040094014

European Archives of Psychiatry and Clinical Neuroscience

57.

58.

59.

Brucato G, Masucci MD, Arndt LY et al (2017) Baseline demo-
graphics, clinical features and predictors of conversion among 200
individuals in a longitudinal prospective psychosis-risk cohort. Psy-
chol Med 47(11):1923-1935

Strous RD, Koppel M, Fine J, Nachliel S, Shaked G, Zivotofsky AZ
(2009) Automated characterization and identification of schizophre-
nia in writing. J Nerv Ment Dis 197(8):585-588

Bedi G, Carrillo F, Cecchi GA et al (2015) Automated analysis of
free speech predicts psychosis onset in high-risk youths. npj Schizo-
phr. https://doi.org/10.1038/npjschz.2015.30

60.

61.

62.

Corcoran CM, Carrillo F, Fernandez-Slezak D et al (2018) Predic-
tion of psychosis across protocols and risk cohorts using automated
language analysis. World Psychiatry 17(1):67-75

Mota NB, Copelli M, Ribeiro S (2017) Thought disorder measured
as random speech structure classifies negative symptoms and schizo-
phrenia diagnosis 6 months in advance. npj Schizophr 3(1):1-10
Sanfelici R, Dwyer DB, Antonucci LA, Koutsouleris N (2020)
Individualized diagnostic and prognostic models for patients with
psychosis risk syndromes: a meta-analytic view on the state of the
art. Biol Psychiatry 88(4):349-360

@ Springer


https://doi.org/10.1038/npjschz.2015.30

	Association between formal thought disorders, neurocognition and functioning in the early stages of psychosis: a systematic review of the last half-century studies
	Abstract
	Introduction
	Methods
	Results
	Functioning outcomes and FTD
	Neurocognition and FTD

	Discussion
	Limitations
	Conclusion
	References




