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Introduction: The need for early intervention in psychosis has led to searching for useful
biomarkers in its prediction, where the analysis of spoken language stands out for its easy
obtaining and low economic cost. In this systematic review, we analyze the main speech
disturbances in patients at ultra-high risk for psychosis (UHR), evaluating their prevalence and
their relationship with transition to psychosis. Methods: A search was carried out in PubMed
and Embase databases for studies in English or Spanish, as well as the reference lists of
the articles found. Results: Of 140 articles identified, 15 were included. The variables of the
language analyzed were Linguistic Cohesion, Semantic Coherence, Syntactic Complexity,
Metaphorical Production, Emotional Prosody and Formal Thought Disorder (FTD). The
prevalence found ranged between 21% and 85% for disturbances included within the FTD,
with not prevalence measures for the rest of the variables. The global accuracy for UHR
transition to psychosis ranged from 70% to 100% across studies. Conclusion: There is a
wide range of speech disorders in UHR patients, where the FTD is the most studied one. The
prevalence of these alterations seems to be high, especially with regard to FTD. The analysis
of those speech alterations in UHR patients appears as an excellent tool to predict transition
to psychosis, particularly through interview transcription and the use of Artificial Intelligence.
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1. INTRODUCTION

L

anguage disturbances have been deeply
studied in mental pathologies, such as major depressive disorder, mania and specially
schizophrenia(1)(2). Currently language is deemed as a predictive biomarker of psychosis(3)(4).
One of the main sources of language studying
schizophrenia is the so called Formal Thought Disorder (FTD), which comprises various

symptoms centrally manifested in psychotic
disorders, whose presence has been correlated
with poor functioning and evolution of the disease(5)(6). FTD Clinical Evaluation, was proposed by Andreasen, in 1979 with the Scale named Thought, Language and Communication
(TLC) who reformulated it, along with Grove,
in 1986(7)(8). TLC gathers language and thought
disturbances arising in FTD, in Subscales (positive, positive objective, negative, disorgani-
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zed), and in turn in 18 factors ranged from (0)
absent or not observed to (4) severe. However,
in the literature(9) these divisions vary, according to subscales.
During FTD exploration and in other language disturbances, as psychosis biomarkers,
various applications for Artificial Intelligence
have been developed. By means of training non
supervised learning models, better known as
Natural Language Processing (NLP), successful automatic identification of some psychosis
predicting characteristics in population at risk
has been achieved, thus becoming a promising
tool for supporting early diagnosis of severe
mental diseases(10)(11).
During the last decades the scientific
community has focused on identifying predictors
at the prodromal phase of psychosis, where some
disturbances in psychosocial areas may appear,
along with nonspecific symptomatology(12).
This stage becomes an opportunity for early
intervention and reduction of the transition rate
to psychosis(13). This has led to the development
of specific criteria aimed to identify people with
high-risk clinical characteristics, for further
development of psychosis, known as High risk
mental condition HMRC. Various instruments
for determining EMAR have been designed,
among them we can find semi structured
psychometric interviews, such as CAARMS
(Comprehensive Assessment of At-Risk Mental
States)(14) and SIPS/SOPS (Structured Interview
for Prodromal Symptoms/Scale of Prodromal
Symptomatology)(15). Both instruments have
proved to have high sensitivity to detect
EMAR. However, these have a low specificity,
which implies that only 29% of EMAR patients
transitioned to psychosis within 2 years,
reaching up to 36%, after 3 years of followup(16)(17).
The main objective of this systematic review
is to propose an analysis of studies including
spoken language disturbances in EMAR
population. Likewise, the specific objectives
are: 1) to identify the main speech disturbances
in EMAR patients, 2) to determine prevalence
of speech disturbances and 3) to evaluate the
correlation among speech disturbances and
transition to psychosis.
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2. METHODS
2.1 Sources of information
This systematic review was carried out by following PRISMA Guidelines, by searching in
PubMed and Embase, on July 12th, 2020, with
no restrictions in year of publication. Additionally, manual search is performed in the reference lists of the articles found, in order to identify relevant publications.
2.2 Search Strategy
Key Words and the specific strategy for each
data base is further detailed in Table 1.
2.3 Eligibility Criteria
Inclusion criteria for the studies were as follows: 1) cross sectional design (for Prevalence
Rates) or longitudinal (for the rates of transition to psychosis), 2) EMAR diagnosis made by
using one of the following instruments: Comprehensive Assessment of at Risk Mental States
(CAARMS)(14), or Structured Interview for Prodromal Syndromes/Scale of Prodromal Symptoms (SIPS/SOPS)(15), 3). These are instruments
for diagnosing transition to psychosis and for
analyzing clearly specified language disturbances, and 4) Studies in English or in Spanish.
Only studies measuring speech variables
will be included. Analysis of written language
or gestures will not be considered. Additionally,
only studies where open answers will be chosen
are evaluated, excluding multiple choice tasks,
with a limited number of potential answers.
Studies were not restricted per age of the
participants, duration of the language evaluation strategy, follow-up duration (in longitudinal studies), or according to relation with antipsychotic treatment.
2.4 Data Retrieval
For each paper, the following data key were assessed: 1) study design; 2) sample characteristics; 3) EMAR diagnosis criteria and transition
to psychosis; 4) characteristics of the language evaluation strategy; 5) language variables
analyzed; 6) main results and statistics accuracy; and 7) software used (if available).
2.5 Recorded Variables
I. Oral Language: Specifically dealing 		
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Table 1: Specific Search Strategies

with language structure disturbances 		
and/or discursive content regarding in		
teraction.
II. EMAR: Criteria to define EMAR patients
include 3 symptomatic groups: a) “Attenuated Psychotic Symptoms” (APS) with
positive psychotic symptoms with an intensity or under-threshold frequency, b)
“Brief Limited and Intermittent Psychotic
symptoms” (BLIPS) with brief psychotic episodes, less than 1 week of duration,
which remits spontaneously with no need
to use antipsychotic drugs, and c) “Genetic
risk” (GRD) including people with schizotypal personality disorder and/or who have
a first-grade relative with some psychotic
disorders, combined with a significant decrease in the functioning level.
III. Instruments for EMAR diagnosis: CAARMS and SIPS/SOPS are psychometric interviews validated and spread all over the
world(14)(15). Both contain various sections
comprising positive, negative, cognitive, emotional/affective symptoms, among
others.
IV. Prevalence and correlation with transition:
Both measures were obtained by statistical
analysis of the sample.
3. RESULTS
3.1 Studies Selection
The flow chart of the studies selected in the

systematic review is described in the Figure #1.
In total, 235 records were found (225 from the
search made in PubMed and Embase, plus 10
crossed references from the identified articles).
Eligibility of 35 full text articles was evaluated.
From all of them, 20 did not meet the criteria,
therefore, they were excluded from the qualitative analysis. As a result, the studies included in
this systematic review turned out to be 15.
3.2 Studies Characteristics
The list of studies included and their main characteristics are described in the Table 2.
All of these studies had a longitudinal design;
10 of them were prospective; 5 of them were
retrospective, using transcribed interviews or
scores obtained from other studies. 11 of them
used SIPS/SOPS and 4 CAARMS for EMAR
diagnosis. The size of the samples analyzed varied between 10 to 744 EMAR patients.
For the diagnosis of transition to psychosis
(EMAR+) various criteria were used. SIPS/
SOPS, CAARMS, DSM-IV, SCID-I, BPRS/
CASH and CIE-10, alone or in combination.
Results of speech variables were obtained
from 1) records and tasks transcription, open
oral interviews, semi structured interviews or
from induced free speeches, or 2) ranking of
semi structured interviews. 60%(9) studies used
this second methodology, as a language evaluation strategy, by analyzing the score of one
specific item from CAARMS or SIPS/SOPS.
CAARMS “Disorganized language” is an item
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Figure 1. Flowchart for Studies Selection

aimed to state an approximate valuation of
speech performance. In a very general manner,
lexical-semantic adequacy of the answers is
evaluated, according to the interviewee skills
for devising ideas and omit irrelevant information for the communication context(14). On is
part, the item “Disorganized Communication”
included in SIPS/SOPS provides a general evaluation of the verbal communication and speech
coherence during the interview. It reviews difficulties for keeping communication objectives,
observing adequacy level of linguistic structures used(15). Both items are focused on detecting FTD –related disturbances, such as tangentiality, content poorness, incoherence, among
others. For full development of the items, both
subjective appreciation questions made to the
interviewee, as well as an objective evaluation
made by the interviewer are required, thus resulting in a final score with a significant subjective component. This situation differentiates
the studies that used these items as a Language
Evaluation Method of the remaining 40% of
studies, which performed a direct analysis of
the transcribed answers from EMAR patients.
4

Additionally, the strategy duration ranking
items is undetermined, as the analysis is performed during the whole interview, and there is
no standardized time for such. That is why we
have decided to present the results in 2 sections,
in the Table 2, studies using strategies for evaluating language by means of transcripted interviews (Section A) and studies using as a strategy the score analysis of an item of its diagnosis
instrument for EMAR (Section B).
Duration of the strategies in Section A ranged from 8-minute structured tasks to narrative
open interviews ~60 minutes.
LANGUAGE VARIABLES
Section A: Linguistic Cohesion, Semantic Coherence, Syntactic Complexity, Metaphoric
Production, Emotional Prosody and FTD variables were analyzed.
Section B: An item of CAARMS or SIPS/SOPS
was used. Both items are FTD indicators and
show Content Poorness, Loss of Associations,
Tangentiality, Circumstantiality and/or Incoherence along the interview.
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Prevalence of Language Disturbances
Section A: A study reported the FTD Prevalence
levels in EMAR, according to the TLI (Thought
and Language Index). It is an index aimed to
evaluate 8 speech abnormalities, in response to
the Rorschach´s Test or to pictures in the Thematic Perception Test. For the Subscale “TLI
Positive/Disorganized” it was 75%; and for the
“TLI Negative” Subscale it was 21% for scores
≥0.5 in a scale ranging from 0.25 (questionable disturbance) to 1 (clearly altered) according
to its severity. Within the Subscale “TLI Positive/Disorganized” the items “Use of Peculiar
Sentences” and “Use of Peculiar Words” had a
Prevalence of 72% and 25% respectively, for
scores ≥0.5 in severity.
Section B: Four studies reported FTD Prevalence in EMAR; 26.6% for scores ≥4 in severity
or ≥3 in frequency of CAARMS and 29.7%,
37.1% and 44% for scores ≥ 3, in SIPS/SOPS
severity.
Transition to Psychosis and Language
Disturbances
For the statistical analysis of the correlation
with the transition were applied various statistic models; logistic regression (with its results,
such as OR Odds Ratio), Cox´s regression (with
its results, such as HR Hazard Ratio) and convex envelope (convex hull, with its results, such
as global accuracy percentage).
Section A: Two studies obtained mixed results. Some items were correlated with the
transition and other were not. Among those not
related, the full LTI score, the “TLI Negative”
Subscale and the “TLI Positive/Disorganized”
Subscale are reported. On the other hand, the
items “Speech Poorness” and “Frequency of
use of Determinants” were not a statistically
significant transition predictor (p>0.05).
In all the studies of this section, at least, one
transition predictor item was found. In a study,
the frequency of the item “Illogical Thought”
was a statistically significant transition predictor (p=0.023, OR=4.64; 95% IC=1.24-17.41).
For the remaining studies, global accuracies
were reported between 70% to 100% for the
transition to psychosis. Including within the
analysis, 2 combined items as predictors, up to
a set of 5 items.
Section B: statistically significant transition

predictors were found (p<0.05) for the FTD
variable of the SIPS/SOPS and the CAARMS,
with various results, according to the model of
analysis and the cutting score, for the variable severity. When scores ≥3 and ≤5 were considered,
an HR=8.9; 95% IC=2.49-42.41 was obtained.
For scores ≥3 an HR=2.63; 95% IC=1.18-5.85
was obtained. Four studies analyzed the same
variable, but with no minimum severity score,
thus obtaining an OR=1.43;95% IC=1.04-1.97
and OR=2.1; 95% IC=1.03-4.27. Additionally,
an HR=1.27; 95% IC=1.08-1.50 and HR=1.69;
95% IC=1-39-2.05.
Additionally, a study classified severity scores of the FTD variable in 4 paths, according to
their evolution within 30 months of follow-up.
The Path “Persistently High” of the variable
was reported to be a statistically significant
transition predictor (p<0.05, HR=2.23; 95%
IC=1.01-4.93).
Severity of the item “Disorganized Communication /Conceptual Disorganization” was
not a statistically significant transition predictor
(p>0.05) for 2 studies.
4. DISCUSSION
4.1 Abstract
Use of AI to perform an automated language
analysis in psychiatric pathologies is
an innovating tool for universal clinical
application, as may be seen with this systematic
review. Results state that when searching for
language anomalies in EMAR population,
some variables are more specific for evaluating
speech and others are less sharp. The analysis
was made with various instruments or
softwares and by using various methodologies.
The language variables searched are mainly,
Linguistic Cohesion, Semantic Coherence,
Syntactic Complexity, Metaphoric Production,
Emotional Prosody and FTD. According to the
analysis, a Prevalence from 21% up to the 85%
was reported for disturbances included within
FTD. There are no prevalence measures for the
remaining variables.
In studies using the score of an item for
the research, speech disturbances were found
or items which, by means of the retrospective
analysis of the samples, significantly predicted
transition to psychosis, by using logistic
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regression measures and Cox´s Regression.
For those studies using transcriptions for
their research, in less than 60 minutes these
could obtain an amount of speech enough as
to perform transition predictions with an accuracy ranging from 70% to 100%. Even more,
some authors estimate that application and measurement of the CAARMS item “Disorganized language” (unspecific measurement) could
be made in less than 10-15 minutes, while for
applying full CAARMS nearly 120 minutes are
required(47). These characteristics could assign
to language analysis a significant role in EMAR
patients follow-up.
4.2 Limitations
FTD analysis, based on the items “Disorganized language” and “Disorganized Communication” of EMARS diagnosis interviews have a
significant subjective component, which makes
them partly hard to use in statistical analysis.
For instance, one of the questions included in
CAARMS subjective evaluation is: “¿Do you
use words that are not relevant, or are totally
impertinent?”(13). It is important to highlight
that the answer to this question mostly depends
on the context, both the patient´s context and
the interviewer´s context. In order to mitigate
this effect, in the studies inter-interviewer variability scores are usually obtained, which
allow to objectify criteria, in a certain manner,
when interviews are ranked, as additionally, no
accurate limits exist to determine each value
within the scores (Example: 0-6 in CAARMS,
0.25-1 in TLI).
An EMAR subject may remain in this phase
of under-threshold symptoms, to make his/her
transition to psychosis or have remission from
his/her condition(48). It follows from this that
clinical characteristics could evolve similarly;
therefore, prevalence measurements of language disturbances will depend on the time the
subject is evaluated by Health Professionals, on
the follow-up duration; and on the frequency
of controls. We could expect higher prevalence
rates in studies with a longer duration. On the
other hand, the statistical analysis performed by
the studies, in order to determine the predictive
power of a language variable regarding transition are diverse and consider various mathematic models, which can make general interpreta6

tion more complex.
4.3 CONCLUSIONS
There is a wide range of speech disturbances in
EMAR patients’ speech. The most studied disturbance is Formal Thought Disorder (FTD).
Prevalence of language disturbances in EMAR,
especially regarding FTD, seem to be high, although it is highlighted when these are measured all together. Language disturbances analysis, specially made by means of interviews
transcription and computing methods seems to
be an excellent tool for predicting transition to
psychosis.
It is necessary to keep developing
instruments for specifically measuring language
disturbances in EMAR population, and also to
perform studies focused on language analysis in
other foreign languages, other than English, as
these offer a cost-effective alternative, are easy
to obtain and provide promising results, plus
having a great potential to be used in clinical
internship.
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