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ABSTRACT

Introduction Language is usually considered the social
vehicle of thought in intersubjective communications.
However, the relationship between language and high-
order cognition seems to evade this canonical and
unidirectional description (ie, the notion of language as
a simple means of thought communication). In recent
years, clinical high at-risk mental state (CHARMS)
criteria (evolved from the Ultra-High-Risk paradigm)
and the introduction of the Clinical Staging system

have been proposed to address the dynamicity of early
psychopathology. At the same time, natural language
processing (NLP) techniques have greatly evolved and
have been successfully applied to investigate different
neuropsychiatric conditions. The combination of at-

risk mental state paradigm, clinical staging system

and automated NLP methods, the latter applied on
spoken language transcripts, could represent a useful
and convenient approach to the problem of early
psychopathological distress within a transdiagnostic risk
paradigm.

Methods and analysis Help-seeking young people
presenting psychological distress (CHARMS+/— and
Clinical Stage 1a or 1b; target sample size for both
groups n=90) will be assessed through several
psychometric tools and multiple speech analyses during
an observational period of 1-year, in the context of

an [talian multicentric study. Subjects will be enrolled

in different contexts: Department of Neuroscience,
Rehabilitation, Ophthalmology, Genetics, Maternal and
Child Health (DINOGMI), Section of Psychiatry, University
of Genoa—IRCCS Ospedale Policlinico San Martino,
Genoa, Italy; Mental Health Department—territorial
mental services (ASL 3—Genoa), Genoa, Italy; and Mental
Health Department—territorial mental services (AUSL—

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Using validated diagnostic criteria, the study aims
to improve the characterisation of early psycho-
pathology with the results of a fine-grained analy-
sis of language, hoping to define proper linguistic
biomarkers.

= The selection of relevant linguistic features is
performed through a data-driven approach, with-
out predefined cut-offs correlated to pathological
significance.

= Spoken-language data can be highly variable, and
a key challenge concerns the optimisation of such
a phase of data acquisition to allow the extraction of
relevant information during the subsequent phase of
textual processing.

= The retention of participants for the entire duration
of the observational period is a further challenge.

= The assessment of conversion to full-blown psy-
chopathology during the second year of prolonged
observation may represent a methodological issue.

Piacenza), Piacenza, Italy. The conversion rate to full-blown
psychopathology (CS 2) will be evaluated over 2 years

of clinical observation, to further confirm the predictive
and discriminative value of CHARMS criteria and to verify
the possibility of enriching them with several linguistic
features, derived from a fine-grained automated linguistic
analysis of speech.

Ethics and dissemination The methodology described
in this study adheres to ethical principles as formulated
in the Declaration of Helsinki and is compatible with
International Conference on Harmonization (ICH)-good
clinical practice. The research protocol was reviewed and
approved by two different ethics committees (CER Liguria
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approval code: 591/2020—id.10993; Comitato Etico dell’Area Vasta
Emilia Nord approval code: 2022/0071963). Participants will provide their
written informed consent prior to study enrolment and parental consent
will be needed in the case of participants aged less than 18 years old.
Experimental results will be carefully shared through publication in peer-
reviewed journals, to ensure proper data reproducibility.

Trial registration number DOI:10.17605/0SF.I0/BQZTN.

INTRODUCTION

Language, thought and human beings

Language is usually considered the social vehicle of
thought in the context of intersubjective communi-
cations. This canonical interpretation of the thought-
language relationship implicitly entails the priority of
the first term. Therefore, in common medical practice,
the verbalisation of delirious contents during an acute
psychotic episode is notoriously considered as the mani-
festation of an underlying thought disorder.! On the
other hand, interspecies cognitive studies revealed the
existence of a fundamental gap between the expression
of linguistic and non-linguistic contents.”™* The relation-
ship between language and high-order cognition seems
to evade the canonical unidirectional description and the
common idea of a thought primacy. In fact, it is at least
plausible that language acquisition exhibits a critical role
for human cognitive development’: a subsequent deficit
in cognitive functions has been experimentally linked to
a primary insufficient development of linguistic skills.*™
Moreover, according to Tattersall’s theory,” '’ language
should be regarded as the fact that permitted the tran-
sition across different cognitive phenotypes during the
evolution of human species. In philosophy, many authors
highlighted the deep constitutive character of language
for humans.'" *

Language and phenomenal experience

As well known, consciousness definition is still an ongoing
issue. Among other things, it could be simplistically repre-
sented as an active and fundamental background that
synthetise experienced phenomena within a spatiotem-
poral schema. This said, the linguistic apparatus, anal-
ysable through advanced natural language processing
(NLP) techniques, can be considered as something that
shapes the product of this primary synthesis to further
reduce the phenomenal complexity and to allow the
emergence of a unique and well-defined subjective experi-
ence. Therefore, the conscious phenomenon offers itself
as a synthetic elaboration of an unrefined experience,
following a double logic (first transcendental and then
formal-linguistic). In this context, language stops being
exclusively a means of communication for predefined
thoughts, thus becoming a refined tool of interaction with
the experienced world, regardless of what it can be said
about abstract thought function. In some recent interpre-
tations this complex problem has been transposed within
the theoretical framework of predictive brain’® " to
show that ‘verbal cues (even if self-generated) can act as
highly flexible (and metabolically cheap) contexts (set of

Table 1 Clinical staging system

Stage Symptoms Functioning

0 No current symptoms; No historical change
increased risk of disorder

1a Mild or non-specific Mild functional change/
symptoms decline;

(GAF 70-100)

1b Moderate but Functional decline
subthreshold symptoms  (GAF<70)

2 Full-threshold disorder Functional decline
with moderate-to-severe  (GAF<50)
symptoms

3 Incomplete remission or  Persistent functional
relapse decline

4 Severe, unremitting or Poor treatment

refractory illness effectiveness despite

persistently intensive
interventions

From Shah et al.*’

GAF, Global Assessment of Functioning.

priors), to generate a predictive signal helping the system
to process an input that is otherwise too weak or noisy”."”

Psychopathology and language: floating on fluid
psychopathological substrates

Most relevant psychopathological conditions appear to
originate during early life stages."® 7 At the same time,
the boundaries between previously distinct psychopatho-
logical disorders seem to weaken.'™ The inadequacy
of classical nosography has become progressively more
evident, especially when it is applied to the dynamicity of
early psychopathological phenomena.* * A classification
based on strictly defined diagnostic categories appears
inadequate when considering the complex phenom-
enon of comorbidities® ** and symptomatological over-
laps, frequently expressed during early stages of mental
illness.” ™ To address the complex world of early psycho-
pathology the so-called Ultra-High-Risk paradigm has been
proposed over the past decades,” originally developed to
individuate schizophrenia prodromes.”’ More recently,
the concept of atrisk mental state has been expanded
to detect conditions of ‘trans-diagnostic risk’.”**> Coher-
ently, Hartmann and colleagues™ proposed a new meth-
odology based on the application of clinical high atrisk
mental state (CHARMS) criteria and enriched with the
introduction of a clinical staging system® (table 1).
Specifically, the detection of the CHARMS criteria allows
to identify adolescents and young adults (aged up to 25
years old) expressing a psychopathological condition of
transdiagnostic risk, which corresponds to stage 1b in the
context of the clinical staging system (CS 1b). Coherently
with the transdiagnostic approach, the risk is referred to
a generic ‘exit syndrome’, that is, a first episode of full-
blown psychopathology, defined through the overcoming
of some psychometric thresholds, as well as through the
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verification of DSM-5 (Diagnostic and Statistical Manual
of Mental Disorders - Fifth Edition) criteria for a specific
disorder. Within the wide group of CHARMS+ / CS 1b
subjects, some subcategories of ‘attenuated syndromes’
have been proposed by original authors (see table 2):
the psychosis trait vulnerability group; the bipolar trait
vulnerability group; the attenuated psychotic symptoms
group; the attenuated (hypo)manic symptoms group; the
moderate (attenuated) depression group; the attenuated
borderline personality group; the brief limited inter-
mittent psychotic symptom group. An ongoing observa-
tional study has been structured starting from this latter
proposal, aimed to verify the predictive power of some
novel risk category defined through the application of
CHARMS criteria.” Preliminary results have recently been
published.” To conceive our proposal and to first verify
data reproducibility, we initially acquired the method-
ology described by Hartmann and colleagues.”® However,
we chose to further enrich the experimental apparatus to
gather different information from a fine-grained analysis
of the linguistic profile, derived from subjects’ speech.
This analysis will be conducted on textual data, revised
by researchers, after a first automated transcription of
the audio records, directly acquired during experimental
assessment. In fact, language, as previously reinterpreted,
can represent a further pathoplastic/pathogenetic factor,
favouring the pathological crystallisation of phenomenal
data.

Language production disturbances in psychosis
and schizophrenia have been investigated since some
early works promoted by Harrow and Quinlan® and
Andreasen and Grove,"' the sudden development of
innovative methods of automated linguistic analysis
promoted further investigations (for a comprehensive
review see Corcoran e al 2020, increasingly oriented
towards the early stages of the disease. In fact, it seems
that language alterations may soon represent valid and
practical biomarkers to perform a multilayered assess-
ment of psychotic risk and to offer more tailored inter-
ventions. The hope concerns the possibility of extending
this approach within the abovementioned transdiagnostic
risk paradigm.

NLP techniques and their application in neuropsychiatric
conditions

As reported by Voleti and colleagues,” it is possible to
identify different levels of complexity in linguistic anal-
ysis. For each level, several features have been proposed
as potentially relevant in association with different neuro-
psychiatric conditions.

Lexical level

This level allows to extract features that account for the
diversity and richness of lexicon used in a text. At this level,
the following metrics are usually computed: (a) the type/
token ratio (TTR), a standard index of lexical variety; (b)
the Moving Average type-token ratio,* considered as an
‘advanced’ TTR as it calculates lexical variety of a sample

using a moving window that estimates TTRs for each
successive window of fixed length. Moving Average TTR,
Brunét Index, Honoré’s Statistic, part-of-speech (POS) tagging,
aim to quantify lexical diversity and density. These param-
eters have been mainly studied either for risk stratifica-
tion or for the diagnosis of morbid conditions of purely
neurological relevance.** These variables are quick and
easy to assess. However, this simplicity is reflected in a
reduced capacity of providing relevant information.

Morpho-syntactic level

This level allows to extract information from the POS-
tagging step of linguistic annotation. In particular,
the following variables are usually computed (a) the
percentage distribution of morpho-syntactic categories
(both functional and lexical); (b) the ‘lexical density’
index (ie, the proportion between functional words over
the total number of words in a text).

Syntactic level

At this level whole propositions are examined to analyse
the way in which words are organised in sentences and
sentences in speeches. Considering the work of Mota
and colleagues,” the researchers extrapolated objective
parameters of language measurement, useful for quan-
tifying the alterations characteristically found in specific
morbid states. The set of verifiable syntactic features
covers a wide range of properties which can be further
grouped. For instance, features related to the parse tree
structure (eg, maximum parse tree depth, average length
of dependency links), to the use of specific syntactic rela-
tions (eg, use of coordination and subordination) and to
canonicity effects (eg, relative order of subject and object
with respect to the verb).

Semantic analysis

The analysis of linguistic expressions in relation to the
meaning they acquire in speech. Among related NLP
methods, one of the first developed is the Latent Semantic
Analysis (LSA),” today carried out through the applica-
tion of specific Machine Learning algorithms, exploiting
artificial neural networks word2vec or GloVe.”® > These
tools can probabilistically define, starting from the anal-
ysis of large textual corpora, the semantic content of
individual words and develop a specific vocabulary. More
recently, further algorithms have been developed that can
operate similarly at the level of entire propositions (eg,
sent2vec, InferSent, Universal Sentence Encoder - USE).
One of the first studies carried out in this area aimed to
measure, by applying LSA, the semantic coherence of
the language of patients suffering from Formal Thought
Disorder (FTD) of different severity.54 Furthermore,
through these methods the importance of semantic and
pragmatic alterations in schizophrenia was confirmed.”
In recent years, the characteristics of language potentially
predictive for the onset of psychosis in clinically defined
high-risk subjects (clinical high-risk, CHR) were also inves-
tigated.56 57 Similarly, Rezaii and colleagues58 defined a
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Table 2 CHARMS subgroups of risk or early clinical phenotypes

Subgroup

Instrument

Description

Psychosis trait

vulnerability
group

Bipolar trait
vulnerability

group

Attenuated
psychotic
symptoms
group

Attenuated
(hypo)manic
symptoms
group

SCID-5-PD,

SOFAS, medical

and family
history

SCID-5
medical and
family history

CAARMS

SCID-5

Family history of psychosis in first-degree relative OR schizotypal personality disorder.
AND

(SOFAS score of 50 or less for over 12 months OR SOFAS score at least 30% below
previous level.)

Depression+cyclothymic features/genetic risk group:

Depression: for at least 1 week: depressed mood or loss of interest or pleasure and at
least two criteria from the list: (1) significant weight loss, (2) insomnia or hypersomnia
nearly every day, (3) psychomotor retardation or agitation, (4) fatigue or loss of energy, (5)
feelings of worthlessness or excessive or inappropriate guilt, (6) diminished ability to think or
concentrate, (7) recurrent thoughts of death, recurrent suicidal ideation.

The episode cannot be due to the direct physiological effects of a substance or medical
condition and does not need to cause a clinically significant drop in functioning.

AND

Cyclothymic features: for a minimum of 6 months (lifetime) high and low mood (no more
than two consecutive months without symptoms) and at least three criteria from the list: (1)
decreased need for sleep (eg, feels rested after only 3hours sleep), (2) increased energy, (3)
inflated self-esteem or grandiosity, (4) increased goal directed activity, (5) restlessness, (6)
more talkative than usual or pressure to keep talking, (7) unusual ideas, clear thinking, (8)
troublesome behaviour, (9) inappropriate sense of humour.

The episode cannot be due to the direct physiological effects of a substance or medical
condition and does not need to cause a clinically significant drop in functioning.

OR

Genetic risk: first degree relative with bipolar disorder.

Intensity: Global rating scale score of 3-5 on unusual thought content subscale, 3-5

on non-bizarre ideas subscale, 3-4 on perceptual abnormalities subscale and/or 4-5 on
disorganised speech subscales (symptoms present for at least 1 week in the last year).
AND

Frequency: Scale score of 3-6 on unusual thought content, non-bizarre ideas, perceptual
abnormalities and/or disorganised speech subscales.

OR

Intensity: Global rating scale score of 6 on unusual thought content subscale, 6 on non-
bizarre ideas subscale, 5-6 on perceptual abnormalities subscale and/or 6 on disorganised
speech subscales (symptoms present for at least 1 week in the last year).

AND

Frequency: Scale score of 3 on unusual thought content, non-bizarre ideas, perceptual
abnormalities and/or disorganised speech subscales.

A distinct period of abnormally and persistently elevated, expansive or irritable mood

and >2 (3 if irritable) of the following ‘B’ criteria for at least 2 days: Inflated self-esteem

or grandiosity; decreased need for sleep (eg, feels rested after only 3hours sleep); more
talkative than usual or pressure to keep talking; flight of ideas or subjective experience that
thought are racing; distractibility; increased goal-directed activity (either socially, at work or
sexually) or psychomotor agitation; excessive involvement in pleasurable activities which
have a high potential for painful consequences (eg, engaging in unrestrained buying sprees,
sexual indiscretions or foolish business investments).

The duration of this period can be maximal 3days if >3 ‘B’ criteria are met (>4 if irritable)
and it is associated with an unequivocal change in functioning that is uncharacteristic of the
person when not symptomatic (criterion ‘C’); and the disturbance in mood and the change in
functioning is observable by others (criterion ‘D’).

The duration of this period can be maximal 6 days if:

» >3 ‘B’ criteria are met and ‘C’ or ‘D’.

» >3 ‘B’ criteria are met and neither ‘C’ or ‘D’ are.

» 2 B criteria in any combination with ‘C’ and ‘D’.

The episode is not severe enough to cause marked impairment in social or occupational
functioning, or to necessitate hospitalisation, and there are no psychotic features.

The symptoms are not due to the direct physiological effects of a substance (eg, a drug of
abuse, a medication or other treatment).

Continued
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Table 2 Continued

Subgroup Instrument Description

Moderate SCID-5, QIDS-C Major depressive episode (current or past)

(attenuated) For at least 2 weeks: depressed mood or loss of interest or pleasure+at least five criteria

depression from the list:

group (1) significant weight loss, (2) insomnia or hypersomnia nearly every day, (3) psychomotor
retardation or agitation, (4) fatigue or loss of energy, (5) feelings of worthlessness or
excessive or inappropriate guilt, (6) diminished ability to think or concentrate, (7) recurrent
thoughts of death, recurrent suicidal ideation.

The MDE must also: (1) not be due to the direct physiological effects of a substance, (2)

cause a clinically significant drop in functioning and (3) not be better accounted for by

bereavement.

AND

Current QIDS-C score: 11-15.

Attenuated SCID-5-PD For at least 6 months: at least two but less than five criteria from the list:

borderline 1. Frantic efforts to avoid real or imagined abandonment.

personality 2. A pattern of unstable and intense interpersonal relationships characterised by alternating
group between extremes of idealisation and devaluation.

3. Identity disturbance: markedly and persistently unstable self-image or sense of self.

4. Impulsivity in at least two areas that are potentially self-damaging (eg, spending, sex,
substance abuse, reckless driving and binge eating). This does not include suicidal or
self-harming behaviour.

5. Recurrent suicidal behaviour, gestures or threats, or self-mutilating behaviour.

6. Affective instability due to a marked reactivity of mood —intense feelings that can last
from a few hours to a few days.

7. Chronic feelings of emptiness.

8. Inappropriate intense anger or difficulty controlling anger.

9. Transient, stress-related paranoid ideas or severe dissociative symptoms.

Brief limited CAARMS Intensity: Global rating scale score of 6 on unusual thought content subscale, 6 on
intermittent non-bizarre ideas subscale, 5 or 6 on perceptual abnormalities subscale and/or 6 on
psychotic disorganised speech subscales (symptoms present for less than 1 week in the last year).
symptom AND

group Frequency: Frequency scale score of 4-6 on unusual thought content, non-bizarre ideas,

perceptual abnormalities and/or disorganised speech subscales.

MDE, Major Depressive Epysode.

so-called digital phenotype useful for quantifying the risk
of psychosis onset in CHR subjects. According to Morgan
and colleagues,” different NLP measures may provide
complementary information, being potentially associable
to distinct aspects of mental disorders.

Aims and objectives

According to our theoretical speculations and inspired by
previous works proposed by Hartmann and Colleagues,% %
we designed a multicentre observational study with the
following objectives:

Primary objective

» To investigate the alterations of multiple spoken
language variables in subjects at pluripotential risk
(CHARMS+ and Clinical Stage 1b) of developing a
range of full-blown psychopathological disorders by
estimating the associations between those variables
and the conversion to full-blown psychopathological
disorder in reference to a second group (CHARMS-
and CS 1a), internally defined after the exclusion of
the presence of a full-blown disorder (CS 2), as well

as of a transdiagnostic risk condition (CHARMS+ and
CS 1b).

» To prospectively confirm the predictive and discrimi-
nant validity of the CHARMS criteria in a sample of
CHARMS+ and CS 1b subjects and in a second group
(CHARMS- and CS 1a).

Secondary objectives

1. To develop a prediction model for the probability of
conversion to full-blown disease (Clinical Stage 2),
using CHARMS criteria, CHARMS subgroups, lin-
guistic features and a data-driven subset of language
markers.

2. To evaluate the predictive and discriminative capabili-
ties of such model.

Crucially, the conversion to full-blown conditions (ie,
Clinical stage 2) is referred to a set of ‘exit-syndromes’, in
line with the original methodology (ie, psychotic disorder,
bipolar disorder, depressive disorder and borderline
personality disorder).
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METHODS AND ANALYSIS

Participants and setting

We designed a longitudinal follow-up study with an obser-

vational period of 2 years. The expected sample size is

n=180: 90 subjects who meet CHARMS criteria (Group A:

CHARMSH+; CS 1b) and 90 controls (Group B: CHARMS-;

CS 1a). Potential participants are help-seeking people

aged 14-25 who are referred to local mental health

service. Subjects will be enrolled in different contexts:

» Department of Neuroscience, Rehabilitation,
Ophthalmology, Genetics, Maternal and Child Health
(DINOGMI), Section of Psychiatry, University of
Genoa—IRCCS Ospedale Policlinico San Martino,
Genoa, Italy;

» Mental Health Department—territorial mental
services (ASL 3 — Genoa), Genoa, Italy;
» Mental Health Department—territorial mental

services (AUSL — Piacenza), Piacenza, Italy.

Group A (CHARMS+ and CS 1b): attenuated syndrome
with moderate/subthreshold symptoms.

Inclusion criteria are: (1) the verified presence of a
pluripotential ‘at-risk” mental state—CHARMS+ and Clin-
ical Stage 1b attenuated syndrome; (2) age between 14
and 25 Years; (3) native speakers (Italian) with a good
understanding of spoken and written Italian language;
(4) the ability to give informed consent by participants
themselves and/or by parental authority holders in the
case of a minor.

Exclusion criteria are: (1) a documented history of
intellectual disability or a diagnosis of autism spectrum
disorder; (2) current or previous diagnosed full-blown
mental disorder—Clinical Stage >2; (3) the presence of
relevant neurological disorders (including brain trauma,
epilepsy, stroke, cerebral palsy); (4) a mental condition
directly and exclusively induced by substances or by
organic causes (in accordance with DSM-V criteria); (5)
the identification through psychic examination of delu-
sional persecutory thoughts, such that the experimental
audio recording may be a source of discomfort for the
enrolled subject.

Group B (CHARMS- and CS 1a): mild or non-specific
symptoms.

Inclusion criteria are: (1) the exclusion of a pluripoten-
tial ‘atrisk’ mental state—CHARMS+ and Clinical Stage
1b attenuated syndrome; (2) age between 14 and 25 Years;
(8) native speakers (Italian) with a good understanding
of spoken and written Italian language; (4) the ability to
give informed consent by participants themselves and/or
by parental authority holders in case of a minor.

Exclusion criteria are: (1) a documented history of
intellectual disability or a diagnosis of autism spectrum
disorder; (2) current or previous diagnosed full-blown
mental disorder—Clinical Stage>2; (3) the presence of
relevant neurological disorders (including brain trauma,
epilepsy, stroke, cerebral palsy); (4) a mental condition
directly and exclusively induced by substances or by
organic causes (in accordance with DSM-V criteria).

Procedure and data acquisition
Baseline interview A—psychometric measures
For each enrolled subject, the necessary informed consent
is acquired (for participants aged <18 years, parental
consent will also be obtained). The baseline examination
will be conducted by preselected and pretrained research
team members and will involve a general neuropsychi-
atric evaluation and a structured recording of medical/
family history. The following psychometric scales will be
administered to finally verify inclusion/exclusion criteria
and subjects eligibility:

» **Comprehensive Assessment of At-Risk Mental
States”—semi-structured interview, seven different
psychopathological domains rated according to a
global rating score (0-6), a frequency score (0-6) and
a substance use score (0-2). Italian validation.*

» *#*Structured Clinical Interview for DSM-5 (SCID-
5)°" and SCID-5 Personality Disorders (SCID-5_
PD)%—semi-structured interviews for establishing
clinical diagnoses (gold standard) based on DSM-5.
Regarding the SCID-5_PD section, only the modules
concerning borderline personality disorder and
schizotypal personality disorder are considered for
the purposes of this study.

» *#Social and Occupational Functioning Scale
(SOFAS)%*—observerrated (0-100) scale assessing
the social and occupational functioning.

» Global Functioning Scale: Social and Role (GFS/
GFR)64 05 (clinician rated)—both deriving from
Global Assessment of Functioning, GFS assesses (from
1—extreme dysfunction to 10—superior functioning)
quantity and quality of social relationship, while GFR
assesses (same scoring system) subject’s performance
in different contexts (school, work or home).

» Quick Inventory of Depressive Symptomatology-
Clinicians rated (QIDS-C)**—clinician-rated 16-items
questionnaire that assess the severity of depressive
symptoms during the previous week.

» **Young Mania Rating Scale®—I11 clinician-rated
items that assess (gold—standard)68 severity of manic
symptomology over the previous 48 hours. Italian
version.”

» Depression Anxiety Stress Scale 21 (DASS-21)"’—self-
report scale (short version of the 42-item DASS) to
assess three domains (seven items for each domain)
of negative affectivity referred to the past weeks. When
the scale is administered in children and adolescents,
only one (general) score is defined.”

» Bipolar Spectrum Diagnostic Scale (BSDS) *—self-
rating narrative-based scale which assesses the entire
bipolar spectrum, including subthreshold states of
bipolar illness.”

» *Personality inventory for DSM-5, brief version’*—
self-rating screening75 "0 tools (25 items) for assessing
in adult and adolescents five maladaptive personality
trait-dimensions, described according to the alterna-
tive model of personality disorder.

6
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» Davos Assessment of Cognitive Biases Scale
(DACOBS)77 78—self—report scale with 42 items to
assess the presence of possible cognitive biases, cogni-
tive limitations and avoidance behaviours.

» Munich Cronotype Questionnaire (MCTQ)*—a self-
report tool to assess information on sleep referred to
work and work-free days and to quantitatively obtain a
chronotype related to sleep intervals.

» **Insomnia Severity Index® ®—selfrating (seven
items) instrument to assess night-time and daytime
symptoms of insomnia in adults and adolescents.*
Italian version.”

*# Jtalian version available.

As indicated, some of these psychometric tools (ie,
QIDS-C, SOFAS, GFS/GFR, DASS-21, BSDS, DACOBS
and MCTQ) have not been officially validated in Italian,
thus a preliminary internal translation was realised to
reproduce as much as possible a certain methodology™
and to eventually perform an internal validation of the
abovementioned psychometric tools.

If a participant will exceed the threshold for a full-
threshold disorder (Clinical Stage >2), then he/she will
be excluded from the study and committed to the mental
health service. On the contrary, if the subject will meet
the CHARMS criteria (CHARMS+ and CS 1b) or falls
below the CHARMS threshold (CHARMS- and CS 1a),
then he/she will be included in the research programme
(unless additional exclusion criteria are met).

Through the acquisition of psychometric variables and
the application of CHARMS criteria it is also possible to
verify for each subjectin Group A the subgroup of risk, as
proposed by Hartmann et al’® (table 2).

Baseline interview B—speech recording

The baseline assessment includes a second part to be
carried out after a few days (T0-b), according to a shared
agenda and by the same research team members.

At T0-b, subjects of both groups will be first evaluated
through the Montreal Cognitive Assessment scale.** ¥
Besides, the spoken language of enrolled subjects will be
audio-recorded. Participants will describe four sequences
of vignettes, picturing four logically linked events. In
each sequence human individuals engaged in simple
actions within contexts of daily life are represented.
Two sequences were specifically created to be affectively
neutral; a third one should be more emotionally salient;
finally, a fourth sequence should express a less intuitive
logic of transition between the single depicted moments.
Then, they will be asked to answer four predefined ques-
tions, each related to a particular detail of each picture
in a sequence. The free speech of each participant will
also be recorded, eventually elicited with some questions,
formulated according to narrative interview’s recommen-
dations (ie, phenomenological inquiry paradigm™

The recording sessions will last 30—45 min. Data will be
acquired using the same recording device and using a
free software (Auphonic), with the following settings:

» Format: CAF/WAV (PCM).

» Sample rate: 44 khz or 48 khz.
» Channel: MONO.
» Depth: 16 bits.

Time series
The first year of observation includes three phases of data
acquisition for each participant.

During each phase, all relevant information about
participants will be registered/updated. Linguistic data
will be recorded at Tn-b, following the same methodology
of acquisition described for TO-b. Data acquired at each
time point are summed in table 3.

Crucially, at each different phase of the first year, subjects’
conversion to full-blown disorder (Clinical Stage 2) will be
verified. Each participant will be also periodically evaluated
by mental health specialists (not directly involved in the
study), who will eventually provide him/her with any appro-
priate therapeutic intervention. During the second year of
observation subjects will be specifically assessed for conver-
sion to Clinical Stage 2 any time a significative worsening of
psychological status will be reported from the abovemen-
tioned standard periodical evaluation performed by external
mental health teams.

Linguistic data processing and elaboration

At each phase of data acquisition, audio reports will be
automated transcribed verbatim under the supervision of
dedicated researchers. A first database of anonymous raw
transcripts will be produced. In such a form, transcripts
will be shared with our partner institution (Computa-
tional Linguistic Institute ‘Antonio Zampolli’, National
Research Council (CNR), Pisa, Italy) to perform textual
data processing. Starting from the transcripts, linguistic
analyses will be performed along different levels. Raw
text and (morpho-)syntactic analysis will be automatically
carried out by means of Profiling-UD,*” a multilingual
web-based tool that provides a comprehensive assess-
ment of language use. The tool performs a two-stage
process: linguistic annotation (carried out by UDPipe)™
according to Universal Dependencies (UD) formalism™
and linguistic profiling. The annotated texts will be used
as input to the further step, performed by the linguistic
profiling component that defines the rules to extract and
quantify the formal properties. The final output of the
process is a vector-like representation that can comprises
more than 120 linguistic features: (1) shallow features,
for example, average length and counts of words and
sentences, (2) morpho-syntactic features, for example,
POS tagging distributions and inflectional properties
of verbs or (3) more complex features obtained from
syntactic parsing of the sentences, such as the use of
subordination. The set of features from Profiling-UD has
been derived from the literature on linguistic complexity,
language acquisition and neurolinguistics, and have been
successfully applied in a wide range of tasks and scenarios:
from the automatic tracking of developmental patterns
in child language acquisition” *' and the evolution of
written language competence in school learners,” % to
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Table 3 Gantt chart

Baseline 6 months 12 months

Type of survey TO0/a TO/b T1/a T1/b T2/a T2/b
Basic data

Informed consent X

Recruitment form X

Therapeutic interventions X X X

Other relevant contingencies X X X
Interviews

CAARMS X X X

SCID-5 X X X

SCID-5-PD* X X X

QIDS-C X X X

SOFAS X X X

GSF/GFR X X X

YMRS X X X
Self- administered

DASS-21 X X X

DACOBS X

PID-5-BF X X X

BSDS X

ISI X X X
Audio recording X X X
MoCA X X X

*Borderline personality disorder module and schizotypal personality disorder module.

BSDS, Bipolar Spectrum Diagnostic Scale; CAARMS, The Comprehensive Assessment of At-Risk Mental States; DACOBS, Davos
Assessment of Cognitive Biases Scale; DASS-21, Depression Anxiety Stress Scale (21 items version); GFR, Global Functioning Scale: Role;
GFS, Global Functioning Scale: Social; ISI, Insomnia Severity Index; MoCA, Montreal Cognitive Assessment; PID-5-BF, The Personality
Inventory for DSM-5, Brief Version; QIDS—C, Quick Inventory of Depressive Symptomatology — Clinician rated; SCID-5, Structured Clinical
Interview for DSM-5; SCID-5-PD, Structured Clinical Interview for DSM-5 Personality Disorders.; Sleep Questionnaire, Insomnia Severity
Index and Munich ChronoType Questionnaire; SOFAS, Social and Occupational Functioning Scale; YMRS, Young Mania Rating Scale.

the prediction of behavioural and cognitive impairments
based on the detection of relevant linguistic markers
from clinical tests."®*

Furthermore, semantic representations of each tran-
script will be computed for both single sentence and
the whole session level. To this end, we will rely on state-
of-the-art neural network architecture, for example,
Transformers models,95 which have shown massive
improvements in NLP. Particularly, Natural Language
Understanding models based on this technology, such
as those of the BERT family” have defined new states of
the art in many tasks (eg, GLUE collection of benchmark
tasks). The main advantage of these recent models over
previous methodologies is that the embedding of a word
is not fixed but computed for every occurrence based on
its lexical contour; they can also applied in pathological
contexts”. We plan to exploit a pretrained BERT model
for the Italian language that has been trained on a huge
corpus of more than 13 billions of words, that is, ‘bert-
base-italian-cased’ to encode semantic information of

words and sentences. Following Corcoran et al,** we plan
to analyse the coherence in the flow of subject speech
by computing the semantic closeness of contiguous
sentences (ie, the cosine distance between the embed-
ding representations of the sentences).

Duration of the study

The recruitment kick-off is scheduled for July 2022; the
database lock will be carried out according to the achieve-
ment of a sufficient sample size. The minimum expected
duration of the observational period for a non-dropped
out participant is 2 years. Preliminary data referred to
each participant will be analysed at the end of recruitment
phase. After this first passage data could possibly undergo
a correction process due to the potential delayed conver-
sion to full-blown disease (Clinical Stage 2) during the
second year of observation.

Patient and public involvement
Research questions and outcomes were defined to
address the complexity of early psychopathology and
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to better correspond to help-seeking young people
needs, frequently expressed in real-world mental
health settings. The richness of patients’ symptoms
descriptions and their expressive urgency guided the
development of the study design, prompting us to
focus our attention on the characteristics of spoken
language. At the end of the period of data acquisition,
the results of the experimental investigations could
help inform patients’ primary advisers, potentially
optimising the care offer. Furthermore, during the
individual assessment, the exceeding of predefined
psychopathological thresholds (conversion to full-
blown disease—Clinical Stage 2) will be communi-
cated to the patient’s advisers to immediately adopt
appropriate therapeutic measures.

Statistical analyses
Estimated sample size and statistical power
As reported by Hartmann and colleagues,”® litera-
ture'-based expectations of the l-year transition rate in
the CHARMS+ and CHARMS- groups are, respectively,
20% and 3%. To detect such a 6.7-fold increase as signif-
icant with 90% power, 5% significance level and 20%
drop-out rate, a total of 180 subjects are required. Hence,
we defined an expected sample size of n=180 (n=90 group
A and n=90 group B).

Power calculations were performed by simulation with
R software V.4.0.2. All the supporting material is available
at a publicly repository.

Statistical analyses post data acquisition

Primary analysis will determine whether the rate of
patient’s conversion to full-blown disease (Clinical Stage
2) in CHARMS+ patient’s group differs from the rate in
CHARMS- group. Pearson’s %” test will be performed on
the 2x2 contingency table of patient’s group (CHARMS+
or CHARMS-) and the occurrence of the Stage 2
conversion over a fixed follow-up time (which is one or
2years of observation in preliminary and final analyses,
respectively).

In the presence of heterogeneity in drop-out rates
between the two patient’s groups the main analysis will be
performed both in the complete case data set and under
the assumption of the conversion rate to 1 (most conser-
vative approach) for all drop-out patients.

In the presence of significative imbalances of patient’s
characteristics between the two patient’s groups a multi-
variable logistical regression analysis will be used to adjust
for potential confounders. Both raw and adjusted anal-
ysis will be reported with OR, 95% CIs and p values. A
sensitivity analysis considering the conversion event as a
time dependent outcome will be preplanned to make full
usage of all available follow-up periods and make each
day of observation contribute to the final conversion rate
estimation.

In the case of difference between the rate of Stage
2 conversion in CHARMS+ and CHARMS- patients
three classification analyses will be performed to

detect: (1) the clinical alterations, (2) the CHARMS
subgroups and (3) the spoken language features most
associated to the Stage 2 conversion regardless the
CHARMS group. Within these three analyses variable
selection procedures might be applied, such as: bidi-
rectional stepwise, ridge, lasso or elastic net to iden-
tify the best combination of predictors to identify
Stage 2 conversion. Receiver Operating Characteristic
curve, the area below such curve and metrics derived
from the 2x2 prediction-observation confusion matrix
(such as sensitivity and specificity, positive and nega-
tive predictive values) will be used to estimate model’s
predictive and discriminative capabilities. Internal
validation procedures such as k-fold cross validation
may also be required to improve model generalis-
ability. If needed, external information source such as
real-world prevalence rates may be used to contextu-
alise model performance.

Due to the high number of tested, there is a high
risk of labelling some false, spurious, associations as
significative. Therefore, we define a three-step strategy
aimed at mitigating this risk. First, we prospectively
list a set of characteristics (N=41, online supplemental
material) that will be tested for interaction with
CHARMS group in Stage 2 conversion rate. Second,
the p values to test these prespecified characteristic
associations to the risk of Stage 2 conversion will be
presented using Bonferroni correction for multiple
comparisons based on the number of variables in the
list (ie, 41, regardless of any data collection issues
that may emerge during the study execution). Third,
due to the data driven nature of the audio processing
approach, other unplanned analyses on characteris-
tics yet to be defined are expected to be performed;
such analyses will be explicitly labelled as exploratory,
and the reader will be acknowledged in the result
presentation (and trough this protocol) to carefully
look at the findings merely as ‘hypothesis generating’.

All analyses will be performed with R software (or
equivalent statistical software) and uploaded in a public
repository to guarantee the transparency and replicability
of any finding.

Ethics and dissemination

The methodology described in this study adheres to
ethical principles as formulated in the Declaration of
Helsinki and is compatible with International Confer-
ence on Harmonization (ICH)-good clinical practice.
The research protocol was reviewed and approved by two
different Ethics Committees (CER Liguria approval code:
591/2020 - id.10993; Comitato Etico dell’Area Vasta
Emilia Nord approval code: 2022/0071963). Participants
will provide their written informed consent prior to study
enrolment and parental consent will be needed in the
case of participants aged less than 18 years old. Exper-
imental results will be carefully shared through publi-
cation in peerreviewed journals, to ensure proper data
reproducibility.
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