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Background and Hypothesis: Speech markers are digitally acquired, compu-
tationally derived, quantifiable set of measures that reflect the state of neuro-
cognitive processes relevant for social functioning. “Oddities” in language and
communication have historically been seen as a core feature of schizophrenia.
The application of natural language processing (NLP) to speech samples can
elucidate even the most subtle deviations in language. We aim to determine if
NLP based profiles that are distinctive of schizophrenia can be observed across
the various clinical phases of psychosis.

Design: Our sample consisted of 147 participants and included 39 healthy con-
trols (HC), 72 with first-episode psychosis (FEP), 18 in a clinical high-risk state
(CHR), 18 with schizophrenia (SZ). A structured task elicited 3 minutes of
speech, which was then transformed into quantitative measures on 12 linguis-
tic variables (lexical, syntactic, and semantic). Cluster analysis that leveraged
healthy variations was then applied to determine language-based subgroups.
Results: We observed a three-cluster solution. The largest cluster included
most HC and the majority of patients, indicating a ‘typical linguistic profile
(TLP)’. One of the atypical clusters had notably high semantic similarity in
word choices with less perceptual words, lower cohesion and analytical struc-
ture; this cluster was almost entirely composed of patients in early stages of
psychosis (EPP - early phase profile). The second atypical cluster had more
patients with established schizophrenia (SPP - stable phase profile), with more
perceptual but less cognitive/emotional word classes, simpler syntactic struc-
ture, and a lack of sufficient reference to prior information (reduced
givenness).

Conclusion: The patterns of speech deviations in early and established stages
of schizophrenia are distinguishable from each other and detectable when lexi-
cal, semantic and syntactic aspects are assessed in the pursuit of ‘formal
thought disorder’.
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1 | INTRODUCTION

Historically, the presence of a notable ‘oddity’ in everyday
language use has been seen as a core feature of schizophre-
nia."™ It is evident that many aspects of language pertinent
to referential,>® propositional’ and contextual meaning®’
are affected in schizophrenia. These are reflected in lexical
choices that patients make during a discourse,'®"" the struc-
ture of utterances,'*'* and cohesion among various mean-
ingful units in a discourse.*">'® But patients demonstrate
varying degrees of these suspected abnormalities in most
cross-sectional studies.'”° Factors such as the stage of ill-
ness (prodromal, first episode and chronic), the presence of
affective symptoms>"** such as mania and depression,* the
demographic background,”** and the level of social func-
tioning®® appears to affect the degree of reported anomalies.
Thus, there may not be a singular characteristic pattern of
speech that typifies schizophrenia. In contrast, several dis-
tinct patterns of speech may characterize psychosis. Sub-
groups of patients with similar quantitative linguistic
characteristics may share common causal mechanisms for
the ‘oddities’ observed. The current work focuses on
exploiting this variation to understand language use at the
different stages of psychosis through digital acquisition and
computerized analysis of speech.

The use of computers to study thought disorders in psy-
chosis has a long history. The use of General Inquirer, a
content analysis program, by Maher (for written texts from
patients)*” and Tucker and Rosenberg on speech record-
ings pioneered this approach.”® Morice and Ingram manu-
ally generated syntax trees from speech but subjected them
to computerized analysis (PSYCHLAN, on Apple II), 2
before other linguistic analysis programs were introduced
to study speech samples from patients in English®® and
French.** Despite their nuance, these text mining
approaches had limited sensitivity and scalability, without
substantial impact on how thought disorder is assessed in
the clinic. In part, this was due to the earlier focus on
counts and quantities, rather than developing more com-
plete psycholinguistic profiles based on natural language.

Natural language processing (NLP) techniques®>*°
applied to digitally acquired speech have reduced the
dependence on manual rating of speech and language,
improving our sensitivity to detect even subtle differences
in language behaviors that are hard to recognize by
trained clinicians.>** In fact, several key NLP markers
vary with the severity of clinical symptoms.*>***! Cluster

Significant outcomes

« There is a systematic variation in linguistic
profiles among patients with psychosis; this
results in an identifiable number of subgroups
with distinct linguistic profiles.

« Most patients (53.7%) clustered along with
healthy individuals forming a ‘typical language
subgroup’ (Cluster 3). 46.3% (33%-51%) of
patients across all stages of illness had an atyp-
ical language profile (Clusters 1 and 2).

+ One of the two atypical subgroups had no indi-
viduals with established schizophrenia (Cluster
2), but a profile exclusive to early stages of psy-
chosis (subthreshold (high-risk) or suprathres-
hold (first episode)), with higher load of
clinically detectable disorganization and
impoverishment among patients with first epi-
sode psychosis.

Limitations

 Cross-sectional design limits investigating the
stability of reported subgroups.

« While our sample size was sufficiently powered
to detect a cluster structure and was larger
than most other clustering studies employing a
similar variable set, we had disproportionate
number of people with first episode psychosis
compared to those with clinical high-risk or
established schizophrenia.

analysis is a statistical method used to classify individuals
with similar behaviors into subgroups. In the context of
schizophrenia, clustering based on linguistic variables
has resulted in reports of two patient subgroups with lexi-
cal or interaction impairment,** fragmented speakers and
prolonged pausers,* patients with lower fluency or lower
lexical diversity** or 4 subgroups with varying speech
complexity. These findings suggest that there are likely
linguistic subgroups within schizophrenia.

The above clustering studies in psychosis have two
main limitations. First, they exclusively focused on clini-
cally stable, medicated patients, and considered a limited
aspect of language such as syntax, acoustics, or pragmatics
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alone (except Bambini et al.**). Consequently, we do not
know if different linguistic profiles occur in the pre-
psychotic risk phase (clinically high risk, but subthreshold
in terms of symptom severity) and first episode stages (sig-
nificant symptoms with notable functional impact) of ill-
ness. Second, previous case—control studies on NLP
variables have shown that there is no clear separation
between patients and healthy controls for the variables
studied so far. However, most clustering studies (except
Schneider et al.**) only include patients, assuming a natu-
ral distinction between patients and healthy controls. This
overlooks the variations among healthy speakers as a
potential source of variation among patient subgroups.*®

We employ NLP variables reflecting the generation of
conversational meaning when describing a picture (refer-
ent) at various levels: lexical choices, syntactical structure
and cohesion in discourse (pragmatics). We investigate
the resulting linguistic profiles among individuals with
no psychosis (HC), with subthreshold psychosis (clinical
high-risk or CHR), first episode, untreated psychosis
(FEP) and established, medicated schizophrenia (SZ).
This work sets out to address 3 questions:

1. Is there a systematic variation in linguistic profiles in
psychosis? Based on prior clustering work discussed
above, we predict that such variation exists and will
result in a finite number of subgroups in our sample.

2. Is this variation distinct from the inter-individual dif-
ferences seen among non-psychotic, apparently
healthy individuals? We argue that the features of
speech among patients that are ascribed to the patho-
logical groups are indeed extremes of healthy distribu-
tions that tend to cluster together (see Cohen et al.*’;
Tang et al.***"). We expect many patients to cluster
along with HCs, while no subgroups being exclusively
comprised of patients alone.

3. Is there a distinct linguistic profile that typifies later ver-
sus early stages of psychosis? Based on the known course
of clinically rated thought disorder symptoms,™>* and
the recent NLP studies identifying higher semantic/
syntactic deviations in early phase of psychosis,® we
expect to see a distinct linguistic profile defining early-
stage illness (with some distinction between CHR and
FEP who vary in symptom severity).

2 | MATERIALS AND METHODS

2.1 | Data collection and clinical
assessment

A total of 147 subjects (39 HC, 72 FEP, 18 CHR, 18 SZ)
from an ongoing study (Tracking Outcome in Psychosis

(TOPSY; ClinicalTrials.gov Identifier: NCT02882204)
recruited between 2017 and 2020 were included in this
study. Inclusion criteria for TOPSY clinical groups were:
age between 16 and 45 years and enrollment in the Pre-
vention and Early Intervention Program for Psychosis.
Exclusion criteria included a history of drug or alcohol
dependence in the past year, history of head injury, intel-
lectual disability or suffering from medical conditions
(such as untreated hypertension, diabetes, hepatic/renal
insufficiency, neurological illnesses), or otherwise being
unable to provide informed consent.

Patients with first-episode psychosis (FEP) were
recruited from the Prevention and Early Intervention for
Psychosis Program (PEPP) at London Health Sciences
Centre in London, Ontario, Canada, at the point of first
referral to the service. PEPP is a catchment area based,
high-fidelity Early Intervention Program where all
patients with first-episode psychosis in the city of
London, ON get referred to; 40% of patients during 2017-
2019 were referred during an acute hospital stay. For this
study, FEP subjects were assessed within the first week of
referral to the first-episode psychosis team, with a
requirement of <2 weeks of lifetime antipsychotic expo-
sure. As such, antipsychotic exposure was <3 days for the
defined daily dose (DDD) in the final sample of FEP (cal-
culated by converting various prescribed antipsychotic
medication doses to a common equivalent and multiply-
ing by the days of exposure; https://www.whocc.no/atc_
ddd_index_and_guidelines/guidelines/).

The CHR group was recruited from the PROSPECT
(Prodromal Symptoms of Psychosis — Early Clinical Iden-
tification and Treatment, part of the PEPP) program at
London Health Sciences Center, London, Ontario. These
help-seeking subjects were evaluated with the Structured
Interview for Psychosis-risk Syndromes (SIPS)>* to deter-
mine if they met criteria for Attenuated Psychosis Syn-
drome or brief and limited intermittent psychosis
(BLIPS) and were included if they had no prior lifetime
antipsychotic exposure.

The SZ group were clinically stable on long-acting
injectable medications with >3 years since illness onset,
with no recorded hospitalizations in the past year, and
were receiving community-based care from psychiatrists
affiliated with the first-episode program (PEPP, London,
Ontario). Importantly, all subjects were recruited regard-
less of a prior history of disorganization/thought disor-
der, thus avoiding a selection bias of the sample towards
language-related symptomatology.

All clinical interviews were conducted by psychiatrists to
determine diagnosis and illness severity. Following this,
speech samples were obtained through a semi-standardized
interview utilizing the Thought and Language Index by
research assistants. The Research Ethics Board at Western
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University approved all study procedures and subjects were
provided with informed consent prior to participating.

2.2 | Clinical scales

The seven clinical scales included in analysis were the
condensed 8-item positive and negative syndrome
scale®>® (PANSS), young mania rating scale’’ (YMRS),
thought and language index®® (TLI), brief negative symp-
tom scale® (BNSS), social and occupational functioning
assessment score®® (SOFAS), calgary depression scale for
schizophrenia® (CDS), and the clinical global impres-
sions scale®® (CGIS). Additionally, four subscales from
the PANSS® (positive symptoms, negative symptoms,
disorganization, general symptoms) and two subscales
from TLI (impoverishment and disorganization) were
included in analysis. All clinical subjects (FEP, CHR,
SCZ) were assessed with the seven clinical scales.
Thought and Language Index assessment was applied to
speech samples from all subjects.

2.3 | Speech elicitation and processing
Speech and language data was collected by an active
(i.e., patient-controlled, thus not passive listening),
prompt-induced (not spontaneous) speech data acquisi-
tion approach using a digital recorder. Both patient and
interviewer speech were collected (English dialogues) but
only patient data was processed through automated com-
putational linguistic approaches. We used the short ver-
sion of thought and language index (TLI),”® which is an
interview-based instrument providing a reliable assess-
ment of formal thought disorder, able to detect even mild
aberrations in speech. A black and white picture prompt
was used to enable subjects to speak for 1-min on the
characteristics of a photograph (three photographs total
for a total of 3 min) from the thematic apperception test®*
after hearing the interviewer's instructions to “describe
the picture to them, as fully as they can”. The inter-
viewers read a standardized instruction and provided
minimal prompting to the individual during their
response to ensure validity. Responses were recorded on
a digital recorder and transcribed to text. Non-speech
data (i.e., laughing, fillers such as uhm) were excluded,
leaving only the participant's speech. Transcriptions were
transformed into all-lowercase sentences, with sentence
boundaries determined using manual judgment. We did
not include the interviewer's speech as these were infre-
quent (most subjects did not need them) and minimal
when used (e.g., “anything else?”).

l Acta Psychiatrica Ht'zm(linm'i(*:l_WI LEYJﬁ

Variable selection

24 |

Defining a set of variables for clustering analysis is a criti-
cal step that can influence the observed outcomes. The
variable space is extremely large and prior observations
and theoretical guidance is critical for selection. We
focused on three levels of meaning-making devices com-
municated in everyday language and made our choices
based on our prior work.

1. Choice of words or lexical variables: Based on prior
works®® we focused on the 'analytical thinking index'
(reflecting the proportional use of articles, and prepo-
sitions in speech), and extending Bambini et al.** the
psychological lexicon (including linguistic function
words such as pronouns, cognitive, affective, percep-
tual, and temporal processes). The lexical variables
were extracted with the linguistic inquiry and word
count®® (LIWC-22). LIWC-22 provides normalized fre-
quencies of words at conceptual level of information
(e.g., “cried” is categorized as a negative emotion
word, a verb, and has a focus on the past).

2. Structure of utterances or syntax variables: Based on
prior works, we chose syntactic complexity'**’
derived from the sum of 5 subscales (see Supplemen-
tal Materials) and clause complexity. The syntactic
variables were extracted with the tool for automatic
analysis of syntactic sophistication and complexity®**°
(TAASSC 1.3.8). TAASSC uses reference corpora’ to
analyze indices related to syntax.

3. Semantic cohesion: Semantic similarity, sometimes
called coherence in other studies,”*™”* includes the
use of connectives,'® type-token ratio (TTR as in Bam-
bini et al.**) indicating lexical diversity and cohesion
in discourse,’”* givenness’> (a measure of contextual
information the speaker assumes is already known to
listener) to reflect semantic cohesion. These variables
refer to explicit cues in speech allowing listeners to
make connections between various elements of a
speaker's narrative,’® and thus reflect the production
of pragmatic features in speech. These variables were
extracted with the tool for the automatic analysis of
cohesion’® (TAACO 2.0.4). The tool incorporates a
part-of-speech (POS) tagger from the natural language
tool kit”” and synonym sets from the WordNet lexical
database.”®

Our variable selection is in line with a recent over-
arching review’’ that highlights altered lexico-semantics,
cohesive production pragmatics and complex syntax in
schizophrenia. The actual variable set from the various
dictionary-based and corpus linguistic tools was selected
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based on the following inclusion criteria: (1) represents
the main variable of an index; (2) does not significantly
overlap with other variables within the index or tool;
(3) captures large amounts of information, independent
of other measures; and (4) uses linguistic markers that
have been validated in previous work. This resulted in a
total of 12 variables included in the analysis. For all indi-
ces, the component scores are computed based on stan-
dardized scores involving detailed co-occurrence patterns
and the frequencies of each variable.

Following transcription of the interview to text, the
language data was then analyzed with three NLP tools to
extract these 12 variables and transformed into 12 quanti-
tative scores for each participant (see Supplemen-
tal Materials for how each variable was calculated).

2.5 | Statistical analysis

2.51 | Cluster analysis

These 12 speech variables were then analyzed through a
hierarchical cluster analysis conducted in R.*® This unsu-
pervised analysis (i.e., without using any diagnostic or
class labels) included all 147 subjects and their 12 speech
variables. All data was then standardized to make vari-
ables comparable. The agglomerative coefficient was then
calculated for four different clustering methods (average,
single, complete, and ward), wherein the highest coeffi-
cient (closest to 1) suggests the strongest clustering
solution.

Nbclust,®* which is an R package used to determine
the best number of clusters from a dataset through analy-
sis with 30 indices including varying combinations of
number of clusters, distance measures and clustering
methods, was then used to analyze the data for the opti-
mal number of clusters. Nbclust allows for the validation
of the optimal number of clusters by simultaneously eval-
uating several cluster schemes to help determine which
clustering method is the most appropriate. This package
provides the user with several methods to determine the
optimal number of clusters, including graphical methods
(Hubert and D index) in addition to a comprehensive
breakdown of the optimal number of clusters determined
with different methods. Once the optimal number of
clusters was determined, subjects were then divided into
their subgroups and the cluster participant composition
and cluster-specific variables were compared between
groups to determine any notable features (e.g., a dispro-
portionate number of diagnostic categories present in a
cluster, or significant differences in the distribution of
speech variables among the clusters) to assess linguistic
subgroups. Once determined, a dendrogram (seen in

Figure 1) was generated which represented the cluster
solution, providing a visual representation of the hierar-
chical solution.

2.5.2 | Group analysis

Following cluster analysis, a Pearson Chi-Square test was
used to determine the significant differences between the
expected and observed number of participants (CHR, SZ,
FEP, HC) included in each group. Demographic character-
istics between clusters were analyzed to determine if any
clusters significantly differed. Mean group values for each
of the linguistic variables were analyzed by one-way
ANOVA to determine any significant differences in scores
between groups and then corrected with a Bonferroni cor-
rection for multiple comparisons. Additionally, clinical
scale scores collected during the initial assessment from
participants with FEP and SZ were then used to determine
the differences between the clusters with a one-way
ANOVA (Bonferroni corrected for multiple comparisons).
All analyses were done in SPSS 24, with alpha set at 0.05.

3 | RESULTS

3.1 | Participants characteristics
Demographic measures are provided in Table 1. There
was a significant difference between clinical groups on
age (F=9.716, p <0.001) and education (F = 5.331,
p = 0.002), but not gender (3> = 3.30, p = 0.348) or SES
(F=0.531, p =0.662). Follow-up which examined the
diagnostic trajectory of the 72 FEP revealed the following
diagnoses: 57 Schizophrenia, 4 Schizoaffective, 1 Schizo-
phreniform, 3 Major Depressive Disorder, 5 Psychosis not
otherwise specified, and 2 Bipolar type 1.

3.2 | Cluster analysis
The agglomerative coefficient determined that Ward's
method was the strongest clustering solution (0.90)
among the four methods (Ward, 0.90; Complete, 0.79;
Average, 0.72; Single, 0.66). Nbclust suggested three clus-
ters as the optimal clustering solution from the sample
based on a simulation of potential clustering solutions
(Simulation of 23 cluster analyses proposed 11 solutions
with 3 clusters, and 6 with 2 clusters). In line with our
prior clustering studies,®””®* this clustering solution was
further validated by the Hubert and D-index.

Cluster 1 consisted of 37 participants (3 CHR, 6 SZ,
16 FEP, 12 HC), cluster 2 consisted of 27 participants
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FIGURE 1 Visual representation of the methodology. Clinical interviews conducted by psychiatrists to determine diagnosis. (1) follow-

up with research assistants for interview to assess cognition, including the Thought and Language Index; (2) Speech data obtained during
interview transcribed to text; (3) Speech data analyzed by three different language processors to determine individual scores on each of the
12 linguistic variables; (4) Cluster analysis conducted to determine if there were clusters of individuals with similar linguistic profiles based
on the extracted variables; (5) Visual representation of the optimal clustering solution according to Nbclust; (6) Clusters then correlated with
clinical scales to assess the relationship between linguistic profiles and clinical symptomatology; (7) Each cluster's linguistic and clinical
characteristics were then analyzed to determine any overarching themes among each group.

(4 CHR, 0 SZ, 21 FEP, 2 HC), and cluster 3 consisted of
83 participants (11 CHR, 12 SZ, 35 FEP, 25 HC). Cluster
3 comprised of the majority of participants from each clini-
cal group and HCs [48%-67% of each group], thus repre-
senting the most typical linguistic profile irrespective of
diagnostic status. Of the 2 atypical subgroups, one-third of
SZ were in cluster 1, making this the only atypical cluster
with later stage of psychosis patients (i.e., SZ) included.
Cluster 2 captured most of the ‘atypical’ FEP and CHR sub-
jects (22%-29%), with no SZ patients and just 2 healthy
subjects in this cluster. Pearson Chi-Square test was signifi-
cant for group membership differences between groups
(r* = 15.0632, df = 6, p = 0.020), with cluster 2 having a
disproportionately greater amount of FEP and a dispropor-
tionately lower amount of SZ and HC compared to the
other two subgroups. Thus, cluster 1's linguistic pattern rep-
resents more stable pattern of illness seen in later stages,
while cluster 2 consisted primarily of an early-stage illness

profile. In terms of demographics, there was no significant
difference between clusters on education (F = 0.194,
p =0.824), SES (F=0273, p=0.761), age (F= 0418,
p = 0.659), or gender (y> = 0.430, p = 0.807). No significant
differences between cluster 1 and 2 regarding the propor-
tion of FEP who were later diagnosed with schizophrenia
in comparison to other diagnoses (> = 0.133, p = 0.715).

3.3 | Linguistic variables

A one-way ANOVA was performed to compare the three
clusters on the 12 linguistic variables (Table 2). The one-
way ANOVA revealed a statistically significant difference
between at least two groups on all 12 variables (p < 0.001
on all variables, except ‘time’ which had p = 0.038). Pair-
wise comparisons with a Bonferroni correction revealed
significant differences among all 3 clusters for Analytic
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TABLE 3 Syntactic complexity subscales.
Group
Subscale name Subscale calculation  differences
Type 1. Length of Mean length of 2,3>1
production units sentence, mean
length of T-unit,
mean length of
clauses.
Type 2. Sentence Clauses per sentence. 2>3>1
complexity
Type 3. Amount of Complex T-unit ratio, 2,3>1
subordination clauses per T-unit,
dependent clauses
per clause,
dependent clauses
per T-unit.
Type 4. Amount of T units per sentence, 2>1,3
coordination coordinate phrases
per T-unit,
coordinate phrases
per clause.
Type 5. Particular Verb phrases per n.s.

syntactic structure
and larger
production units

T-unit, complex
nominals per T-unit,
complex nominals
per clause.

Note: Type 1-3 scores were low in the atypical cluster that had patients with
established schizophrenia, while type 2 and 4 scores were higher in the
atypical cluster with early stage patients.

Thinking, words referring to Linguistic Function and Per-
ception, Clause Complexity, Givenness, and Type-Token
Ratio. Additionally, significant differences were noted
between 2 clusters for words referring to Cognition,
Affect and Time, Syntactic Complexity, Semantic Similar-
ity, and Connectives (Table 2).

As Syntactic Complexity was the only summed item
wherein cluster 2 did not differ from cluster 3, we further
analyzed the 5 component subscales (Type 1 to Type 5; see
Table 3) to explore the subitems showing group differences
among the clusters. A one-way ANOVA revealed statistically
significant differences among at least two groups on Type
1 (p = 0.002), Type 2 (p <0.001), Type 3 (p <0.001), Type
4 (p <0.001), but not Type 5 (p = 0.084). Group differences
are reported in Table 1 based on a pairwise comparison with
a Bonferroni correction.

3.4 | Clinical scales

Clinical scores on symptoms from FEP and SZ partici-
pants (n = 90; 72 FEP and 18 SZ) were compared among
the 3 clusters. Cluster 1 consisted of 22 participants

(16 FEP and 6 SZ), cluster 2 consisted of 21 participants
(21 FEP and 0 SZ), and cluster 3 consisted of 47 partici-
pants (35 FEP and 12 SZ). A one-way ANOVA comparing
the three clusters on the seven clinical scales revealed a
statistically significant difference between at least two
clusters for PANSS Disorganization, PANSS General,
YMRS, TLI Overall, TLI Impoverishment, and TLI Disor-
ganization (Table 4). Pairwise comparison with a Bonfer-
roni correction determined significant differences among
all three clusters for TLI total scores (cluster 2 higher
than 3 and 1), and a consistently higher score for cluster
2 for PANSS Disorganization, PANSS General, YMRS,
TLI Impoverishment, TLI Disorganization (Table 4). For
all significant differences in clinical rating scales, cluster
two scored higher than other clusters.

4 | DISCUSSION

Linguistic analysis of speech profile has a long history in the
study of ‘formal thought disorder’ in schizophrenia.*>***
Through the use of speech technology (NLP) based digital
subtyping analysis we were able to investigate healthy and
pathological variations in lexico-semantic, syntactic and
pragmatic features in discourse within a broad sample. This
work allows us to report three key findings. (1) There is a
systematic variation in linguistic profiles among patients
with psychosis; this results in an identifiable number of sub-
groups with distinct linguistic profiles. (2) Most patients
(49%—67%) clustered along with 64% of HCs forming a ‘typi-
cal language subgroup’ (Cluster 3). Furthermore, only 33%—
51% of patients had an atypical language profile (Clusters
1 and 2). (3) One of the two atypical subgroups had very low
number of healthy subjects in addition to no individuals
with established schizophrenia (Cluster 2). This subgroup
has a profile exclusive to early stages of subthreshold (CHR)
or ‘suprathreshold’ (FEP) psychosis, with higher load of
clinically detectable disorganization and impoverishment
among the FEP. Taken together, at least two forms of lin-
guistic deviation occur in psychotic disorders, one of which
is restricted to early stages of psychosis.

These distinct linguistic profiles among the clusters
allowed us to further characterize them. Cluster 1 repre-
sents a stable phase schizophrenia profile (SPP; 31% HC)
which includes 33% of the SZ sample, in addition to a
lower proportion of FEP (22% vs. the 29%-48% in the
other samples). Though in terms of absolute numbers,
most subjects in this cluster 1 are FEP (n = 16), members
of this group showed less pronounced deviations in
speech and lower illness burden than the other atypical
cluster - cluster 2. Cluster 2 represents the early phase
psychosis profile (EPP; 5% HC), consisting almost entirely
of FEP (77.8% of cluster) with no SZ. This cluster's



341

l Acta Psychiatrica "(‘illl(lillzl\'i(’il_WI LEY

DALAL ET AL.

‘Suruonouny

JO [9AQ[ Ul syuaned 18I0 Y} WOIJ IIP JoU PIp Ing jusurysirosoduwr pue uoneziuesiosip “dn-mo[[of YIUuow-9 uo paseq ] JO Umopeaiq onsouderp oy syuasarda s[[a0 Jd.d X I9sn[) oy} ur syaxoelg “aposidy
o10YdAsd Joug ‘Add ‘panroads aSIMIAYIQ JON SISOUYIAS] ‘SON “IepIosi( sarssaxda( Iofe]N ‘AN ‘Tefodig ‘dd ‘wiojruaiydoziyds ‘dZS “@ANddJFeoZIYdS “VZS (€ 1dsnpd dds) oyyoid aseyd a[qess ay) 0) paredurod usym
uonezruedIosp 19ySIy pue sa109s SYINA I9YSIy Aq pazriajoereyd sI (7 193sn[ {JdH) sisoydAsd Apres ur usas o[yord woydwiks oy, ‘(81 = u) ZS pue (gL = u) dd. papnyout A[uo sa[eds [esarurd oy, ‘suostredwod ardnnu
10§ UOT}O91I00 [UOIISJUOY PUB VAONYV Aem-auo £q pazAreue se sdnoid usemjaq (Juedyrusis-uou 10y 'sU,, pUB) 90UIIIP JUBIHIUSIS € S9JBIIPUI , <,, SISYM ‘UWIN[0D [BULJ Y} UI PAUIIN0 a1e (50°0> d) seouaiagip dnoid
JueorudIS WHS F SULSU 31k SAN[eA ‘NS F sueawl are sanfeA ‘(sjuedronred awos £q $a[e0s [eoruI]d 939[dWOdUI JO NS € S £8—f/ ‘7 WoIJ Saguel fp) VAONYV Aem-auo e sjuasardar seouaropip dnoid usemiag :2joN

U YLST F L'ST 106’7 F T€°8C 96L'¢ F ¥¥'0C LST0=d‘006'T =d [e30} SSNA
ddd u1 ysrH €1<¢ 0660°0 F €55°0 TTTO F $20'1 TLO'0 FTTTO 2000 =d ‘99L'9 = 4 uonezIue3IosIp I'TL
ddsS
ur mo[ ‘ddd ut ysig <t €900 F 61€°0 601°0 F €95°0 €L0°0 F 8€T'0 LE00 = d ‘0SY'E = o Jusurystroaodul 1L,
dds

ur Mo[ ‘ddd Ul ySrH 1<€<¢ TIT'0 F L8O 0vT'0 F L8S'T 0100 F 09t°0 1000> d ‘SLOTT = A 1181940 T'TL
sU STTT F 19V L9T'T F 9L'SE €SL'T F S6'9F 6v1'0 =d ‘vh6'T = A SV40S

sTu TES'0 F LO'E 169°0 F St'€ LLL'OF LY'E 0L8°0=dOvT0 =4 San

ddd ur ysry €1<¢ €LOT F ¥E6 180°C F 18'ST Y291 F LTL 2000 =d Tv6'9 = A SYNX

s YETO F €8P G870 F 'S IS0 F 8P S6co=dshc1 =4 SI9D

ddd ur ysry <t S9¢'0 F 60°S €S0 F S€'9 EV'0 F TP 6100 =d ‘8T Y = A [e1ous3 SSNVd

uoneziue3Iosp

ddd ur ysry 1<t TLEO F ¥EY 690 F LS 6€°0 F vi'E 700 =d ‘0c0t = A SSNVd

su 985°0 F LS9 $86'0 F $89 660'T F 68°L 1650 =d ‘6£9°0 = aAneSaU SSNVA

's'u LS50 ¥ 8601 798'0 F S8°CI €6L°0 F 6£°01 €600 =d ‘6¥v'C = A aAnisod SSNVd

s'U €LT'T F¥9°CC Y9L°T F S0'9C ST0T F 19°CC 9570 =d L8 T =4 [e30) 8-SSNVd

dZS1 AN syjuowr 9
su ‘AN T ‘SONd ¥ ‘VZS T “ZS 9T dd 1 °VZS T ZS 81 T‘SONd T°dd T °ZS €T ¥L5°0 =d ‘T9¥'8 = N& 1e sIsouseIp a4
uoneldxdidjuy SOOUAIIPIP (ZS 21 ‘dd4 S€) € 1sn) (ZS o (ZS 9 SQOUAIIPIP
dnoxp ‘ddd TT) T 19IsnpD ‘ddd 91) T 19ISn[) dnois usamiag

"S9e0s [eorul[d 10] suosedwod asmaIred ¥ A T19V.L



DALAL ET AL.

342 | Wl LEY_. \cta Psychiatrica H(‘;m(linm'iml

deviations in speech, was accompanied by higher disease
burden when compared to the other clusters. As a result
of this cluster largely consisting of FEP, this cluster pro-
vides support for the presence of distinct linguistic distur-
bances during the early disease course. Lastly, cluster
3 represents the typical language profile (TLP; 64% HC),
which consists of the largest proportion of HCs in addi-
tion to experiencing less deviations in speech when com-
pared to the other clusters.

In our sample, cluster 2 consisted of a dispro-
portionately high amount of FEP individuals (77.77% of
the cluster compared to 48.98% overall sample) and a dis-
proportionately low amount of SZ and HC when com-
pared to the other clusters (0% and 7.4% compared to
12.2% SZ and 26.5% HC, respectively in the overall sam-
ple). FEP subjects in this cluster exhibited higher burden
of formal thought disorder - both disorganization and
impoverishment from TLI and PANSS conceptual disor-
ganization scores. In terms of linguistic variables, mem-
bers of this cluster had lower Analytical Thinking
indicating less logical organization of thoughts. Cluster
2 subjects also had more pronounced use of the “linguis-
tic class” words (including personal pronouns, conjunc-
tions, modals and auxiliary verbs) and connectives but
lower expression of words reflecting ‘“perception”
(e.g., in, out, up, there, to the left). This pattern may pro-
duce more coordinated clauses, for example through
repeated use of connectives, resulting in complex con-
structions that are not particularly descriptive of the pic-
ture content. In fact, there was a higher degree of
syntactic complexity and semantic similarity in their
speech, both of which has been noted in prior studies of
early stage psychosis.>”"* Notably, while semantic simi-
larity may not change during the illness course,”" syntactic
complexity may notably reduce over time especially when
the diagnosis of schizophrenia gets established.'*'>#*%7

The higher givenness scores in cluster 2 subjects indi-
cate a more frequent assumption that the listener has
some pertinent information about the content that they
are referring to, resonating with studies that indicate a
failure of Theory of Mind especially in acute phases of
psychosis with higher degree of disorganization.®®®
Notably, none of the established schizophrenia patients
and a very small number of healthy subjects had the lin-
guistic profile seen in cluster 2 subjects, indicating the
importance of specifying stage of illness when studying
speech-based NLP features in psychiatric disorders.

The speakers’ tendency to repeat syntactic forms and
use the same semantic content of the prime (a picture)
indicates perseveration in speech, a well-known feature
of schizophrenia.”® Both cluster 1 and cluster 2 subjects
scored significantly lower on TTR than the more typical
cluster 3, suggesting that the deficits in this domain of

speech may persist even in later phases of a treated psy-
chotic illness. Lower TTR is a well replicated observation
in schizophrenia.” Low TTR may indicate lexical repeti-
tiveness (reflected in smaller connectomes in word graph
studies® or the recourse to the same syntactic structure
during a discourse). The latter, called structural priming,”
may result from preceding syntactic context influencing the
subsequent ones,” reflecting context processing errors in
psychosis. Recurrence of same entities,’ including higher
use of pronouns’ can also contribute to lower TTR in
patients observed here.

Cluster 1 subjects included both SZ, early-stage
patients and a proportion of healthy subjects, indicating
that the linguistic profile seen among cluster 1 members
can be seen as a variation that is not still fully dissociated
from the healthy range. Cluster 1 subjects had higher
analytical thinking but used less words reflecting cogni-
tive and affect processes but more perception words.
They had lower complexity (especially in subordination
and length of production) and givenness than expected
(compared to cluster 3). Low givenness means, in con-
trast from cluster 2, subjects in cluster 1 spoke as if the
information they conveyed had a degree of ‘newness’
that was not present, thus resulting in an atypical infor-
mation structure in their discourse. In these aspects, and
in reference to the typical cluster 3, cluster 1 appeared to
be somewhat an inverse of cluster 2. Importantly, these
two profiles did not map on positive and negative
thought disorder (i.e., impoverishment and disorganiza-
tion syndromes); instead, they varied with illness stages
in our sample. Thus, the atypical linguistic profile in later
stages (cluster 1 profile) is not a mere quantitative varia-
tion of the profile seen in early stages (cluster 2 features),
but rather a distinct picture that is associated with lower
burden of overall illness severity, especially less promi-
nent thought disorder and affective features.

4.1 | Limitations/Future work

Our work has several strengths including patients with a
spectrum of severity from pre-psychotic to later stages,
with many untreated patients, leveraging the variation
among healthy subjects*® and using multi-level linguistic
analysis that included lexico-semantic, pragmatic and
syntactic variables. Nevertheless, our cross-sectional
design limits investigating the stability of reported sub-
groups. While our sample size was sufficiently powered
to detect a cluster structure and was larger than most
other clustering studies employing similar variable
sets,**?° we had a disproportionate number of FEP com-
pared to CHR and SZ subjects. This had a likely influence
on both atypical clusters having more FEP subjects,
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including in cluster 1 with a more stable phase symptom
profile (low overall symptom burden and disorganiza-
tion). As a result, we do not interpret cluster 1 as a
‘chronic illness’ profile; but merely a profile that is likely
to continue beyond the prodrome and first episode, even
when symptom burden is stably low. Future work includ-
ing the inclusion of more SZ and CHR subjects would
help further elucidate variations in later stages of illness
and increase the generalizability of these findings. Addi-
tionally, aberrations in everyday language use are known
to be ‘paroxysmal’, especially in otherwise clinically sta-
ble subjects; the lack of a symptom provocation approach
and more than one time point of assessment might have
reduced our ability to detect atypical linguistic profiles.
Our estimate that 33% of patients with schizophrenia dis-
play an atypical language profile is best considered to be
conservative. Finally, we did not use a conversation anal-
ysis; the interviewer prompts were minimal and used
only when there was notable poverty of speech.

To conclude, we provide preliminary evidence for a
distinct linguistic profile in the early stages of psychosis.
A second and distinct linguistic profile, also seen in the
early stages, was not specific to this period, as it is seen
in several healthy control subjects and patients with
established schizophrenia. This observation raises the
question of whether two (or more) distinct pathophysio-
logical processes affect everyday language in psychosis.
One of these processes may be more florid, giving rise to
an early-stage profile, while the other is likely more per-
sistent, affecting long-term outcomes. In terms of clini-
cal practice, this work provides an early demonstration
of how digitally recorded 1-min speech samples can help
identify distinct linguistic profiles in early-phase psy-
chosis, that map onto symptom severity. These linguistic
profiles likely indicate the underlying ‘formal thought
disorder’ and are clinically apparent when speech is
analyzed at the lexical, syntactic and semantic levels.
This work also has implications for sampling strategies
in future speech NLP studies in psychosis, an expanding
area of digital psychiatry.*”
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