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1. Introduction

Those with psychotic disorders, such as schizophrenia, are particularly vulnerable to suicidal 

ideation and behavior (SIB; Chang et al., 2014; Yates et al., 2019), and are roughly thirteen 

times more likely to die by suicide than the general population (Too et al., 2019). Unlike 

the general population, however, in which the risk for suicide increases through middle 

age (Hedegaard et al., 2021), the risk of suicide in psychotic disorders is highest during 
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young adulthood (Nordentoft et al., 2004), around the onset of illness (Palmer et al., 2005; 

Upthegrove et al., 2010), with approximately half of psychosis-related suicide attempts 

occurring around the first episode of psychosis (Nielssen & Large, 2009). Furthermore, 

whereas approximately 1 in every 7418 people in the general population die by suicide 

(Center for Disease Control, 2020), 1 in 58 individuals diagnosed with schizophrenia 

spectrum disorders will die by suicide within the first four years of their diagnosis (Zaheer 

et al., 2020). The atypical timing as well as the increased rates of suicide in this clinical 

population underscore the importance of understanding this intersection of early psychosis 

and suicide risk.

SIB is also prevalent during the putative prodromal period of psychotic disorders, namely 

clinical high-risk (CHR) teens and young adults with subthreshold psychotic symptoms 

(Correll et al., 2010; Miller et al., 2003). The prevalence of death by suicide among CHR 

youths is 1.25%, suicidal behavior occurs in almost 20% of CHR youths, and lifetime 

suicidal ideation characterizes the majority of CHR individuals (Gill et al., 2015; Hutton 

et al., 2011; Taylor et al., 2015). While youth at CHR are clearly at an elevated risk for 

suicide, current metrics are not yet able to reliably detect relevant warning signs in real time. 

Studies of correlates of SIB in CHR individuals have primarily focused on symptoms and 

exposures, variably identifying depression, negative symptoms, psychotic-like symptoms 

(e.g., suspiciousness), substance abuse, and childhood trauma as correlates (Gill et al., 2015; 

Hutton et al., 2011; Taylor et al., 2015). In a prior study (DeVylder et al., 2012), we found 

prevalent suicidal ideation among CHR individuals – primarily a wish to be dead – that was 

associated with both depressive symptoms and obsessions of an aggressive nature. Of note, 

only a few of these studies have used the Columbia-Suicide Severity Rating Scale (C-SSRS; 

Posner et al., 2011) from the PhenXtoolkit, which further characterizes the intensity of 

suicidal ideation. Importantly, suicidal ideation has been identified as a precursor to an 

actual attempt in the suicide process (Forman et al., 2004; Park et al., 2020; Van Heeringen 

et al., 2000).

Another clue to SIB may lie in what people say or “talk” about (e.g., expressing feelings of 

hopeless, having no reason to live), which the American Foundation for Suicide Prevention 

identifies as a “warning sign” of suicidal behavior (American Foundation for Suicide 

Prevention, 2019). Computational approaches have been developed that can analyze the 

structure and content of language, known as natural language processing (NLP; Corcoran 

& Cecchi, 2020). NLP studies in cohorts other than CHR and psychosis have examined 

language across modalities, including poetry, social media posts, texts and to a more 

limited extent spoken language; these findings link SIB to using more words associated 

with “anger”, “sadness”, “loneliness” and “stress” (Agurto et al., 2018; Coppersmith et al., 

2015; Glenn et al., 2020; Homan et al., 2022; Ji et al., 2018; Nguyen et al., 2017; Pestian et 

al., 2016; Ramírez-Cifuentes et al., 2021; Shah et al., 2019), as well as increased use of the 

personal pronoun “I” across various (Agurto et al., 2018; Coppersmith et al., 2015; Homan 

et al., 2022; Ji et al., 2018; Leavitt et al., 2021; Lekkas et al., 2021; O’Dea et al., 2021; 

Tadesse et al., 2020). While NLP has been applied to transcripts of natural spoken language 

in individuals with schizophrenia and CHR youths, characterizing decreases in semantic 

coherence (e.g., tangentiality) and syntactic complexity (e.g., poverty of speech) (Bedi et al., 
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2015; Corcoran et al., 2018), NLP has not been used yet to characterize suicidal ideation in 

psychosis and CHR, consistent with a recent systematic review (Homan et al., 2022).

Based on these previous findings, the goal of this study was to use NLP to identify linguistic 

correlates of recent suicidal ideation, characterized by the C-SSRS, in CHR individuals. We 

hypothesized that the content of spoken language in CHR individuals with recent suicidal 

ideation (vs. those without) would have greater semantic similarity to words like “anger”, 

“sadness”, “loneliness”, and “stress”. We also hypothesized that CHR individuals with 

recent suicidal ideation would have increased use of the personal pronoun “I”. We also used 

NLP in an exploratory manner to determine if there were patterns of speech associated with 

recent suicidal ideation in CHR youth that were not specifically hypothesized. To test this 

first hypothesis, we used the GoEmotions dataset (Demszky et al., 2020) and zero-shot text 

classification (Yin et al., 2019). To test this second hypothesis, we used “part-of-speech” 

tagging (POS-Tag) to estimate rates of usage of speech. We also used POS-Tag methods to 

determine if there were patterns of speech associated with suicidal ideation in CHR youth 

that were not specifically hypothesized.

2. Materials and Methods

2.1 Participants

Participants in this study were ascertained from a variety of sources, including clinical 

referrals, self-referrals, flyers, advertisements through social media, and website listings. 

Fluency in English was an inclusion criterion across all cohorts. All CHR participants were 

help-seeking and met criteria for a psychosis-risk syndrome, using the Structured Interview 

for Psychosis-Risk Syndromes/Scale of Psychosis-Risk Symptoms (SIPS/SOPS; Miller et 

al., 2003). Exclusion criteria included a history of threshold psychosis (determined by 

the Presence of Psychosis criteria on the SIPS/SOPS), any major neurological or medical 

disorder, IQ less than 70, and current risk for suicidal or violent behavior. Specific exclusion 

criteria for healthy controls included that individuals could not have any DSM-5 diagnoses 

other than a lifetime (not current) depressive disorder, as determined using the Structured 

Clinical Interview for DSM-5 Disorders (SCID-5; First et al., 2015). Written informed 

consent was obtained for all participants, with parental informed consent (and assent) 

provided for participants under the age of 18. This study was approved by the Institutional 

Review Board at the Icahn School of Medicine at Mount Sinai.

2.2 Measures

Data was collected in cross-section on demographics, diagnoses, clinical features, and recent 

suicidal ideation.

2.2.1 Diagnoses, Symptoms & Functioning—The SIPS/SOPS (Miller et al., 2003) 

was used to determine case status for CHR participants and was administered to all 

participants to assess symptoms (positive, negative, disorganized, and general symptoms), as 

well as a global assessment of function.
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The SCID-5 (First et al., 2015), was used to determine other psychiatric diagnoses and 

was administered by licensed clinicians (psychologist, psychiatrist) who were trained and 

certified.

2.2.2 Suicidal Ideation & Behavior—The C-SSRS (Posner et al., 2011) is a 

comprehensive assessment that characterizes recent and lifetime suicidal ideation, including 

level (e.g., wish to be dead, with or without intent and/or plan), nature (of intent and plan, 

if present), and intensity (frequency, duration, controllability, potential deterrents, reasons), 

as well as the characterization of suicidal behaviors and attempts. The scale is designed 

to assess suicidal ideation and behavior in the past-month (recent) and over the entire 

life course (lifetime). The C-SSRS is included in the PhenX Toolkit for classification of 

suicidal ideation in adolescents and adults; to date, it has been used in more than 400 

studies (PubMed). Each case was reviewed in a consensus meeting with an expert in the 

assessment of suicidal ideation (co-author MG). The CHR group was stratified in respect to 

those who endorsed suicidal ideation within the past month (CHR+rSI) versus those who did 

not (CHR−rSI). CHR individuals with and without suicidal ideation were compared across 

demographics, symptoms, and medications.

2.2.3 Language Sample Elicitation—Natural speech was elicited using narrative, 

open-ended interviews, which lasted approximately 30-minutes (Ben-David et al., 2014). 

Interviewers were trained in qualitative techniques designed to elicit spontaneous natural 

language. The first and only prompt by the interviewer was, “How have things been going 

for you lately?” The interviewer then followed the subject’s natural line of conversation, 

probing only to encourage the participant to further elaborate on his/her topics of choice. 

Interviews were audio recorded and audio files were transcribed by a HIPAA-compliant 

transcription service, TranscribeMe! (www.transcribeme.com).

2.3 Data Analyses: Natural Language Processing

Transcripts were preprocessed using the Natural Language Toolkit (NLTK; www.nltk.com), 

with removal of stop words and punctuations (commas, periods, etc.), conversion of 

sentences to lower case, lemmatization, and expansion of contractions. Preprocessing was 

followed by POS-Tag analysis, using the Penn Tree Bank (Santorini, 1990) in the NLTK, 

with the frequency of each POS-Tag calculated for the full interview. We estimated the rates 

of usage of the first-person singular pronoun “I” and, in exploratory analyses, used POS-Tag 

to assess rates of usage of the 36 parts of speech listed in the Penn Tree Bank.

To visualize the respective distributions for linguistic variables, we developed plots for their 

Cumulative Distribution Function (CDF), which is an integral of the histogram that shows 

a relative probability at a given value that is less than or equal to that value. CDFs are easy 

to interpret as values like minimum, maximum, median, quartiles, and percentiles can be 

discerned directly from the plot. In addition, CDFs also give a clear idea of outliers at the 

CDF tails. Kolmogorov-Smirnov tests were done to compare distributions for linguistic 

features between the study groups. Language analyses were adjusted for demographic 

features that different between the two subgroups.
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We used the Bidirectional Encoder Representations from Transformers (BERT) base (Devlin 

et al., 2018) to train the GoEmotions dataset (Demszky et al., 2020) for the identification 

of emotion expression in language, with a focus on hypothesized emotions of “anger” 

and “sadness”. GoEmotions is a human-annotated dataset of approximately 58,000 Reddit 

comments extracted from popular English-language subreddits and labeled with 27 emotion 

categories. It includes twelve positive, eleven negative, and four ambiguous emotions, and 

one neutral, making it suitable for conversation-understanding tasks that require a subtle 

differentiation between emotion expressions. We used the BERT model to build a multi-

label classifier that takes sentences and outputs the probability distribution for the emotions. 

Of note, GoEmotions-trained BERT-based models have been used to identify symptoms of 

depression and anxiety in therapy session transcripts (Burkhardt et al., 2022), outperforming 

Linguistic Inquiry and Word Count, an alternate software package, for the detection of 

linguistic indicators of mental state (Tausczik & Pennebaker, 2010), stress detection in 

online posts (Turcan et al., 2021), and prediction of depression, suicide and self-harm in 

social media (Tuarob et al., 2022).

As only two of the hypothesized emotions – “anger” and sadness” – are among the 27 

emotions captured by the GoEmotions database, we also used zero-shot text classification 

(Yin et al., 2019) to determine the extent of semantic similarity to “loneliness” and “stress”. 

Zero-shot text classification is an Unsupervised Machine Learning technique that is used 

to classify text without using any labeled data (Yin et al., 2019). We additionally used 

zero-shot analysis for “anger” and “sadness” to determine robustness of results. Application 

of zero-shot modelling has been used to increase the utility of language samples that 

are often unstructured and unlabeled for emotional indicators (Liang et al., 2021). The 

zero-shot approach was recently used to examine open-ended interviews and dialogue 

in a large study of individuals with schizophrenia and autism spectrum disorder (ASD; 

Wawer et al., 2022), which revealed that training a Universal Sentence Encoder model 

from a schizophrenia language dataset provided ASD-predicting information. Further details 

regarding NLP methodology can be found in the supplemental materials.

3. Results

3.1 Sample Characteristics

Of the 43 CHR participants in this study, 10 endorsed suicidal ideation in the past month 

(CHR+rSI), whereas 33 did not (CHR−rSI). While there was a preponderance of females 

in the CHR+rSI group (60% vs. 40%), the CHR+rSI and CHR−rSI groups were similar 

in race, ethnicity, age, comorbid diagnoses (depression, anxiety, substance use disorder), 

positive and negative symptoms, and global functioning (Table 1). Use of antipsychotics 

was equivalent (approximately 20%) but there was a greater, albeit non-significant, use of 

antidepressants among CHR+rSI individuals. As use of emotions in language may differ by 

sex (Badal et al., 2020), and the CHR groups differed by sex, all further language analyses 

were adjusted for sex.
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3.2 Severity of Suicidal Ideation

Of note, of the 10 CHR+rSI individuals, all endorsed the more passive “wish to be dead”; 

2 reported having non-specific active suicidal thoughts; 2 endorsed specific suicidal ideation 

without intent; and 1 reported suicidal ideation with some intent but no plan (Fig. 1). While 

no analyses were done stratified by suicidal ideation severity, we highlight the prevalence of 

the “wish to be dead”, as it is consistent with our prior study of suicidal ideation in an earlier 

(and non-overlapping) CHR cohort also assessed with the C-SSRS (Gill et al., 2015), and 

may have ramifications for interpretation of results from language analyses.

3.3 Emotion Detection Analysis

Consistent with our hypothesis, CHR+rSI individuals (vs. CHR−rSI) used a greater 

frequency of words that had semantic similarity to “anger”, using both GoEmotions-trained 

BERT models (s = 0.5; p < 0.05) and zero-shot text classification (s = 0.5; p < 0.01) (Fig. 

2a, 2c). By contrast, there was no difference between these CHR groups in using words 

with semantic similarity to “sadness”, again using both GoEmotions (s = 0.3; p = 0.40) and 

zero-shot text classification (s = 0.2; p = 0.82) (Fig. 2b, 2d). Further, using zero-shot text 

classification, no difference was found between the CHR groups for semantic similarity with 

“stress” (s = 0.1; p = 1.00) (Fig. 2e). Of note, using zero-shot text classification, “loneliness” 

was more indicative of language used by CHR+rSI individuals, though this effect did not 

remain after adjusting for sex (s = 0.3; p = 0.35) (Fig. 2f).

3.4 Part of Speech Analysis:

In respect to parts of speech, compared to CHR−rSI individuals, use of the word “I” in 

spoken language was actually decreased (s = 0.5; p = 0.06) (Fig. 3a) among CHR+rSI, 

contrary to our hypothesis that it would be more, based on the existing literature. 

Supplemental analyses were performed including the personal pronouns “me” and “mine”; 

however, individuals at CHR with recent suicidal ideation still utilized fewer first-person 

singular personal pronouns than those without recent suicidal ideation (s=0.5, p < 0.05) (Fig. 

S1).

In respect to exploratory analyses, only the use of modal words (e.g., “could”, “would”, 

“should”) were significantly different among groups, with CHR+rSI individuals using these 

words significantly less than both the CHR−rSI (s = 0.6, p < 0.01) and the healthy control 

groups (s = 0.6, p < 0.05) (Fig. 3b).

4. Discussion

The early stages of psychosis represent a critical period of suicide risk (Nielssen & Large, 

2009; Nordentoft et al., 2004; Palmer et al., 2005; Upthegrove et al., 2010), including those 

at CHR (DeVylder et al., 2012; Gill et al., 2015; Hutton et al., 2011; Taylor et al., 2015). 

NLP serves as a promising and sensitive approach for the identification of linguistic markers 

of suicidality (Cohen et al., 2020; Corcoran & Cecchi, 2020; Homan et al., 2022; Pestian 

et al., 2016, 2020). Prior work has identified both semantic and syntactic language patterns 

associated with suicidal ideation, as described in a recent systematic review (Homan et al., 

2022), including the increased use of words related to “anger”, “sadness”, “loneliness” and 
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“stress” (Agurto et al., 2018; Coppersmith et al., 2015; Glenn et al., 2020; Ji et al., 2018; 

Nguyen et al., 2017; Pestian et al., 2016; Ramírez-Cifuentes et al., 2021; Shah et al., 2019) 

as well as greater first-person singular pronoun usage (Agurto et al., 2018; Coppersmith et 

al., 2015; Ji et al., 2018; Leavitt et al., 2021; Lekkas et al., 2021; O’Dea et al., 2021; Tadesse 

et al., 2020).

Our study is the first to use NLP to assess language patterns associated with suicidal ideation 

in individuals with CHR symptoms (Homan et al., 2022). It is relatively unique in that it 

also focused on transcripts of spoken language instead of written materials (social media 

posts, texts, etc.), and in using the C-SSRS (Homan et al., 2022). Nonetheless, consistent 

with prior studies in different cohorts using different methodologies (Agurto et al., 2018; 

Glenn et al., 2020; Homan et al., 2022; Ramírez-Cifuentes et al., 2021; Shah et al., 2019), 

CHR+rSI individuals, in open-ended qualitative interviews, had a significantly greater use of 

words that had semantic similarity to the word “anger”, as hypothesized, compared to both 

CHR−rSI and healthy individuals. Further, the association of anger with suicidal ideation 

was found using two different NLP approaches. The role of anger in suicide risk for young 

adults has also been reported with other psychiatric conditions (Daniel et al., 2009; Weniger 

et al., 2016). Our results are consistent with the view that anger may be a transdiagnostic 

suicide risk factor (Dillon et al., 2020).

This finding of the importance of anger is of great interest, as expressed anger is not an 

obvious characteristic of CHR teens and young adults. But pertaining to individuals with 

psychotic-like symptoms, the anger associated with suicidal ideation may be reflected by the 

“aggressive obsessions” that characterize a subset of individuals with CHR (DeVylder et al., 

2012) or schizophrenia (Faragian et al., 2009). Our findings suggest that clinicians should 

be attentive to fluctuations in subthreshold anger-related sentiment when considering risk for 

suicidality. Future clinical applications for diminishing suicide risk in CHR individuals may 

include targeting sub-threshold anger as a means of early intervention, and incorporating 

principles of dialectical behavior therapy (DBT; Linehan et al., 1991), which target anger 

and SIB.

In contrast to “anger”, however, hypothesized associations of recent suicidal ideation with 

increased use of words with semantic similarity to “sadness”, “loneliness”, and “stress” 

were not found. For “sadness”, CHR individuals as a group used more words with semantic 

similarity to “sadness” than did healthy individuals – found as a trend using GoEmotions but 

clearly significant using zero-shot text classification. This suggests that sadness is something 

common to CHR individuals that does not differentiate those who endorse recent suicidal 

ideation from those who do not. For “stress”, studied with zero-shot text classification, we 

found that everyone – CHR+rSI, CHR−rSI, and healthy youths – had high usage of words 

with semantic similarity to “stress”. Finally, usage of words with semantic similarity to 

“loneliness” was greater among CHR+rSI (vs. CHR−rSI), but with an effect size of 0.3, 

which would require a much larger sample size to detect.

As for pronoun use, increased use of first-person singular pronouns such as “I” has been 

associated with suicidal ideation (Homan et al., 2022) in mostly written materials, including 

Reddit posts (Tadesse et al., 2020), Twitter (Ji et al., 2018; Vioules et al., 2018), forum 
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posts (Nguyen et al., 2017), blogs (O’Dea et al., 2021), and suicide notes (Kim et al., 

2019; Leavitt et al., 2021). Nonetheless, in this study, using transcripts of spoken language, 

we had the paradoxical finding that CHR+rSI individuals had significantly lower use of 

the first-person singular pronoun “I” compared to CHR−rSI, and comparable to healthy 

volunteers.

Possible reasons for our paradoxical finding on the use of “I” include differences in modes 

of elicitation of language, how suicidal ideation was measured, and the nature of the CHR 

cohort. It may be that for spoken language, the use of the word “I” does not reflect suicidal 

ideation, consistent with the one study based on clinical interviews (Pestian et al., 2020). 

Of note, Pestian and colleagues (2020) was also one of only two studies (of 75 in the 

Homan and colleagues (2022) review) that used the C-SSRS, such that how suicidal ideation 

is measured may also be relevant. Finally, CHR individuals may be different from other 

cohorts in the characteristics of their suicidal ideation and also in their use of the word “I”. 

The “wish to be dead” characterized all CHR+rSI, with only two persons having any plan 

or intent, similar to what we found in an earlier cohort (Gill et al., 2015). It may be that 

with more passive suicidal ideation, there is less of an emphasis on “I” and therefore less use 

of first-person singular pronouns in spoken language. This may also reflect disturbances in 

identity described using thematic analyses of many of these same transcripts (Saraç et al., 

2021).

Finally, in our exploratory POS-Tag analyses, we found a significantly decreased use of 

modals (e.g., “could”, “would”, “should”) in spoken language among CHR+rSI compared 

to CHR−rSI individuals (p < 0.01) and healthy controls (p < 0.05). While these findings do 

not survive correction for multiple (n = 36) comparisons, they warrant further investigation 

in larger cohorts. The recent systematic review (Homan et al., 2022) identified only one 

study of “modals” and suicidal ideation (Dieltjens et al., 2014), a Dutch study of language 

use by patients seeking physician-assisted suicide that found increased use of modal verbs 

related to possibility, volition, and obligation (similar to “could”, “would”, and “should”). 

The opposite associations of modal use and suicidal ideation may reflect the differences 

between the passive “wish to be dead” among CHR individuals and the active seeking 

of relief from unbearable suffering among these Dutch patients seeking physician-assisted 

suicide. Overall, the decreased use of “I” and of modal words of “could”, “would” and 

“should” together is consistent with studies that show that among individuals in the online 

community, disruptions in the sense of continuity of the self into the future are associated 

with self-reports of suicidal ideation (Sokol and Eisenheim, 2016). Larger samples and finer 

grain identity assessments in CHR individuals are needed to test these hypotheses.

Overall, this study is the first study to use NLP to assess language patterns in spoken 

language of CHR individuals, who are well-characterized clinically, using the gold-standard 

C-SSRS. Further, state-of-the-art NLP approaches were used to assess semantic content, 

including BERT-based GoEmotions and zero-shot text classification, as well as POS-Tag 

methods, to both test hypothesized differences in first-person singular pronoun use and 

explore any other language patterns that might exist in the data. There are implications for 

therapeutics, both for CHR individuals and young people in distress more broadly, in that 

expressed anger in spoken language may warrant consideration of increased suicide risk, and 
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therapies such as DBT that address both. Of note, the CHR+rSI and CHR−rSI individuals 

were similar in many ways, including age, race, ethnicity, antipsychotic medication use, 

and prodromal symptom severity, suggesting that NLP may be more sensitive to differences 

between these subgroups.

Nonetheless, several limitations exist, primarily a modest sample size, such that only large 

effect sizes could be detected in this first study of its kind of correlates of recent suicidal 

ideation in the CHR population. For example, the lack of significant difference in use 

of words with semantic similarity to “loneliness” among CHR+rSI individuals may be a 

result of Type 2 error. Childhood trauma was also not assessed, which has been associated 

with suicidal ideation in CHR cohorts (Taylor et al., 2015). Other covariates that warrant 

further study include female sex, depression diagnosis, and antidepressant use, which were 

all overrepresented among the CHR+rSI group. Further, some CHR−rSI individuals had a 

lifetime history of suicidal ideation and/or behavior; linguistic patterns may be different 

if the CHR−rSI group excluded these individuals. Finally, another limitation is that this 

study was done in an English-speaking cohort and may not be generalizable to other 

languages. For instance, in the recent systematic review, the use of “I” in written language 

was associated with suicidal ideation primarily only in English, but not in other languages, 

such as German (Instagram: Lekkas et al., 2021), Russian (texts: Litvinova et al., 2017) or 

Spanish (Facebook and Twitter: Sierra et al., 2022; though it was increased in a study of 

Korean suicide notes; Kim et al., 2019).

These limitations could be addressed in a large diverse prospective cohort study of CHR 

individuals who speak different languages. Also, beyond language structure and content, 

acoustic and prosodic features of spoken language can be assessed in respect to SIB. As 

an example, US veterans with suicidal thoughts (vs. those without) had speech that was 

flatter, less animated, more monotonous, duller, less energetic and breathier (Belouali et al., 

2021). It would be useful to determine if similar features are associated with recent suicidal 

ideation in CHR individuals.

5. Conclusion

While preliminary in nature, this first study of linguistic correlates of suicidal ideation 

in a CHR sample, using NLP on naturally elicited speech yielded interesting findings in 

respect to anger. Language-based prediction models for suicide risk hold promise as they 

are inexpensive, and scalable, although ethical issues must be kept in mind. Building on 

this study, with extension into larger cohorts, and analyzing suicidal behavior, may aid in 

the early identification and prevention of suicide for individuals within and beyond the 

psychosis spectrum.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. Severity of recent suicidal ideation (SI) in clinical high-risk (CHR) individuals
CHR = clinical high risk for psychosis

SI = suicidal ideation

Bar Chart illustrating the distribution of severity of endorsed recent suicidal ideation. 

Among 43 total Clinical High Risk (CHR) participants, 33 reported having no recent 

suicidal ideation (past month); 10 reported having recent suicidal ideation (past month). 

Of the 10 individuals who had suicidal ideation in the past month, all 10 endorsed having 

at least a passive “Wish to be dead”. Two individuals reported having “Non-specific active 

suicidal thoughts” and “Suicidal ideation without the intent to act” as well. One participant 

endorsed having “Suicidal ideation with some intent but without plan” as well. These 

severity categories are measured directly in the Columbia Suicide Severity Rating Scale 

(C-SSRS).
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Fig 2. Emotion Detection Analyses Across Groups
HC = healthy controls

CHR = clinical high risk for psychosis

SI = suicidal ideation

*p < 0.05 (CHR with Recent SI vs. CHR without Recent SI)

Cumulative Distribution Function (CDF) for use of words with semantic similarity to 

hypothesized emotions in healthy controls (n=14, blue), Clinical High Risk (CHR) with 

recent suicidal ideation (n=10, red), and Clinical High Risk (CHR) without recent suicidal 

ideation (n=33, yellow). (A) “Anger” using GoEmotions, (B) “Sadness” using GoEmotions, 

(C) “Anger” using Zero Shot Text Classification, (D) “Sadness” using Zero Shot Text 

Classification, (E) “Stress” using Zero Shot Text Classification, (F) “Lonliness” using Zero 

Shot Text Classification. Use of words with semantic similarity to “anger” significantly 

differentiated the CHR with recent suicidal ideation from those without across both analytic 

approaches. CHR individuals with recent suicidal ideation consistently utilized more anger-

related words (s = 0.5; p<0.05).
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Fig 3. Part of Speech Analyses Across Groups
HC = healthy controls

CHR = clinical high risk for psychosis

SI = suicidal ideation

**p < 0.01 (CHR with Recent SI vs. CHR without Recent SI)

Cumulative Distribution Function (CDF) for part of speech analyses in healthy controls 

(n=14, blue), Clinical High Risk (CHR) with recent suicidal ideation (n=10, red), and 

Clinical High Risk (CHR) without recent suicidal ideation (n=33, yellow). (A) Personal 

pronoun “I” use, (B) Modal use (e.g., “could”, “would”, “should”). Individuals at CHR with 

recent suicidal ideation utilized significantly fewer modals compared to the CHR without 

recent suicidal ideation group (s = 0.6, p < 0.01) and healthy controls (s = 0.6, p < 0.05).
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Table 1

Demographics, Medications, and Clinical Characteristics

CHR+rSI CHR−rSI Controls

n=10 n=33 n=14

Age (years)

 Mean (SD) 24.1 (6.0) 22.8 (4.2) 25.5 (3.9)

 Min, Max 16.1, 32.3 16.3, 32.2 18.5, 33.9

Sex, n (%)*

 Female 6 (60.0) 12 (36.4) 9 (64.3)

 Male 4 (40.0) 21 (63.6) 4 (35.7)

Race, n (%)

 Black 2 (20.0) 5 (15.2) 2 (14.3)

 Asian/Pacific Islander/Hawaiian 3 (30.0) 8 (24.2) 6 (42.9)

 Other/More Than One Race 3 (30.0) 6 (18.2) 0 (0.0)

 White 2 (20.0) 11 (33.3) 6 (42.9)

 Did Not Disclose 0 (0.0) 3 (9.1) 0 (0.0)

Ethnicity, n (%)

 Hispanic/Latinx 4 (40.0) 12 (36.4) 1 (7.1)

 Not Hispanic/Latinx 6 (60.0) 21 (63.6) 13 (92.9)

Co-occurring Lifetime or Current

SCID Diagnoses, n (%)

 Depressive Disorder 6 (60.0) 16 (48.5) 3 (21.4)

 Anxiety Disorder 4 (40.0) 14 (42.4) 0 (0.0)

 Substance Use Disorder 3 (30.0) 6 (18.2) 0 (0.0)

 No Criteria Met 2 (20.0) 6 (18.2) 11 (78.6)

Current Medications, n (%)

 Antipsychotic 2 (20.0) 6 (18.2) 0 (0.0)

 Antidepressant 4 (40.0) 7 (21.2) 0 (0.0)

SIPS/SOPS, Mean (SD)

 Total Positive Symptoms 13.0 (3.2) 12.9 (3.8) 0.8 (1.2)

 Total Negative Symptoms 12.5 (6.3) 11.8 (6.1) 0.6 (0.9)

 GAF Current 50.0 (13.5) 58.8 (11.0) 86.9 (4.5)

CHR+rSI = Clinical high-risk for psychosis with recent suicidal ideation.

CHR−rSI = Clinical high-risk for psychosis without recent suicidal ideation.

SCID = Structured Clinical Interview for DSM-5 Disorders.

SIPS/SOPS = Structured Interview for Psychosis-Risk Syndromes/Scale of Psychosis-Risk Symptoms.

GAF = Global Assessment of Functioning.

*
p < 0.05 (CHR+rSI vs. CHR−rSI)
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