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The importance of early identification
• Half of all psychiatric disorders that begin by 18 years of age are usually preceded 

by subsyndromal pathologies that evolve into a major psychiatric disorder.

– These disorders account for 45% of the global burden of disease for individuals 
under 25 years 4. 

• The cost of doing nothing is staggering—the WHO reports that mental illnesses are 
the leading cause of disability-adjusted life years (DALYs) worldwide, and $2.5 
trillion global with a projected increase to more than $6T by 2030. 

• We have done nearly fifteen studies, today I’ll review two – suicide corpus 
construction and NLP in the emergency department World Health Organization. 

• "Global health estimates: leading causes of DALYs." World Health Organization. Retrieved 23 (2021).

Definition: One DALY represents the loss of the equivalent of one year of full health. DALYs for a disease 
or health condition are the sum of the years of life lost to due to premature mortality (YLLs) and the years 
lived with a disability (YLDs) due to prevalent cases of the disease or health condition in a population.



The complexity of suicide

• “Suicide is a complex public health problem of global importance. 
• Suicidal behavior differs between sexes, age groups, geographic regions, and sociopolitical 

settings, and variably associates with different risk factors, suggesting etiological 
heterogeneity. 

• Although there is no effective algorithm to predict suicide in clinical practice, improved 
recognition and understanding of clinical, psychological, sociological, and biological factors 
might help the detection of high-risk individuals and assist in treatment selection.” 

• DOI: 10.1016/S0140-6736(15)00234-2

https://doi.org/10.1016/s0140-6736(15)00234-2


Some requirements for dealing with this complexity

3-D AI Representation of EHR
Estimated combinatorial size ---

High-performance computing for 
training models Highly training multi-dimensional team



Mom its all wrong. I took 
14 of your pills. They 
Mother I am so tired. 
Please forgive me. I can’t 
decide anything any 
more. Daddy* please 
hurry home. Mom I’m so 
tired. Please forgive me 
for everything.

Early identification can reduce impulsive suicide

You think you are so 
wonderful. This is for 
you. I took the pills for 
you. She means so 
much to you.

Source: Pestian, Shneidman, Leenaars Suicide Note Database



Sentiment corpus construction, annotation, and shared task

• Use notes to create a corpus for linguistic models
• Collect 1,319 notes written by people before they died by suicide.

• 1950 - 2020 by Drs. Shneidman, Leenaars, and John Pestian

• Corpus construction began in 2009 
• CCHMC’s Institutional Review Board (#2009-0664). 
• Each note was scanned into the Suicide Note Module (SNM) 
• The scanned notes were then transcribed to a text-based version by a professional transcriptionist. 
• Each note was then reviewed for errors by three separate reviewers.

• Hold a competition to develop machine learning algorithms

• DOI: 10.4137/BII.S10213

https://doi.org/10.4137/bii.s10213


Annotations read and added emotions
• Annotators were asked to identify the following 

emotions: 
– abuse, anger, blame, fear, guilt, hopelessness, 

sorrow, forgiveness, happiness, peacefulness, 
hopefulness, love, pride, thankfulness, 
instructions, and information. 

– Emotion tokens were provided from  Pubmed 
abstracts 

• Delphi analysis to rank

– A special web-based tool was used to collect, 
monitor, and arbitrate annotator’s activity. The 
tool collects annotation at the word and 
sentence level.



Most frequent sentiments found in suicide notes

Pestian, John P., et al. "Sentiment analysis of suicide notes: A shared task." Biomedical informatics insights 5 (2012): BII-S9042.



Shared task
• 35 International teams participated

• Used the corpus to train and test their models for finding 

doi.org/10.4137/BII.S9042

https://doi.org/10.4137%2FBII.S9042
https://doi.org/10.4137%2FBII.S9042


Next study: Linguistic and Acoustic Clinical Trial 

• Enroll patients from ED
• collect linguistic, acoustic, video data from 

EHR
– Interview with semi-structured ubiquitous 

questions to extract language for machine 
learning

• Administered by clinicians during ED visit
– Do you have hope? 
– Do you have any fear? 
– Do you have any secrets? 
– Are you angry? 
– Where does it hurt emotionally?

• Doi: 10.1111/sltb.12180

https://doi.org/10.1111/sltb.12180


Audio & Facial Features

• Pauses Longer
• Smaller vowel spacing 
• Smile less
• Gaze down

• DOI: 10.1109/ICASSP.2015.7178880
• DOI: 10.1109/FG.2017.96

Control
Ment. Health

Suicide

https://doi.org/10.1109/ICASSP.2015.7178880
https://doi.org/10.1109/FG.2017.96


Results: machine learning linguistics

• Next Steps: Spreading Activation Mobile (SAM)
• Real Time Demo

https://www.youtube.com/watch?v=UGLDH_u1iDI


Future approaches to data collection

Steering

R, P & M

Data Engineering

Algorithms

Translation

Education

Purpose: Oversight, Scientific agenda, direction, project selection
Steering

Purpose: Ethical, legal, management, and social principles of using 
AI/machine learning (ML) in biomedicine. Project management

Ethical, Regulatory, and 
Management

Purpose: Adopt best practices for AI data management. Limit risks and 
maximize opportunities by following WHO principles for AI data collection 
and governance.   

Data Engineering

Purpose: Build and provide software, hardware, and firmware tools for the 
biomedical and behavioral research community

Algorithmic Development

Purpose: Implement AI tools that improve our ability to identify, 
understand, and help individuals experiencing and suffering from mental 
illness

Translation to Care

Purpose: Provide training and education for teaming, ethics, standards, 
tools development, and data acquisition

Workforce Education

Data for suicide 
holistic measures
Clinical
Environmental
Social Determinant
Census
Pubmed
Social media
.
.

https://www.who.int/news/item/28-06-2021-who-issues-first-global-report-on-ai-in-health-and-six-guiding-principles-for-its-design-and-use


Clinical and High-Speed Computing Collaboration



Thank you.
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