
 

Deep neural networks show promise for
predicting future self-harm based on clinical
notes
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According to the American Foundation for Suicide
Prevention, suicide is the 10th leading cause of
death in the U.S., with over 1.4 million suicide
attempts recorded in 2018. Although effective
treatments are available for those at risk, clinicians
do not have a reliable way of predicting which
patients are likely to make a suicide attempt. 

Researchers at the Medical University of South
Carolina and University of South Florida report in 
JMIR Medical Informatics that they have taken
important steps toward addressing the problem by
creating an artificial intelligence algorithm that can
automatically identify patients at high risk of
intentional self-harm, based on the information in
the clinical notes in the electronic health record.

The study was led by Jihad Obeid, M.D., co-
director of the MUSC Biomedical Informatics
Center, and Brian Bunnell, Ph.D., formerly at
MUSC and currently an assistant professor in the

Department of Psychiatry and Behavioral
Neurosciences at the University of South Florida.

The team used complex artificial neural networks, a
form of artificial intelligence also known as deep
learning, to analyze unstructured, textual data in
the electronic health record. Deep learning
methods progressively use layers of artificial
networks to extract higher information from raw
input data. The team showed that these models,
once trained, could identify patients at risk of
intentional self-harm.

"This kind of work is important because it leverages
the latest technologies to address an important
problem like suicide and identifies patients at risk
so that they can be referred to appropriate
management," said Obeid.

Thus far, researchers have primarily relied on
structured data in the electronic health record for
the identification and prediction of patients at risk.
Structured data refers to tabulated information that
has been entered into designated fields in the
electronic health record as part of clinical care. For
example, when physicians diagnose patients and
assign International Classification of Disease (ICD)
codes, they are creating structured data. This sort
of tabulated, structured data is easy for computer
programs to analyze.

However, 80% to 90% of the pertinent information
in the electronic health record is trapped in text
format. In other words, the clinical notes, progress
reports, plan-of-care notes and other narrative texts
in the electronic health record represent an
enormous untapped resource for research. Obeid's
study is unique because it uses deep neural
networks to "read" clinical notes in the electronic
health record and identify and predict patients at
risk for self-harm.
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After regulatory ethics review and approval of the
proposed research by the Institutional Review
Board at MUSC, Obeid began by identifying patient
records associated with ICD codes indicative of
intentional self-harm in MUSC's research data
warehouse. That warehouse, which was created
with support from the South Carolina Clinical &
Translational Research Institute, provides MUSC
researchers access to patient electronic health
record data, provided they have obtained the
necessary permissions.

In order to simulate a real-world scenario, Obeid
and his team divided the clinical records into two
time categories: 2012 to 2017 records that were
used for training the models and 2018-2019
records that were used for testing the trained
models. First, they looked at the clinical notes taken
during the hospital visit in which the ICD code was
assigned. Using that as the training data set, the
models "learned" which patterns of language in the
clinical notes of the patients' electronic medical
records were associated with the assignment of an
ICD code of intentional self-harm. Once the models
were trained, they could identify those patients
based solely on their analysis of text in the clinical
notes, with an accuracy of 98.5%. Experts manually
reviewed a subset of records to confirm the model's
accuracy.

Next, the team tested whether the most accurate of
the models could use clinical notes in the electronic
health record to predict future self-harm. To this
end, Obeid's team identified the records of patients
who had presented with intentional self-harm and
trained the model using their clinical notes between
six months to one month prior to the intentional self-
harm hospital visit. They then tested whether the
trained models could correctly predict if these
patients would later present with intentional self-
harm.

Predicting future self-harm based solely on clinical
notes proved to be more challenging than
identifying current at-risk patients due to the extra
"noise" that is introduced when vast amounts of
patient history are included in the model. Historical
clinical notes tend to be varied and not always
relevant. For example, if a patient was seen for
depression or other mental health issues six

months prior to his or her hospital visit for intentional
self-harm, then the clinical notes were likely to
include relevant information. However, if the patient
came in for a condition unrelated to mental health,
then the notes were less likely to include relevant
information.

While the inclusion of irrelevant information
introduces a lot of noise into the data analysis, all of
this information must be included across patients in
the models to predict outcomes. As a result, the
model was less accurate at predicting which
patients would later present for intentional self-
harm than simply classifying current patients for
suicide risk. Nonetheless, the predictive accuracy
of this model was very competitive with that
previously reported for models that relied on
structured data, reaching an accuracy of almost
80% with relatively high sensitivity and precision.

Obeid's team has shown the feasibility of using
deep learning models to identify patients at risk of
intentional self-harm based on clinical notes alone.
The study also showed that models can be used to
predict, with fairly good fidelity, which patients will
present in the future for intentional self-harm based
on clinical notes in their electronic health record.

These early results are promising and could have
large impacts at the clinical level. If deep learning
models can be used to predict which patients are at
high-risk for suicide based on clinical notes, then
clinicians can refer high-risk patients early for
appropriate treatment. Using these models to
classify patients as at risk for self-harm could also
facilitate enrollment into clinical studies and trials of
potential new treatments relevant to suicide.

In future studies, Obeid aims to evaluate changes
in the predictive time window for his models, for
example, looking at records one year before a
patient's presentation for intentional self-harm
instead of six months. The team also intends to
examine other outcomes such as suicide or suicidal
ideation. And while the models work well at MUSC,
Obeid must now show that they can be generalized
to other institutions.

"Can the models be trained in one location and
transferred to another location and still work?"

                               2 / 3

https://medicalxpress.com/tags/health/
https://medicalxpress.com/tags/clinical+notes/


 

asked Obeid. "If the answer is yes, then this saves
critical resources because other institutions will not
have to perform expensive and time-consuming
manual chart reviews to confirm that the models
are getting it right during the training periods." 

  More information: Jihad S Obeid et al, Identifying
and Predicting Intentional Self-Harm in Electronic
Health Record Clinical Notes: Deep Learning
Approach, JMIR Medical Informatics (2020). DOI:
10.2196/17784
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