LIMBIC
CENC

Introduction

Development of a Biobehavioral-Based Machine Learning Model to Classify Subtypes
of Mild Traumatic Brain Injury in Combat Veterans: A LIMBIC-CENC study

Jeffrey T. Howard’, Allison Wright?, Sara Mithani?, Sandra Villegas Ibarra', Margaret Wells?, Kirsten Verkamp?, Alicia Swan?
1 University of Texas at San Antonio, Department of Public Health 2 Polytrauma Rehabilitation Center, South Texas Veterans Health Care System

3 University of Texas Health Houston, School of Nursing

UT San Antonio-

The University of Texas at San Antonio

»Traumatic brain injury (TBI) is a major cause Ie 1. ,, ple Characterlstcs .. Figure 1. Unsupervised Learning with k-prototypes Algorithm " Clusters identified were similar to phenotypes
of death and disability. Total N () — 2 — found in prior studies:
Follow-up 1 1462 (30.0) ‘ T
Follow-up 2 399 (8.2) - H ea It h y
Age Mean (SD) 44.2 (10.8) <0.001
Sex Female 611 (12.6) <0,001 _ ”
» Treating TBI patients is challenging due to lack o el . “Men_tal He.al.th”Burden
.. . . . . Race/Ethnicity American Indian or Alaska Native 36 (0.7) <0.001 - MUItlmorbldlt
. y
Of preCISlon In CIaSSIfylng Severlty and :f;?::nrﬁ.fricanﬁmer]can 3335??!;‘.} *
. . Hispanic 823 (16.9)
heterogeneity in symptoms and factors rcic i @ ® Clinical implications and utility:
affecting outcomes Bazarian et al., 1999; T Lo - Enhance detection of comorbidity patterns
Broshek et al., 2015; Lundin et al., 2006; Eaication EEEE%Z'l’E‘éﬂﬁémﬂi'lﬂﬂﬂ EEEEEIIEL] 6601 Input data Random centroids New centroid common after mild TBI
McMahon et al., 2014; Snell 2010). Sy P i i 1y (baseline only) locations - Facilitates identifying risk for adverse outcomes
Marital Status A member of an unmarried couple 90 (1.9) <0.001 .y . . . - . . . . oa
Verred . 1588 (616 Initialization == |terative Partitioning =——> Convergence and like depression, PTSD, suicide, substance use,
. . S?parated 188 (3.9) T 1 . . .
Objective: We aimed to develop a machine Divorced 2815 Repartitioning Fcarcljlllf\;ascul?_r d!(seaste ar:jd dlabgtes I'

: : : : Refused 9(0.2) - Facilitates patient-centered care by revealin
learning model to identify subtypes of mild TBI Rank Enisteg P e it Ei 3 Heat f Kev Variables by Clust kel Comoprbidit ~tterns and engblin J
in a veteran cohort, which would be able to | No Response Son igure o5. featmap or Rey variables Dy Llusier y o y pa J

, _ _ Service Branch Auforce . is0) <0001 strategic care provision
predict subsequent health outcomes, including Al National Guare 500

I h | h d' d' | d' i:::hlalinnalﬁuard lg;g:;%;} Tlme Since TBI -
mental health diagnoses, cardiovascular disease Acty Raserves 190(5.6) What’s new?
1 3::: g:::d Reserves ; {gdi} Age . - ; :
and diabetes. e o J " Cluster membership predicted multiple outcomes
Marine Corps 466 (13.7) . . . . . mgn
arie Cors s Z01) remale Sex despite not including any outcomes in the initial
Number of TBIs ﬁ_-?ﬁ:ﬁm 5.23{[[;.53}} 0.786 College Degree algonthm tO |dent|fy CIUSterS
: . n
Meth OdS Figure 2. Elbow Plot IGF Mental He‘alth andltlons wer,e common among
- . . Testosterone all t_)ut ’Fhe Relatlygly Healthy group; subtypes
Participants: Combat veterans (n=3,006) with a ~ — varied in comorbidity presentation
history of no more severe than mild TBI completed C’E - g - Severe MH burden (e.q., PTSD, Depression)
LIMBIC-CENC baseline and follow up visits. 2 Weight - Multimorbidity (e.q., Hypertension, Diabetes)

Systolic Blood Pressure

- Respiratory & MH (e.g., OSA)

1.0e+08
I

Input Variables

Heart Rate

Total within-clusters sum of squares

® PHQ-9: Severity of depressive symptom burden. * Respiratory Rate Limitations
® PCL-5: Severity of PTSD symptom burden. S @./°\ Psal » Self-report data
- dDRRl-Z Combat: Combat exposure during 5 *—0—e 0o oo, o, 8 Ty Tr— > Specificity to the leveraged, clinically rich, dataset
eployment. | | | | | | | ©
® DRRI-2 Social Support: Perceived social support 2 4 6 8 10 12 14 < TBIQOL Social F UtU re Resea rCh
during deployment. Number of clusters K 5 TBIQOL Fatigue _ _ _ _ _
B psQ: Sleep quality. TBIQOL Pain ® Applying this model to identify mild TBI clusters

Figure 4. Cluster Descriptions and Clinical Profiles

may improve healthcare providers’ capacity to

B AUDIT-C: Alcohol misuse.

TBIQOL Resilience _ _ _
" Demographics: Age, sex, race/ethnicity, TBIGOL Anxiety detect and intervene health risks at an earlier
education, marital status, and health insurance < R stage.
status *ﬁ* % g % 'e. PHa "F r?her research should seek to validate risk
: g | e g u u vall |
= . - s ‘ PCL5 - . .
_ N>L: Neurobehavioral symptom burden Relatively Healthy ~ Respiratory and Multi-morbidity Severe Mental . prediction with longitudinal data.
TBI-QOI?. Functioning, palp, anX|.ety, resilience, Mental Health Health Impact -Tracking outcomes compared to predicted
and social aspects of quality of life. WAIS

risk models

Vital signs: BMI, blood pressure, heart rate Low Blood Pressure

B | ab results: Testosterone, TSH, IGF-1
Neuropsychological tests: Working memory,

High Blood Pressure High Blood Pressure Low Blood Pressure

GPB Dominant Hand
GPB Non-Dominant Hand

- Conducting the same algorithm with
longitudinal data to track changes in cluster

High Mental Health
Burden

High Mental Health
Burden

High Mental Health
Burden

verbal memory, executive functioning, High Sleep Quality Low Sleep Quality Low Sleep Quality Low Sleep Quality Ll identification and membership
processing speed. AUDITC .
® Head Injury: Positive TBI exposure and post- e DAST10 - - F U nd Tale

concussive event exposure including blast. Burden

Cluster 2 Cluster 3 Cluster 4
Cluster Membership

Cluster 1
Funded by the San Antonio Medical Foundation FY24

Collaborative Grant awardee (Pl Howard [UTSA]; co-l Swan
[STVHCS]; co-l Mithani [UTHouston]).

Analysis:
B K-prototypes unsupervised clustering algorithm
classified individuals into clusters using baseline

Avg Alcohol Misuse Low Alcohol Misuse Low Alcohol Misuse High Alcohol Misuse

0.50 0.75 1.00 1.25 1.50

Relative Value .

sociodemographic and neurobehavioral data PTSD: 18% PTSD: 62% PTSD: 46% PTSD: 64% Refe rences
. . . . re i _ o : _ o } _ - . ) 0
WIthOUt COﬂSIderlng SpECIfIC outcomes. Hypertensmn. 1% Hypertensmn. 26% Hypertensmn. 64% Hypertensmn. 18% * Bazarian, J. J., Wong, T., Harris, M., Leahey, N., Mookerjee, S., & Dombovy, M. (1999). Epidemiology and predictors of post-concussive syndrome after minor head injury in an
u Elbow plot was used to determine final number OSA: 15% OSA: 66% OSA: 47% OSA: 19% emergency population. Brain injury, 13(3), 173-189.
Depression: 149, Depression: 51% Depression: 38% Deoression: 529, * Broshek, D. K., De Marco, A. P., & Freeman, J. R. (2015). A review of post-concussion syndrome and psychological factors associated with concussion. Brain injury, 29(2), 228-237.

of clusters.
B All analyses were runin R 4.4.2.

* Lundin, A., de Boussard, C., Edman, G., & Borg, J. (2006). Symptoms and disability until 3 months after mild TBI. Brain injury, 20(8), 799-806.

« McMahon, P. J., Hricik, A., Yue, J. K., Puccio, A. M., Inoue, T., Lingsma, H. F., ... & Vassar, M. J. (2014). Symptomatology and functional outcome in mild traumatic brain injury: results
from the prospective TRACK-TBI study. Journal of neurotrauma, 31(1), 26-33.

 Snell, F. |., & Halter, M. J. (2010). A signature wound of war: mild traumatic brain injury. Journal of psychosocial nursing and mental health services, 48(2), 22-28.

* Example diagnosis incidence percentages by cluster



	Slide 1:  

