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Disclaimer

The views expressed in this presentation are those of the author and do not necessarily represent 
the official policy or position of the DHA, Department of War (DoW), or any other U.S. government 
agency. This work was prepared under Contract HT0014-22-C-0016 with DHA Contracting Office 
(NM-CD) HT0014 and, therefore, is defined as U.S. Government work under Title 17 U.S.C.§101. Per 
Title 17 U.S.C.§105, copyright protection is not available for any work of the U.S. Government. Oral 
presentation at the Military Health System Research Symposium, August 3-7, 2026. For more 
information, please contact dha.TBICOEinfo@health.mil. UNCLASSIFIED

The study protocol was approved by the Naval Medical Center San Diego Institutional Review Board 
in compliance with all applicable Federal regulations governing the protection of human subjects.

Research data were derived from an approved Naval Medical Center San Diego Institutional Review 
Board protocol number NHCP.2016.0084.
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Background: Sleep Disturbances and TBI
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Background:  TBI and Sleep in the Military
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• Does improvement in sleep quality during 

treatment for TBI parallel improvement in 

post-concussive symptoms?
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Background:  Post-TBI Guidelines

www.health.milPRA: Progressive Return to Activity
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Objectives

1. Examine the correlation between changes in sleep and changes 
in mental health and neurobehavioral symptoms.

2. Assess whether change in levels of mental health and 
neurobehavioral symptom varies across sleep patterns.

3. Evaluate whether there is a difference in the prevalence of 
clinically-relevant decrease in symptoms between those with 
improved sleep vs. poor sleep throughout treatment.
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Registry:  Description of Data

Description

Sample Active duty service members with mild TBI at intake

Site Camp Pendleton & Naval Medical Center San Diego

Time Points Intake and last follow-up/discharge

Study Timeframe 2/22/2017 to 1/31/2020

www.turnerconstruction.com
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Overall Sample Characteristics, N=374
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Demographics

Mean age (SD), in years 31.1 (8.6)

% Men 85.6%

% Non-Hispanic White 68.5%

% High school diploma/GED 34.8%

% Married 25.4%

Injury

Median (IQR) years injury to intake 1.4 (1.8, 6.4)

www.marines.com

Military

% Navy / % Marines 55.1% / 41.4%

% Non-commissioned officers 44.1%

% Combat deployment history 55.4%

Median (IQR) years in active duty 10 (4, 18)

Median (IQR) months in treatment 3.4 (1.8, 6.4)

SD: Standard Deviation; GED: General Education Development; 

IQR: Interquartile Range

navy.com
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Methods: Sleep Quality Assessment

• Instrument:  The Pittsburg Sleep Quality Index (PSQI)

▪ Poor Sleep:  PSQI > 5

• Measured at intake and discharge/last follow-up

▪ Change in sleep quality

▪ Sleep patterns

11

Sleep Pattern
Intake

(Pre-treatment)

Discharge/ 

Last Follow-up

(Post-treatment)

Good Sleep Throughout PSQI <= 5 PSQI <= 5

Worsened Sleep PSQI <= 5 PSQI > 5

Improved Sleep PSQI > 5 PSQI <= 5

Poor Sleep Throughout PSQI > 5 PSQI > 5

8

8



UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

Methods: Outcome Measures

• Mental health (two measures)

▪ Posttraumatic stress (PTS) symptoms 

✓ Posttraumatic stress disorder (PTSD) checklist, DSM-5, PCL-5

– Continuous (correlation)

– Clinically-relevant improvement, PCL-5 decrease >= 7 (prevalence ratio)

▪ Depressive symptoms 

✓ Patient Health Questionnaire-8 (PHQ-8)

– Continuous (correlation)

– Clinically-relevant improvement, PHQ-8 decrease >= 10 (prevalence ratio)

• Neurobehavioral (one measure)

▪ Neurobehavioral symptoms 

✓ Neurobehavioral Symptom Inventory (NSI)

– Continuous (correlation)

– Clinically-relevant improvement, NSI decrease >= 8 (prevalence ratio) 10

12
DSM-5: Diagnostic and Statistical Manual of Mental Disorders, 5th Edition; PCL-5: PTSD Checklist for DSM-5
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Conceptual Model/Analysis
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Mental Health  

PTS symptoms

Depressive 

symptoms

Neurobehavioral 

Symptoms

The current study is limited to service 

members with mild TBI at intake.

Sleep Patterns

Good sleep throughout

Worsened sleep

Improved sleep

Poor sleep throughout

Change in Sleep Quality

Analysis 1

Continuous Outcome

Analysis 2

Continuous Outcome

Analysis 3

Binary Outcome
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Results
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Results: Correlation Between Change in 
Sleep and Change in Outcome Measures

*Significant p-value < 0.05

Change in Outcomes 
Correlation 

Coefficient

95% Confidence 

Interval

Mental health symptoms

PTS symptoms, PCL-5 score (n= 369) 0.46 0.38, 0.55*

Depressive symptoms, PHQ-8 score (n= 352) 0.57 0.38, 0.55*

Neurobehavioral symptoms

NSI score (n= 366) 0.54 0.46, 0.61*
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Results: Prevalences of Sleep Patterns
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Sleep Pattern N (%)
Median (IQR) 

Pre-treatment

Median (IQR) 

Post-treatment

Good sleep throughout 11 (2.9%) 4 (3, 5) 4 (2, 5)

Worsened sleep 11 (2.9%) 5 (4, 5) 8 (6, 10)

Improved sleep 54 (14.4%) 10 (7, 13) 4 (3, 5)

Poor sleep throughout 298 (79.7%) 14 (11, 16) 12 (9, 15)



UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always
17

Median Pre- and Post-Treatment PCL-5 Score By Sleep Patterns

Median Pre- and Post-Treatment PCL-5 Score 
By Sleep Patterns
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Median Pre- and Post-Treatment PHQ-8 Score By Sleep Patterns

Median Pre- and Post-Treatment PHQ-8 Score 
By Sleep Patterns

*

** Significant p-value <0.05
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Median Pre- and Post-Treatment NSI Score by Sleep Patterns

Median Pre- and Post-Treatment NSI Score 
by Sleep Patterns
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Prevalence Ratio of Clinically-Relevant 

Decreases in Symptom Levels Among Improved 

Sleep Pattern vs. Reference
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Summary

21

• The vast majority of patients (~80%) experienced 
persistent poor sleep throughout the course of treatment.

• Overall, higher severity of sleep disturbance significantly 
correlated with elevated post-concussive symptom burden.

• Improved sleep vs. poor sleep throughout

▪ Lower post- vs. pre-treatment symptoms

▪ A clinically relevant improvement in symptoms was twice 
as likely among individuals with improved sleep compared 
to those with poor sleep throughout treatment.

• For the cohort of patients who still achieved clinical 
improvement despite persistent poor sleep, recovery was 
likely attributable to the broader TBI treatment protocol.

Photo by Sgt. 1st Class Crystal Harlow
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Concluding Thoughts

• Future Direction

▪ Subsequent phases of this 
research will assess clinical 
outcomes following the integration 
of targeted sleep therapy within 
this patient population.

▪ Specifically, future efforts will focus 
on identifying and evaluating the 
most effective, scalable, and 
acceptable sleep interventions to 
alleviate both sleep disturbances 
and post-injury symptoms among 
service members undergoing 
rehabilitation in TBI clinics.

• Clinical Implications

▪ Implementing targeted training for 
healthcare providers regarding the 
secondary benefits of managing sleep 
disruption is highly recommended to 
improve overall patient outcomes.

Clinics should establish more vigilant, 
standardized screening protocols to 
facilitate early referral to evidence-
based sleep therapies.

▪ Patient-facing materials (e.g., 
educational information sheets) that 
actively promote, encourage, and 
destigmatize sleep therapy should be 
integrated and distributed throughout 
the course of TBI treatment.
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Military Sleep Resources
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