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Measure Requirements for diagnosis

Glasgow coma score (GCS) 213
Loss of consciousness (LOC) <30 min

Posttraumatic amnesia (PTA) <24h

Non-contrasted computed No skullfracture or visible intracranal
tomography (CT) scan injury*

“mTBI with evidence of structural intracranial injury on neuroimaging may be described as
complicated miTBI.
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PTSD DX criteria, Timing of study

Groups (N) tool/cutoff measures
First author, Study Data TBI+ TBI  PTSD TBI TBI DX .
year pop source %F % Wht il PTSD only only e severity Tool [E ) (IR
Prospective Cohort Time from TBI event
TRACK- DSM-5,
Kulbe, 2022 T 382655 329 772 a3 27 916 - - Bl Ges <2h <2h 6m
TBI PCL5233
TRACK- DSM-IV,
Nielson, 2017 | TC $B3(185) 285 75 586 338 28 - - Al Ges <2th <2h 6m
TBI PCL-C
TRACK- DSM-5,
Stein, 2023 c 46382 | 353 1000 714 116 598 - - Bl Ges <24h <2h 6m
TBI PCL-5233
TRACK- DSM-IV,
Winkler, 2017 | TC 405063 400 699 9 2 6 - - wiBI Ges <uh <24h 6m
TBI PCLC

Mean time from TBI to study
Cross-sectional

enrollment
Emmerich, 2016;
Huguenard, 2020; | SM - 268(7.0) 00 742 120 13 21 34 52 mTBI BTBIS DSM-IV, PCL-M 235 Sy - -
Niliza, 2023'
Gill, 2014 M - 337 (8.1) 27 673 110 20 3 3 2 Al WARCAT  DSM-III-R, PCL-M >50 >6m - -
LIMBIC- OSU TBI-ID/
Guedes, 2021 SMV 37:31-49 10 ND 144 45 71 - 28 wiTBI DSM-5, PCL-5 238 Lifetime - -
CENC VU rCor
Hanas, 2019 v - 433 (84) 30 ND 65 33 2 10 10 Al SelfReport | BSSQ26 514y - -
VAT-BIST/
Ho, 2014 v WRISC | 340(100) | 121 724 58 6 7 n 34 mTBI ND ND - -
RBANS
Kinzel, 2020; INTRuST | DSM-IV/5, MINI, PCL-5,
Al INTRUST | 354(123) | 361 741 147 4 32 6 68 mTBI Lifetime - -
Umminger, 2023 mTBISI sCID
NG &
Marquardt, 2018 | V vanes | 236D 73 9L 123 3 2 2 39 miTBI MN-BEST  DSM-IV-TR, CAPS, SCID 45y - -
DSMAIV,
Nielsen, 2019 V. - ND ND ND 87 2% 21 3 37 mTBI cQ ND - -
PCL-C 250
Pardini, 2012 v VHIS 58.(26) 00 100 us 31 82 - - pTBI ND DSM-IV-TR, CAPS, SCID 36-39y - -
Pattinson, 2019 | SM 15yls | 342000 75 716 102 2 & - 18 mTBI OSUTBIID | DSM-IV-TR, PCL-C 45y - -
Ramos-Cejudo, v
S5 - 325(72) 79 578 230 43 70 53 61 Al OSUTBIID | DSM-IV/5, CAPS 13y - -
Smith, 2022 SMV - 37:31-45 187 764 123 62 61 - - Al OSUTBIID  DSM-IV, 48y - -
(TBI+PTSD); PCL-C 250
36:295-435
(TBI)
Weiner, 2023 v VHANDS | 695 (45) 07 844 289 9 I 81 71 msTBL | OSUTBLID | DSM-IV,SCID, Lifetime - -
CAPS 240 (PTSD);
CAPS 230 (PTSD+TBI)
Xu, 2018 v cve 328(69) 00 419 489 52 158 44 235 wiTBI OSUTBIID | DSM-5, CAPS ND - -
RCT Time to baseline measurement
Weaver 2018 SMIV Structured
- 328(73) 10 ND 71 31 30 - - mTBI ) DSM-IV, SCID <sy - -
nterview

‘Studies led by Emmerich, Huguenard, and Niliza are based on measures derived from the same subject pool and will be considered together for the purposes of this review. *Studies led by Umminger and Kinzel are based on measures derived from the same subject
pool and will be considered together for the purposes of this review. 15y LS, 15-Year Longitudinal TBI Study; Bio, Biomarker; BSSQ, Breslau Short Screening Questionnaire; BTBIS, Brief TBI Screen; Ctr, Center; CSF, Cerebrospinal fluids Civ, Civilian; CAPS, Clinician
Administered PTSD Scale; CIQ, Clinical Injury Questionnaire; CVC, Cohen Veteran Center; CRE, Corticotropin releasing factor; Dx, Diagnostic; DSM-V; Diagnostic and Statistical Manual of Mental Disorders, 4" Edition; DSM-5, Diagnostic and Statistical Manual of
Mental Disorders, 5* Edition; EV, Extracellular vesicle; E, Female; GCS, Glascow Coma Score; HC, Healthy Control; b, Hours; HPA, Hypothalamic pituitary adrenal; INTRUST, Injury and Traumatic Stress Clinical Consortium; IQR, Iterquartile range; INTRuST
mIBIS, INTRUST mTBI Screening Instrument; LIMBIC-CENC, Long Term Impact of Military Brain Injury Consortium—Chronic Effects of Neurotrauma Consortium; M, Mean; ME, Median; mTBI, Mild traumatic brain injury; MINI, MiniInternational
Neuropsychiatric Interview; m-sTBI, Moderate-severe TBI; m, Months; NG, National Guard; ND, Not described; OSU TBI-ID, Ohio State University TBI Identification Method; PCL-C, PTSD Checklist-Civilian Version; PCL-M, PTSD Checklist-Military Version;
pTBI, Penetrating TBI; Pop, Population; RCT, Randomized controlled trials; RBANS, Repeatable Battery for Neuropsychological Testing: SM, Service Members; SCID, Structured Clinical Interview for DSM-IV-TR; SD, Standard deviation; TC, Trauma center; TRACK-
TBI, Transforming Research and Clinical Knowledge in TB; V; Veterans; VAHCS, Veterans Affars Health Care System; VHA NDS, Veterans Health Administration National Data Systems; VAT-BIST, Veteran Traumatic Brain Injury Screening Took; VHIS, Vietnam
Head Injury Study; WRIISC, War Related Hliness and Injury Study Center; WARCAT, Warrior Administered Retrospective Casualty Assessment Tool; W, Weeks; Wht, White; y, Years.






OPS/images/fneur-16-1500667/fneur-16-1500667-t003.jpg
First Level of
author, biochemical
year analysis
Prospective cohort

Kulbe, 2022 Protein

Nielson, 2017

Stein, 2023

Winkler, 2017

Genetic (SNP)

Genetic (Genome-
Wide)

Genetic (SNP)

Cross-sectional

Emmerich,
2016;
Huguenard,
2020;
Nkiliza, 2023

Gill, 2014

Guedes, 2021

Hanas, 2019
Ho, 2014

Kinzel, 2020;
Umminger, 2023

Marquardt, 2018

Nielsen, 2019

Pardini, 2012

Pattinson, 2019

Ramos-Cejudo,
2021

Smith, 2022

Weiner, 2023

Xu, 2018

RCT

Weaver, 2018

Genetic (SNP)
Protein
Lipid

Protein

Protein
Epigenetic

Protein

Epigenetic

Lipid

Cardiovascular

Electrodermal

Protein

Epigenetic
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Plasma; Serum
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Whole Blood

Whole Blood
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Plasma; EV

Serum

Plasma

Serum

Plasma

Plasma

Serum

Plasma

CSF

Plasma

Biomarker target(s)

(1) GFAP
(2) hsCRP

a

ANKKI (151800497, 154938016, 1s11604671);
COMT Val"“Met (rs4680); DRD2 (rs6277)

(2) SHT2AR (rs6311)

(3) BDNF (156265)

(4) APOE ¢2 (rs7412) and

4 (rs429358)
OPRMI (r51799971)
BCL2 (r517759659)
PARPI (1s3219119)

)
(©)
@

PRS for PTSD.

COMT Val'*Met (154680)

(1) APOE e4 (s429358)
(2) AP40; AP AB3S
(3) GFAP

(4) FABP3

(5) Lipid Panel

IL-6; CRP

(1) IL-10; IL-6; CRP; TNFa
(2) ApA0; APA2; NI t-tau
(3) VEGF

(4) miRNA Panel

Protein Panel

$noRNA Panel

Allo; Preg

(1) HRD
(2) SCR

(1) ApoE protein
(2) APOE promoter methylation

FAAH SNP Panel

ttau; AP42;

CRE

() TL-10; TL-8; 1L-6; ILIR:
(2) VEGF
3) ptau

RP; TNFa

p-taus; t-tau; AP42

Mixed Panel

HRV

Function

m
@

Inflammation

(1) Dopamine modulation
)
(3)
(4)
(5)
(6)
)

Serotonin signaling

Neuronal plasticity

Neurodegeneration

Mu opioid signaling

Regulation of apoptosis
DNA Repair

Polygenic risk of PTSD

Dopamine signaling

(1) Neurodegeneration (SNP)
(2) Neurodegeneration (protein)

(3) Astrocytic injury response (protein)
(4) Lipid regulation (protein)
(5) Lipid regulation/metabolism

Inflammation

Inflammation (protein)

(2) Neurodegeneration (protein)

Cellular injury/repair (protein)
(4) Neurodegeneration (epigenetic:
miRNA)

Multiple

Neurodegeneration

Neurosteroid

(1) Cardiovascular
@

Physiological arousal

(1) Neurodegeneration (protein)
)

Neurodegeneration (epigenetic:
DNA methylation)

Lipid regulation

Neurodegeneration

HPA axis

(1) Inflammation
(@) Celular injuryrepair
(3) Neurodegeneration

Neurodegeneration

Cardiovascular

Overall correlation of
marker with PTSD+TBI
(PTSD presence or
severity)

(1) log(GFAP): |
log(hsCRP): nca

(1) ANKKI: 1; COMT: 5
DRD2: 1 (all trends)

(2) SHT2AR:nca

(3) BDNF:nca

5

(5) OPRMI:
(6) BCL2:nca
(7) PARPI(AIT):1

PRS: 1

COMT Val**Met: |

(1) APOE [within 4-]": tot TG/
DG: 15 tot Cer 1
@) Ap3sinca

ApA0: nca
Apa2inca
(3) GFAP:nca
(4) FABP3: nca
() PL (multiple classes): | tot PC:
13 MUFA-containing PCand PI
species: 1; ot TG and DG: 15
AA-derived oxylipins: 1;
oxidized PUFAs: 1; AA- and
DHA-containing ethanolamides
(multiple species): 1
161
CRP: nca

(1) IL-6 (EV): T
1L-6 (plasma): nca®
1L-10 (EV and plasma
TNFa (EV): nca
TNFa (plasma): |

(2) AP40 (EV): 1
AP0 (plasma): nea
Ap42 (EV and plasma): nca
ttau (EV and plasma): nca
VEGF (EV and plasma): nca
NIL (EV and plasmal: 1

(3) hsa-miR-374a-3p: nca®
hsa-miR-139-5p: 1*
hsa-miR-1185-1-3p: 1
hsa-miR-425-5p: |
hsa-miR-3190-3p: |
hsa-miR-1277-3p: nea’
hsa-miR-204-5p: nca
hsa-miR-372-3p: nea
hsa-miR-509-3-5p: nea
hsa-miR-615-5p: nca

hsa-miR-375: nca
hsa-miR-3196: nca

See text

ACA48: 3 U35: |5
USS: 13 US3A: |

Allo: §; Preg: nea

(1) HRD:1
(2) SCR:1

(1) Apok: 1
(2) Seetext

FAAH SNP 152295633 [vmPFC
lesion(=) only): 1

ttau: 1

ApA2: nea

CRE: |

(1) IL-6:1
s
1101
TNFa:
ILIRA: nca
CRP: neas

(2) VEGE:nca

() ptainca

p-tau:nca

ttau: nca

ApA2: nea

See text

Baseline HRV (HF): nca
Bascline HRV (LF): 1*
Baseline HRV (VLF): 1

Effect sizes (d [95%
Cll) calculated for
TBI + PTSD vs. TBI-
only

log(GFAP): ~0.09 [~0.15,
~003]

log(hsCRP): 0.06
[~001,0.12)

See text

0.32(0.19, 044

~0.63 [-1.22,~0.02]

AP38: ~0.12[~1.01,0.77]
AP40: ~0.44 [~1.16,0.28]
AP42:~0.19 [-0.89,051]
FABP3: ~0.17 [~0.93, 0.60]
GEAP: —0.13 [~0.85,0.59]

1L-6: 0.8 [0.15, 1.61]
CRP: 0.65 [~0.06, 1.37)

16 (EV):0.55 0,17, 0.93]

IL-6 (plasma): 0.57 [0.19, 0.95]*
IL-10 (EV): ~0.19 [~0.56,0.19]
1L-10 (plasma): ~0.15 (<053,
022]

TNFat (EV): =0.17 [~0.55, 0.20]
TNFa (plasma): —0.40 (<077,
~0.02]

AP40 (EV): 0.48 [0.10,0.86]
AP40: (plasma): 0.29 [0.08, 0.67]
AB42 (EV):0.18 [-0.20,0.55]
AB42: (plasma): 031 [~0.06,0.69]
tetau (EV): ~0.07 (<044, 0.31])
ttau (plasma): 0.23 (0,15, 0.60)
VEGE (EV):0.12 [~0.25,049]
VEGE (plasma): ~0.24 [~0.61,
0.14]

L (EV): 0:86 [047,1.25)

NAL (plasma): 0.67 [0.29, 1.06]
hsa-miR-(J:

~063 [~1.02, ~0.25]"
.25 [~0.13,0.62]
1185-1-3p:0.59 (0.20,097)
425-5p: 040 [~0.78,~003]
3190-3p:044 [0.06,082)
1277-3p: 043 [~081, ~0.05]
.10 [~047,0.27)

37423

139-5p:

509-3-5p: ~0.10 [~0.47,0.28]
615-5p:0.09 [~0.29, 0.46]
375:~0.13 [~050,025]
3196:000 [~0.37,0.37)

See text

See text

Allo: ~0.33 [~0.80,0.13]
Preg: 0.17 (<030, 0.63]

HRD: 0.29 031, 0.88]

SCR: 0.76 [0.09, 1.43]

ApOE (e4+)': ~025 [~1.37,
0388

ApoE (e4-)": 043 [~0.25, 1.11]

See text

tetau: 0,62 [0.11, 1.12]
AP42: 0.05 [~0.44, 0.55]

~095 (135,055

641027, 1.00]
771040, 1.14]
1L-10:0.47 (0.1, 0.83]
TNFec: 116 [0.78, 1.54]
ILIRA:0.11[~0.24, 0.47)
CRP: 0.29 [~0.07, 0.64]
VEGF: ~0.06 [~0.42,0.29]
petau: 012 [~0.47,0.24]

petau: ~0.16 [~0.52,0.21]
ttau: =017 (0,53, 0.19]
AP42:0.10 [~0.26, 0.46)

See text

HF: -0.27 [-0.78,0.23]
LF: 0.4 [-0.07,0.95]"
VLF: 050 [-0.01, 101]*

‘Results stratified by APOE e4 carrier status, as indicated by e4+ or ed- *Overall association with PTSD symptoms was not conclusive, but effect size calculation suggests a group difference between the TBI + PTSD and TBI-Only groups. *Overall association suggests a

positive correlation with PTSD symptoms, but efect sze calculation suggests no conclusive difference between the TBI + PTSD and TBI-Only groups. AA, Arachidonic acid; Alo, Allopregnanolone; AP, Amyloid beta; ApoE, Apolipoprotein

DHA, docosahexaenoic

acids DG, Diglycerides; FABP3, Fatty acid binding protein 3; GFA, Glial fibrillary acidic protein; HRD, Heart rate deceleration; HRV, Heart ate variability: HF, High frequency; hsCRP, High sensitivity C-reactive protein; LF, Low frequency; MUFA, Monounsaturated
fatty acid; NfL, neurofilament light chain; nca, No conclusive association; PC, Phosphatidylcholine; PL, Phospholipid; p-tau, phosphorylated tau; PARP1, Poly (ADP-ribose) polymerase 1; PRS, Polygenic risk score; PUFA, Polyunsaturated faty acid; Preg, Pregnanolone;

SCR, Skin conductance response; SNE,

ingle nucleotide polymorphism;

t, Total; t-tau, Total tau; TG, Triglycerides; VEGE, Vascular endothelial growth factor; VL, Very low frequency.
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Completion rate (%) = #Questions answered / #Questions
delivered x 100
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SCORE

sLp Expected time 30 3 - - 33
Actual time 266 273 - - 2933

Warfighter Expected time 30 12 18 15 75
Expected time 266 109 1 13 615

SMART

sLp Expected time 1 15 - - 125
Actual time 10 15 - - s

Warfighter Expected time n 9 - 85 285
Expected time 10 9 - 8 27

SLR, speech language pathologist.
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time  Mean cost

Mean wage Me:

SCORE

SLP $52.39 2933 $1,536.60

Warfighter $34.06 615 $2,094.69
Total: $3,631.29

SMART

SLP $52.39 115 $602.49

Warfighter $34.06 27 $919.62

Total: $1,522.11

SLR, speech language pathologist.
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Weeks Overall (N = 28) 2-week arm (n = 15) 3-week arm (n = 13)

Completion® 9 %
Week 1 822 844 799
Week 2 797 795 800
Week 3 - - 767
‘Weeks combined 80.1 789
& %
794 L1 781
77.7 776 7738
- - 734
Weeks combined 774 792 765
Mean participant % SD (%) % SD (%)
completion
Week 1 822 123 849 133 79.1 107
Week 2 810 142 812 155 807 131
Week 3 - - - - 763 146
Weeks combined 811 120 830 138 789 95

Mean participant compliance

Week 1 796 126 810 150 78.1 95
Week 2 784 158 782 175 786 142
Week 3 - - - - 731 150
Weeks Combined 781 130 795 157 766 93

Mean participant completion using retry mechanism*

Week 1 884 92 916 85 846 89
Week 2 87.6 105 89.0 12 86.1 98
Week 3 - - - - 821 121
‘Weeks combined 87.7 88 903 93 846 75

Mean participant survey set completion’

Week 1 827 137 848 152 804 19
Week 2 820 158 813 181 827 134
Week 3 - - - - 761 141
‘Weeks combined 815 133 829 162 798 94

Mean participant cognitive completion*

Week 1 - - - - 778 114
Week 2 - - - - 777 153
Week 3 - - - - 758 156
‘Weeks combined - - - - 77.1 116

‘Percentage of questions answered out of questions delivered. “Percentage of questions answered out of questions scheduled. Only initial questions in survey sets and all Cognitive Survey
prompts were scheduled. ‘Mean percentage of questions answered out of questions delivered, excluding initial questions that were not answered and then delivered a second time in the same
window via the retry mechanism, Mean percentage of questions answered out of number of questions in a complete survey set, including folow-up questions not delivered because the
preceding question in the survey set was not answered, but excluding follow-up questions not delivered due to a “no” response to an initial question. “Mean percentage of responses to cognitive
prompts out of cognitive prompts delivered. Includes only 3-week study arm participants who were concurrently undergoing cognitive rehablitation. D, standard deviation.
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Window, Time of Day Overall (N = 28) 2-week arm (n = 15) 3-week arm (n = 13)

% SD (%) SD (%) SD (%)

Window 1 6.8 183 72 195 681 174

Early morning,
8:00 a.m. to 10:30 a.m.

Window 2 85.7 128 86.4 16.0 85.0 83
Late morning/early afternoon,

10:30 a.m. to 1:00 p.m.

Window 3 86.2 12,6 885 15.7 835 76
Afternoon, 1:00 p.m. to 3:30 p.m.

Window 4 85.0 147 86.4 189 833 80

Late afternoon/early evening,

330 p.m. 10 6:00 pm.

Survey set completion is the percentage of questions answered out of possible questions in a survey set delivered in the specified time windov.
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Questionnaire Overall (N = 28) 2-week arm (n = 15) 3-week arm (n = 13)

Mobile health application Mean Mean SD Mean
usability questionnaire (MAUQ)
Overall item score 63 11 63 12 62 12
Subscale item score - ease of use and

65 09 66 08 64 09
satisfaction
Subscale item score - system information

59 15 59 15 59 15
arrangement
System usability scale (SUS) Mean SD Mean SD Mean SD
Overall score 89.0 72 865 68 921 67
Percentile rankings (%) 964 84 945 109 987 22
Usable subscale 873 83 819 69 90.0 84
Learnable subscale 9.8 98 925 123 100.0 0

ltem scores for the Mobile Health Application Usability Scale (MAUQ) range from 1 (strongly disagree) to 7 (strongly agree), with higher item scores indicating higher perceived usability. For
the System Usability Scale (SUS), the standard score conversion procedure was used to convert each participants responses to a score between 0:and 100 for the overall SUS and for each
subscale. A higher SUS score indicates higher perceived usability. The overall converted score was used to determinea percentile ranking, The percentile ranking indicates the percentage of
applications in the SUS database that the current application had a higher perceived usability. SD, standard deviation,
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Prompt description Response options Scheduled?  Delivery response-

contingent?

1.1 drank alcohol yesterday. Yes/No Yes No
Alcohol

2. How many standard drinks did you have yesterday? | 1-2,3-4,5-6,6 No Yes
Self-eflicacy 1. Personalized, symptom-based statement 110 10 (not confident to very confident)  Yes No

1. My mood is? 1108 (negative to positive) Yes No
Mood

2. My arousal level is? 1108 (low to high) No Yes

1. Thave a headache. Yes/No Yes No
Headache 2. My headache is.. 110 10 (very mild to very severe) No Yes

3. Headache is interfering with my activities? Yes/No No Yes

1.1 feel fatigued right now. Yes/No Yes No
Fatigue 2. My fatigue is... 110 10 (very mild to very severe) No Yes

3. Fatigue is interfering with my activities? Yes/No No Yes

1. Tam in pain right now. Yes/No Yes No
Pain 2. My painis... 110 10 (very mild to very severe) No Yes

3. Pain is interfering with my activties? Yes/No No Yes

1. Treatment-related statement Yes/No Yes No
Cognitive

2. Treatment-related statement Yes/No Yes No

Selfefficacy and Cognition Surveys were individualized to the participants symptoms and treatment goals The clinician and/or study staff determined which mIEMA surveys were given to
the participant based on their reported symptoms and concerns. The participant decided which aspect of slf-effcacy they wanted to monitor for the Self-effcacy Survey. The Cogaition Survey
statements were chosen collaboratively by the Speech-Language Pathologist and the participant from a 120-item bank based on treatment goals.
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haracteristic Overall (N = 28) 2-week arm (n = 15) 3-week arm (n = 13)

Mean SD Mean SD Mean SD
Age (years) 349 85 353 97 345 72
Education (years) 142 23 139 22 146 24
N % % %
Race
White 19 68 9 60 10 77
Black/African American 3 n 1 7 2 15
Asian 1 1 1 7 0 0
Native Hawaiian/Pacific Islander 1 4 1 7 0 0
Hispanic/Latino 4 14 3 20 1 8
Sex
Female 4 14 2 13 2 15
Male 2 86 13 87 n 85
Branch of service
Army 25 89 1 9 n 85
Air Force 1 4 0 0 1 8
Navy 2 7 1 7 1 8
Rank
Enlisted 2 89 14 % n 85
Officer 3 n 1 7 2 15
MOS
Support MOS 20 71 3 87 7 54
Combat MOS 8 29 2 3 6 46
miEMA surveys administered to participants
Self-efficacy survey 6 21 4 27 2 15
Headache survey 17 61 n 7 6 46
Mood survey 28 100 15 100 13 100
Fatigue survey 12 3 7 47 5 39
Pain survey 6 2 5 » 1 8
Cognitive survey 1 50 1 7 13 100

SD, standard deviation; MO, Military Occupational Specialty; miEMA, Microinteraction Ecological Momentary Assessment.
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Overall (N = 28) 2-week arm (n = 15) 3-week arm (n = 13)

Mean Mean SD Mean SD
Number of interruptions per day 23 52 29 62 2358 39
Prompting frequency (number of questions per 58 13 57 15 60 10

2.5-hour window)

No. No. No.
Delivered questions' 11,320 4810 6510
Responses 9,071 3935 5136
Scheduled questions” 6395 2284 411
Responses to scheduled questions* 4952 1,809 3143
Possible questions* 11335 4885 6450
Cognitive survey prompts delivered 2220 104 2116
Cognitive survey responses 1723 9 1632
No. 3 No. 3 [\[- %
Retry questions delivered 905 80 444 92 461 7.1
Mean SD Mean SD Mean SD
Retry questions delivered per participant 32 2 30 23 35 21

‘Includes initial questions that were unanswered and retry questions that were delivered. *Only initial questions in a survey set were scheduled. Follow-up questions in survey sets were not
scheduled. “The number of possible questions in a survey set,including follow-up questions that were not delivered due to the participant not responding o previous question in the survey
se. Initial questions that were not answered but then delivered again in the same time window using the retry mechanism were not included. Follow-up questions that were not delivered due
(0 a preceding “no” response to the initial survey question were not included. No., number; SD, standard deviation.
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Immediate
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Evaluation

Evaluation

12

Arm 2: SCORE
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Evaluation
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Service Member or Veteran

Male (n; %) 161 (98.2)
Age in years (M; SD) 449 (7.3)
Veteran® (n; %) 139 (84.8)
‘ Years since Traumatic Brain Injuryb'c (M; SD) ‘ 124 (5.6)
Uncomplicated Mild Traumatic Brain Injur))J < (15 %) 139 (84.8)
Posttraumatic Stress Disorder® (1; %) 127 (77.4)
Depression® (1; %) 78 (47.6)
Substance-related (n; %) 31 (18.9)
Chronic Headaches® (1; %) 118 (72.0)
‘ Chronic Pain® (1n; %) 111 (67.7)
Sleep® (n; %) 75 (45.7)
Significant Bodily Injury™ (1; %) 3(1.8)
Female (1; %) 161 (98.2)
| Age in years (M; SD) 43.8 (7.4)
White (n; %) 37 (22.6)
Employed® (n; %) 88 (53.7)
Household Income < 40,000" (n; %) 8 (4.9)
Providing ongoing care and support® (n; %) ‘ 150 (91.5)
Parenting children® (1; %) ‘ 99 (60.4)

N =328 (164 SMVs, 164 IPs).

SMV, service member and veteran; IP, intimate partner; TBI, traumatic brain injury.
*Army, 54.9%; Marine Corps, 14.6%; Navy, 20.1%; Air Force, 9.1%; Coast Guard, 0.6%; Special
Operations Forces, 9.1%; one participant missing response.

bOomplicated mild TBI, 2.4%; moderate TBI, 3.0%; severe TBI, 3.7%; penetrating TBI, 6.1%.
Calculated based on the most severe TBI. If there were multiple TBIs with the same severity
that met the criteria for the most severe, the most recent injury was chosen.

“Diagnosis obtained from medical records.

dExamples: skull fracture, spinal cord injury, burns to eye/ear, internal organs, or
orthopedic/amputation.

“Working > 24 h/week, 68.2%.

2024 US Department of Health and Human Services Federal poverty level for four to five
persons in a family/household = $31,200-$36,580.

8Years caregiving: M = 9.5 (SD = 4.8); 48.0% caregiving > 6 h/day.

"M = 2.1 (SD = 1.2) children per dyad.
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Dyad Relationship satisfaction group

measures o . o
. Both Satisfied 2. SMV¢,/IPyis 3. SMVy;e/1Pg ¢ 4. Both Dissatisfied
SD d M SD [oF d
value
Anxiety SM | 577 95 <0001 079 574 119 0769 007 634 85 | <0001 125 625 77  <0001° | 086
P 504 89 581 88 513 | 108 556 8.1
Depression SM | 540 101 <0001 078 562 110 0900 004 | 622 | 9.0 | <0001 135 602 83  <0001° 080
P 469 8.2 558 8.0 491 104 540 73
Anger SM | 568 9.6 <0001 093 552 110 0370 025 | 642 94 | <0001 151 619 95  <0001° @ 085
P 479 | 95 528 85 480 | 121 541 88
General Life SM | 471 105  0.087 026 503 9.1 0024 061 559 85 | <0001 132 586 7.1 @ 0018 041
Satisfaction®
P 448 7.6 553 | 7.1 458 | 6.9 557 69
Social Role SM | 547 91  0023° 032 560 7.7 0542 016 613 72 | <0001 139 586 7.6 @ 0.089 029
Activities® B i
P 522 | 73 572 | 72 512 | 74 564 78
Social Isolation SM | 523 92 0.020° 036 553  1L1 0860 005 613 56 | <0001 122 579 82  0.009 053
P 492 78 548 7.8 515 106 541 60
Emotional SM | 463 72 0190 020 485 72 0013 077 | 565 6.6 @ 0.006" 091 | 579 67 | 0.107 034
Support®
P 479 | 7.6 549 9.6 507 | 62 554 80
Perceived SM | 490 103 0396 014 | 508 126 0005 072 613 128  0.009" 076 625 97 | 0.053 0.44
Rejection
P 506 123 593 111 525 105 580 107
Family SM | 488 93 0366 014 550 138 0003 078 589 119  0.002° 095 674 114  0.116 031
Functioning
P 476 | 8.7 641 96 500 7.0 644 80
Family SM | 464 66 <0001 063 513 108 0934 002 | 535 | 7.9 | <0001 126 586 93  <0001° 126
Experiences
P 429 47 511 108 454 | 5.0 193 55

N =328 (164 SMVs, 164 IPs): Both Satisfied = 72 dyads; SMV . /IP;, = 25 dyads; SMV g;/IP,,, = 21 dyads; Both Dissatisfied = 46 dyads.

IP, intimate partner; SMV, service member or veteran; Social role activities, ability to participate in social roles and activities.

“Scores were transposed so that higher scores reflected worse functioning for all measures.

YStatistical significance after controlling the false discovery rate using the Benjamini and Hochberg (33) step-down procedure to adjust the significance criterion. Cohen’s d effect size
interpretation d: small, 0.2; medium, 0.5; large, 0.8.
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Baseline

Follow up
(n =33)

Comparison
(t p)

(N =33)
Age (M, SD) 435,82
Service Years 16,82
(M, SD)
Prior TBI and/ 2
or PTSD

Diagnosis (1)

Prior Diagnosis 9
Unknown ()

RPQ (1n=32) 333,103
(M, $D)

PCL-5 (n=29) 338,185
(M, SD)

BPI Pain 38,19
Severity

(n=23)(M,

SD)

BPI Pain 37,23
Interference

(n=23)(M,

D)

WHODAS 270,127
(n=19) (M,

SD)

153,123

211,166

23,19

15,18

169,133

£=66,p<0.001

(=36

~48,p<0.001

1==56,p<0.001

26,p=002





OPS/images/fpsyt.2025.1465801/crossmark.jpg
©

2

i

|





OPS/images/cover.jpg
& frontiers | Research Topics.

Innovations in the
assessment and treatment
of TBI and co-occurring
conditions in military
connected populations






OPS/images/fneur-16-1541894/fneur-16-1541894-t010.jpg
Measure SCORE (n = 49) SMART (n = 64)

i 2 1 T2 Within-group
Mean (SD) Mean (SD) Mean (SD) Mean (SD) p val d
KBCI total 6990 (8.72) 65.72(9.29) <0.001 0652
Inattention 8226 (10.10) 74.62(11.95) <0.001 0830
Impulsivity 6420 (13.17) 61,50 (10.64) 0052 0.285
Interpersonal 6267 (10.42) 59.56 (9.74) <0.001 0519
Apathy 67.99 (12.11) 64,60 (11.68) 0.004 0432
Somatic 7799 (12.50) 74.62(11.50) 0023 0336
Unawareness 63.29(10.63) 58.69 (11.34) 0.002 0.467
Communication 74.92(13.67) 70.19 (12.84) 0.007 0.402
Emotional 65.87(11.95) 62.02(11.31) <0.001 0503
KBCI total 6965 (7.58) 66.33(873) <0.001 0710
Inattention 79.80(9.85) 7463 (1092) <0.001 0658
Impulsivity 6466 (10.57) 62,63 (10.94) 0015 0314
Interpersonal 6377 (879) 6173 (10.13) 0016 0311
Apathy 68.94(10.87) 64.64(11.87) <0.001 0710
Somatic 77.77 (1234) 7440 (11.82) 0.006 0354
Unawareness 6234 (941) 60.15 (10.05) 0018 0303
Communication 7419 (11.35) 70.29 (12.68) <0.001 0452
Emotional 6570 (10.79) 62.16 (11.94) <0.001 0494

SD, standard deviation; d, Cohens d.
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Measure SCORE (n = 49) SMART (n = 65)

T1 2 TL T2
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

GDS 0.70(0.72) 0.29(0.40) <0.001 0652
SDMT* ~0.44 (0.89) 005 (1.11) 0014 ~039
PASAT* 4644 (10.13) 51.86 (10.79) <0.001 ~0.706
HVLT-R total recall* 39.12(12.23) 4651 (11.81) <0.001

HVLT-R delayed recall* 3991 (14.42) 48,56 (10.77) <0.001 ~0648
HVLT-R retention 4323 (16.29) 51.40 (10.70) 0.005 ~0452
HVLT-R recognition index 4362(14.12) 47.02(1210) 0.156 ~0223
DKEFS T™ condition 1 10.33 (293) 1163 (238) 0.004 ~0471
DKEFS T™ condition 2 1077 (2.42) 1216 (2.13) <0.001

DKEFS T™ condition 3 1037 (2.41) 12.42(279) <0.001 ~0763
DKEFS TM condition 4* 9.95(2.20) 12.56(9.09) 0.064 ~0290
DKEFS CW condition 1 774 (3.44) 970 (231) <0.001 ~0.866
DKEFS CW condition 2 926 (2.96) 10.00(2:59) 0024 ~0357
DKEFS CW condition 3* 9.09(3.92) 10.84(2.95) <0.001 ~0549
DKEFS CW condition 4* 821(3.26) 1012 (2:85) <0.001 ~0729
GDS 0.70 (0.79) 0.29 (058) <0.001 0597
SDMT* ~0.38 (1.04) 0.35(1.26) <0.001

PASAT* 47.45 (10.25) 5282 (1052) <0.001 ~0.800
HVLT-R total recall* 40,59 (12.18) 4641 (12.46) 0.002 ~0.456
HVLT-R delayed recall* 3961 (12.40) 4804 (13.09) <0.001 ~0639
HVLT-R retention 4318 (1283) 4975 (10.10) <0.001 ~0.468
HVLT-R recognition index 4073 (14.31) 14698 (1262) 0.003 ~0.436
DKEFS T™ condition 1 9.67(3.15) 1110 (208) <0.001 ~0571
DKEFS T™ condition 2 10,59 (2.89) 1231(212) <0.001 ~0740
DKEFS T™ condition 3 1069 (257) 12,06 (2.25) <0.001 ~0574
DKEFS TM condition 4* 9.78 (262) 1082 (2.27) <0.001 ~0564
DKEES CW condition 1 7.49 (3.20) 9.16(2:56) <0.001 ~0.605
DKEFS CW condition 2 939(3.35) 1041 (291) 0.008 ~0386
DKEFS CW condition 3* 8.14(381) 10,61 (2:44) <0.001 ~0792
DKEFS CW condition 4* 855 (3.43) 1082 (247) <0.001 ~0905

SDMT, Symbol Digit Modalities Test; PASAT, Paced Auditory Serial Addition Test; HVLT-R, Hopkins Verbal Learning Test Revised; DKEFS TM/CW, Delis-Kaplan Executive Function System
Trail Making/Color Word interference. SD, standard deviation. d, Cohen's d.
*Measures included in calculation of GDS,
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T1 T2 Time X Intervention

M (SD) M (SD) 2 p val
SCORE (n = 43) 39.53 (15.30) 3381 (14.74) 33.72(15.69) <0.001 0138 0412 0.010
SMART (n = 48) 36.81(12.29) 3333 (12.74) 33.37(13.48)

M, mean; SD, standard deviation; 7, partial eta squared.
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Measure SCORE (n = 43) SMART (n = 50)

i T2 il T2 Within-group
Mean (SD) Mean (SD) Mean (SD) Mean (SD) pval d
NSI total 39.53(15.30) 33.81 (14.74) <0.001 0.646
Affective 13.14 (557) 1160 (5.16) 0.007 0433
Cognitive 9.42 (3.46) 7.16 (3.55) <0.001 0729
Vestibular 367(278) 3.05 (240) 0.016 0384
Somatosensory 1016 (5.07) 9.23(494) 0.074 0.280
NI total 37.18 (12.43) 3400 (13.44) 0.027 0327
Affective 12.78 (5.00) 1174 (5.04) 0.061 0271
Cognitive 8.86 (3.03) 7.70 (395) 0.010 0379
Vestibular 335 221) 284(215) 0,023 0337

Somatosensory 9.22(4.55) 8.94(3.83) 0.586 0077

SD, standard deviation; d, Cohen's d.
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T1 T2 Time x Intervention

M (SD) M (SD) p val
SCORE (n = 43) 70.17 (8.89) 66.18 (9.45) 65.28 (8.20) <0.001 0377 0.017 0.086
SMART (n = 50) 68.97 (6.60) 65.90 (8.07) 6697 (8.35)

M, mean; SD, standard deviation; 7, partial eta squared.
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Variable

Age (Mdn, Range)
Sex (1, %)
Male
Female
Race (n, %)
‘White/Caucasian
Black/African American
American Indian/Alaska Native
Asian
Native Hawaiian/Other Pacific Islander
Not reported
Ethnicity (1, %)
Hispanic/Latino
Not Hispanic/Latino
Unknown,
Not reported
Education (1, %)
HS diploma/GED
Some college (1-3 yrs./technical school)
College graduate (4 yrs. or more)
Some graduate school
Graduate/Professional program
Marital status (1, %)
Never married
Married
Separated
Divorced
Living situation (n, %)

Live alone

Live with friend(s) or roommate(s) or cohabitating

Live with spouse and/or other family member(s)

Other

Number of deployments (Mdn, Range)

‘Mann-Whitney U Test.
‘Pearson Chi-Square Test.

35.0 (19-50)

40 (93.0%)
3(7.0%)

35 (81.4%)
4(9.3%)
123%)
0(0.0%)
0(0.0%)
3(7.0%)

8(18.6%)
34 (79.1%)
0(0.0%)
1(23%)

15 (34.9%)
20 (46.5%)
3(7.0%)
4(9.3%)
1(23%)

11(25.6%)
28 (65.1%)
2(47%)

2(4.7%)

6(14.0%)
9 (20.9%)
25 (58.1%)
3(7.0%)
30(0-13)

360 (21-52)

48 (94.1%)
3(5.9%)

40 (78.4%)
3(5.9%)
1(2.0%)
2(3.9%)
1(2.0%)
4(7.8%)

11(21.6%)
33 (64.7%)
1(2.0%)
6(11.8%)

12(23.5%)

22 (43.1%)
8(15.7%)
4(7.8%)
5(9.8%)

7(13.7%)
36 (70.6%)
2(3.9%)
6(11.8%)

7(13.7%)
10(19.6%)
34(66.7%)
0(0.0%)
30/(0-25)

0273

0829"

0.706"

0220

0.093°

0357"

0.278"

0.056°
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Variable SCORE (n = 4. SMART (n = 51] pval
OSU TBI-ID
Total mTBI (Mdn, Range) 40-11) 401-13) 0,692
LOC (Mdn, Range) 10-7) 10-5) 0.578°
Age first TBI (M, D) 169 (7.0) 17.4(77) 0741"
Yrs last TBI (Mdn, Range) 5(0-40) 7.5 (0-24) 0.435°
(Mdn, Range) 2(0-5) 2(0-9) 0.149°
Total yrs. rep head inj (Mdn, Range) 8(0-23) 12(0-31) 0.020°
Blast TBI (Mdn, Range) 1(0-6) 10-7) 0815*
PCL-M (Mdn, Range) 420(17-85) 430 (19-77) 0.985°
PHQ8 total (M, SD) 114(538) 109 (4.7) 0.649"
NSI (M, SD) 39.5(153) 372(12.3) 0.425"
KBCI Total (M, SD) 70.2(89) 69.0(6.6) 0.456"
PSQI Total (M, SD) 1252 (4.13) 1188 (3.95) 0.448"
CES (Mdn, Range) 200(7-32) 195 (7-31) 0.316°
BETS GBEV (Mdn, Range) 532,403 (1,171-469,658,227) 2,025,895 (3,172-246,153,118) 0.093*
TOPF (Mdn, Range) 102.0 (80-117) 1065 (71-123) 0.126°

M, Mean; Mdn, Median; SD, Standard Deviation; p, pvalue (alpha <0.05); PCL-M, Posttraumatic Stress Disorder Checklist - Miltary version; PHQ-8, 8-item Patient Health Questionnaire;
NS, Neurobehavioral Symptom Inventory; KBCI, Key Behaviors Change Inventory; PSQ, Pittsburgh Sleep Quality Index; CES, Combat Exposure Scale; BETS GBEY, Blast Exposure
Threshold Survey Generalized Blast Exposure Value; TOPE, Test of Premorbid Functioning,

‘Mann-Whitney U Test.

‘Independent Samples T Test.
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SCORE: SMART pval  Cohen'sd
(n = 43) (n = 51)

Mean 485 189 <0.001
D 46 18

Median 430 200

Range 36-54 11-20

“Includes clinician directed and independent homework. Average hours with direct clinical
care was 36.1 (SD = 3.5).
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T1 T2 Time x Intervention

M (SD) M (SD) p val
SCORE (n = 43) 070 (0.72) 0.29(0.40) 0.29(0.57) <0.001 0217 0.986 0.000
SMART (n =51) 070 (079) 0.29(0.58) 0.28(052)

M, mean. SD, standard deviation. 1,7, partial eta squared.
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Days 1-5

Days 6-20

Frequency/format

60 min/day

Group sessions

60 min/day
9 days group
6 days individual

Concepts

Strategy instruction

1. Strategic attention: Block
irrelevant information and focus on
key data.

2. Integrated reasoning: Identify
big-picture conceps to guide real-
life decisions.

3. Innovation: Generate multiple
solutions/perspectives to strengthen

mental flex

Strategy application
Group sessions: Practice strategies
by applying to real-life scenarios ina
cohesive way.

Individual sessions: Use a
BrainHealth Goal template to set,
track, and work toward personal
goals related to daily life and brain
health

Examples

Calibrate mental energy to accomplish top two tasks prioritized by amount of
cognitive effort required (vs time required); single-tasking to optimize focus
and clearly filter unnecessary data points; calm the brain and prime its energy
via purposeful disconnection from technology and people.

Abstract ke concepts from complex information, combine with existing
knowledge, and identify impact for meaningful application to guide decision-
‘making and problem solving in real time.

Proactively identify numerous options/solutions as practical courses of action;
seeking perspectives different from oné’s own; reframing mistakes and
cultivatinga culture tolerant of tral-and-error; challenging status quo to
explore curiosity and execute tasks in novel ways.

Managing the massive volume of daily taskers: Proactively prioritizing tasks
that require most cognitive effort (focus/concentration) by identifying the goal
and impact of each; recognizing optimal ‘prime time’ and dedicating
uninterrupted period to accomplish each task; taking brain breaks at transition
points to calm and prime the brain with recharged mental energy; establishing
a stopping point by which accomplishment has been achieved.

Personal goal to improve family relationships: Proactively asking novel
questions at the dinner table to engage in deeper level conversation; practicing
perspective-taking when discussing difficult issues; limiting technology usage

during family outings; planning new weekend adventures.





