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Disclaimer

* The views expressed in this presentation are those of the authorsand do not
necessarily represent the official policy or position of the Defense Health Agency,
Department of Defense, or any other U.S. government agency. This work was prepared
under Contract HT0014-22-C-0016 with DHA Contracting Office (CO-NCR) HT0014 and,
therefore, is defined as U.S. Government work under Title 17 U.S.C.§101. PerTitle 17
U.S.C.8105, copyright protectionis not available for any work of the U.S. Government.
Oral presentation at the VA PRC TBI Grand Rounds, February 10, 2023. For more
information, please contact dha.TBICOEinfo@health.mil.
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Key Findings - Suicide among Veterans (Vs)

Rank of Suicideasa
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First Leading Cause of Death Second Leading Cause of Death Leading Cause of Death
AllVeterans
All Ages Heart Disease Cancer 13th
18t0 34 Accident (Unintentional Injury) Suicide 2nd
35to 44 Accident (Unintentional Injury) Suicide 2nd
45t0 54 CoviD-19 Heart Disease 5th
55to 64 Heart Disease Cancer 9th
65t074 Cancer Heart Disease 14th
75to 84 Heart Disease Cancer 17th
85 and alder Heart Disease Cancer 17th
Male Veterans
All Ages Heart Disease Cancer 13th
18to 34 Accident (Unintentional Injury) Suicide 2nd
35t044 Accident (Unintentional Injury) Suicide 2nd
45to 54 COVID-19 Heart Disease 5th
55 to 64 Heart Disease Cancer ath
65t0 74 Cancer Heart Disease 14!'1
75to 84 Heart Disease Cancer 17th
85 and older Heart Disease Cancer 17th
Female Veterans
All Ages Cancer Heart Disease 9th
I 181034 Accident (Unintentional Injury) Suicide 2nd
b 35to44 Accident (Unintentional Injury) Cancer Ath
45t0 54 Cancer COVID-19 6th
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Lethal Means

* Firearms more commonlyinvolved g
amongV deaths (72%) than non-V e TR L

than for non-Veteran were by firearm in 2021.

deaths (52%)
it s 7

Non-Veteran Veteran Non-Veteran Veteran Non-Veteran Veteran women was 281.1% . -
\aterans U.5. Adults Men Men Women Women higher than non-Veteran FI rearm Ve::n: 2;?:; SZLII::;IIdes
women in 2021. There was a S H 'd .
2021 | Change | 2021 | Change| 2021 | Change| 2021 | Change| 2021 | Change | 2021 | Change 14.7% increase inVeteran uiciae ia=as=by
‘women firearm suicide deaths 0,

All Ages from 2001-2021. 5.7% .

Firearms 72.2% | 45.7% 52.2% -0.5% 734% | +6.1% 57.2% -0.8% 51.7% | +14.7% 34.6% -0.9%

Poisoning 7.8% -5.4% 12.4% -6.0% 6.9% -5.5% 7.7% -4.7% | 23.7% | -19.2% | 28.8% -9.2% .

Suff . 1 II'I 3 Firearm ownership is

uffocation | 149% | +09% | 268% | +61% | 146% | +0.5% | 269% | +45% | 197% | +93% | 26.8% |+11.1% Vetaran firearm omers store more prevalent

Other 520 | -12% | B86% | +05%| 52% | -1.1% | 83% | +1.0% | 49% | -49% | 90.8% | -1.0% atleast one firearm BN (R

unlocked and loaded. than non-Veterans (19%).
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TBIl and Suicide

* Elevatedrisk for suicide, suicide attempt (SA) and suicidal ideation
(Sh*
= 2-4 times more likely to die by suicide than general population?*
= Lifetime rates of SA after TBI range from 8% to 26%°'
= Rates of Sl after TBI range from 7% to 33% (with 25% in first year) 810
* V/SMs with history of TBI
= 1.5 - 2.2 times more likely to die by suicide than those w/o TBI1112
= Rates highestamong post-9/11 Veterans with service-related m/s TBI*3
= PTSD leading mediating factor between TBI and suicide*
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Strategy for Suicide Prevention

®* Research on risk and protective
factors across multiple sectors
and settings

* Implementing treatment and

support services ational
1t . . . Preventing
* Predictive analytics to identify Veteran Suicide

2018-2028

V/SMs at higher risk
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Rationale for Current Study

* Priorities can be address by
TBl Model Systems National

Databases -
= Polytrauma Rehabilitation T B I M s

Center (PRC) TBIMS Study

= National Institute on Disability,
Independent Living, &
Rehabilitation Research
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Specific Aims

* Compare rates of Sl and SA duringfirst 2 years after
TBl among V/SMs

= Compare V/SMS across civilian and VA health care settings
= Compare both to civilians
= |dentify characteristics that differ between groups

= Examine associations between these characteristicsand
suicide risk
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Sample Cohort

Year 1 or 2 Follow-Up Due 07/01/2009 - 09/30/2021

Year 1 Cohort N = 8,737 Year 2 Cohort N = 7,628

Injuries: 09/01/2008 - 07/31/2020 Injuries: 10/01/2007 - 07/31/2020

(77% with known Military History) (66% with known Military History)

Year 1 Cohort Year 1 Cohort Year 2 Cohort Year 2 Cohort

Suicide Attempts Suicidal Ideation Suicide Attempts Suicidal Ideation

N = 8,347 N = 3,987 N=7,237 N =3,521

6,590 NIDILRR Civilian 2,942 NIDILRR Civilian 5,661 NIDILRR Civilian 2,583 NIDILRR Civilian
794 PRCV/SM 614 PRCV/SM 768 PRCV/SM 614 PRCV/SM
UNCLASSIFIED
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Main Outcomes and Participants Characteristics

* Main outcomes
= SA reported by participant or proxy at anytime in last year

= S| reported by participant via Patient Health Questionnaire (PHQ-9)
ltem 9

* Participant Characteristics
= Age, sex, minority status
= Martial status, level of education, and employment status at follow-up

= Pre-injury mental health treatment, psych hospitalization, or suicide

attempt
UNCLASSIFIED
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Measures

* Injury, Recovery, and Rehabilitation Characteristics
= Duration of posttraumatic amnesia

o Russel Classification Scheme
o Mild (< 1 day), Moderate (1-7 days), Severe (>7days)

= Functional Independence Measure (Motor and Cog) at follow-up
= Glasgow Outcome Scale - Extended (GOSE)

e Substance Use

= [llicitor non-prescription drug use in past year

= Alcohol use in last 30 days
o CDC Classifications
o Abstaining, light, moderate, or heavy use
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Data Analyses

* Sample Characteristics
= Described each cohort
=  Compared with t-tests, Wilcoxon-Rank sum tests, and chi-square
* Distribution of SA and Sl across both time points
= Estimated using frequency counts and percentages
=  Compared among groups using chi-square
* Unadjusted associations between group and SA and Sl
= Estimated with logistic regression
= Unadjusted effect sizes as odds ratios (ORs) of SA/Sl vs. no SA/SI
= Bivariate relationships between characteristics and outcomes (chi-squares and logistic regression)
* Multiple regression models to assess SA and S| between groups
= Controlled for characteristics that differed between groups or with bivariate relationship to outcome
= Characteristicincluded across all models if significant for any cohort
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Sample Characteristics and Group Differences

_ Year 1 Cohort w/ SA Data (N=8,347) Year 2 Cohort w/ S| Data (N=3,987)

NIDILRR PRC NIDILRR PRC

Characteristic Civilian V/SM Civilian V/SM
(N=6,590) (N=794) p-value (N=2,942) (N=614) p-value
Age at Injury, Mean (SD) 42.5 (19.3) 60.1 (18.9) 36.7 (16.0) <0.001 * 40.9 (18.5) 58.2 (18.5) 37.2(16.5) <0.001 *
Sex, % Male 69.9% 97.4% 94.0% <0.001 * 70.0% 97.2% 93.2% <0.001 *
Minority, % Yes 38.1% 23.6% 34.4% <0.001 * 35.4% 23.0% 35.8% <0.001 *
Education Level at FU, % > HS 49.6% 61.9% 61.6% <0.001 * 51.9% 64.9% 64.2% <0.001 *
Employment at FU, % Employed 27.8% 22.2% 23.4% <0.001 * 32.1% 25.3% 27.4% 0.003 *
Marital Status at FU, % Married 31.2% 55.3% 38.4% <0.001 * 32.2% 54.4% 38.7% <0.001 *
Cause of Injury, % Violent 9.4% 6.3% 22.3% <0.001 * 8.6% 6.5% 21.4% <0.001 *
Pre-Injury Mental Health, % Yes 23.0% 18.5% 36.1% <0.001 * 23.9% 16.4% 33.9% <0.001 *
Pre-Injury Suicide Attempt, % Yes 5.2% 3.3% 8.7% <0.001 * 5.3% 3.5% 8.4% 0.002 *
FIM Motor at FU, Median (IQR) 89 (81,91) 88 (80,91) 89 (81,91) <0.001 * 89 (85,91) 89(83,91) 90(86,91) <0.001 *
FIM Cognitive at FU, Median (IQR) 32 (29, 34) 33 (30, 34) 32 (28, 34) 0.029 * 33 (30, 34) 33(31,34) 33(314,34) 0.039*
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Sample Characteristics and Group Differences (continued) o

_ Year 1 Cohort w/ SA Data (N=8,347) Year 2 Cohort w/ S| Data (N=3,987)

NIDILRR PRC NIDILRR PRC
Civilian V/SM Civilian V/SM
(N=6,590) (N=794) p-value (N=2,942) (N=614) p-value
PTA Russell Classification, % <0.001 * <0.001 *
Mild (O Days) 8.4% 15.8% 22.3% T 8.8% 17.9% 26.3% T
Moderate (1-7 Days) 18.2% 19.0% 10.8% T 20.2% 19.1% 12.4% T
Severe (> 7 Days) 73.5% 65.2% 66.9% T 71.0% 62.9% 61.2% T
Drugs at FU, % Yes 12.6% 5.9% 7.5% <0.001 * 14.0% 6.7% 8.6% <0.001 *
Drinking Category at FU, % 0.208 rs 0.015 *
Abstaining 62.6% 63.1% 62.1% = 58.0% 60.6% 54.3% ~
Light 19.7% 18.6% 19.8% = 23.5% 18.8% 24.0% T
Moderate 13.6% 15.6% 15.0% = 14.5% 18.6% 17.9% T
Heavy 4.1% 2.7% 3.2% = 3.9% 2.1% 3.8% T
GOSE atFU, % <0.001 * <0.001 *
Vegetative/Severe Disability 33.1% 32.4% 35.9% & 23.4% 24.9% 24.7% =
Moderate Disability 31.9% 27.9% 28.8% T 37.4% 29.4% 44.8% T
Good Recovery 35.0% 29.8% 25.3% T 39.2% 45.7% 30.5% T

* statistically significant at a = 0.05 for continuous variables and global tests for categorical variables; " not statistically significance at a =0.05 for continuous variables and global tests for categorical
variables; 1 cell chi-square values > 2 indicating observed percent is smaller/larger than expected percent reported in “Overall” row; ~ cell-chi-square values < 2 indicating observed percent is similar to

expected percent UNCLASSIFIED
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Suicide Attemptsin Last Year

4.0%
3.5%
3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
0.0%

p=0.085 p=0.675 p=0312  3:91%
2.88%
2.39% 2.22%
1.93% 1.82%
(0)
1.43% 1.36%
1.04% .
Year 1 Post-TBI Year 2 Post-TBI Cumulative Over 2 Years
m NIDILRR Civilians NIDILRRV/SM mVAPRCV/SM
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Suicidal Ideation at Follow-up

25%

p=0.003 p=0.002 p=0.009 545199

20%
15.29% 14.76%

15% 13.36% 13.84%
o 9.08% 9.37%
10% 0 8.12% ° 8.33%
) l .

0%

Year 1 Post-TBI Year 2 Post-TBI Cumulative Over 2 Years
B NIDILRR Civilians NIDILRRV/SM mVA PRCV/SM
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Bivariate Relations between Sample Characteristics and SA and Sl Outcomes

_ Suicide Attempts Suicidal Ideation

Year 1 Year 2 Year 1 Year 2
Categorical Characteristics Percent Percent Percent Percent
Overall (Expected Null Rate) 1.87 1.46 9.63 10.05
Group ns ns * *
NIDILRR Civilian 1.93~ 1.43~ 9.08 ~ 9.37 ~
NIDILRR V/SM 1.04 1 1.36 ~ 8.12 ~ 8.33 ~
PRC V/SM 2.39~ 1.82~ 13.36 t 13.84 t
SeX ns ns ns ns
Male il feHl = il &t = 9.91~ 10.24 ~
Female 2,015 = 1.89 ~ .75 = 9.46 ~
Minority * * ns *
Yes 2.36 t 191 ¢ 10.24 ~ 11.50 t
No 1.60 t iL.22 = 9.31 ~ 9.27 ~
Education at FU * : ns ns
HS or less 2.39t 1.85t 10.48 ~ 10.95 ~
> HS 1.38 t 1.11 ¢t 8.96 ~ 9.27 ~
Employment at FU ns * * N
Employed 1.80 ~ 0.81 1 6.08 7.48 1
Not Employed 1.90 ~ 1.69 11.22 11.33 1
Marital Status at FU * : - -
Married/ Other 0.93 1t 0.65 1 7.76t 7.46 1
Single/ Divorced/Widowed 237t 1.891 10.64 t 11.44
Cause of Injury ns ns ns ns
Violent 2.69 1 AR5 6= 10.46 ~ 10.54 ~
Not Violent 1.78 ~ 1.46 ~ ©).56 =~ 10.00 ~
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Bivariate Relations between Sample Characteristics and SA and SI Outcomes 1o

(continued) | suicide Attempts Sulcldal ideation

Year 1 Year 2 Year 1 Year 2
Continuous Characteristics OR OR OR OR
Age at Injury, 1 year OR 0.962 * 0.972* 0.991* 0.988*
FIM Motor at FU, 1 unit OR 1.003 ™ 1.006 "™ 0.973* 0.974*
FIM Cognitive at FU, 1 unit OR 0973 * 0.970 "™ 0.889 * 0.874 *
Categorical Characteristics Percent Percent Percent Percent
Overall (Expected Null Rate) 1.87 1.46 9.63 10.05
Pre-Injury Mental Health & e & &
Yes 340 t 252 t 16.39 t ABI58E
No 141 + 1.15 t 742 t 823 t
Pre-Injury Suicide Attempt @ E * *
Yes 10.02 t 423 t 26.24 t 25.68 T
No 140 t 131 1 855 t 9.16 t
PTA Russell Classifications ns ns ns ns
Mild TBI (O days) 1.58 ~ 1.00 ~ 8.22 ~ 9.64 ~
Moderate TBI (1-7 days) 149 ~ 1.26 ~ 824 ~ 803 1
Severe TBI (> 7 days) 202 ~ 1.56 ~ 10:33= 10.83 ~
Drugs at FU * * % *
Yes 5.24 t 381t 16.06 t 18.74 t
No 142t 110 + 875 1 8.63. 1
Drinking Category at FU & ns ns &
Abstaining 1.82 ~ 144 ~ 9.44 ~ 10.12 ~
Light 1.63 ~ 119 ~ 9.66 ~ 8.88 ~
Moderate 1.50 ~ 1.30 ~ 8.36 ~ 9.43 ~
Heavy 447 + 2.68 t 15.07 t 16.85 t
GOSE at FU * * * *
Veg/Severe Disability 235t 1.67 ~ 14.33 t 16.22 t
Moderate Disability 222 = 2.08 t 12.02 t 11.75 t
Good Recovery 1.15 t 0.50 t 417 t 5.09 t
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Unadjusted and Adjusted ORs for SA and SI
I A

Unadjusted Effect

Group

Adjusted Effect

Group

Sex

Minority

Educationat FU
Employmentat FU
Maritalat FU

Cause

Pre-Injury Mental Health

Pre-Injury Suicide Attempt

Age at Injury

Comparison

vs NIDILRR Civilian
PRC V/SM vs NIDILRR Civilian
PRC V/SM vs

Comparison

vs NIDILRR Civilian
PRC V/SM vs NIDILRR Civilian
PRC V/SM vs

Comparison

Female vs Male
Minority vs Non-Minority
<HS vs > HS

Not Employed vs Employed
Not Married vs Married

Not Violentvs Violent
YesvsNo

YesvsNo

10 Year increase

* Indicates statistical significance at a = 0.05,

Year1l

OR (95% ClI)

0.53(0.28,1.02)
1.25(0.77,2.03)
2.34*(1.08,5.05)

OR (95% ClI)

1.36(0.65,2.83)
1.42(0.77,2.61)
1.04(0.43,2.54)

OR

1.37
1.16
1.56 **
0.68
1.12
1.21
1.50
4.20 **
0L 7/8) 5%

UNCLASSIFIED

Year2

OR (95% ClI)

0.95(0.50,1.79)
1.28(0.72,2.27)
1.35(0.61,2.98)

OR (95% CI)

1.90(0.89,4.05)
0.72(0.27,1.89)
0.38(0.12,1.20)

OR

1.50
1.55
1.14
1.71
1.20
1.71
1.59
2A1(0) 2555
01715 %

Year1l

OR (95% Cl)

0.89(0.61,1.28)
1.54 **(1.19,2.01)
1.74 **(1.15,2.65)

OR (95% Cl)

1.25(0.82,1.91)
1.41(0.99,2.00)
1.13(0.68,1.86)

OR

0.88
1.03
1.02
1.18
1.25
1.40
1.72**
241 **
0.95

20

Year 2

OR (95% ClI)

0.88(0.58,1.33)
1.55**(1.19,2.03)
1.77**(1.12,2.79)

OR (95% ClI)

1.09(0.67,1.78)
1.37(0.94,1.98)
1.25(0.71,2.20)

OR

0.94
1.27
0.98
0.85
1.08
1.38
1.45 **
2.65**
0L, =5

** |ndicates statistically significant after Bonferroni adjustment
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Unadjusted and Adjusted ORs for SA and Sl (continued) =
[ SudoAtemps | Suicalidesion

Year 1l Year 2 Year 1l Year2
OR OR OR OR
FIM Motor at FU 5 Unit Increase 1.09 ** 1.09 0.94 ** 0.91 **
FIM Cognitive at FU 5 Unit Increase 0.84 0.88 0.69 ** B B
Mild vs Moderate 1.56 1.11 1.06 1.23
PTA Mild vs. Severe 1.58 1.11 0.94 0.94
Moderate vs. Severe 1.01 1.00 0.89 0.76
Drugs at FU Yes vs No 2.19 ** 2.30 ** 1.56 ** 211 **
Light vs Abstaining 0.91 0.82 1.28 1.04
Moderate vs Abstaining 0.74 0.89 1.26 1.10
- Heavy vs Abstaining 211 * 1.65 1.31 2,25 5%
Drinking Category at FU _
Moderate vs Light 0.81 1.09 0.98 1.06
Heavy vs Light el s 2.01 1.02 2, 4l(5 w2
Heavy vs Moderate 2.8 w5 1.85 1.04 2.04 *
V/SD vs GR Pehl v e 2.23 * 1.53
GOSE at FU MD vs GR 1.88 ** 3.05 ** 2.68 * 1.68 **
V/SD vs MD 1.23 0.93 0.83 0.91
* Indicates statistical significance at a = 0.05, UNCLASSIFIED ** Indicates statistically significant after Bonferroni adjustment
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Summary of Findings

* Comparedratesand predictors of SA/Sl over 2 years post-TBI
= V/SMs in PRC system endorsed higher rates of Sl across both years

= Significantdifferences in demographics, injury-related,
mental/behavioral health, and functional outcomes

= After controlling for these, no differences in SA/Sl among groups over
time
* Characteristicsthat consistently predicted SA and Sl overtime

= Mental health history, drug use, younger age, lower cognitive FIMs, and
greater level of overall disability

= VV/SMs with TBI in PRC system have distinct risk profilesand are
fundamentally different from those served in civilian IRFs

UNCLASSIFIED
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Veterans Comprehensive Prevention, Access to Care, and
Treatment (COMPACT) Act of 2022

* New benefit for all Veterans (except with dishonorable discharge)

= Specific (covers the cost of care related to episodes of acute
suicidal crisis including medications)

= Time-limited (30 days inpatient or residential, or 90 days outpatient)

= This period can be extended 30 days if needed (first time by
provider, next time by COS)

= Additional acute suicidal crises are also covered as new and
separate episodes
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Background

- The "Healthy Soldier Effect” has eroded
in Post-9/11Era Veterans

- TBI

« PTSD

» Depression

+ Anxiety

 Chronic Disease

« Suicidal Ideation/Attempt
« All Cause Mortality

« Death by Suicide




e
Our Goal

- Examine trends in mortality (emphasis on death by suicide and related issues) in
Post-9/11 Era Veterans comparing those with TBI to those without TBI and the
general population
» By age group
« Overtime



Cohort Development

Figure L Study Flow Dlagam
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Measures

- Mortality and Cause of Death (ICD 9/10 Codes)
- Age

- Sex

- Race/Ethnicity

- TBI status (including severity)

- Deployed/Not Deployed
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Original Investigation | Public Health
Association of Traumatic Brain Injury With Mortality Among Military Veterans
Serving After September 11, 2001

Jeffrey T. Howard, PhD; lan J. Stewart, MD: Megan Amuan, MPH: Jud C. Janak, PhD: Mary Jo Pugh, PhD

AGE ADJUSTED MORTALITY

Veterans by TBI Status vs. General Population

Howard JT, Stewart|J, Amuan M, Janak JC, Pugh MJ. Association of Traumatic Brain Injury With
Mortality Among Military Veterans Serving After September 11, 2001. JAMA Netw Open. 2022
Feb 1;5(2):e2148150.



No. (%)
Veteran population

Moderate to
Variables Total No TBI Mild TBI severe TBI Total US population
No. 2516189 1999729 (79.5) 441083(17.5) 75377(3.0) 2291047967
e . . e Person-years 16071373 12460025 3100813 510535 3894781528
Descriptive Statistics of Post- &
. 18-24 601841(23.9) 481061(24.1) 103245(23.4) 17535(23.3)  30241833(13.2)
9/1 1 Vete ra n PO p u I atl O n by 25-34 1159053 (46.1) 899860 (45.0) 221823(50.3) 37370(49.6) 41697073(18.2)
35-44 440253 (17.5) 350730(17.5) 76138(17.3)  13385(17.8) 41926178(18.3)
. . . 45-54 234028(9.3)  197119(9.9)  31518(7.1) 5391 (7.2) 43071702 (18.8)
Tra U m atl C B ra | n I nJ U ry 55-64 68175 (2.7) 59642 (3.0) 7159 (1.6) 1374 (1.8) 35740348 (15.6)
65-74 12782 (0.5) 11267 (0.6) 1194 (0.3) 321(0.4) 22910480 (10.0)
Seve rlty an d Tota I U S 75-84 58(0) 50 (0) 6(0) 200 13517183 (5.9)
Sex

. Male 2167736(86.2) 1696396 (84.8) 401894(91.1) 69446(92.1) 112 261350 (49.0)
PO p u I atl O n’ 2002 to 20 18 Female 348453 (13.8) 303333(15.2) 39189(8.9) 5931(7.9) 116843 446 (51.0)

Race and ethnicity

American 45324 (1.8) 34898 (1.7) 8026 (2.0) 1500 (2.0) 1832838(0.8)
Indian/Alaska
Native
Asian/Pacific 160178 (6.4) 119702 (6.0) 34209 (7.8) 6267 (8.3) 12371659(5.4)
Islander
Hispanic 259737 (10.3) 205892(10.3) 46496 (10.5) 7349(9.7) 32761986(14.3)
Non-Hispanic 387926 (15.4) 315533(15.8) 62803 (14.2) 9590(12.7) 27950785(12.2)
Black
Non-Hispanic 1619834 (64.4) 1284606(64.2) 285100(64.6) 50128(66.5) 154187 528 (67.3)
White
Unknown® 43190(1.7) 39098 (2.0) 3549 (0.8) 543 (0.7) 0

Deployment

status
Deployed 1869256 (74.6) 1419808(71.0) 384624(87.2) 64824(86.0) NA

Not deployed 646933 (25.4) 579921(29.0) 56459 (12.8) 10553 (14.0) NA



TBI and Mortality

Age Adjusted Per 100,000 person Years

Figure 2. Multivariable Adjusted, Age-Specific All-Cause Mortality Rates per 100 000 Person-Years
by Population Subgroups

Mortality rate, per 100000 person-years
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RESEARCHLETTER

Trends in Suicide Rates Among Post-9/11 US Military
Veterans With and Without Traumatic Brain Injury
From 2006-2020

Howard JT, Stewart IJ, Amuan ME, Janak JC, Howard KJ, Pugh
MJ. Trends in Suicide Rates Among Post-9/11 US Military
Veterans With and Without Traumatic Brain Injury From 2006-
2020.JAMA Neurol. 2023 Oct 1;80(10):1117-1119.



Adjusted Suicide Mortality Rates per 100,000 Person Years:
2006-2020

Figura. Adjusted Suickde Mortality Rates per 100 000 Person-fears
From 20:06-21020
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Freerage annual peroentage change was 14.8% (95% C1, 10.5-459.2; P« 007) for
veberans with traumatic brain injuries (TBis), 14.4% (25% C1, 10.2-98.7; P < 001)

far veterans withowt TEI, and 1.2% (55% 00, 0.9-14: P-= 007} for the US adult o
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Multivariable Negative Binomial Regression Models of Suicide
Mortality Rates: 2006-2020

Table. Results of Multivariable Magative Binomial Regression Models of Suldde Mortality Rates from 2006-2020

Weteran cohart Tiotal LIS adult population
M. at-risk, NO. at-risk,
Varlable PETS0N-YEars MER [95% 1) Pualue  person-years MAR {35% 1) Pualue
Person-years 19608 706 NA NA 31053078 440 NA Wi
Ko of suicide deaths B362 MHA NA 562411 MA L
Year
2006 (Reference) 164 408 NA NA 1E1 793 257 NA WA
007 616 309 L.40(082-2.500 23 1B6 438 573 1.06 {0.96-1.18) 2B
2008 BO1GT7 1.20({198-5.45) <001 186 307 075 1.07 {0.97-1.19) 1B
2003 958 B34 507 (3.19-8.53) <001 150 363 583 1.09{0.58-1.21) 11
2010 1102419 5.35(338-8.97) <001 183315599 1.10{0.99-1.27) o7
2011 1231087 6.33(4.02-10.59) <001 197 124 128 1.11{1.00-123) 05
01z 1344 633 T.03 (4.48-11.68) <001 202 428 644 1.13{1.02-1.25) 02
2013 1438512 F.41(4.73-12.30) <001 204120327 112 {1.00-1.23) 03
014 1531 265 .14 (4.56-11.94) <001 206532 317 1.16¢{1.05-128) o4
2015 1507 585 E.BT (5.067-14.66) <001 209 300 872 1.19{1.08-1.37) =001
2016 1657 575 B.00 (5.70-14.82) <001 214019833 123{1.11-1.35) <001
7 17094574 B.BE (56B-14.73) <001 218627 485 1.36{1.14-1.39) <001
2018 1742 882 10.10{6.45-16.69) <001 221403 762 132({1.19-1.45) =001
2019 1760 166 10.30{6.60-17.12) <001 231915412 1.33{1.20-1.45) <001
2000 1754758 11.70 {7 48-19.39) <001 218 E37 564 131{1.1E-1.45) =001
Age,y
1B-24 {Reference) 4100 163 MHA NA 411 064 409 MA L
25-34 5146 572 1.33(1322-1.46) <001 567 9B 256 1.03 {0.97-1.08) 35
35-44 1726530 L36(123-1.51) <001 536 340 401 1.01{0.96-1.07) BB

45-34 18B5434 1.13 (100-1.27} 04 SEG 603 316 1.06{1.00-1.13) 03 x
55-64 E19 646 0.76 (0J64-0.91) 00z 457 B47 635 058 {0.52-1.0:) A7

=65 119561 0.42 (0.27-0.62) <.001 480 DES 423 0.50 {D.B4-0.97) 004



Multivariable Negative Binomial Regression Models of Suicide
Mortality Rates: 2006-2020 (continued)

Veberan cohort Tital US adulz populztion
No. at-risk, No. at-risk,

Vanable pessom-years MER [95% (1) P yalue pErsom-years MRR {25% () Pyalue
Sex

Female (Reference} 2725788 NA NA 1405 613 E09 N& KA

Wale 16883917 223 (2102-2 A8) <001 1647 404631 3137 {3.15-3.40) <001
Race and ethnicty

mgri\:an Indianflilaska 354516 0.95 (0.80-1.13) 58 1962823 215 {157-214) <001

v

Bsian/Pacific Islander BTS 637 LOT (0.96-1.20) 23 B4 147 194 049 {0.45-0.52) <001

Black mon-Hispanic 3054 543 065 (0.60-0.71) <001 270 774365 044 {0.42-0.46) <001

Hisspanic 2101895 0LB3 (0L57-0.70% =001 362 793 D68 045 {0.43-0.47) <001

'White non-Hispanic 12068 618 NA NA 2331850530 N& KA

{Reference)

Unknown 253441 0.9 (0.75-1.15) B2 NA NA KA
Deployment history status

Deployed 14463370 0.B0(0.75-0.85) =001 NA N& KA

Kot deployed (Reference] 5143435 NA NA NA N& KA
TEI expomare:

Tal 4682 D62 156 (1.46-1.67) <001 NA NA& L]

Ko TEl {Reference) 14676 644 NA NA NA NA& L

Sbbreviations: MRRE. mortality mte ratio: NA, not applicabde; TEL traumatic brain impuny.
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Conclusions

- In Post-9/11 era Veterans

Death by suicide was higher in all age groups of Post-911 Veterans, compared to general civilian
population, with a dose response effect (higher suicide mortality with more severe TBI)

Effects by age were not consistent with VA population data
- Bimodal distribution—especiallyin those with TBI

- BUT trend analyses indicated that mortality rate ratios were highest among
those 25-45 compared to 18-24
The Healthy Soldier effect regarding death by suicide was observed through 2007

Death by suicide increased significantly over time with no evidence of reduction through 2020—
with significantly higher mortality for those with TBI after 2008

Mortality Rate Ratio was significantly lower for those who were deployed suggesting a “Healthy
Deployer” effect



Implications

- Focuson all Post-9/11 Veterans—not just those who deployed
- Suicide occurs at all ages
- Care in VA may have protective effects for Native Americans

- Prevention measures have had limited effect in lowering rates of suicide—is this due
to even higher rates of higher suicidality over time? Need for broader
implementation of prevention measures? Other thoughts?
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Cumulative Disadvantage

The idea of cumulative disadvantage was
introduced by Merton (1968) who identified
disparities between career trajectories of scientists
who received early advantages versus those who
did not. Merton later noted that “differences in
individual capabilities aside . . . processes of
accumulative advantage and disadvantage
accentuate inequalities in science and learning:
inequalities in peer recognition, inequalities of
access to resources, and inequalities of scientific
productivity” (Merton, 1988, p.616).
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Analyzing life course trajectories of

older adults, O’Rand (1996)
suggested that “patterns of
inequality” transpired over time
secondary to the interaction
between institutional mechanisms
and individual difference. She
suggested this interplay resultedin
increasing heterogeneity and
inequality between aging cohorts.

The theory has also been used to
explain how anaccumulation of
disadvantaged genetic and/or
environmental factors can resultin
a cascade of physicaland
psychiatric risk.

Assessment and Diagnosis of Mild Traumatic Brain Injury,
Posttraumatic Stress Disorder, and Other Polytrauma Conditions:
Burden of Adversity Hypothesis

Lisa A. Brenner Rodney D. Vanderploeg
VA VISN 19 Mental Dlness Rescarch, Education, .md Clmld] James A. HL)\AMAI ical Center; Universi [Suulh
Center (MIRECCJ Ll niversity o of Colarada Den Florida; Defense and Veterans Brain Inju }c
ol of Medicine

Heidi Terrio
Evans Amy Community Hospital; Defense and Veterans Brain Injury Center
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Background

* Most previouswork has focused on highlighting the unique association between TBI
and suicide, without consideration of whether mental health conditions were
confounders, mediators, or both

o) Those with TBI are at risk for developing new onset mental health conditions,
complicating analyses examining risk for death by suicide

* To address these gaps, analyses aimed at identifying relationships between TBI, mental
health conditions, and suicide should be conducted with large longitudinal datasets,
allowingforidentification of:

o Pre-existing mental health conditions; anindex TBI event; post-TBl new onset
mental health conditions; and death by suicide using the gold standard National
Death Index data
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Study Objectives

* |dentify differences in rates of new onset mental health conditions
(anxiety, mood, posttraumatic stress, adjustment, alcohol use, and
substance use disorders) among those with and without a history of
military related TBI

*  Explore the direct and indirect (through new onset mental health
disorders) effects of TBI on suicide

Direct Association

. |

Mental Health —
—_—> .
Mediator Death by

Suicide

TBI

Indirect Association
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Methods and Outcome Measure

. Retrospective cohort study usinglinked data from the Substance Use and
Psychological Injury Combat Study (SUPIC) from Department of Defense data and
National Death Index records (n=860,930)

. The exposed group was soldiers with a history of TBI (n = 108,785)

. Soldiers without a history of TBI were matched to a soldierwith TBI:

o) Fiscal year of return from deploymentandyears of MHS data available priorto
index deployment

o) individuals without a history of TBI (n = 752,107) were assigned a match date
based on the numberof days between the TBI diagnosis date and the return
from index deployment date forthe matched individual with a history of TBI

o) 38 soldiers without a history of TBI were removed because they could not be
matched, resultingin a final analytic cohort of 860,892

. Death by suicide was observed from the end of the firstdeploymentendinginthe

study period (i.e., index) through 2018
o ICD-10 codes X60-X84 and Y87.0 as the underlying cause of death

12/12/2023 45
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Additional Study Measures

. History of TBI was determined based on RM MIRECC TBI code set plus precise DOD-
unique codes fromthe DoD’s TBI surveillance efforts
o Index TBI = the first documented qualifying TBI diagnosis within all available
MHS encounterdata, including dataavailable priorto the end of the index
deployment

. Mental health diagnosis categories based on ICD-9 and ICD-10
o) anxiety, mood, adjustment, alcohol use, substance use (excludingalcohol and
tobacco), and posttraumatic stress disorders
o Pre-TBl diagnosis = Any 1 qualifying mental health diagnosis that was
documented on the day of, or before, the qualifying TBl date
o New onset diagnosis = Any 1 qualifying mental health diagnosis that was
documented afterthe qualifying TBl date

. Demographic and military characteristics were summarized by gender;

race/ethnicity; rank (Junior Enlisted, Senior Enlisted/Warrant Officers (SE/WO);
Officers); and component (AD, NG, RC)
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Analytic Methods

Calculated the n (%) of soldiers with pre-, post, and new onset post-TBI (match date)
mental health diagnoses

Mediation analyses consisted of Accelerated Failure Time (AFT) modelsin conjunction

with the product of coefficients method

o AFT model distributions for survival time (Weibull, exponential, lognormal,
logistic, log-logistic, and Gaussian) were compared using Akaike Information
Criteriawithinthe model that included history of TBI, demographicand military
characteristics, and FY return

To examine the need to control for pre-MH conditions, we ran base log-logisticAFT

models with the addition of each mental health diagnosis category, for a total of 6

test models

o) All modelsresultedina < 10% change (range 2.2%-9.1%) and as such, pre-
existing mental health conditions were not considered confoundersin the
models that followed

Each of the six new onset MH categories was considered separately as a potential
mediator, and therefore atotal of 12 models plus the overall AFT model estimating
the total effect of TBI on suicide risk were fit
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Results

. 108,785 soldiers (12.6%) had a
history of TBI

. Most of the cohort was:
o aged 18-29(62.4%)
o male(89%
o  White, non-Hispanic (62.7%),
followed by Black non-Hispanic
(16.7%) and Hispanic (10.6%)
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Mental Health Diagnosis Category by TBI Status

History of TBI (n = 108 785) No history of TBI (n = 752 107)
ol ot New onset after
Before vs after  New-onset after Before match Before vs after  match date,

Diagnosis category Before TBI After TBI change, % TBI, No. (%) date After match date change, % No. (%)
Anxiety 25775(23.7) 45046 (41.4) 74.8 27882 (25.6) 55613(7.4) 90231 (12.0) 62.4 73786 (9.8)
Mood 24460 (22.5) 40997 (37.7) 67.7 24326 (22.4) 62363(8.3) 85731(11.4) 37.5 66631 (8.9)
PTSD 22592 (20.8) 44204 (40.6) 95.6 26044 (23.9) 30320(4.0) 57723 (1.7) 90.3 48347 (6.4)
Adjustment 33144(30.5) 45526 (41.9) 37.3 25960(23.9) 85757(11.4) 106275 (14.1) 23.9 83128 (11.1)
Alcohol use 14035(12.9) 18518 (17.0) 31.9 11402 (10.5) 37884 (5.0) 41808 (5.6) 10.3 34279 (4.6)
Substance use 5295 (4.9) 10616 (9.8) 100 8392(7.7) 17567 (2.3) 20131(2.7) 14.5 17 847 (2.4)

“The largest disparity was observed for
substance use disorders, in which soldiers
with a history of TBl had a 100% increase
compared with a 14.5% increase among
soldiers without a history of TBI.”
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Mediation Model Results for the Association of TBI with Suicide

For the total association of TBI with suicide, the time to suicide for those with
a history of TBI was 21.3% faster (deceleration factor, 0.787; 95% Cl, 0.715-
0.866) than for those without a history of TBI, after accounting for age, sex
assigned in the medical record, race and ethnicity, and FY of return from
index deployment. The direct effect estimate of TBl on suicide ranged from a
time to suicide for soldiers with TBI 8.5% faster (deceleration factor, 0.915;
95% Cl, 0.829-1.010) than those without a TBI for the 2 or more mental
health diagnoses category model, to a time to suicide for soldiers with TBI
16.7% faster (deceleration factor, 0.833; 95% Cl, 0.756-0.918) than those
without a TBI for the adjustment disorder model.

Estimate (95% CI)

New onset mental TBI relative risk for
health category Direct effect mental health Mediator Indirect effect

(mediator) deceleration factor? category® deceleration factor? deceleration factor®

Anxiety 0.834(0.756-0.920) 2.61(2.58-2.64) 0.725(0.656-0.802) 0.735(0.670-0.814)
Mood 0.874 (0.792-0.964) 2.52(2.49-2.58) 0.540 (0.490-0.596) 0.566 (0.518-0.622)
PTSD 0.863 (0.781-0.953) 3.63(3.58-1.68) 0.641 (0.574-0.716) 0.563 (0.485-0.653)
Adjustment 0.833(0.756-0.918) 2.14(2.11-2.17) 0.686 (0.623-0.755) 0.750 (0.700-0.810)
Alcohol 0.852 (0.773-0.938) 2.19(2.15-2.24) 0.418 (0.374-0.467)  0.504 (0.460-0.551)
Substance 0.848 (0.769-0.935) 3.10(3.02-3.18) 0.417 (0.364-0.478) 0.372(0.322-0.433)

=2 Categories

0.915 (0.829-1.01)

2.60(2.66-2.72)

0.538 (0.492-0.588)

0.541 (0.495-0.591)
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Mediation Model Results for the Association of TBI with Suicide

The largest indirect effect estimate of TBI on suicide was observed for the
substance use model, such that for soldiers with TBI, the time to suicide was
62.8% faster (deceleration factor, 0.372; 95% Cl, 0.322-0.433) through the
occurrence of a new-onset substance use disorder, compared with soldiers
without TBI. Indirect effect estimates were of similar magnitude for alcohol
use disorders, PTSD, mood disorders, and 2 or more mental health condition
categories, while there was a smaller indirect effect estimate for anxiety and
adjustment disorders

New onset mental

Estimate (95% Cl)

TBI relative risk for

health category Direct effect mental health Mediator Indirect effect
(mediator) deceleration factor® category® deceleration factor® deceleration factor®
Anxiety 0.834 (0.756-0.920) 2.61(2.58-2.64) 0.725 (0.656-0.802) 0.735 (0.670-0.814)
Mood 0.874(0.792-0.964) 2.52(2.49-2.58) 0.540 (0.490-0.596) 0.566 (0.518-0.622)
PTSD 0.863 (0.781-0.953) 3.63(3.58-3.68) 0.641 (0.574-0.716) 0.563 (0.485-0.653)
Adjustment 0.833(0.756-0.918) 2.14(2.11-2.17) 0.686 (0.623-0.755) 0.750 (0.700-0.810)
Alcohol 0.852 (0.773-0.938) 2.19(2.15-2.24) 0.418 (0.374-0.467) 0.504 (0.460-0.551)
Substance 0.848 (0.769-0.935) 3.10(3.02-3.18) 0.417 (0.364-0.478) 0.372(0.322-0.433)

=2 Categories

0.915 (0.829-1.01)

2.69(2.66-2.72)

0.538 (0.492-0.588)

0.541 (0.495-0.591)
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Limitations

Data regarding all pre- and post-TBI mental health conditions, as well as
history of all TBIs are certainly incomplete

Differential diagnosis in terms of health conditions sustained by those who
served has been challenging, partially due to overlapping symptoms

Diagnoses were from electronic medical records and thus only include
diagnosed conditions

While our method for assessing potential confounding due to pre-TBI
mental health diagnoses did not indicate that these variables were
confounders in our data, it is possible that these variables will act as
confounders of the TBI and suicide association in other samples and data
sources

It will be important to replicate our results in other samples to further
examine the varying potential complexrelationships between these

variables
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Lethal Means Safety Training

Training Description:

This web-based presentation will educate VHA mental health providers on lethal means safety counseling. Participar
will learn about the purpose of lethal means safety counseling, including how to work with Veterans and their friends
and family to facilitate lethal means safety during high-risk periods. The training emphasizes Veteran autonomy and
teaches clinicians to work collaboratively with Veterans towards solutions that align with each Veteran's values and
preferences. Following completion of the training, providers will have a better understanding of how to utilize lethal
means safety counseling to enhance suicide prevention efforts with the Veterans they serve

Flexible Patient-centered Behavior change over time
recommendations

e_0_0 0 ,
[ 4

. 4

Recommendations will differ Even small safety
from person to person. JAcceptabIe Vv Achievable improvements are protective.
Lethal Means Safety C ling (LMSC) is i patient-centered and similar to other behavior change

counseling conversations.

https://www.mirecc.va.gov/lethalmeanssafety/training/



Learn How SRM Helps Request A Free Consult
Are you a provider supporting
Veterans? Learn how SRM can
help you treat Veterans at risk of
suicide.

SRM offers providers a safe
space {o address Veteran suicide
treatment concerns. Request a
free consult.

O ROADCASTING https://www.mirecc.va.gov/visn19/consult/r

@rmirecc equest-a-consult.asp

Supporting Providers
Who Serve Veterans
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Sharpen Your Skills
Providers can best serve
Veterans when they have the
resources they need. Access

SRM's free tools and trainings.

@LisaABrenner

@RMIRECC
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