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Disclaimer

• The views expressed in this presentation are those of the authors and 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. Per Title 17 
U.S.C.§105, copyright protection is 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)
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Key Findings – 2023 Suicide Prevention Annual Report
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Lethal Means

• Firearms more commonly involved 
among V deaths (72%) than non-V 
deaths (52%)
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TBI and Suicide

• Elevated risk for suicide, suicide attempt (SA) and suicidal ideation 
(SI) 1
 2-4 times more likely to die by suicide than general population2-4

 Lifetime rates of SA after TBI range from 8% to 26%5-7

 Rates of SI after TBI range from 7% to 33% (with 25% in first year) 8-10

• V/SMs with history of TBI
 1.5 – 2.2 times more likely to die by suicide than those w/o TBI11,12

 Rates highest among post-9/11 Veterans with service-related m/s TBI13

 PTSD leading mediating factor between TBI and suicide14
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Strategy for Suicide Prevention

• Research on risk and protective 
factors across multiple sectors 
and settings

• Implementing treatment and 
support services

• Predictive analytics to identify 
V/SMs at higher risk
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Rationale for Current Study

• Priorities can be address by 
TBI Model Systems National 
Databases
 Polytrauma Rehabilitation 

Center (PRC) TBIMS Study
 National Institute on Disability, 

Independent Living, & 
Rehabilitation Research

8
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Specific Aims

• Compare rates of SI and SA during first 2 years after 
TBI among V/SMs
 Compare V/SMS across civilian and VA health care settings
 Compare both to civilians
 Identify characteristics that differ between groups
 Examine associations between these characteristics and 

suicide risk

9
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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
Injuries: 09/01/2008 – 07/31/2020

(77% with known Military History)

Year 1 Cohort
Suicide Attempts

N = 8,347

6,590 NIDILRR Civilian
963 NIDILRR V/SM

794 PRC V/SM

Year 1 Cohort
Suicidal Ideation

N = 3,987

2,942 NIDILRR Civilian
431 NIDILRR V/SM

614 PRC V/SM

Year 2 Cohort N = 7,628
Injuries: 10/01/2007 – 07/31/2020

(66% with known Military History)

Year 2 Cohort
Suicide Attempts

N = 7,237

5,661 NIDILRR Civilian
808 NIDILRR V/SM

768 PRC V/SM

Year 2 Cohort
Suicidal Ideation

N = 3,521

2,583 NIDILRR Civilian
324 NIDILRR V/SM

614 PRC V/SM



Improving Health and Building Readiness. Anytime, Anywhere — Always

UNCLASSIFIED

11

Main Outcomes and Participants Characteristics

• Main outcomes
 SA reported by participant or proxy at anytime in last year
 SI reported by participant via Patient Health Questionnaire (PHQ-9) 

Item 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
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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)

• Substance Use 
 Illicit or 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 SI across both time points 
 Estimated using frequency counts and percentages 
 Compared among groups using chi-square

• Unadjusted associations between group and SA and SI
 Estimated with logistic regression
 Unadjusted effect sizes as odds ratios (ORs) of SA/SI vs. no SA/SI
 Bivariate relationships between characteristics and outcomes (chi-squares and logistic regression)

• Multiple regression models to assess SA and SI between groups  
 Controlled for characteristics that differed between groups or with bivariate relationship to outcome
 Characteristic included 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/ SI Data (N=3,987)

Characteristic
NIDILRR 
Civilian 

(N=6,590)

NIDILRR 
V/SM 

(N=963)

PRC 
V/SM

(N=794) p-value

NIDILRR 
Civilian 

(N=2,942)

NIDILRR 
V/SM 

(N=431)

PRC 
V/SM

(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 (31, 34) 0.039 *
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Year 1 Cohort w/ SA Data (N=8,347) Year 2 Cohort w/ SI Data (N=3,987)

NIDILRR 
Civilian 

(N=6,590)

NIDILRR 
V/SM 

(N=963)

PRC 
V/SM

(N=794) p-value

NIDILRR 
Civilian 

(N=2,942)

NIDILRR 
V/SM 

(N=431)

PRC 
V/SM

(N=614) p-value
PTA Russell Classification, %

Mild (0 Days)
Moderate (1-7 Days)
Severe (> 7 Days)

8.4%
18.2%
73.5%

15.8%
19.0%
65.2%

22.3%
10.8%
66.9%

<0.001 *
†
†
†

8.8%
20.2%
71.0%

17.9%
19.1%
62.9%

26.3%
12.4%
61.2%

<0.001 *
†
†
†

Drugs at FU, % Yes 12.6% 5.9% 7.5% <0.001 * 14.0% 6.7% 8.6% <0.001 *

Drinking Category at FU, %
Abstaining
Light
Moderate
Heavy

62.6%
19.7%
13.6%
4.1%

63.1%
18.6%
15.6%
2.7%

62.1%
19.8%
15.0%
3.2%

0.208 ns

~
~
~
~

58.0%
23.5%
14.5%
3.9%

60.6%
18.8%
18.6%
2.1%

54.3%
24.0%
17.9%
3.8%

0.015 *
~
†
†
†

GOSE at FU, %
Vegetative/Severe Disability
Moderate Disability
Good Recovery

33.1%
31.9%
35.0%

32.4%
27.9%
29.8%

35.9%
28.8%
25.3%

<0.001 *
~
†
†

23.4%
37.4%
39.2%

24.9%
29.4%
45.7%

24.7%
44.8%
30.5%

<0.001 *
~
†
†

* statistically significant at α = 0.05 for continuous variables and global tests for categorical variables; ns not statistically significance at α = 0.05 for continuous variables and global tests for categorical 
variables; † 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
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Suicide Attempts in Last Year

1.93%
1.43%

2.88%

1.04%
1.36%

2.22%2.39%
1.82%

3.51%

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

3.5%

4.0%

Year 1 Post-TBI Year 2 Post-TBI Cumulative Over 2 Years

NIDILRR Civilians NIDILRR V/SM VA PRC V/SM

p = 0.085 p = 0.675 p = 0.312
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Suicidal Ideation at Follow-up

9.08% 9.37%

15.29%

8.12% 8.33%

14.76%
13.36% 13.84%

20.19%

0%

5%

10%

15%

20%

25%

Year 1 Post-TBI Year 2 Post-TBI Cumulative Over 2 Years

NIDILRR Civilians NIDILRR V/SM VA PRC V/SM

p = 0.003 p = 0.002 p = 0.009
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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

NIDILRR Civilian
NIDILRR V/SM
PRC  V/SM

ns

1.93 ~
1.04 †
2.39 ~

ns

1.43 ~
1.36 ~
1.82 ~

*
9.08 ~
8.12 ~

13.36 †

*
9.37 ~
8.33 ~

13.84 †
Sex

Male
Female

ns

1.81 ~
2.05 ~

ns

1.33 ~
1.89 ~

ns

9.91 ~
8.75 ~

ns

10.24 ~
9.46 ~

Minority
Yes
No

*

2.36 †
1.60 †

*

1.91 †
1.22 ~

ns

10.24 ~
9.31 ~

*

11.50 †
9.27 ~

Education at FU
HS or less
> HS

*

2.39 †
1.38 †

*

1.85 †
1.11 †

ns

10.48  ~
8.96 ~

ns

10.95  ~
9.27 ~

Employment at FU
Employed
Not Employed

ns

1.80 ~
1.90 ~

*

0.81 † 
1.69 †

*

6.08 †
11.22 †

*

7.48 † 
11.33 †

Marital Status at FU
Married/Other
Single/Divorced/Widowed

*

0.93 †
2.37 †

*

0.65 †
1.89 †

*

7.76 †
10.64 †

*

7.46 †
11.44 †

Cause of Injury
Violent
Not Violent

ns

2.69 †
1.78 ~

ns

1.56 ~
1.46 ~

ns

10.46 ~
9.56 ~

ns

10.54 ~
10.00 ~
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19Bivariate Relations between Sample Characteristics and SA and SI Outcomes 
(continued) Suicide Attempts Suicidal Ideation

Year 1 Year 2 Year 1 Year 2

Continuous Characteristics OR OR OR OR
Age at Injury, 1 year OR

FIM Motor at FU, 1 unit OR

FIM Cognitive at FU, 1 unit OR

0.962 *

1.003 ns

0.973 *

0.972*

1.006 ns

0.970 ns

0.991*

0.973*

0.889 *

0.988*

0.974*

0.874 *
Categorical Characteristics Percent Percent Percent Percent
Overall (Expected Null Rate) 1.87 1.46 9.63 10.05
Pre-Injury Mental Health

Yes
No

*

3.40 †
1.41 †

*

2.52 †
1.15 †

*

16.39 †
7.42 †

*

15.53 †
8.23 †

Pre-Injury Suicide Attempt

Yes
No

*

10.02 †
1.40 †

*

4.23 †
1.31 †

*

26.24 †
8.55 †

*

25.68 †
9.16 †

PTA Russell Classifications

Mild TBI (0 days)
Moderate TBI (1-7 days)
Severe TBI (> 7 days)

ns

1.58 ~
1.49 ~

2.02 ~

ns

1.00 ~
1.26 ~

1.56 ~

ns

8.22 ~
8.24 ~

10.33 ~

ns

9.64 ~
8.03 †

10.83 ~
Drugs at FU

Yes
No

*

5.24 †
1.42 †

*

3.81 †
1.10 †

*

16.06 †
8.75 †

*

18.74 †
8.63. †

Drinking Category at FU

Abstaining
Light
Moderate
Heavy

*

1.82 ~
1.63 ~
1.50 ~
4.47 †

ns

1.44 ~
1.19 ~

1.30 ~
2.68 †

ns

9.44 ~
9.66 ~

8.36 ~
15.07 †

*

10.12  ~
8.88 ~
9.43 ~
16.85 †

GOSE at FU

Veg/Severe Disability
Moderate Disability
Good Recovery

*

2.35 †
2.22 ~
1.15 †

*

1.67 ~
2.08 †
0.50 †

*

14.33 †
12.02 †
4.17 †

*

16.22 †
11.75 †
5.09 †
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Suicide Attempts Suicidal Ideation

Year 1 Year 2 Year 1 Year 2

Unadjusted Effect Comparison OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

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

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

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

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

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

Adjusted Effect Comparison OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

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

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

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

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

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

Comparison OR OR OR OR
Sex Female vs Male 1.37 1.50 0.88 0.94
Minority Minority vs Non-Minority 1.16 1.55 1.03 1.27
Education at FU < HS vs > HS 1.56 ** 1.14 1.02 0.98
Employment at FU Not Employed vs Employed 0.68 1.71 1.18 0.85
Marital at FU Not Married vs Married 1.12 1.20 1.25 1.08
Cause Not Violent vs Violent 1.21 1.71 1.40 1.38
Pre-Injury Mental Health Yes vs No 1.50 1.59 1.72 ** 1.45 **
Pre-Injury Suicide Attempt Yes vs No 4.20 ** 2.10 ** 2.41 ** 2.65 **
Age at Injury 10 Year increase 0.73 ** 0.75 ** 0.95 0.91 **

* Indicates statistical significance at α = 0.05, ** Indicates statistically significant after Bonferroni adjustment
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Suicide Attempts Suicidal Ideation

Year 1 Year 2 Year 1 Year 2
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 ** 0.57 **

PTA
Mild vs Moderate
Mild vs. Severe
Moderate vs. Severe

1.56
1.58
1.01

1.11
1.11
1.00

1.06
0.94
0.89

1.23
0.94
0.76

Drugs at FU Yes vs No 2.19 ** 2.30 ** 1.56 ** 2.11 **

Drinking Category at FU

Light vs Abstaining
Moderate vs Abstaining
Heavy vs Abstaining
Moderate vs Light
Heavy vs Light
Heavy vs Moderate

0.91
0.74

2.11 *
0.81

2.31 *
2.87 **

0.82
0.89
1.65
1.09
2.01
1.85

1.28
1.26
1.31
0.98
1.02
1.04

1.04
1.10

2.25 **
1.06

2.16 **
2.04 *

GOSE at FU
V/SD vs GR
MD vs GR
V/SD vs MD

2.31 **
1.88 **

1.23

2.83 **
3.05 **

0.93

2.23 *
2.68 *
0.83

1.53
1.68 **

0.91
* Indicates statistical significance at α = 0.05, ** Indicates statistically significant after Bonferroni adjustment
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Summary of Findings

• Compared rates and predictors of SA/SI over 2 years post-TBI 
 V/SMs in PRC system endorsed higher rates of SI across both years
 Significant differences in demographics, injury-related, 

mental/behavioral health, and functional outcomes
 After controlling for these, no differences in SA/SI among groups over 

time
• Characteristics that consistently predicted SA and SI over time

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

 V/SMs with TBI in PRC system have distinct risk profiles and are 
fundamentally different from those served in civilian IRFs 
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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

23



Improving Health and Building Readiness. Anytime, Anywhere — Always

UNCLASSIFIED

References

1. McIntire KL, Crawford KM, Perrin PB, et al. Factors Increasing Risk of Suicide after Traumatic Brain Injury: A State-of-the-Science Review of Military and Civilian Studies. Brain Inj. 2021;35(2):151-163. doi:10.1080/02699052.2020.1861656

2. Fazel S, Wolf A, Pillas D, Lichtenstein P, Långström N. Suicide, fatal injuries, and other causes of premature mortality in patients with traumatic brain injury: a 41-year Swedish population study. JAMA Psychiatry. 2014;71(3):326-333. 
doi:10.1001/jamapsychiatry.2013.3935

3. Harrison-Felix CL, Whiteneck GG, Jha A, DeVivo MJ, Hammond FM, Hart DM. Mortality over four decades after traumatic brain injury rehabilitation: a retrospective cohort study. Arch Phys Med Rehabil. 2009;90(9):1506-1513. 
doi:10.1016/j.apmr.2009.03.015

4. Madsen T, Erlangsen A, Orlovska S, Mofaddy R, Nordentoft M, Benros ME. Association Between Traumatic Brain Injury and Risk of Suicide. JAMA. 2018;320(6):580-588. doi:10.1001/jama.2018.10211

5. Silver JM, Kramer R, Greenwald S, Weissman M. The association between head injuries and psychiatric disorders: findings from the New Haven NIMH Epidemiologic Catchment Area Study. Brain Inj. 2001;15(11):935-945. 
doi:10.1080/02699050110065295

6. Simpson G, Tate R. Suicidality after traumatic brain injury: demographic, injury and clinical correlates. Psychol Med. 2002;32(4):687-697. doi:10.1017/s0033291702005561

7. Klyce DW, Perrin PB, Fisher LB, et al. Identifying group-based patterns of suicidal ideation over the first 10 years after moderate-to-severe TBI. J Clin Psychol. 2022;78(5):877-891. doi:10.1002/jclp.23282

8. Mackelprang JL, Bombardier CH, Fann JR, Temkin NR, Barber JK, Dikmen SS. Rates and Predictors of Suicidal Ideation During the First Year After Traumatic Brain Injury. Am J Public Health. 2014;104(7):e100-e107. 
doi:10.2105/AJPH.2013.301794

9. Fisher LB, Pedrelli P, Iverson GL, et al. Prevalence of suicidal behaviour following traumatic brain injury: Longitudinal follow-up data from the NIDRR Traumatic Brain Injury Model Systems. Brain Inj. 2016;30(11):1311-1318. 
doi:10.1080/02699052.2016.1195517

10. Tsaousides T, Cantor JB, Gordon WA. Suicidal ideation following traumatic brain injury: prevalence rates and correlates in adults living in the community. J Head Trauma Rehabil. 2011;26(4):265-275. doi:10.1097/HTR.0b013e3182225271

11. Brenner LA, Ignacio RV, Blow FC. Suicide and traumatic brain injury among individuals seeking Veterans Health Administration services. J Head Trauma Rehabil. 2011;26(4):257-264. doi:10.1097/HTR.0b013e31821fdb6e

12. Hostetter TA, Hoffmire CA, Forster JE, Adams RS, Stearns-Yoder KA, Brenner LA. Suicide and Traumatic Brain Injury Among Individuals Seeking Veterans Health Administration Services Between Fiscal Years 2006 and 2015. J Head Trauma Rehabil. 
2019;34(5):E1-E9. doi:10.1097/HTR.0000000000000489

13. Howard JT, Stewart IJ, 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;5(2):e2148150. 
doi:10.1001/jamanetworkopen.2021.48150

14. Fonda JR, Fredman L, Brogly SB, McGlinchey RE, Milberg WP, Gradus JL. Traumatic Brain Injury and Attempted Suicide Among Veterans of the Wars in Iraq and Afghanistan. Am J Epidemiol. 2017;186(2):220-226. doi:10.1093/aje/kwx044

24



Death by Suicide In Post-9/11 Era Veterans: Associations of 
TBI and Population Patterns 

Mary Jo Pugh, Ph.D.



Disclosures and Acknowledgments
• This study was funded by VA Rehabilitation Research and Development Service I01 
RX003443 and the Long-term Impact of Military Relevant Brain Injury Consortium 
(W81XWH1920067 and W81XWH-13-2-0095). Dr. Pugh was was also supported by VA
Health Services Research and Development Service Research Career Scientist Award, 1 
1IK6HX003762 RCS 17-297.

• Any opinions, findings, conclusions, or recommendations expressed in this 
publication are those of the author(s) and do not necessarily reflect the views of the 
U.S. Government, or the U.S. Department of Veterans Affairs, or the Department of 
Defense, and no official endorsement should be inferred. 



Background
• The ”Healthy Soldier Effect” has eroded 

in Post-9/11 Era Veterans

• TBI
• PTSD
• Depression
• Anxiety
• Chronic Disease
• Suicidal Ideation/Attempt
• All Cause Mortality
• Death by Suicide



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
• Over time



Cohort Development



Measures
• Mortality and Cause of Death (ICD 9/10 Codes)
• Age
• Sex
• Race/Ethnicity
• TBI status (including severity)
• Deployed/Not Deployed



AGE ADJUSTED MORTALITY 
Veterans by TBI Status vs. General Population

Howard JT, Stewart IJ, 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.



Descriptive Statistics of Post-
9/11 Veteran Population by 
Traumatic Brain Injury 
Severity and Total US 
Population, 2002 to 2018



TBI and Mortality
Age Adjusted Per 100,000 person Years



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



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



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



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—especially in 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
• Focus on 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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TBI and Suicide Risk: 
Accumulation of Risk Over 
Time and Strategies for 
Prevention: Ralph G. 
DePalma Memorial TBI 
Clinical Strategies



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). 



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 resulted in 
increasing heterogeneity and 
inequality between aging cohorts. 

The theory has also been used to 
explain how an accumulation of 
disadvantaged genetic and/or 
environmental factors can result in 
a cascade of physical and 
psychiatric risk.



Background

• Most previous work 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, 
allowing for identification of: 
o Pre-existing mental health conditions; an index TBI event; post-TBI new onset 

mental health conditions; and death by suicide using the gold standard National 
Death Index data
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Study Objectives

• Identify 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
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Methods and Outcome Measure
• Retrospective cohort study using linked 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 soldier with TBI:
o Fiscal year of return from deployment and years of MHS data available prior to 

index deployment
o individuals without a history of TBI (n = 752,107) were assigned a match date 

based on the number of days between the TBI diagnosis date and the return 
from index deployment date for the matched individual with a history of TBI

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

• Death by suicide was observed from the end of the first deployment ending in the 
study period (i.e., index) through 2018
o ICD-10 codes X60-X84 and Y87.0 as the underlying cause of death
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Additional Study Measures
• History of TBI was determined based on RM MIRECC TBI code set plus precise DOD-

unique codes from the DoD’s TBI surveillance efforts
o Index TBI = the first documented qualifying TBI diagnosis within all available 

MHS encounter data, including data available prior to 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 (excluding alcohol and 

tobacco), and posttraumatic stress disorders 
o Pre-TBI diagnosis = Any 1 qualifying mental health diagnosis that was 

documented on the day of, or before, the qualifying TBI date 
o New onset diagnosis = Any 1 qualifying mental health diagnosis that was 

documented after the qualifying TBI 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) models in 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 
Criteria within the model that included history of TBI, demographic and military 
characteristics, and FY return

• To examine the need to control for pre-MH conditions, we ran base log-logistic AFT 
models with the addition of each mental health diagnosis category, for a total of 6 
test models
o All models resulted in a < 10% change (range 2.2%-9.1%) and as such, pre-

existing mental health conditions were not considered confounders in the 
models that followed

• Each of the six new onset MH categories was considered separately as a potential 
mediator, and therefore a total 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
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“The largest disparity was observed for 
substance use disorders, in which soldiers 
with a history of TBI had a 100% increase 
compared with a 14.5% increase among 
soldiers without a history of TBI.”



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% CI, 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 TBI on suicide ranged from a 
time to suicide for soldiers with TBI 8.5% faster (deceleration factor, 0.915; 
95% CI, 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% CI, 0.756-0.918) than those 
without a TBI for the adjustment disorder model. 

50



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% CI, 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
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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 complex relationships between these 
variables
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https://www.mirecc.va.gov/lethalmeanssafety/training/



@LisaABrenner

@RMIRECC

https://www.mirecc.va.gov/visn19/consult/r
equest-a-consult.asp
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