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IMPORTANCE Beginning in 2005, the incidence of suicide deaths in the US military began to
sharply increase. Unique stressors, such as combat deployments, have been assumed to
underlie the increasing incidence. Previous military suicide studies, however, have relied on
case series and cross-sectional investigations and have not linked data during service with
postservice periods.

OBJECTIVE To prospectively identify and quantify risk factors associated with suicide in
current and former US military personnel including demographic, military, mental health,
behavioral, and deployment characteristics.

DESIGN, SETTING, AND PARTICIPANTS Prospective longitudinal study with accrual and
assessment of participants in 2001, 2004, and 2007. Questionnaire data were linked with the
National Death Index and the Department of Defense Medical Mortality Registry through
December 31, 2008. Participants were current and former US military personnel from all
service branches, including active and Reserve/National Guard, who were included in the
Millennium Cohort Study (N = 151 560).

MAIN OUTCOMES AND MEASURES Death by suicide captured by the National Death Index and
the Department of Defense Medical Mortality Registry.

RESULTS Through the end of 2008, findings were 83 suicides in 707 493 person-years of
follow-up (11.73/100 000 person-years [95% Cl, 9.21-14.26]). In Cox models adjusted for age
and sex, factors significantly associated with increased risk of suicide included male sex,
depression, manic-depressive disorder, heavy or binge drinking, and alcohol-related
problems. None of the deployment-related factors (combat experience, cumulative days
deployed, or number of deployments) were associated with increased suicide risk in any of
the models. In multivariable Cox models, individuals with increased risk for suicide were men
(hazard ratio [HR], 2.14; 95% Cl, 1.17-3.92; P = .0T; attributable risk [AR], 3.5 cases/10 000
persons), and those with depression (HR, 1.96; 95% Cl, 1.05-3.64; P = .03; AR, 6.9/10 000
persons), manic-depressive disorder (HR, 4.35; 95% Cl, 1.56-12.09; P = .005; AR,

35.6/10 000 persons), or alcohol-related problems (HR, 2.56; 95% Cl, 1.56-4.18; P <.00T; AR,
7.7/10 000 persons). A nested, matched case-control analysis using 20:1 control participants
per case confirmed these findings.

CONCLUSIONS AND RELEVANCE In this sample of current and former military personnel
observed July 1, 2001-December 31, 2008, suicide risk was independently associated with
male sex and mental disorders but not with military-specific variables. These findings may
inform approaches to mitigating suicide risk in this population.

JAMA. 2013;310(5):496-506. doi:10.1001/jama.2013.65164
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Suicide Risk Factors in US Military Personnel

espite universal access to health care services, man-

datory suicide prevention training, and other preven-

tive efforts, suicide has become one of the leading
causes of death in the US military in recent years."> Suicide rates
across the population of active-duty US military personnel be-
gan to increase sharply in 2005 from a baseline rate of 10.3 to
11.3 per 100 000 persons to a rate of 16.3 per 100 000 persons
in 2008, with the highest rates among Marine Corps and Army
personnel (19.9 and 19.3 per 100 000 persons).* Since 2009, sui-
cide rates among those on active-duty status have stabilized
at approximately 18 per 100 000.

Despite this increase, suicide remains a rare outcome that
is challenging to study. Studies among military populations
have not been able to adequately examine the association be-
tween deployment characteristics and suicide following mili-
tary discharge.>>° Military separations due to medical or ad-
ministrative reasons (eg, mental disorders, substance misuse,
misconduct) are likely to bias incidence figures and risk-
factor estimates in studies that fail to link records between ac-
tive service and postmilitary periods.® Separation of service
members with mental disorders, for example, could lead to un-
derestimates of incidence or risks associated with these con-
ditionsin studies based only on active-duty members, and pos-
sibly overestimates in studies that only involve veterans.®?
Previous studies have not linked US Department of Defense
data with national death records, thus limiting the ability to
conduct comprehensive studies across inservice and postser-
vice time periods.

Understanding the circumstances and factors leading to
suicide in military members and identifying appropriate in-
terventions is of high priority to military and civilian leaders.
This study prospectively examined and quantified factors as-
sociated with suicide risk in a large population of active, Re-
serve, and National Guard members across all branches of the
military during and following service.

Methods

Study Population

Launched in 2001, the Millennium Cohort Study is the larg-
est longitudinal US military study. Designed to prospec-
tively evaluate the health impact of serving in the military,
it is a study drawn from randomly selected samples of US
military service members on rosters as of October 2000
(panel 1, July 2001-June 2003), October 2003 (panel 2, June
2004-February 2006), and October 2006 (panel 3, June
2007-December 2008) including members from all service
branches and components. Panel 1 was a probability-based
sample of the entire military population with oversampling
for women, Reservist/National Guardsmen, and those who
had previously deployed. Designed to augment panel 1, per-
sonnel invited to join panels 2 and 3 had 1 to 3 years of mili-
tary service and were oversampled for Marines and women.
Of those contacted (n = 491 659), a baseline questionnaire
and consent to volunteer was provided by 151 597 service
members, resulting in a 31% cumulative baseline response
rate. The cohort has been shown to have minimal response

jama.com

Original Investigation Research

bias and although similar to the US military population in
2008, members of the cohort are proportionately more
likely to be women and younger (17-24 years old) (x10%
likely); and college educated, of white non-Hispanic race/
ethnicity, and serving in the Air Force (>5% likely) at
baseline.® Cohort participants are requested to complete a
survey approximately every 3 years regarding mental,
behavioral, and functional health, regardless of their cur-
rent military status. Detailed descriptions of the study
population and methods have been published elsewhere.?°
For this analysis, the population included eligible partici-
pants from the first 3 panels who completed a baseline
questionnaire and did not have missing or undetermined
cause of death information (99.9% of all participants). Due
to the relatively low number of suicides in the cohort, data
from these 3 panels were combined for all analyses. This
research has been conducted in compliance with all appli-
cable federal regulations governing the protection of human
subjects in research (Protocol [Naval Health Research Cen-
ter] NHRC.2000.0007).

Suicide

Suicide deaths were identified, during and following military
service, using mortality data from the National Death Index
and the Department of Defense Medical Mortality Registry
(DoD MMR).'*** The DoD MMR, maintained in the Mortality
Surveillance Division of the Armed Forces Medical Examiner
System, contains detailed information on all US military active-
duty deaths, including Reserve and National Guard members
in an activated status, regardless of geographiclocation.# The
DoD MMR also includes detailed information on any former
military members who died while serving as civilians or con-
tractors during the current operations. A previous study found
that National Death Index together with DoD MMR captured
99% of deaths in this cohort.' Consistent with this previous
study, a participant was identified as a decedent if the cohort
data and information provided by the mortality data sources
had an exact agreement on at least 2 personal identifiers con-
sisting of Social Security number, first and last name, and full
date of birth. Deaths as a result of suicide were identified using
International Classification of Diseases, 10th Revision codes X60-
X84, Y87, and U03.

Deployment

Deployment, a time-dependent variable, was based on DoD
personnel files obtained from the Defense Manpower Data Cen-
ter. Service members were identified as deploying in support
of operations in Iraq and Afghanistan from September 11, 2001,
through December 31,2008 (ie, Operation Iraqi Freedom [OIF]
and Operation Enduring Freedom [OEF]), based on direct re-
port from personnel offices of the service branches or report
of receiving imminent danger pay, hardship duty pay, or com-
bat zone tax exclusion benefits. Participants who did not de-
ploy in support of OIF/OEF prior to December 31, 2008 were
classified as not deployed for the entire study period. Others
were classified as not deployed until the first date of deploy-
ment, at which time they were classified as deployed (with or
without combat experience) for the remaining follow-up time.
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Combat experience was assessed using data from the Millen-
nium Cohort and the Post-Deployment Health Assessment
(PDHA) surveys. Data from the PDHA, a survey administered
to all service members within 30 days of returning from de-
ployment, were obtained from the Armed Forces Health Sur-
veillance Center for members from all service branches. The
PDHA asks respondents about encountering dead bodies or see-
ing people killed, discharging a weapon, and feeling in great
danger of being killed during their most recent deployment.
The Millennium Cohort survey includes a question that asks,
“During the past 3 years, have you been personally exposed
to any of the following? (do not include TV, video, movies, com-
puters, or theater): (1) witnessing a person’s death due to war,
disaster, or tragic event, (2) witnessing instances of physical
abuse (torture, beating, rape), (3) dead and/or decomposing
bodies, (4) maimed soldiers or civilians, and (5) prisoners of
war or refugees.” Among those deployed, combat experience
was identified by an affirmative response to 1 or more of these
experiences from either questionnaire. Cumulative days de-
ployed and number of deployments were based on the total
number of days deployed and number of deployments, re-
spectively, in support of OIF/OEF from 2001 through 2008. De-
ployment experience to the 1991 Gulf War or to Bosnia, Kosovo,
or Southwest Asia between 1998 and 2000 was assessed as a
separate variable referred to as “pre-2001 deployment expe-
rience.”

Covariates

Self-reported physical functioning was assessed at baseline
using the physical component score of the Medical Outcomes
Study Short Form 36-Item Survey for Veterans (SF-36V).*7 In
order to examine if those at the extremes of the scale were at
increased or decreased risk for suicide, physical functioning
was categorized into 3 levels (<15th percentile, 15th-85th per-
centiles, and >85th percentile), consistent with previous
publications.'®

Previous research has indicated that individuals who die
by suicide are more likely to have experienced adverse life
events.' Consequently, the presence of stressful life events was
assessed using Millennium Cohort Study questions and a modi-
fied version of the Social Readjustment Rating Scale scoring
system.?° Based on severity, each type of stressful life event,
such as experiencing divorce or severe illness, was assigned a
point value (between 48 and 83 points) and then collectively
scored. Based on the summation of baseline scores, partici-
pants were categorized as having either low/mild (<200 points)
or moderate/major (=200 points) life stress.

The mental and behavioral covariates (including posttrau-
matic stress disorder [PTSD], depression, manic-depressive dis-
order, panic/anxiety syndromes, heavy or binge drinking, and
alcohol-related problems) were analyzed using 2 distinct meth-
ods: (1) assessed using only baseline data and (2) assessed using
all available data for each individual (responses from 1-3 ques-
tionnaires).

PTSD was assessed using the PTSD Checklist-Civilian
Version (PCL-C), a 17-item self-reported measure and a
question that asked participants if they had ever been diag-
nosed with PTSD from a health professional.?* A positive
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PTSD screen was based on reporting a moderate or higher
level of at least 1 intrusion symptom, 3 avoidance symp-
toms, and 2 hyperarousal symptoms, criteria established by
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV).? Participants who screened posi-
tive or reported ever being diagnosed with PTSD were clas-
sified as having PTSD.

Similarly, depression was assessed using the 9 depression
items of the Patient Health Questionnaire (PHQ). The scoring
algorithm that corresponds to the depression diagnosis from
the DSM-IV was used to identify individuals with a positive
depression screen.?? Participants who screened positive or
reported ever having a depression diagnosis were classified
as having depression. Similarly 15 panic items and 6 general-
ized anxiety items from the PHQ were used to assess pres-
ence of panic or other anxiety syndromes.?4-2> Manic-
depressive disorder was identified by those who reported
that a doctor or other health professional ever diagnosed
them with manic-depressive disorder.

Heavy weekly drinking was defined as consumption of
more than 14 drinks per week for men or 7 drinks per week for
women.>®28 Binge drinking was defined as reporting of drink-
ing 5 or more drinks for men or 4 or more drinks for women
on at least 1 day or occasion during the past year.>® Partici-
pants who met the threshold for either drinking condition were
classified as heavy or binge drinkers. Assessed using ques-
tions from the PHQ, alcohol-related problems were deter-
mined by endorsement of at least 1 of 5 problems (eg, driving
after having several drinks or drinking alcohol even though a
physician suggested stopping) in the last 12 months.

Demographic and military-specific data were obtained at
baseline from electronic personnel files maintained by the De-
fense Manpower Data Center including sex, date of birth, edu-
cational level, marital status, race/ethnicity, military rank, ser-
vice component, service branch, occupation, and date of
separation from the military. Age and military service status
were assessed as time-dependent variables. Those partici-
pants who did not separate from the military were classified
as current service members. All others were classified as cur-
rent service members until their date of separation, at which
time they were classified as former service members for the
remaining follow-up time.

Statistical Analysis

The overall crude suicide rate as well as the age- and sex-
adjusted (direct standardization based on the 2000 US
population) suicide rate per 100 000 person-years were cal-
culated. Characteristics by suicide deaths were compared
using crude suicide rates and X tests. Person-years for OIF/
OEF deployment and military service status were calculated
using the time-varying status for the crude suicide rates.
Attributable risk (AR), also referred to as risk difference, was
calculated by subtracting the incidence of suicide in the
unexposed group from the incidence of suicide in the
exposed group, presented as the number of suicide cases
per 10 000 persons. The population AR percent was calcu-
lated as the prevalence of the risk factor among the suicide
deaths multiplied by the hazard ratios (HRs) minus 1
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divided by the HR multiplied by 100 (prevalence among
cases x [(HR-1)/HR] x 100%). Cox proportional hazards
modeling was used to estimate unadjusted and age- and
sex-adjusted HRs and 95% ClIs for suicide. Multivariable Cox
proportional hazards models to assess the association
between deployment and suicide completion were built
using a backwards elimination algorithm that initially
included all variables significantly associated with suicide
(P <.05) after age and sex adjustment (sex, depression,
manic-depressive disorder, heavy or binge drinking,
alcohol-related problems). Deployment was forced into
these models, with covariates removed sequentially until
the final model included only significant ones (P <.05). The
multivariable Cox proportional hazards models were per-
formed 2 ways: (1) factors were assessed at baseline with the
inclusion of deployment as a time-dependent variable; and
(2) factors were assessed as time-dependent variables,
except sex. For example, using the latter method, partici-
pants who screened positive for a mental or behavioral con-
dition on their second (or third) questionnaire were classi-
fied as having that condition for the remaining time of their
follow-up period. For all Cox models, participants were cen-
sored at the date of a nonsuicide death or the end of the
study period (December 31, 2008). Person-days for each par-
ticipant were calculated from the date of baseline survey
completion to the date of death (suicide or nonsuicide
death) or end of study. For inclusion into each Cox model,
participants had to have complete data for all variables in
that model. The proportionality assumption for recent
deployment was verified by assessing the correlation
between the Schoenfeld residuals and person-days.

In an effort to further investigate the military-specific risk
factors and underlying mental disorders, a nested case-
control analysis was conducted that matched each suicide case
to 20 control participants on birth year (within 2 years), sex,
race/ethnicity, marital status, enrollment (within 180 days), ser-
vice branch, and military rank. Similar to the multivariable Cox
model, deployment and variables that were significantly
(P < .05) associated with suicide were entered into a condi-
tional logistic regression model (deployment, depression,
manic-depressive disorder, heavy or binge drinking, and al-
cohol-related problems). Covariates were removed in the same
manner as the multivariable Cox model, yielding a final model
that included only significant variables (P < .05). To be con-
sidered for inclusion into the nested case-control analysis, par-
ticipants had to have complete data on all the matching char-
acteristics as well as the variables that were significantly
associated with suicide after age and sex adjustment. All re-
ported P values were 2 sided. Data management and statisti-
cal analyses were performed using SAS software version 9.3
(SAS Institute, Inc).

. |
Results

Of the 151 597 Millennium Cohort participants (77 047 in
panel 1, 31 110 in panel 2, and 43 440 in panel 3), 151 568
were eligible for analysis. Eight participants were excluded
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due to missing or undetermined cause of death data. The
study population was composed of the remaining 151 560
participants (99.9% of all participants), of whom 646 (0.4%)
died between 2001 and 2008. Of the decedents, 83 (12.8% of
total deaths) were the result of suicide, during a total of
707 493 person-years of observation, yielding a crude rate of
11.73 (95% CI, 9.21-14.26) suicides per 100 000 person-years
or an age- and sex-adjusted rate of 9.60 (95% CI, 7.10-12.10)
suicides per 100 000 person-years. Crude suicide rates (per
100 000 person years) were highest among those with
manic-depressive disorder (87.55, 95% CI, 10.84-164.30;
n = 5), alcohol-related problems (27.67, 95% CI, 16.83-38.52;
n = 25), and depression (26.94, 95% CI, 14.83-39.05; n = 19).
Those with a suicide death were proportionately more
likely, compared with all other participants, to have the fol-
lowing characteristics: fewer cumulative deployment days,
combat specialist occupation, pre-2001 deployment experi-
ence, male sex, depression, manic-depressive disorder,
heavy or binge drinking, and alcohol-related problems
(Table 1 and Table 2).

Unadjusted proportional hazards models revealed that
those deployed to the current operations with or without
combat were not significantly more likely to have a suicide
death than those who did not deploy (HR, 1.15; 95% CI,
0.68-1.96 with combat experience; HR, 1.17; 95% CI, 0.63-
2.16 without combat experience; P = .82) (Table 3 and
Table 4). Unadjusted significant risk factors for suicide
included occupation, male sex, educational attainment of
some college or less, depression, manic-depressive disorder,
heavy or binge drinking, and alcohol-related problems.
After adjusting for age and sex, the same factors were sig-
nificantly associated with suicide except that occupation
and education were no longer significant and deployment
for more than 365 days was inversely associated with sui-
cide (Table 3 and Table 4). The magnitude of the HRs for
deployment further diminished.

A total of 145 387 participants were included in the final
Cox model, including 78 suicide deaths. The final multivari-
able Cox model included the following statistically signifi-
cant covariates: male sex (HR, 2.14; 95% CI, 1.17-3.92; P = .01;
AR, 3.5/10 000; population attributable risk percent [PAR%],
43.6%), depression (HR, 1.96; 95% CI, 1.05-3.64; P = .03; AR,
6.9/10 000; PAR%, 11.2%), manic-depressive disorder (HR,
4.35; 95% CI, 1.56-12.09; P = .005; AR, 35.6/10 000; PAR%,
4.8%), and alcohol-related problems (HR, 2.56; 95% CI, 1.56-
4.18; P <.001; AR, 7.7/10 000; PAR%, 18.4%) (Table 5).
Deployment, assessed as a 3-level variable, was not associ-
ated with suicide in this final model. When the 3-level
deployment variable was replaced first with cumulative days
deployed and then the number deployments in the final
model, neither deployment factor was associated with sui-
cide; all other factors remained unchanged. Results were
also consistent in the alternate final Cox model with the
mental and behavioral factors assessed as time-dependent
variables. Depression (HR, 2.05; 95% CI, 1.15-3.65; P = .01;
AR, 5.0/10 000), manic-depressive disorder (HR, 4.18; 95%
CI, 1.64-10.63; P = .003; AR, 26.9/10 000), and alcohol-related
problems (HR, 2.28; 95% CI, 1.40-3.72; P <.001; AR,
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Table 1. Military Characteristics of Millennium Cohort Participants by Suicide Death

Characteristic?

Crude Suicide Rate/100 000 Person-Years

(95% CI)

OIF/OEF deployment©
Not deployed
Deployed without combat
Deployed with combat
No. of deployments©
0
1
>1
Cumulative days deployed®
0
1-90
91-180
181-365
>365
Military rank?
Junior enlisted
Noncommissioned officer
Officer
Service component
Reserve/National Guard
Active
Service branch
Army
Navy/Coast Guard
Marine Corps
Air Force
Occupation
Combat specialist
Health care

Functional support, service and
supply

Mechanical or electrical repair
Other

Pre-2001 deployment experience®

No
Yes

Military service status
Current service member

Former service member

10.70 (7.67-13.72)
12.80 (5.84-19.76)
12.39 (6.82-17.96)

13.13 (9.41-16.84)
11.32 (6.59-16.05)
8.81 (4.02-13.60)

13.13 (9.41-16.84)

14.62 (1.81-27.43)

18.36 (7.97-28.74)
9.77 (4.46-15.08)
4.58 (0.57-8.59)

13.43 (9.22-17.65)
10.98 (7.05-14.91)
9.73 (4.63-14.82)

10.62 (6.88-14.35)
12.52 (9.11-15.92)

12.98 (9.10-16.86)

8.59 (3.51-13.67)
11.24 (1.39-21.09)
11.78 (7.07-16.50)

15.08 (8.47-21.69)
9.16 (2.38-15.95)
9.43 (5.19-13.67)

17.97 (11.54-24.40)

5.39 (1.40-9.39)

11.77 (8.79-14.75)
11.63 (6.88-16.38)

11.04 (8.24-13.83)
14.04 (8.30-19.77)

No. (%)°
Suicide
Nonsuicide Death
(n=151477) (n=83)
72 635 (48.0) 48 (57.8)
32 657 (21.6) 13 (15.7)
45 435 (30.0) 19 (22.9)
72 635 (48.0) 48 (57.8)
46 291 (30.6) 22 (26.5)
32 551 (21.5) 13 (15.7)
72 635 (48.0) 48 (57.8)
6950 (4.6) 5 (6.0)
14 833 (9.8) 12 (14.5)
31230 (20.6) 13 (15.7)
25829 (17.1) 5 (6.0) Abbreviations: OEF, Operation
Enduring Freedom:; OIF, Operation
Iragi Freedom.
82362 (54.4) 39 (47.0)
2 Assessed at baseline except
42793 (28.3) 30(36.1) participants’ deployment and
26 322 (17.4) 14 (16.9) military service status. Cumulative
days deployed, occupation, and
pre-2001 deployment status were
54 560 (36.0) 31(37.3) statistically significant (P <.05).
96 917 (64.0)  52(62.7) b percentages are based on the
population size for each group but
exclude individuals with missing
77 202 (€ 431(51.8) data, therefore, percents may not
27 437 (18.1) 11 (13.3) sum to 100.
13 310 (8.8) 5(6.0) € Based on OIF/OEF deployment
43 521 (28.7) 24 (28.9) September 11, 2991-December3l,
2008. Crude suicide rates for
OIF/OEF deployment were based on
26 851 (17.7) 20 (24.1) time-varying status in which the
16 250 (10.7) 7 (8.4) status was fixed for numbgrof
deployments and cumulative days
42603 (28.1)  19(22.9) deployed.
dRanks include junior enlisted
36526 (24.1) 30(36.1) (E1-E4), noncommissioned officer
29214 (19.3) 7 (8.4) (E5-E9), and officer (01-010 and
WI1-W5).
122 613 (80.9) 60 (72.3) ¢ Deployed to the 1991 Gulf War or to
Bosnia, Kosovo, or Southwest Asia
28 864 (19.1) 23 (27.7) 1998-2000.
f Based on status at the end of
108 869 (71.9) 60 (72.3) follow-up (December 31, 2008).
42 608 (28.1) 23(27.7) Crude suicide rates were based on

Suicide Risk Factors in US Military Personnel

time-varying status.

5.5/10 000) were significantly associated with suicide in
addition to male sex (HR, 2.19; 95% CI, 1.20-4.02; P = .01; AR,
3.5/10 000).

Results from the final conditional logistic model of the
nested case-control analysis (Table 6, n = 1617 including 77
suicide deaths) were also consistent with the final Cox model
(Table 5). Depression (OR [odds ratiol, 2.68; 95% CI, 1.46-
4.93; P = .002), manic-depressive disorder (OR, 7.38; 95% CI,
2.13-25.61; P = .002), and alcohol-related problems (OR, 2.30;
95% CI, 1.35-3.91; P = .002) were significantly and indepen-
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dently associated with suicide. Again, there was no signifi-
cant association between deployment and suicide.

In a subanalysis among Army personnel only, manic-
depressive disorder (HR, 5.96; 95% CI, 1.82-19.49; P = .003;
AR, 37.6/10 000) and alcohol-related problems (HR, 3.86;
95% CI, 2.05-7.27; P <.001; AR, 11.3/10 000) remained signifi-
cantly associated with suicide in a reduced model. There
was no evidence that deployment was associated with sui-
cide (P = .54). However, this was based on 41 suicide cases,
so lack of significance among other factors such as depres-
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Table 2. Characteristics of Millennium Cohort Participants by Suicide Death

No. (%)°
Crude Suicide Rate/100 000 Person-Years Nonsuicide Suicide Death
Baseline Characteristics® (95% Cl) (n =151 477) (n=283)
Sex
Men 13.69 (10.44-16.94) 103 420 (68.3) 68 (81.9)
Women 7.12 (3.52-10.72) 48 057 (31.7) 15 (18.1)
Age,y
<25 15.03 (9.56-20.49) 58 151 (38.4) 29 (34.9)
25-34 11.12 (6.93-15.31) 51988 (34.3) 27 (32.5)
35-44 9.32 (5.01-13.62) 29917 (19.8) 18 21.7)
245 11.47 (3.98-18.96) 11421 (7.5) 9 (10.8)
Education
<Some college 13.26 (10.20-16.33) 120 387 (79.5) 72 (86.7)
3 Abbreviations: DSM-1V, Diagnostic
2Bachelor’s degree 6.68 (2.73-10.63) 31070 (20.5) 11(13.3) and Statistical Manual of Mental
Marital status Disorders, Fourth ed; PCL-C, PTSD
Not married 11.32 (762-1502) 78 623 (519) 36 (434) Patient Checklist-Civilian Version;
. PHQ, Patient Health Questionnaire;
Married 12.07 (8.62-15.52) 72854 (48.1) 47 (56.6) PTSD, posttraumatic stress disorder;
Race/ethnicity SF-36V, Short Form 36-Item
White non-Hispanic 12.27 (9.19-15.35) 107 038 (70.7) 61 (73.5) Questionnaire for Veterans.
Black non-Hispanic 6.50 (1.30-11.69) 19 101 (12.6) 6(7.2) ? Sex, depression, manic-depressive
disorder, heavy or binge drinking,
Other 13.64 (6.96-20.32) 25 231 (16.7) 16 (19.3) and alcohol-related problems were
Physical component score, statistically significant (P <.05).
ilaC
BEICEIUS b Percentages are based on the
<15th 12.11 (5.53-18.69) 22211 (14.7) 13 (15.7) population size for each group but
15th-85th 10.67 (7.77-13.57) 103 647 (68.4) 52 (62.7) exclude individuals with missing
>85th 16.09 (8.21-23.98) 22 227 (14.7) 16 (19.3) data, therefore, percents may not
- . sum to 100.
HHE Sl € Computed using the SF-36V at
Low/mild 11.30 (8.61-13.99) 130 345 (86.0) 68 (81.9) baseline.
Moderate/major 15.16 (7.49-22.84) 19 148 (12.6) 15 (18.1) dUsing a similar scoring
PTSDE mechanism,?® life stress was based
No 11.22 (8.66-13.77) 139 328 (92.0) 74 (89.2) on major financial problems, violent
or sexual assault, sexual
Yes 19.97 (6.92-33.02) 11252 (7.4) 9 (10.8) harassment, severe illness or death
Depression® of family member or loved one, and
No 10.09 (7.62-12.57) 134 275 (88.6) 64 (77.1) disablingllness or injury.
26.94 (14.83-39.05 16 304 (10.8 19 (22.9 * Self-reported for ever being
Yes 94 (14.83-39.05) (10.8) (22.9) diagnosed or screened positive for
Manic-depressive disorder® PTSD (PCL-C) using the DSM-IV
No 11.08 (8.59-13.58) 146 327 (96.6) 76 (91.6) criteria or for depression using the
PHQ-9.
Yes 87.55 (10.84-164.30) 1222 (0.8) 5(6.0) Q
- o f Self-reported for ever being
Panic or other anxiety diagnosed with manic-depressive
No positive screen 11.35 (8.82-13.89) 144109 (95.1) 77 (92.8) disorder.
Positive screen 20.70 (2.56-38.84) 5962 (3.9) 5(6.0) 8Screened positive for panic or other
Heavy or binge drinking" hanX|ety syndrome (PHQ).
No positive screen 8.01 (5.04-10.98) 69 368 (45.8) 28 (33.7) Self-reported weekly consumption
(>14 drinks for men, >7 for women);
Positive screen 15.76 (11.59-19.92) 79 696 (52.6) 55 (66.3) or per day or per occasion (>4 drinks
Alcohol-related problems' for women, >5 drinks for men).
No positive screen 9.53 (7.08-11.98) 128 722 (85.0) 58 (69.9) I Participants affirmed at least 1 of the
Positive screen 27.67 (16.83-38.52) 20 389 (13.5) 25 (30.1) > items from the PHQ alcohol

sion may have been due to a deficiency of power, a shared
variance between the mental health variables, or both com-
bined. When manic-depressive disorder was removed and
replaced with depression in the reduced model, depression
became significant (HR, 2.34; 95% CI, 1.16-4.72; P = .02; AR,
7.4/10 000), and alcohol-related problems remained signifi-

cantly associated with suicide.
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|
Discussion

questions.

The US military combat deployments in Iraq and Afghani-
stan have been associated with a notable upward trend in
suicides since 2005 that has led to considerable speculation
as to the cause.*° Using national and military mortality rec-
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Table 3. Hazard Ratios for Suicide Among Millennium Cohort Participants by Military Categories

Unadjusted HR

Age- and Sex-Adjusted HR

Characteristics® (95% Cl) P Value (95% Cl) P Value
OIF/OEF deployment®
Not deployed 1 [Reference] 1 [Reference]
Deployed without combat 1.17 (0.63-2.16) .82 1.04 (0.56-1.93) .98
Dep[oyed with combat 1.15 (068-196) 0.97 (056-168)
No. of deployments®
0 1 [Reference] 1 [Reference]
1 0.88 (0.53-1.45) .46 0.75 (0.45-1.25) 14
>1 0.68 (0.37-1.26) 0.55 (0.29-1.02)
Cumulative days deployed®
0 1 [Reference] 1 [Reference]
1-90 1.12 (0.44-2.80) 1.01 (0.40-2.55)
91-180 1.41 (0.75-2.66) .10 1.22 (0.64-2.03) 04
181-365 0.76 (0.41-1.40) 0.63 (0.34-1.17)
>365 0.36 (0.14-0.89)¢ 0.28 (0.11-0.70)¢
Military rank?
Junior enlisted 1 [Reference] 1 [Reference]
Noncommissioned officer 0.76 (0.47-1.23) .37 0.84 (0.45-1.58) .80
Officer 0.68 (0.37-1.26) 0.79 (0.38-1.64)
Service component
Active 1 [Reference] 1 [Reference]
. Al .86 Abbreviations: HR, hazard ratio; OEF,
Reserve/National Guard 0.84 (0.54-1.31) 0.96 (0.61-1.52) Operation Enduring Freedom; OIF,
Service branch Operation Iraqi Freedom.
Army 1.10 (0.67-1.82) 1.06 (0.64-1.76) 2 Assessed at baseline except
Navy/Coast Guard 0.73 (0.36-1.49) 0.71 (0.35-1.45) participants’ deployment and
e — L .68 0 e .63 military service status.
‘ar|ne Sk 97 (0.37-2.56) 77 (0.29-2.04) bBased on OIF/OEF deployment
Air Force 1 [Reference] 1 [Reference] September 11, 2001-December 31,
Occupation 2008.
Combat specialist 1.64 (0.69-3.87) 1.23 (0.51-3.00) ©HR and 95% Cl were significant (P
Health care 1 [Reference] 1 [Reference] <05). OIF/OEF. deployment was.
Functional support, service and gsses§ed as a time-varying covariate
supply ' 1.03 (0.43-2.44) doz 0.93 (0.39-2.22) 2 in which the number of
deployments and cumulative days
Electrical or mechanical repair 1.96 (0.86-4.46) 1.49 (0.64-3.49) deployed were assessed as fixed
Other 0.59 (0.21-1.68) 0.46 (0.16-1.33) covariates based on status at the
Pre-2001 deployment experience® B end of follow-up.
Ranks include junior enlisted
e - [liifsies] 82 L liisre:] 63 (E1-E4), noncommissioned officer
Yes 0.94 (0.58-1.53) 0.88 (0.54-1.46) (E5-E9), and officer (01-010 and
Military service status WI-W5).
Current service member 1 [Reference] 1 [Reference] © Deployed to the 1991 Gulf War or to
. .49 .40 Bosnia, Kosovo, or Southwest Asia
Former service member 1.19 (0.72-1.97) 1.24 (0.75-2.05) 1998-2000.

ords, this study is the first, to our knowledge, to prospec-
tively follow US service members from all military branches
and components to assess suicide during and after military
service.

The findings from this study are not consistent with the
assumption that specific deployment-related characteristics,
such as length of deployment, number of deployments, or com-
bat experiences, are directly associated with increased sui-
cide risk. Instead, the risk factors associated with suicide in
this military population are consistent with civilian popula-
tions, including male sex and mental disorders.° Studies have
shown a marked increase in the incidence of diagnosed men-
tal disorders in active-duty service members since 2005, par-
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alleling the incidence of suicide.?" This suggests that the in-
creased rate of suicide in the military may largely be a product
of an increased prevalence of mental disorders in this popu-
lation, possibly resulting from indirect cumulative occupa-
tional stresses across both deployed and home-station envi-
ronments over years of war. In addition to screening for and
addressing mental health problems, further research is needed
to more clearly understand the interrelationship of multiple
risk factors leading to suicidal behaviors and the types and tim-
ing of interventions that may reduce or prevent death by sui-
cide.

Since data collection ended in 2008, we did not capture
suicides in the most recent time period when the rates were

jama.com
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Table 4. Hazard Ratios for Suicide Among Millennium Cohort Participants

Unadjusted HR

Age- and Sex-Adjusted HR

Characteristics® (95% Cl) P Value (95% Cl) P Value
Sex
Men 1.90 (1.09-3.33)° 02 2.03 (1.15-3.56)° 01
Women 1 [Reference] 1 [Reference]
Age per 5-y increase 0.91 (0.80-1.03) 13 0.89 (0.78-1.01) .07
Education
<Some college 2.02 (1.07-3.81)° 03 1.82 (0.94-3.51) 07
>Bachelor’s degree 1 [Reference] 1 [Reference]
Marital status
Not married 0.97 (0.63-1.50) 28 0.85 (0.52-1.39) 5 Abbreviations: DSVI-IV, Diagnostic
Married 1 [Reference] 1 [Reference] and Statistical Manual of Mental

Race/ethnicity
White non-Hispanic 1 [Reference]
0.53 (0.23-1.22) 27

1.11 (0.64-1.93)

Black non-Hispanic
Other

Physical component score,
percentile®

<15th 1.13 (0.62-2.08)
15th-85th 1 [Reference] .34
>85th 1.52 (0.87-2.66)

Life stressors®

Low/mild 1 [Reference] 3
Moderate/major 1.33 (0.76-2.33)
PTSD®
No 1 [Reference] 09
Yes 1.81 (0.91-3.62)
Depression®
No 1 [Reference] e
Yes 2.70 (1.62-4.50)°
Manic depressive disorderf
No 1 [Reference] 001
Yes 7.92 (3.20-19.60)°
Panic or other anxiety?
No positive screen 1 [Reference] 18
Positive screen 1.85 (0.75-4.58)
Heavy or binge drinking"
No positive screen 1 [Reference] P
Positive screen 1.99 (1.26-3.14)°
Alcohol-related problems'’
No positive screen 1 [Reference] 001

Positive screen 2.93 (1.83-4.69)°

Disorders, Fourth ed; HR, hazard
ratio; PCL-C, PTSD Patient
Checklist-Civilian Version; PTSD,
posttraumatic stress disorder; PHQ,
Patient Health Questionnaire;
SF-36V, Short Form 36-Item
Questionnaire for Veterans.

1 [Reference]
0.59 (0.26-1.38) .40
1.12 (0.65-1.95)

@ Assessed at baseline except age
(which was time-varying).

®HR and 95% Cl were significant (P
<.05).

€ Computed using the SF-36V at
baseline.

1.21 (0.66-2.22)
1 [Reference] .37
1.48 (0.84-2.59)

1 [Reference]
1.73 (0.97-3.08)

.06
dUsing a similar scoring
mechanism,° life stress was based
on major financial problems, violent
10 or sexual assault, sexual
harassment, severe illness or death
of family member or loved one, and
disabling illness or injury.

1 [Reference]
1.80 (0.90-3.60)

1 [Reference]

<.001 ¢ Self-reported for ever being
3.03 (1.80-5.08)" diagnosed or screened positive for
PTSD (PCL-C) using the DSM-IV
1 [Reference] criteria or for depression using the
) <.001 PHQ-9.
7:92 (3.20-19.60) f Self-reported for ever being
diagnosed with manic-depressive
1 [Reference] i disorder.

8Screened positive for panic or other
anxiety syndrome (PHQ).

1.96 (0.79-4.85)

N Self-reported weekly consumption
02 (>14 drinks for men, >7 for women);
or per day or per occasion (>4 drinks
for women, >5 drinks for men).

1 [Reference]
1.72 (1.07-2.76)°

! Participants affirmed at least 1 of the
5 items from the PHQ alcohol
questions.

1 [Reference]
2.64 (1.63-4.26)°

<.001

the highest.? However, the study did include the 3 years with
the sharpest statistically significant increases in suicides (seen
especially in the Army and Marine Corps).? It is possible that
the cumulative strain of multiple and lengthy deployments only
began to be reflected in suicide rates toward the later stages
of the conflicts, although the overall evidence points to the lack
of any specific deployment-related effects.

The most important finding was that mental health prob-
lems, including manic-depressive disorder, depression, and al-
cohol-related problems, were significantly associated with an
increasein the risk of suicide. These findings suggest that cur-
rent prevention initiatives in the DoD and the Department of

jama.com

Veterans Affairs that address previous mental health disor-
ders and involve screening and facilitation of high-quality treat-
ment for mental and substance use disorders in primary care,
specialty mental health care, and postdeployment settings have
the greatest potential to mitigate suicide risk. However, there
are limited studies that validate prevention initiatives and well-
conducted program effectiveness trials should remain a high
priority.

The PAR%s indicate that suicide deaths could poten-
tially be reduced (by approximately 18% and 11%) in this
population as a whole, by preventing or eliminating alcohol-
related problems and depression, respectively (assuming
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Table 5. Multivariable Cox Proportional Hazards Model for Suicide
Among Millennium Cohort Participants, 2001-2008 (n=145387)*

Table 6. Conditional Logistic Regression for Suicide Among Matched
Millennium Cohort Participants, 2001-2008 (n=1617)*

Characteristic Adjusted HR (95% CI) P Value

Characteristic Adjusted OR (95% CI) P Value

OIF/OEF deployment®
Not deployed 1 [Reference]
1.22 (0.65-2.26) .82

1.00 (0.58-1.73)

Deployed without combat
Deployed with combat

Sex

Men 2.14 (1.17-3.92)¢

Women 1 [Reference] 01
Depression?

No 1 [Reference]

Yes 1.96 (1.05-3.64)° 03
Manic depressive disorder®

No 1 [Reference]

Yes 4.35 (1.56-12.09)¢ 005
Alcohol-related problems®

No positive screen 1 [Reference]

<.001

Positive screen 2.56 (1.56-4.18)¢

Abbreviations: HR, hazard ratio; OEF, Operation Enduring Freedom; OIF,
Operation Iraqi Freedom; PHQ, Patient Health Questionnaire.

@ Model adjusted for all shown variables.
b Based on OIF/OEF deployment September 11, 2001-December 31, 2008.
€ HR and 95% Cl were significant (P <.05).

dSelf-reported diagnosis or screening positive for depression using the PHQ-9
at baseline.

¢ Self-reported for ever being diagnosed with manic-depressive disorder.
f Participants affirmed at least 1 of the 5 items from the PHQ alcohol questions.

that these observed associations are causal and that elimi-
nation of these risk factors do not affect distribution of
other covariates). Despite the larger magnitudes of the HRs
for manic-depressive disorder, the PAR% shows that pre-
venting or eliminating this disorder would have a smaller
effect (= 5% reduction) due to the very low prevalence of
this disorder in this population. In addition, male sex was
also a strong contributing factor to suicide deaths (44%) in
this population. These findings provide further evidence
that the prevention and quality treatment of these mental
health disorders may prevent suicide deaths.

This study has several limitations. The findings are based
on 83 suicide deaths so the study may have lacked statistical
power to produce a stable and reproducible multivariable
model. As with any prospective cohort study, nonresponse on
theinitial survey or loss to follow-up may introduce bias. How-
ever, objective national registry-based mortality data ob-
tained for all cohort members minimizes bias due to loss to fol-
low-up. Additionally, a previous study examining weighting
for nonresponse among panel 1 members of this cohort indi-
cated that prevalence rates are comparable to results of un-
weighted analysis for PTSD, depression, and eating disorders.>?
Although the study relied on the PHQ and PCL-C self-report
screening measures, these measures are standardized vali-
dated instruments shown to be reliable in this cohort.?#+-33-34
The questions used to assess combat experience were also self-
reported and based on 2 different instruments, but combat ex-
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OIF/OEF deployment®
Not deployed 1 [Reference]
1.16 (0.60-2.26) .86

0.95 (0.51-1.75)

Deployed without combat
Deployed with combat
Depression©

No 1 [Reference]
.002
Yes 2.68 (1.46-4.93)°
Manic-depressive disorder?
No 1 [Reference]
.002
Yes 7.38 (2.13-25.61)°
Alcohol-related problems®
No 1 [Reference]
.002
Yes 2.30 (1.35-3.91)¢

Abbreviations: OEF, Operation Enduring Freedom; OIF, Operation Iraqi
Freedom; OR, odds ratio; PHQ, Patient Health Questionnaire.

2 Each suicide case was matched to 20 nonsuicide control cases matched on
sex, race/ethnicity, marital status, birth year (within 2 y), enrollment (within
180 d), service branch, and rank. Model was adjusted for all shown variables.

bBased on OIF/OEF deployment September 11, 2001-December 31, 2008.

< Self-reported diagnosis or screening positive for depression using the PHQ-9
at baseline.

dSelf-reported for ever being diagnosed with manic-depressive disorder.
€OR and 95% Cl are significant (P <.05).
f Participants affirmed at least 1 of the 5 items from the PHQ alcohol questions.

perience based on self-report has consistently been shown to
be associated with a variety of adverse health outcomes.”3> This
study could also be influenced by misclassification of suicide
on death certificates. There is some evidence that suicides are
underreported on death certificates®®; however, this method
of cause-specific mortality ascertainment has been widely ac-
cepted and there is no reason to believe that cause-of-death
reporting on death certificates would be influenced by the risk
factor variables that were studied.?”-3® The main findings were
based on baseline data that were assessed an average of 3 years
(mean [SD] 3.23 [2.03] years) prior to suicide; however, re-
sults using all available survey data were consistent. This study
was only able to cover the first 3 years of an increasing trend
in suicides occurring in military service members that began
around 2005, therefore additional research will be needed to
confirm these results using data from later years. Lastly, data
from the first 3 panels of the Millennium Cohort, which con-
sisted of different enrollment criteria, were combined due to
the low numbers of suicides in this study population.

Key strengths of the study that reinforce the validity of the
findings include the linkage of records with national registry-
based mortality data, the consistency of results between Cox
modeling and the nested case-control methods, and the fact
that the study spanned the 3-year time period when the great-
estincrease in military suicides occurred. In addition, this study
included individuals from all service branches including ac-
tive and Reserve members, as well as those who have retired
or are no longer serving in the military.
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In conclusion, this study prospectively quantified military-
specificrisk factors associated with suicide in a cohort of mili-
tary members who were followed-up for as long as 7 years. In
this sample of current and former US military personnel, men-
tal health concerns but not military-specific variables were
found to be independently associated with suicide risk. The
findings from this study do not support an association be-

ARTICLE INFORMATION

Author Affiliations: Deployment Health Research
Department, Naval Health Research Center, San
Diego, California (LeardMann, Powell, T.C. Smith, B.
Smith); School of Health and Human Services,
National University, San Diego, California (T.C.
Smith); Department of Family and Preventive
Medicine, University of California, San Diego (B.
Smith); Department of Preventive Medicine and
Biometrics, Uniformed Services University of the
Health Sciences, Bethesda, Maryland (Bell,
Hooper); Seattle Epidemiologic Research and
Information Center, Veterans Affairs Puget Sound
Health Care System, Seattle, Washington (Boyko);
Analytic Services Inc, Arlington, Virginia
(Gackstetter); School of Public Health, Loma Linda
University, Loma Linda, California (Ghamsary);
Walter Reed Army Institute of Research, Silver
Spring, Maryland (Hoge).

Author Contributions: Ms LeardMann had full
access to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.

Study concept and design: Powell, T. Smith, Bell, B.
Smith, Boyko, Hooper, Gackstetter, Hoge,
LeardMann.

Acquisition of data: T. Smith, B. Smith, LeardMann.
Analysis and interpretation of data: Powell, T. Smith,
Bell, B. Smith, Boyko, Hooper, Gackstetter,
Ghamsary, Hoge, LeardMann.

Drafting of the manuscript: Powell, T. Smith, B.
Smith, LeardMann.

Critical revision of the manuscript for important
intellectual content: Powell, T. Smith, Bell, B. Smith,
Boyko, Hooper, Gackstetter, Ghamsary, Hoge,
LeardMann.

Statistical analysis: Powell, T. Smith, B. Smith,
Gackstetter, Ghamsary, LeardMann.
Administrative, technical, or material support: T.
Smith, Gackstetter, LeardMann.

Study supervision: T. Smith, B. Smith, Boyko, Hoge,
LeardMann.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Dr
Boyko reports receipt of payment for a lecture from
Merck. The other authors report no disclosures.

Funding/Support: This work represents report
12-53, supported by the Department of Defense,
under work unit no. 60002. The Millennium Cohort
Study is funded through the Military Operational
Medicine Research Program of the US Army
Medical Research and Materiel Command, Fort
Detrick, Maryland. Dr Boyko's effort in this project
was supported by VA Puget Sound Health Care
System.

Role of the Sponsor: The funding organizations
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or

jama.com

approval of the manuscript; and decision to submit
the manuscript for publication.

Group Information: In addition to the authors, the
Millennium Cohort Study Team includes Melissa
Bagnell, MPH; Nancy Crum-Cianflone, MD, MPH;
James Davies, BS; Nisara Granado, MPH, PhD;
Jaime Horton, MPH; Andrea Ippolito, MPH; Isabel
Jacobson, MPH; Kelly Jones, MPH; William Lee, BS;
Michelle Linfesty, BA; Gordon Lynch; Hope
McMaster, PhD; Sheila Medina-Torne, MPH;
Christopher Phillips, MD, MPH; Kari Sausedo, MA;
Emma Schaller, MPH; Amber Seelig, MPH; Beverly
Sheppard, BS; Donald Slymen, PhD; Steven Speigle;
Jennifer Walstrom; John Wesner, MPH; Martin
White, MPH; James Whitmer; and Charlene Wong,
MPH, Department of Deployment Health Research,

Naval Health Research Center, San Diego, California.

Disclaimer: The views expressed in this article are
those of the authors and do not reflect the official
policy or position of the Department of the Navy,
Department of the Army, Department of the Air
Force, Department of Defense, Department of
Veterans Affairs, or the US government.

Additional Contributions: We also thank the
professionals from the US Army Medical Research
and Materiel Command, Fort Detrick, Maryland,
especially those from the Military Operational
Medicine Research Program, Fort Detrick,
Maryland; Scott L. Seggerman, MS, Management
Information Division, Defense Manpower Data
Center, Monterey, California; and the Millennium
Cohort Study participants. None of these
individuals were compensated in association with
their contributions to this study.

REFERENCES

1. Black SA, Gallaway MS, Bell MR, Ritchie EC.
Prevalence and risk factors associated with suicides
of army soldiers 2001-2009. Mil Psychol.
2011;23(4):433-451. doi.10.1037/h0094766

2. Armed Forces Health Surveillance Center
(AFHSC). Deaths by suicide while on active duty,
active and reserve components, US Armed Forces,
1998-2011. MSMR. 2012;19(6):7-10.

3. Tarabay J. National Public Radio website. Suicide
rivals the battlefield in toll on US military.
http://www.npr.org/templates/story/story.php
?storyld=127860466. Accessed January 4, 2012.

4. Ramchand R, Acosta J, Burns RM, Jaycox LH,
Pernin CG. The War Within: Preventing Suicide in the
US Military. Santa Monica, CA: RAND Corporation;
201.

5. Kang HK, Bullman TA. Risk of suicide among US
veterans after returning from the Iraq or
Afghanistan war zones. JAMA. 2008;300(6):
652-653.

6. Hoge CW, Castro CA. Preventing suicides in US

service members and veterans: concerns after a
decade of war. JAMA. 2012;308(7):671-672.

Original Investigation Research

tween deployment or combat with suicide, rather they are con-
sistent with previous research indicating that mental health
problems increase suicide risk. Therefore, knowing the psy-
chiatric history, screening for mental and substance use dis-
orders, and early recognition of associated suicidal behaviors
combined with high-quality treatment are likely to provide the
best potential for mitigating suicide risk.

7. Hoge CW, Auchterlonie JL, Milliken CS. Mental
health problems, use of mental health services, and
attrition from military service after returning from
deployment to Iraq or Afghanistan. JAMA.
2006;295(9):1023-1032.

8. Smith TC; Millennium Cohort Study Team. The
US Department of Defense Millennium Cohort
Study: career span and beyond longitudinal
follow-up. J Occup Environ Med. 2009;51(10):
1193-1201.

9. Ryan MA, Smith TC, Smith B, et al. Millennium
Cohort: enrollment begins a 21-year contribution to
understanding the impact of military service. J Clin
Epidemiol. 2007;60(2):181-191.

10. Wentworth DN, Neaton JD, Rasmussen WL. An
evaluation of the Social Security Administration
master beneficiary record file and the National
Death Index in the ascertainment of vital status. Am
J Public Health.1983;73(11):1270-1274.

11. Boyle CA, Decouflé P. National sources of vital
status information: extent of coverage and possible
selectivity in reporting. Am J Epidemiol. 1990;131(1):
160-168.

12. Fisher SG, Weber L, Goldberg J, Davis F.
Mortality ascertainment in the veteran population:
alternatives to the National Death Index. Am J
Epidemiol. 1995;141(3):242-250.

13. Cowper DC, Kubal JD, Maynard C, Hynes DM. A
primer and comparative review of major US
mortality databases. Ann Epidemiol. 2002:12(7):
462-468.

14. Gardner JW, Cozzini CB, Kelley PW, et al. The
Department of Defense Medical Mortality Registry.
Mil Med. 2000;165(7)(suppl 2):57-61.

15. Hooper T, Gackstetter GD, Leardmann CA,

et al; Millennium Cohort Study Team. Early
mortality experience in a large military cohort and a
comparison of mortality data sources. Popul Health
Metr. 2010;8(1):15.

16. Kazis LE, Ren XS, Lee A, et al. Health status in
VA patients: results from the Veterans Health
Study. Am J Med Qual. 1999;14(1):28-38.

17. Ware JE Jr, Sherbourne CD. The MOS 36-item
short-form health survey (SF-36): I, conceptual
framework and item selection. Med Care.
1992;30(6):473-483.

18. LeardMann CA, Smith TC, Smith B, Wells TS,
Ryan MA; Millennium Cohort Study Team. Baseline
self reported functional health and vulnerability to
post-traumatic stress disorder after combat
deployment: prospective US military cohort study.
BMJ.2009;338:b1273.

19. Cavanagh JT, Owens DG, Johnstone EC. Suicide
and undetermined death in south east Scotland: a
case-control study using the psychological autopsy
method. Psychol Med. 1999;29(5):1141-1149.

20. Holmes TH, Rahe RH. The Social Readjustment
Rating Scale. J Psychosom Res. 1967:11(2):213-218.

JAMA August7,2013 Volume 310, Number 5

505



506

Research Original Investigation

21. Weathers FW, Litz BT, Herman DS, Huska JA,
Keane TM. The PTSD Checklist (PCL): reliability,
validity, and diagnostic utility. Paper presented at:
Annual Meeting of International Society for
Traumatic Stress Studies; October 25, 1993; San
Antonio, TX.

22. American Psychiatric Association. Diagnostic
and Statistical Manual of Mental Disorders. 4th ed.
Washington, DC: American Psychiatric Association;
2000.

23. Kroenke K, Spitzer RL, Williams JB. The PHQ-9:
validity of a brief depression severity measure.
J Gen Intern Med. 2001;16(9):606-613.

24. Spitzer RL, Williams JB, Kroenke K, Hornyak R,
McMurray J. Validity and utility of the PRIME-MD
patient health questionnaire in assessment of
3000 obstetric-gynecologic patients: the
PRIME-MD Patient Health Questionnaire
Obstetrics-Gynecology Study. Am J Obstet Gynecol.
2000;183(3):759-769.

25. Spitzer RL, Williams JB, Kroenke K, et al. Utility
of a new procedure for diagnosing mental disorders
in primary care: The PRIME-MD 1000 study. JAMA.
1994,272(22):1749-1756.

26. Dawson DA, Grant BF, Li TK. Quantifying the
risks associated with exceeding recommended
drinking limits. Alcohol Clin Exp Res. 2005;29(5):
902-908.

JAMA August7,2013 Volume 310, Number 5

27. Goldberg1J, Mosca L, Piano MR, Fisher EA;
Nutrition Committee, Council on Epidemiology and
Prevention, and Council on Cardiovascular Nursing
of the American Heart Association. AHA Science
Advisory: wine and your heart: a science advisory
for healthcare professionals from the Nutrition
Committee, Council on Epidemiology and
Prevention, and Council on Cardiovascular Nursing
of the American Heart Association. Circulation.
20071;103(3):472-475.

28. Criqui MH. Do known cardiovascular risk
factors mediate the effect of alcohol on
cardiovascular disease? Novartis Found Symp.
1998;216:159-167.

29. Naimi TS, Brewer RD, Mokdad A, Denny C,
Serdula MK, Marks JS. Binge drinking among US
adults. JAMA. 2003;289(1):70-75.

30. Hawton K, van Heeringen K. Suicide. Lancet.
2009;373(9672):1372-1381.

31. Armed Forces Health Surveillance Center
(AFHSC). The risk of mental health disorders among
US military personnel infected with human
immunodeficiency virus, active component, US
Armed Forces, 2000-2011. MSMR. 2012;19(6):11-17.

32. Littman AJ, Boyko EJ, Jacobson IG, et al;
Millennium Cohort Study. Assessing nonresponse
bias at follow-up in a large prospective cohort of
relatively young and mobile military service
members. BVIC Med Res Methodol. 2010;10(1):99.

Suicide Risk Factors in US Military Personnel

33. Smith TC, Smith B, Jacobson IG, Corbeil TE,
Ryan MA; Millennium Cohort Study Team.
Reliability of standard health assessment
instruments in a large, population-based cohort
study. Ann Epidemiol. 2007;17(7):525-532.

34. Spitzer RL, Kroenke K, Williams JB. Validation
and utility of a self-report version of PRIME-MD: the
PHQ primary care study. Primary Care Evaluation of
Mental Disorders. Patient Health Questionnaire.
JAMA.1999;282(18):1737-1744.

35. Smith TC, Ryan MA, Wingard DL, Slymen DJ,
Sallis JF, Kritz-Silverstein D; Millennium Cohort
Study Team. New onset and persistent symptoms
of post-traumatic stress disorder self reported after
deployment and combat exposures: prospective
population based US military cohort study. BMJ.
2008;336(7640):366-371.

36. Carr JR, Hoge CW, Gardner J, Potter R. Suicide
surveillance in the US Military—reporting and
classification biases in rate calculations. Suicide Life
Threat Behav. 2004;34(3):233-241.

37. Speechley M, Stavraky KM. The adequacy of
suicide statistics for use in epidemiology and public
health. Can J Public Health. 1991;82(1):38-42.

38. Phillips DP, Ruth TE. Adequacy of official
suicide statistics for scientific research and public
policy. Suicide Life Threat Behav.1993;23(4):
307-319.

jama.com



REPORT DOCUMENTATION PAGE

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing the burden, to Washington Headquarters Services, Directorate for Information Operations and
Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, Respondents should be aware that notwithstanding any other provision of law, no person shall
be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB Control number. PLEASE DO NOT RETURN YOUR
FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD MM YY) | 2. REPORT TYPE 3. DATES COVERED (from — to)
Sep 2012 Journal submission 2001 - 2008
4. TITLE 5a. Contract Number:

Risk Factors Associated With Suicide in Current and Former US Military Personnel | 3b- Grant Number:

5c. Program Element Number:
6. AUTHQRS ) ) 5d. Project Number:
Cynthia A. LeardMann, Teresa M. Powell, Tyler C. Smith, Michael R. Bell, Besa 5e. Task Number:

Smith, Edward J. Boyko, Tomoko I. Hooper, Gary D. Gackstetter, Mark Ghamsary, & 5f. Work Unit Number: 60002
Charles W. Hoge

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Commanding Officer
Naval Health Research Center

140 Sylvester Rd 8. PERFORMING ORGANIZATION REPORT

San Diego, CA 92106-3521 NUMBER
8. SPONSORING/MONITORING AGENCY NAMES(S) AND ADDRESS(ES) 12-53
Commanding Officer Chief, Bureau of Medicine and Surgery
Naval Medical Research Center 7700 Arlington Blvd
10. SPONSOR/MONITOR'S ACRONYM(S
503 Robert Grant Ave Falls Church, VA 22042 NMRC/BUMED ©)
Silver Spring, MD 20910-7500 11. SPONSOR/MONITOR'S REPORT
NUMBER(s)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES
JAMA, (2013) 310(5), 496-506  doi:10.1001/jama.2013.65164

14. ABSTRACT
IMPORTANCE. Beginning in 2005, the incidence of suicide deaths in the US military began to sharply increase. Unique stressors,
such as combat deployments, have been assumed to underlie the increasing incidence. Previous military suicide studies have relied on
case series and cross-sectional investigations and have not linked data during service with post-service periods.
OBJECTIVE. To prospectively identify and quantify risk factors associated with suicide in current and former US military personnel
including demographic, military, mental health, behavioral, and deployment characteristics.
DESIGN, SETTING, AND PARTICIPANTS. Prospective longitudinal study with accrual and assessment of participants in 2001, 2004,
and 2007. Questionnaire data were linked with the National Death Index and the Department of Defense Medical Mortality Registry
through December 31, 2008. Participants were current and former US military personnel from all service branches, including active and
Reserve/National Guard, who were included in the Millennium Cohort Study (N = 151 560).
RESULTS. Through the end of 2008, findings were 83 suicides in 707 493 person-years of follow-up (11.73/100 000 person-years
[95%Cl, 9.21-14.26]). In Cox models adjusted for age and sex, factors significantly associated with increased risk of suicide included
male sex, depression, manic-depressive disorder, heavy or binge drinking, and alcohol-related problems. None of the deployment-
related factors (combat experience, cumulative days deployed, or number of deployments) were associated with increased suicide risk
in any of the models. A nested, matched case-control analysis using 20:1 control participants per case confirmed these findings.
CONCLUSIONS AND RELEVANCE. In this sample of current and former military personnel observed July 1, 2001-December 31,
2008, suicide risk was independently associated with male sex and mental disorders but not with military-specific variables. These
findings may inform approaches to mitigating suicide risk in this population.

15. SUBJECT TERMS
Suicide, military personnel

16. SECURITY CLASSIFICATION OF: 17. LIMITATION | 18. NUMBER | 18a. NAME OF RESPONSIBLE PERSON
a. REPORT . ABSTRACT |c. THIS PAGE | ©F ABUSNTS:“CT OF PAl‘E:‘LES Commanding Officer
UNCL UNCL UNCL 18b. TELEPHONE NUMBER (INCLUDING AREA CODE)
COMMI/DSN: (619) 553-8429

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39-18




	Rpt 12-53, SF298  LeardMann.pdf
	REPORT DOCUMENTATION PAGE
	2001 - 2008
	Journal submission
	140 Sylvester Rd
	San Diego, CA 92106-3521
	Commanding Officer                            Chief, Bureau of Medicine and Surgery
	Naval Medical Research Center          7700 Arlington Blvd
	10. SPONSOR/MONITOR’S ACRONYM(S)
	11. SPONSOR/MONITOR’S REPORT NUMBER(s)



