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Abstract

Background: The risk of suicide among Veterans is of major concern, particu-
larly among those who experienced a combat deployment and/or have a history
of PTSD.

Design and methods: This was a retrospective cohort study of post-discharge
suicide among Vietnam-era Veterans who are members of the Vietham Era Twin
(VET) Registry. The VET Registry is a national sample of male twins from all
branches of the military, both of whom served on active duty between 1964 and
1975. Military service and demographic factors were available from the military
records. Service in-theater was based on military records; combat exposure and
PTSD symptoms were assessed in 1987 by questionnaire. Mortality follow-up,
from discharge to 2016, is identified from Department of Veterans Affairs, Social
Security Administration, and National Death Index records; suicide as a cause
of death is based on the International Classification of Death diagnostic codes
from the death certificate. Statistical analysis used Cox proportional hazards re-
gression to estimate the association of Vietnam-theater service, combat exposure,
and PTSD symptoms with suicide while adjusting for military service and demo-
graphic confounding factors.

Results: From the 14,401 twins in the VET Registry, there were 147 suicide
deaths during follow-up. In adjusted analyses, twins who served in the Vietham
theater were at similar risk of post-discharge suicide compared with non-theater
Veterans; there was no association between combat and suicide. An increase in
severity of PTSD symptoms was significantly associated with an increased risk of
suicide in adjusted analyses (hazard ratio = 1.13 per five-point increase in symp-
tom score; 95% CI: 1.02-1.27).
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INTRODUCTION

Nearly nine million Veterans served during the Vietnam
conflict with a third of these having served in the Vietnam-
theater of operations. Several studies have examined
whether military service in Vietnam leads to an increased
risk of suicide. The evidence to date is decidedly mixed,
with several studies finding no association (Centers for
Disease Control Vietnam Experience Study, 1987; Kang
etal.,2015; Thomasetal., 1991), others demonstrating that
Vietnam Veterans had a reduced risk of post-discharge
suicide (Breslin et al., 1988), and still others finding an
increased risk of suicide (Fett et al., 1984; Watanabe &
Kang, 1996). However, it is challenging to synthesize these
diverse findings because they vary in the specific popu-
lations examined, how risk factors and outcomes were
assessed, and duration of follow-up. For example, studies
examined suicide in a random sample of Army Veterans
followed from the date of military discharge (Centers for
Disease Control Vietnam Experience Study, 1987), while
other studies examined suicide among Vietnam Veterans
seen at VA hospitals with a diagnosis of depression or
PTSD (Bullman et al., 2018). Many studies failed to adjust
adequately for pre-military service factors, such as family
environment, that might be associated with both deploy-
ment to Vietnam and the risk of suicide. Several studies
also failed to consider co-morbid depression, which may
be a stronger predictor of suicide compared with PTSD
alone (Gradus, 2018). Therefore, there is no clear evidence
to date that PTSD is associated with an increased risk of
suicide. This area needs rigorous investigation. If such an
association is demonstrated, these data would be helpful
for the development of interventions designed to mitigate
such risk.

The Vietnam Era Twin Registry was constructed as
a scientific resource to study the health of Vietnam-era
Veterans (Eisen et al., 1987; Tsai et al., 2013). This unique
cohort includes male-male twin pairs from all branches
who both served in the military during the Vietnam era
(1965-1975) and provides the most complete and repre-
sentative sample to date of Vietnam Era male veterans.
Other strengths to the VET Registry include the long fol-
low-up (over 30 years since the baseline Survey of Health

Conclusions: Service in the Vietnam theater is not associated with greater risk
of suicide; however, PTSD symptom severity poses a degree of risk of suicide in
Vietnam-era Veterans. Adequate screening for PTSD in Veterans may be promis-
ing to identify Veterans who are at increased risk of suicide.

PTSD, suicide and self-harm, veterans

data collection), the availability of non-military factors,
and the potential to control for familial confounders. To
date, the post-discharge suicide mortality experience of
this cohort has not been examined.

The purpose of this study is to examine the association
between Vietnam-theater service, combat exposure, and
PTSD with suicide following discharge from the military
among a cohort of Vietnam-era Veterans.

METHODS
Subjects

The VET Registry was constructed from computerized
military discharge records and is a national sample of
male-male twins from all branches who served on active
duty between 1965 and 1975 and were alive at discharge
(Eisen et al., 1987). Members of the Registry were born
between 1939 and 1957. The process of identifying twins
involved a matching algorithm based on last name, date of
birth, and similar Social Security numbers. A military re-
cord search then confirmed an individual was a member
of a twin pair by matching parental names and place of
birth. A complete description of the VET Registry is avail-
able (Goldberg et al., 2002; Henderson et al., 1990). The VA
Office of Research & Development Central Institutional
Review Board approved the study protocol.

Measures
Information from the military records

At the time the VET Registry was assembled in the 1980s,
information on military service and demographics was ob-
tained manually from the military service records. These
data were abstracted and included the following: deploy-
ment to Vietnam, award of combat medals, dates of enlist-
ment and discharge, branch of service, rank at discharge,
type of discharge, Armed Forces Qualifying Test score (a
measure of I1Q at enlistment), date of birth, race, and edu-
cational attainment at the time of enlistment.
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Information from the 1987 VET registry
survey of health

In 1987, an initial health survey, the Survey of Health,
invited the twins to participate in the VET Registry and
obtained a broad array of sociodemographic, lifestyle, and
health characteristics. The mailed survey also included
information about service in SE Asia, combat exposure
and PTSD symptoms. Regrettably information on depres-
sion was not collected as part of this survey. We created
a combat exposure index, which has excellent reliability
and validity, based on the sum of 18 specific combat expe-
riences (Janes et al., 1991). For this study, three categories
of combat exposure were considered as follows: persons
who were not deployed to the Vietnam theater, those who
were deployed and had little to no combat experience, and
those who were deployed and had medium to high com-
bat experience. The VET-R 15-item PTSD scale assessed
the frequency of symptoms in the previous 6 months. The
items were derived based on the Diagnostic and Statistical
Manual of Mental Disorders-Third Edition-Revised (DSM-
III-R) criteria; symptoms were asked of all twins, as re-
lated to “military service experiences.” Response options
ranged on a 5-point ordinal scale from “never” (scored 1)
to “very often” (scored 5). The sum of these items pro-
duced the total VET-R PTSD score that ranges from 15 to
75. The total scale demonstrated excellent internal con-
sistency (Chronbach's a = 0.9), and the test-retest reli-
ability was 0.6 (Roy-Byrne et al., 2004). In a recent report,
the VET-R PTSD scale was shown to be highly correlated
with both the PTSD Checklist (r = 0.90) and a diagnosis
of PTSD using the Composite International Diagnostic
Interview (Area Under the Curve = 87.7%) (Magruder
et al., 2015).

Mortality follow-up

Mortality follow-up occurred from the date of discharge
from the military to date of death or December 31, 2016
whichever came first. We used multiple sources to iden-
tify deaths among VET Registry members based on
matching name, state of birth, date of birth, and Social
Security number. In the period from discharge to prior
to 1979, we used both the VA Beneficiary Identification
and Record Location Subsystem and the Social Security
Administration Death Master File to identify individual
deaths. After 1979, we were able to use the National
Center for Health Statistics National Death Index (NDI)
to identify deaths. For each death identified from our
computerized linkage, we reviewed the matches to con-
firm the accuracy of each match. For each death identified
prior to 1979, we attempted to obtain a hard copy death

ASSOCIATION OF SUICIDOLOGY

certificate from individual states to confirm the date and
cause of death; after 1979, we used the NDI Plus system to
confirm date of death and underlying cause.

We classified cause of death according to International
Classification of Disease (ICD-9) after using the appropri-
ate cross-walk between ICD 8, 9 and 10 codes. Suicides
were identified using the ICD External cause of death
codes of E950-E959.

Analytic dataset and statistical analysis

Two separate analytical approaches were used. The pri-
mary analyses were based on twins-as-individuals and ac-
counting for the non-independence of the twins through
the use of clustering by pair. The full-cohort analytic data-
set is based on the number of twin pairs that we confirmed
from the military record who were both alive at discharge
from the military. For the secondary analyses, we formed
an analytic co-twin control dataset based on twin pairs
who were discordant for suicide, meaning one member of
the pair had died as a result of suicide and the co-twin had
not died by suicide (i.e., was either alive or had died from
a cause other than suicide).

Statistical analysis was conducted in several stages.
The initial twins-as-individuals approach used the full-
cohort and examined the association between Vietnam-
theater service and suicide mortality from the date of
military discharge through December 2016 (n = 14,401);
we first examined Kaplan-Meier mortality curves and es-
timated the strength of association using the hazard ratio
along with 95% confidence intervals, after accounting for
clustering by twin pair. In subsequent regression analyses,
we examined the risk of suicide based on military service
and demographic factors using Cox proportional hazards
regression. We also performed a twins-as-individuals
analysis among all those twin pairs who responded to
the 1987 VET Registry Survey of Health (n = 10,445),
as this survey contained information about PTSD symp-
toms where the military records did not. This analysis
examined risk of suicide starting from the date of survey
response until the end of 2016 and allowed us to incorpo-
rate survey-based exposure measures of combat and the
1987 VET-R PTSD symptom scale and service in Southeast
Asia as risk factors.

In the analyses of the full cohort from the time of
discharge, we simultaneously adjusted for potential con-
founders, including military service factors and demo-
graphic factors available from the military records. Military
service factors included the following: service in Vietnam,
award of combat medal, branch of service, type of dis-
charge (Specifically, for “other than honorable” the types
were as follows: dishonorable (n = 4), unfitness (n = 439),
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and misconduct (n = 406)), year of entry into service, and
year of discharge. Demographic factors included the fol-
lowing: age at enlistment (classified into a binary variable
of below or above median age at enlistment), educational
level at enlistment (HS grad vs less than HS grad), and
race (white vs non-white). In the analysis of the co-twin
control dataset, we used univariate conditional logistic
regression to estimate the within-pair association of po-
tential risk factors with suicide. Given the modest number
of suicides in the 1987 follow-up cohort, we could not si-
multaneously adjust for all potential confounding factors.
Thus, only univariable analyses were conducted. The 1987
follow-up cohort additionally included the military ser-
vice risk factors, combat exposure index and VET-R PTSD
score, which were not available from the military records
data. The PTSD score was modeled in quintiles and also
continuously.

Secondary analyses used the co-twin control design
to examine within-pair differences in exposure among
suicide-discordant twin pairs. Paralleling our approach
to the full cohort analysis, we first examined all suicide-
discordant pairs from the date of military discharge and
then examined suicide-discordant twin pairs for those
twins who both responded to the 1987 Survey of Health.
In the co-twin control analyses, we obtained odds ratio
estimates and 95% confidence intervals from condi-
tional logistic regression for matched pairs. These anal-
yses adjusted for the same risk factors as the primary
analysis.

All analyses used two-sided tests and set significance
levels at p < 0.05. Data analyses used R, version 4.02.

RESULTS
Sample characteristics

The VET Registry consists of 14,401 Vietnam-era Veterans
who were alive at discharge from the military and con-
tributed a total of 600,420 person-years of follow-up. Table
1 shows that 2966 of the Registry twins have died since
discharge through the end of December 2016. A larger
proportion of deaths from suicide tended to occur closer
to the time of discharge from active military service com-
pared with all-cause mortality. In total, there were 147 su-
icides (5.0 percent) among the 2966 deaths. Four of the
suicides were within two twin pairs, and the remaining
139 suicides occurred in only one twin in a given twin
pair. The 139 suicides form the co-twin control analytic
dataset. Among those who completed the Survey of Health
(circa 1987), there were a total of 1727 deaths and 446,100
person-years of follow-up. A total of 48 suicides occurred
following the Survey of Health. There were 37 suicide-
discordant twin pairs among twins who both responded to
the Survey of Health.

Distribution of risk factors

In the full VET Registry cohort, the distribution of mili-
tary service factors was generally similar in suicide deaths
compared with those who did not die by suicide (Table 2).
For example, 32.7 percent of the Veterans who died by sui-
cide served in the Vietnam-theater, whereas 35.9 percent

TABLE 1 All deaths and suicide deaths in the Vietnam Era Twin Registry through December 2016

Suicide Proportional mortality Mean cohort age
Time interval All deaths deaths ratio (per 100 deaths) during time interval
From date of military discharge
Initial cohort n = 14,742
1965-1969 3 1 33.3 21-22
1970-1979 188 25 13.3 22-30
1980-1989 256 39 15.2 31-40
1990-1999 452 30 6.6 41-50
2000-2009 965 40 4.1 51-60
2010-2016 1,102 12 1.1 61-67
Total 2966 147 5.0 -—
From completion of the Survey of Health Questionnaire (circa 1987)
Initial cohort n = 10,980
1987-1989 50 6 12.0 38-40
1990-1999 286 17 5.9 41-50
2000-2009 618 21 34 51-60
2010-2016 773 4 0.5 61-67
Total 1727 48 2.8 ===
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TABLE 2 Military service and demographic factors for suicide in the full Vietnam-Era Twin Registry cohort and among responders to
the Survey of Health

Time interval from

Time interval from Survey of health (circa 1987) through
Discharge through 2016 2016

Military service and demographic  Suicide deaths Alive at discharge® Alive in 1987*
factors (n=147) (n =14,401) Suicide deaths (n = 48) (n =10,445)
Military service

Service in Vietnam theater (%) 32.7 35.9 25.0 354

Award of Combat Medal (%) 11.6 14.6 6.2 15.4

PTSD symptom score (mean +SD) 29.4 (10.6) 26.2(10.3)
Quintiles: Q1 10.4 15.9

Q2 10.4 19.6

Q3 20.8 24.1

Q4 25.0 19.9

Q5 33.3 20.5
Combat exposure (%) ---

No Service in Vietnam theater 68.8 60.3

Service with no or low combat 18.8 18.8

exposure
Service with medium or high 12.5 20.9
combat exposure

Branch of Service (%)

Army 56.8 52.4 54.2 52.1

Navy 23.1 22.4 20.8 23.4

Air Force 12.2 17.1 10.4 17.1

Marines 8.2 8.1 14.6 7.5
Type of discharge (%)

Non-honorable 14.3 5.7 14.6 4.0

Honorable 85.7 94.3 85.4 96.0
Discharge rank (%)

Officer 0.7 2.8 0.0 3.2

Enlistment 99.3 97.2 100.0 96.8
Year of entry into service (%)

<1969 41.5 47.8 35.4 49.3

>1969 58.5 52.2 64.6 50.7
Year of discharge (%)

<1970 12.2 19.1 10.4 19.1

>1970 87.8 80.9 89.6 80.9
Demographics

Age at enlistment (mean + SD) 19.1(1.4) 19.7 (1.6) 19.3(1.6) 19.8 (1.4)
Education at enlistment (%)

<High school graduate 29.9 19.3 29.2 16.0

High school graduate 59.9 62.7 58.3 63.8

>High school graduate 10.2 18.0 12.5 20.2
Race (%)

White 95.9 90.1 97.9 92.6

Non-white 4.1 9.9 2.1 7.4

“Excludes suicide deaths.
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of the Veterans who did not die by suicide served in the
Vietnam-theater. However, among Veterans who died by
suicide, there was a higher proportion of non-honorable
discharges, and this group tended to be discharged earlier.
Demographic factors were also similar in those who did
and did not die by suicide with a mean age of enlistment
of 19 years in both groups, except education was gener-
ally lower among Veterans who died by suicide. Among
responders to the 1987 Survey of Health, the overall mean
total PTSD symptom severity score was 26.2, with the ma-
jority responding that they had minimal symptoms. The
distribution of military service and demographic factors
was similar to the full VET Registry cohort. The overall
level of combat exposure was lower, and the mean and
distribution PTSD symptom level was higher among per-
sons who died by suicide compared with those who did
not. The Kaplan-Meier curve for these data are shown in
Figure 1. Over the 30 years of follow-up, those in the high-
est quintile of PTSD symptom severity scores had lowest
suicide-free survival. In the secondary co-twin control
samples of suicide-discordant pairs, military service and
demographic characteristics were comparable in twins
who did and did not die by suicide in both the cohort fol-
lowed from discharge and the 1987 cohort followed from
the completion of the Survey of Health (Table S1).

Primary analysis with twins-as-
individuals design

The overall incidence rate of suicide was 24.1 suicides
per 100,000 person-years (95% CI: 20.2-28.1) in the full
VET Registry. Suicide mortality in the full VET Registry

Full Cohort - Discharge through 2016

cohort from the time of military discharge through the
close of follow-up in 2016 was not different in Vietnam
theater and non-theater Veterans. Figure 1 provides the
Kaplan-Meier survival curve of suicide mortality by
theater service and Table 3 provides an adjusted hazard
ratio of 0.98 (95% CI: 0.65-1.49). Of the military service
factors examined in the full cohort, only type and year of
discharge were associated with significant increased risk
of post-discharge suicide: those with a discharge other
than honorable (dishonorable, unfitness, inaptitude, un-
suitability, and misconduct) were 2.05 times more likely
to die by suicide compared with those with an honorable
discharge (95% CI: 1.20-3.49) (Table 3). Those with a later
discharge date (i.e., later than 1970) had an elevated risk
of suicide (HR = 1.86; 95% CI: 1.04-3.33). The only demo-
graphic factor significantly associated with suicide in the
full cohort was age of enlistment, with greater risk found
in Veterans who were below the median age of enlistment
in the cohort (HR = 1.73; 95% CI: 1.18-2.54). We tested
the global assumption of proportional hazards using the
Schoenfeld residuals, and it was not violated (p = 0.114).
In the 1987 cohort based on respondents to the Survey
of Health, suicide was not significantly associated with
Southeast Asia service or receipt of a combat medal (Table
3). For PTSD, Figure 2 provides the Kaplan-Meier survival
curve of suicide mortality by PTSD symptom score quin-
tiles. In an adjusted model and when modeled continu-
ously (Table 3), PTSD symptom score was associated with
increased risk of suicide (HR = 1.13 per 5-unit change
in score, 95% CI: 1.02-1.27). Due to the low number of
events, there was limited power, the confidence inter-
vals were correspondingly wide for the quintiles of PTSD
symptom score, and the increasing risk trend appeared

Strata — No SEA Service = SEA Service

1.001
2 1.000
o) 0.751
3
S 0.995
o} 0.501
© 0.990
=
= 0-251 o085 , : :
“a 0 10 20 30 40 50
0.00 1 . . . . . .
0 10 20 30 40 50
Years since discharge
Number at risk FIGURE 1 Kaplan-Meier survival
g No SEA Service 19204 9062 8886 8536 7017 56 curves of suicide mortality in full VET
& SEA Service 51'66 5088 4978 47'83 42'31 8 Registry cohort, from date of military
0 10 20 30 40 50

Years since discharge

discharge until end of 2016, stratified by
Southeast Asia theater service
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TABLE 3 Hazard ratios for the . . ) .
association of military service and Tl.me interval from Time interval from
demographic factors with suicide Discharge through Survey of Health
Military service and 2016 through 2016
demographic factors HR® 95% CI HR® 95% CI
Service in Vietnam theater
No 1.0 1.0
Yes 0.98 0.65-1.49 0.85 0.23-3.16
PTSD symptom score 1.13 1.02-1.27
Continuous (per 5-pt. change)
Quintiles: Q1 1.0
Q2 0.83 0.24-2.84
Q3 1.32 0.45-3.83
Q4 1.65 0.57-4.80
Q5 2.31 0.84-6.41
Combat Exposure -
No Service in Vietnam theater 1.0
Service with no or low combat 1.26 0.38-4.20
exposure
Service with medium or high 0.61 0.15-2.45
combat exposure
Award of combat medal
No 1.0 1.0
Yes 0.81 0.44-1.47 0.47 0.11-2.02
Branch of service
Army 1.0 1.0
Navy 0.82 0.54-1.25 0.66 0.31-1.37
Air force 0.59 0.33-1.05 0.42 0.14-1.25
Marines 0.66 0.36-1.24 1.24 0.55-2.81
Type of discharge
Honorable 1.0 1.0
Non-honorable 2.05 1.20-3.49 2.36 0.96-5.82
Year of Entry into Service
<1969 1.0 1.0
>1969 0.91 0.59-1.38 1.00 0.48-2.07
Year of discharge
<1970 1.0 1.0
>1970 1.86 1.04-3.33 1.71 0.60-4.85
Median age at enlistment
Above median 1.0 1.0
Below median 1.73 1.18-2.54 1.59 0.86-2.95
Education at enlistment
At least high school graduate 1.0 1.0
<High school graduate 1.37 0.90-2.09 1.33 0.64-2.76

PAll hazard ratios are estimated from a multivariable Cox regression model that included the complete set
of military service and demographic factors in the model.

“Hazard ratios for each of the military service and demographic factors are estimated from separate
univariable Cox regression models. Bold entries indicate hazard ratios significantly different from 1 at the
0.05 significance level.
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Full Cohort - SoH through 2016

Strata — PTSD Q1 — PTSD Q2 — PTSD Q3 — PTSD Q4 — PTSD Q5

FIGURE 2 Kaplan-Meier survival
curves of suicide mortality among those
who responded to the Survey of Health
until the end of 2016, stratified by quintile

g 128 of PTSD symptom score
§ 075 1000
) 0.995
a 0.50 1
© 0.990
€ 025 oessl, : . : : .
=) 0 10 20 30 40 50
€ 0.001__, , . , . ,
0 10 20 30 40 50
Years since discharge
Number at risk
PTSD Q111651 1651 1642 1606 1384 7
8 PTSD Q212026 2026 2007 1944 1702 11
S pTSD Q312515 2514 2491 2420 2099 13
o PTSD Q412069 2068 2045 1977 1682 12
PTSD Q512131 2128 2100 2000 1640 8
0 10 20 30 40 50

Years since discharge

TABLE 4 Hazard ratios for the interaction between PTSD and
combat exposure on suicide among responders to the 1987 survey
of health

Factors HR 95%CI
PTSD Symptom score (5-unit change) 1.21  1.03-1.41
Combat exposure
No service in Vietnam theater 1.0
Service, no or low combat exposure 0.34  0.08-1.39
Service, medium or high combat 1.06  0.13-8.52
exposure
PTSD by Combat Exposure interaction
PTSD x No service in Vietnam theater 1.0
PTSD X Service, no or low combat 1.15  0.94-1.40
exposure
PTSD X Service, medium or high combat  0.87  0.65-1.16

exposure

to be limited to quintile 3, 4, and 5 (Table 3). Testing for
interaction of PTSD with combat exposure did not detect
significant interaction (Table 4).

Secondary analysis using co-twin
control design

In the co-twin control analysis of all suicide-discordant
pairs with follow-up starting from the date of discharge,
there was no significant association with theater service
(OR = 0.79; 95% CI: 0.45-1.37) or any of the other mili-
tary service risk factors. None of the demographic factors
demonstrated a significant association with suicide risk.
Among the 37 suicide-discordant twin pairs in whom both

twins responded to the Survey of Health, there were no
military service or demographic factors significantly as-
sociated with suicide. Of particular note in the matched
pair analysis, the total PTSD symptom severity score did
not significantly elevate the odds of suicide for any quin-
tile of symptom score (Table S2). When this PTSD symp-
tom score was modeled continuously, a similar point
estimate to the twins-as-individuals design was observed
(OR = 1.14 for a five-unit change; 95% CI: 0.86-1.50), al-
beit not reaching statistical significance.

DISCUSSION

During more than 30 years of follow-up after military dis-
charge, Vietnam-theater Veteran twins were at no higher
risk of suicide than Vietnam-era Veterans who were not
deployed. This absence of association between deployment
to Vietnam-theater exposure and suicide is consistent
across time, as indicated by the test of proportional haz-
ards. Yet, among VET Registry members who were alive
in 1987, subsequent suicide risk was higher among those
with an increased burden of PTSD symptoms, regardless
of deployment to Southeast Asia or combat exposure; this
increased gradient of risk, especially for those in the high-
est quintile of PTSD score is illustrated by the Kaplan-
Meier curves, and the risk persists over 30 years until the
end of follow-up. Although the point estimates appeared
to approximate an increasing trend in risk of suicide with
increasing PTSD quintile, we were likely underpowered to
detect quintile-specific significance. Additional findings of
note included an increased risk of suicide associated with
military discharge other than honorable and a younger
age of enlistment. Findings regarding PTSD and suicide
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risk in the co-twin control analyses were similar in mag-
nitude (though were nominally no longer significant) and
suggest that after adjusting for familial and genetic fac-
tors, there may still be an association with PTSD symptom
severity and suicide risk. However, we are cautious in our
interpretation of these results given the modest number of
suicide deaths. The sparse data are difficult to interpret,
and the lack of association may be a result of insufficient
power to detect statistically significant associations.

There is a substantial body of research on the risk of
suicide among Veterans. The central question raised in
this literature is whether military service or specific as-
pects of military service, such as deployment to a war
zone, alter the subsequent risk of suicide. A directly re-
lated question is whether the potential increase in the risk
of suicide might be due to the psychological sequalae of
serving in combat. Several meta-analyses and literature
reviews have attempted to summarize this diverse lit-
erature (Haney et al., 2012; Knapik et al., 2009; Pompili
et al., 2013; Rozanov & Carli, 2012). Broadly, the conclu-
sion from these reviews is that suicide risk in Veterans is
highly variable and depends on the study population and
specific military experiences and their consequences. A
meta-analysis of several large, population-based studies of
Veterans who served during the Iraq and Afghanistan con-
flicts found little evidence of an increased risk of suicide
among those who were deployed to a war zone (Knapik
et al., 2009). The evidence from studies of Vietnam-era
Veterans is less clear, with some studies finding increased
risk of suicide among theater Veterans (Fett et al., 1984;
Watanabe & Kang, 1996) while most others found no
evidence of an increase in risk related to deployment
(Centers for Disease Control Vietnam Experience Study,
1987; Thomas et al., 1991). There is also the association of
co-morbid depression which cannot be addressed in our
sample as depression and other psychiatric comorbidi-
ties were not assessed in the 1987 VET Registry Survey of
Health. The Survey of Health only contained the VET-R
PTSD symptom scale. This is unfortunate as co-morbid de-
pression may be a stronger predictor of PTSD-associated
suicide than PTSD alone (Gradus, 2018).

Studies of the effects of PTSD in Veterans and the re-
lationship to suicide risk are difficult to interpret because
of the differences in how samples were defined and as-
sembled. For example, a strong association of PTSD
with suicide death is found in several large studies of VA
treatment-seeking populations (Desai et al., 2008; Zivin
et al., 2007). The studies of Veteran suicide most directly
comparable to the VET Registry cohort are those based on
the CDC Vietnam Experience Study and the Australian
retrospective cohort of Vietnam-era Veterans. The CDC
study, which was made up of more 17,000 enlisted Army
Veterans who served a single tour, found a hazard ratio
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of 0.98 (95% CI 0.58-1.65) for theater service compared
with non-theater service in the follow-up period between
discharge and 1983 (Centers for Disease Control Vietnam
Experience Study, 1987); in a subsequent follow-up of this
cohort through 2000 the hazard ratio in the first 5 years
following discharge was 1.72 (95% CI 0.76-3.88) and 0.93
(95% CI 0.64-1.34) in the time period greater than 5 years
after discharge (Boehmer et al., 2004). The Australian
cohort of more than 45,000 Veterans found an increased
risk of suicide among those who served in Southeast Asia
compared with those who did not serve (HR = 1.50; 95%
CIL: 1.0-2.4) (Fett et al., 1987) although a later nested case-
control study of the Australian Vietnam-era Veterans
group found no significant association with Vietnam ser-
vice (O'Toole & Cantor, 1995). In a study of Veterans of
the Iraq and Afghanistan conflicts, hazard ratios of 0.83
(95% CI: 0.74-0.94) and 0.99 (95% CI: 0.57-1.71) were ob-
served in Veterans who were deployed (compared with
those who were not deployed), among male and female
Veterans, respectively (Kang et al., 2015).

Our study has several limitations. The VET Registry is
a sample of twin pairs and it is possible that being a twin
could alter the risk for suicide. However, research from the
Nordic twin registries suggests major physical and mental
health disorders are similar to that found among the gen-
eral population (Christensen et al., 2011). Our study was
restricted to male Veteran twins as the VET Registry does
not include female twins, who were a small portion of the
military during the Vietnam-era. The issue of exposure
measurement in this cohort is challenging. Deployment to
Vietnam could be determined from the military records,
but as with previous studies of Vietnam-era Veterans
(Centers for Disease Control Vietnam Experience Study,
1987), there were no measures of combat exposure or
indicators of PTSD or psychological well-being from the
records; our PTSD symptom scale was obtained in 1987
based on survey responses, which was more than a full
decade after the official end of the Vietnam conflict and
well after the many of suicides in this cohort had oc-
curred. The 1987 VET-R PTSD symptom scale which we
used in the current study is a measure of PTSD symptom
burden and is strongly correlated with the more widely
used Post Traumatic Stress Disorder Checklist (PCL)
(Magruder et al., 2015) and the formal DSM-IV diagno-
sis of PTSD using the Composite International Diagnostic
Instrument (Kessler & Ustun, 2004). As previously noted,
the 1987 VET Registry Survey of Health did not obtain
any measures of depression or other psychiatric disorders
and contained only the PTSD symptom scale. The associ-
ation between suicide and less than honorable discharge
may reflect an association between suicide and substance
abuse (which also predicts suicide) which, like depression,
was not assessed during the 1987 survey. Unfortunately,
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despite widespread belief among clinicians that many
“bad papers” were due to substance abuse, there is lit-
tle unclassified documentation of such an association.
Finally, it is possible that there was non-response bias
in those who completed the Survey of Health and those
did not participate. Our analysis only examined direct ef-
fects of PTSD and deployment with suicide. It could be
that PTSD mediates the relationship between deployment
and suicide. The number of suicide deaths was too small
to conduct a formal mediation analysis; thus, this should
be the object of future investigation. Clearly, a number of
key questions remain for future research about direct and
indirect associations between suicide and PTSD, depres-
sion, substance use, pre-deployment/deployment factors
and other variables. Ideally, measures of all of the above-
mentioned variables would be assessed at the time of dis-
charge for a more extensive follow-up of Veterans as they
separate from military service. The risk of death from sui-
cide might be greatest immediately following separation
from the military and/or deployment.

Statistical power for analyses based on exposures from
the Survey of Health was limited due to the small num-
ber of suicides. This also impacted the stability of our es-
timates, particularly for the co-twin control analyses, and
limited our ability to perform multivariable confounder
adjustment. We defined suicide based solely on ICD codes
contained on death certificates, which might be subject
to misclassification. It is possible that some suicides were
missed because they were classified as other forms of exter-
nal cause mortality, such as single-car crashes. However,
death certificates were universally available, and it was
not feasible to obtain additional supporting medical docu-
mentation on each death that took place during the more
than 30 years of follow-up.

A major strength of our study is the use of the VET
Registry cohort, which is national in scope, includes all
branches and ranks, and is unselected with respect to
treatment seeking. We used several large computerized
files of deaths from the VA, SSA, and CDC in an attempt to
completely identify vital status throughout the follow-up
period. Our analysis looked at suicide risk across a pro-
longed time interval and this permitted us to examine the
association with both theater service (from the time of dis-
charge) and PTSD symptoms (from 1987). To refine our
inferences, we also conducted a co-twin control study that
controls for age and other potential unmeasured familial
and genetic confounding factors (McGue et al., 2010).

In summary, suicide risk is elevated among aging
Vietnam-era Veterans with a history of PTSD, particularly
those with the heaviest burden of symptoms. This associ-
ation appeared to persist throughout follow-up, but there
was no evidence that risk of suicide depends on previous
combat exposure. Given the persistence of PTSD among

Vietnam Veterans, targeted intervention programs and
outreach for those Veterans with PTSD, regardless of mili-
tary experiences, may reduce risk of suicide (Marmar et al.,
2015).
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