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Reducing suicide within the United States is
a national priority.1,2 Over 30 000 individuals in
the US die by suicide every year, with an annual
age-adjusted rate of approximately11suicides per
100 000 persons.3 Recent public and policy
attention has focused on suicide among veterans
generally and among individuals receiving ser-
vices from the Veterans Health Administration
(VHA). VHA patients are more likely to have
characteristics related to higher risk of suicide,
including older age, male gender, and substantial
medical and psychiatric morbidities.4,5 Recent
studies provide inconsistent information regard-
ing the relative risk of suicide in veterans. Kaplan
et al.6 found that male veterans who responded
to the US National Health Interview Survey were
twice as likely to report a suicide attempt as
nonveteran males. Additionally, McCarthy et al.7

found that, compared with rates for the general
US population, suicide rates of VHA users in
2000 to 2001were1.66 times higher in men and
1.87 times higher in women. By contrast, other
studies of specific cohorts of Veterans have failed
to find that the risk of suicide is substantially
higher than that found in the general population,
except within specific high-risk subgroups (e.g.
veterans with a mental disorder).8---14 Similarly,
a recent large-scale study of oldermen found that
Veteran status did not significantly increase
suicide risk.15

Research regarding changes over time in
suicidal behaviors is also limited. Kessler et al.16

found that rates of nonfatal suicide attempts did
not change over nearly 2 decades. In the general
US population, suicide rates increased 2%---3%
from 1999 through 2005.17 However, changes
in suicidal behaviors observed in the general
population may not apply to Veterans generally
and to high-risk individuals receiving VHA ser-
vices in particular, who may be more accessible
for suicide prevention efforts.

Monitoring suicide rates among Veterans is
also important because of concerns regarding
the impact of the conflicts in Iraq (Operation

Iraqi Freedom [OIF]) and Afghanistan (Opera-
tion Enduring Freedom [OEF]). OEF/OIF Vet-
erans have elevated rates of psychiatric and
substance use disorders,18---21 and Congress has
mandated implementation of a comprehensive
VHA suicide prevention program, which began
in 2007.22 However, a 2008 report observed
that suicide rates among OEF/OIF Veterans
were not greater than those among the general
population.13 Better data are needed to ex-
amine whether suicide rates among VHA
patients have changed since the start of the
wars in Iraq and Afghanistan, as well as to
assess the general stability of rates among
patients receiving health care in the VHA,
which is the largest integrated health system
in the United States. Data on trends in suicide
rates among VHA patients also would pro-
vide a baseline for assessing the potential
impact of initiatives designed to reduce sui-
cide risk.

Our study documents potential changes in
the rates of suicide among all male and female
users of VHA services between fiscal years
(FYs) 2000 and 2007. Yearly rates of suicide
in Veterans seeking treatment at the VHA

were also compared with rates of suicide
within the general US population over this
time period, both overall and within demo-
graphic subgroups defined by age and gen-
der. Based on prior research of Veterans
receiving VHA services,7 we hypothesized
that the rate of suicide would be elevated
among VHA patients compared with the gen-
eral population.

METHODS

For our study, we included all patients who
utilized VHA services between Fiscal Years
2000 and 2007 (FY00 and FY07). Fiscal years
begin on October 1st of the prior calendar year
and continue through September 30th of the
calendar year (e.g., FY00 includes October 1,
1999 to September 30, 2000). A total of
8 855 655 individuals received inpatient or
outpatient VHA services between FY00 and
FY07. Of those, 101 959 individuals (1.2%)
were excluded because of invalid or missing
data or non-US residences. The Veterans Af-
fairs (VA) Ann Arbor institutional review board
approved this project. Annual demographic
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information on the VHA user population is
available in Appendix 1 (available as a sup-
plement to the online version of this article at
http:www.ajph.org).

Data Sources

Data came from the VA’s National Patient
Care Database (NPCD) and the Centers for
Disease Control and Prevention’s (CDC’s)
National Death Index (NDI). NPCD records
all VHA inpatient or outpatient visits. NDI
data identified vital status and cause of death
and were acquired for VA program planning.
NDI searches were conducted for all indi-
viduals with VHA use between FY00 and
FY07 and who did not receive VHA services
during FY08, thereby obviating costly
searches for individuals whose VHA use
post-FY07 indicated survival through the
end of FY07. The NDI compiles death re-
cords from state vital statistics offices, and it
has the greatest sensitivity in determining
vital status among population-level sources.23

Established procedures identified “true”
matches when the search resulted in multiple
potential matches.24

The CDC’s Web-based Injury Statistics
Query and Reporting System (WISQARS)25

was used to compare VHA suicide rates to
those of the general population. WISQARS
provides suicide rates by age and gender in the
US population.

Measures

Age categories included those aged 18 to
29 years, 30 to 64 years, and 65 years and
older; these were chosen to represent young,
middle, and older adulthood, respectively,
and because suicide rates are relatively
stable within each of these groups. Because
information regarding race/ethnicity was not
consistently available in the NPCD, race/
ethnicity was not included in analyses. Sui-
cide deaths were identified using Interna-
tional Classification of Diseases, Tenth Re-
vision, codes X60---X84, Y87.0, and U03.26

For each annual cohort, patients were
included if they received VHA services in
either that year or the prior fiscal year and
were alive at the start of that year. For
example, an individual who used VHA ser-
vices in FY00 and survived all of FY01
contributed one year of risk time for suicide
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in FY01. If an individual did not use VHA
services in FY00 but did in FY01 and was alive
at the end of FY01, the individual was consid-
ered to have entered the cohort of VHA patients
half way through the year (on average) and
contributed half of a person-year toward the
suicide rate for FY01. If an individual met
criteria to be defined as part of the cohort of
VHA patients for a given fiscal year as already

defined died in that fiscal year from any cause,
their contribution toward the person-years
calculation for that fiscal year was also half
a year.

Analyses

We calculated annual rates of suicide by
dividing the number of suicides observed in
each fiscal year by the person-years accrued

during that period, multiplied by 100 000. We
calculated confidence intervals with the Pois-
son method for all rates.27

To compare VHA rates to those of the
general population, we calculated Standardized
Mortality Ratios (SMRs) for age and gender
subgroups for each year, using the WISQARS
data as the reference group.28 Data from
WISQARS were categorized by calendar year
and rates of suicide for the VHA are organized
by fiscal year. Although this was not an exact
temporal match, SMRs were calculated for time
periods with a 9-month overlap for each
12-month period. We used indirect standard-
ization29 which uses age-specific mortality rates
from the standard US population to derive
expected deaths in the VA user population. We
calculated 95% confidence intervals for the
SMRs using an exact method based on the
Poisson distribution,27 and the rate among the
VHA population was considered significantly
higher than that among the general population
when the confidence interval did not include
zero. We further tested changes over time in
the rate of suicide between FY00 and FY07 by
creating Poisson regression models. Poisson re-
gression is a generalized linear modeling tech-
nique based on the Poisson distribution and
provides standardized parameter estimates (B)
that represent the estimated difference in the
log of expected counts, holding other variables
constant. The procedure models the count of
suicides given the total population at risk, with
a separate observation for each year.

RESULTS

From FY00 to FY07, annual VHA rates of
suicide mortality ranged from 34.3 to 39.8
suicides per 100 000 person-years (Figure 1a).
Figure 1b and 1c displays the age-stratified
rates of suicide for male and female VHA users.
Among male VHA users, the annual rates of
suicide ranged from 36.4 to 43.1 suicides per
100 000 person-years, while among female
VHA users, the annual rates of suicide ranged
from 9.8 to 13.7. The rate of suicide was lower
among male VHA users aged 65 years and
older than among male VHA users age 30---64;
in all years, the lower limit of the confidence
interval around the rate of suicide for male
VHA users aged 30---64 years was greater than
the upper limit of the confidence interval

FIGURE 1—Rate per 100 000 person-years and 95% confidence intervals (CIs) of suicide by

age and fiscal year (FY), among (a) all Veterans Health Administration (VHA) users, (b) male

VHA users, and (c) female VHA users: FY2000–FY2007.
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around the rate of suicide for male VHA users
aged 65 years and older (Table 1).

Table 2 reports the SMRs for comparisons of
suicide mortality among VHA users compared
with the general US population, by age and
gender subgroups. Over 8 years, SMRs for
suicide for all VHA users ranged from 1.42
to 1.66 (Figure 2a). Each year, the lower limit
of the 95% confidence interval exceeded 1.0,
indicating excess suicide mortality. This was
also observed for the SMRs for each age group
(18---29 years, 30---64 years, and 65 years and
older) when male and female VHA users were
combined, except in FY01 among VHA users
between the ages of 18 and 29. From FY00 to
FY07, the SMRs for the middle age group (30---
64 years) were consistently higher than that for
the oldest age group (65 years and older), and
confidence intervals did not overlap. There
was insufficient statistical power to compare
the excess suicide mortality in the youngest
age group with that in the other age groups.

Figures 2b and 2c present the total and age-
group specific SMRs for men and women.
Among male VHA users in the age groups of
30---64 years and 65 years and older, the SMR
of suicide mortality was stable and significantly
elevated over all years (ranges of 1.69---2.14
and 1.12---1.24, respectively). For male

patients, excess suicide mortality was higher for
middle age than for older groups, with non-
overlapping confidence intervals. For male
VHA users aged 18---29 years, the range of
SMRs from FY00 to FY07 was 1.38---2.35. The
SMR for men aged 65 years and older was
below that of men aged 18---29 years (with
nonoverlapping 95% confidence intervals)
for FY02, FY03, FY04, and FY06.

The suicide rate for VHA users decreased
between FY00 and FY07, with a parameter
estimate for each FY of –0.022 (P< .001, after
control for age and gender). Examining confi-
dence intervals for the annual rates in Table 1
indicates the rate of suicide decreased most
notably around FY03. Gender- and age-stratified
Poisson regression modeling indicated that
the rate of suicide decreased for men aged
30---64 years (B = –0.025; P< .001) and men
aged 65 years and older (B = –0.020,;P= .007).

Inspection of the annual rates and their
confidence intervals in Figure 1b suggests the
drop in the suicide rate was most pronounced
around FY03 for men aged 30---64 years
because the lower limit of the confidence
intervals for FY01 and FY02 are greater than
the upper limit of the confidence intervals for
the rates of FY04 through FY07 in this age---
gender group. The confidence intervals around

the estimates of the rate of suicide for the
smaller group of those aged 18---29 years were
wide and overlapped for all years; no signifi-
cant changes were found in rates of suicide in
this group (B = 0.015; P= .49).

As demonstrated in Figure 1c, the rate of
suicide for female VHA users was less stable
over time than for male VHA users; confidence
intervals were wide, particularly for women
aged 18---29 years and aged 65 years and
older. No significant time trends in the suicide
rate were found among female VHA users;
age---group stratified models resulted in standard-
ized parameter estimates between –0.021 and
0.029 (all P> .05). Consequently, it cannot be
concluded that the overall trends represent true
changes in the rate of suicide for these groups.

The estimated SMRs for males aged 30---64
years were consistently lower between FY04 to
FY07 than for FY00 to FY02, with nonover-
lapping confidence intervals. This shift suggests
that suicide risk for male VHA users aged
30---64 years decreased relative to men of the
same age in the general population around
FY03. Age-stratified SMRs for suicide mortality
among female VHA users had wide confidence
intervals and did not indicate a consistent trend
in suicide rates for female VHA users relative
to females in the United States.

TABLE 2—Standardized Mortality Ratio of Suicide Fatality (With 95% Confidence Intervals [CIs]), by Gender and Age Group:

VHA Users, FY2000–FY2007

FY2000, SMR

(95% CI)

FY2001, SMR

(95% CI)

FY2002, SMR

(95% CI)

FY2003, SMR

(95% CI)

FY2004, SMR

(95% CI)

FY2005, SMR

(95% CI)

FY2006, SMR

(95% CI)

FY2007, SMR

(95% CI)

All VHA users

Total 1.66 (1.58, 1.75) 1.63 (1.55, 1.71) 1.56 (1.49, 1.63) 1.46 (1.39, 1.53) 1.42 (1.36, 1.49) 1.44 (1.38, 1.51) 1.49 (1.42, 1.55) 1.43 (1.37, 1.50)

Age 18–29 y 1.79 (1.32, 2.34) 1.32 (0.90, 1.82) 2.02 (1.48, 2.64) 1.87 (1.35, 2.49) 2.10 (1.57, 2.71) 1.46 (1.04, 1.94) 2.23 (1.74, 2.78) 1.74 (1.34, 2.19)

Age 30–64 y 2.16 (2.02, 2.31) 2.13 (1.99, 2.27) 2.02 (1.89, 2.15) 1.86 (1.74, 1.98) 1.71 (1.60, 1.82) 1.76 (1.65, 1.88) 1.74 (1.64, 1.85) 1.69 (1.59, 1.80)

Age ‡ 65 y 1.21 (1.11, 1.31) 1.24 (1.15, 1.34) 1.19 (1.11, 1.28) 1.12 (1.04, 1.21) 1.16 (1.07, 1.24) 1.18 (1.09, 1.26) 1.22 (1.14, 1.31) 1.17 (1.09, 1.26)

Male VHA users

Total 1.64 (1.56, 1.73) 1.63 (1.55, 1.71) 1.55 (1.47, 1.62) 1.45 (1.38, 1.52) 1.41 (1.34, 1.48) 1.42 (1.36, 1.49) 1.48 (1.41, 1.55) 1.43 (1.36, 1.50)

Age 18–29 y 1.76 (1.28, 2.33) 1.38 (0.94, 1.91) 1.81 (1.28, 2.44) 1.89 (1.34, 2.54) 2.08 (1.53, 2.71) 1.39 (0.97, 1.89) 2.35 (1.83, 2.94) 1.65 (1.25, 2.11)

Age 30–64 y 2.14 (2.00, 2.29) 2.13 (1.99, 2.27) 2.03 (1.90, 2.16) 1.86 (1.74, 1.98) 1.69 (1.58, 1.81) 1.75 (1.64, 1.87) 1.74 (1.63, 1.85) 1.70 (1.60, 1.81)

Age ‡ 65 y 1.21 (1.11, 1.31) 1.24 (1.14, 1.33) 1.18 (1.09, 1.27) 1.12 (1.04, 1.21) 1.16 (1.07, 1.24) 1.16 (1.08, 1.25) 1.22 (1.14, 1.31) 1.17 (1.09, 1.26)

Female VHA users

Total 2.50 (1.87, 3.22) 1.93 (1.40, 2.55) 2.22 (1.66, 2.86) 1.71 (1.23, 2.27) 2.02 (1.52, 2.59) 2.29 (1.75, 2.89) 1.76 (1.31, 2.28) 1.62 (1.20, 2.10)

Age 18–29 y 2.18 (0.59, 4.78) 0.55 (0.01, 2.05) 4.27 (1.84, 7.69) 1.66 (0.34, 3.99) 2.34 (0.76, 4.79) 2.16 (0.70, 4.43) 0.80 (0.10, 2.23) 2.87 (1.24, 5.17)

Age 30–64 y 2.67 (1.94, 3.52) 2.07 (1.46, 2.79) 1.75 (1.21, 2.40) 1.78 (1.24, 2.42) 2.08 (1.52, 2.72) 2.06 (1.50, 2.70) 1.83 (1.32, 2.42) 1.48 (1.05, 1.99)

Age ‡ 65 y 1.58 (0.43, 3.47) 1.93 (0.63, 3.95) 3.98 (1.99, 6.65) 1.18 (0.24, 2.85) 1.19 (0.25, 2.87) 4.41 (2.20, 7.37) 2.11 (0.69, 4.33) 1.71 (0.46, 3.74)

Note. VHA = Veterans Health Administration; CI = confidence interval; FY = fiscal year.
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DISCUSSION

In each of the 8 years from 2000 to 2007,
suicide was consistently more common among
those who used VHA services than in the
general US age- and gender-matched popula-
tion. However, Poisson regression tests indicate

that rates among VHA users decreased over
time (B = –0.022; P< .001). Rates of suicide in
the most recent years were significantly lower
than those found in the earlier portion of the
observation period, with the middle year of
2003 serving as a transition year. This shift in
2003 may signify an increased awareness and

sensitivity to mental health issues in the VHA
following the initiation of OIF, which began the
same year; Seal et al.30 found that rates of
mental health diagnoses increased significantly
after the start of OIF among first-time users of
VHA services returning from Iraq and Afghani-
stan over a 2-year period. The reductions in
suicide rates found in the present study appear to
be largely driven by lower rates of suicide after
2004 among men aged 30---64 years, and, to
a lesser degree, by men in the 65 years and older
age group. Although suicide rates decreased over
time among male veterans in the middle age
group, their rates remained consistently higher
than either older or younger veterans. These
results differ from the typical pattern observed in
the United States, in which rates of suicide are
highest in older males.3

Examining suicide in veterans over the past
several years is of particular importance be-
cause of the potential impact of the conflicts in
Iraq and Afghanistan on suicide risk. These
concerns are largely driven by recent findings
documenting an elevated prevalence of suicide
risk factors among individuals who served in
Iraq or Afghanistan.4,5 However, suicide has
multiple causal pathways that are influenced by
a variety of components, such as biological (e.g.,
gender), socioeconomic (e.g., employment status),
and other factors (e.g., access to firearms) and
confer increased risk of suicidal behaviors and
suicide among specific cohorts.2,15,16,31 Mental
health problems associated with these recent
conflicts may not directly lead to increased rates
of suicide among VHA users. No increase in rates
of suicide was observed since the start of the
conflict in Afghanistan; in fact, we observed
a statistically significant (P< .001) decrease in the
suicide rate among VHA health system users
between FY00 and FY07. These results are
broadly consistent with a prior report noting no
significant difference between rates of suicide in
a smaller cohort of recent returnees from Iraq
and Afghanistan and the general population.13

Our study evaluated rates in the entire
population of VHA patients, which provided
a greater precision to detect smaller differences
than prior research on Veteran suicides. This is
consistent with the fact that the SMRs calcu-
lated in the present study often fell within the
95% confidence intervals reported in many of
the studies with null results.8---15 Additionally,
many prior reports on suicide rates among

FIGURE 2—Standardized mortality ratios and 95% confidence intervals (CIs) of suicide, by

age and fiscal year (FY), as compared with the general population among (a) all Veterans

Health Administration (VHA) users, (b) male VHA users, and (c) female VHA users: FY2000–

FY2007.
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Veteran populations were limited by determin-
ing vital status from data from the Beneficiary
Identification Records Locator Subsystem
(BIRLS) and Social Security Administration (SSA)
files10,32 which have poorer sensitivity to detect
vital status than does the NDI.23

These data are particularly important for
any nationwide suicide prevention efforts. For
example, between 2000 and 2007, the 13
626 suicides found among adults seen in the
VHA represented 5.5% of the total 248 179
US adult suicides during this time period; while
the VHA provides care for approximately
5 000 000 patients per year, representing ap-
proximately 2% of the US population. Our
findings establish a baseline for examining the
potential impact of comprehensive suicide-
reduction strategies. Prior research in smaller
European countries has examined changes
in regional or even national suicide rates as
a method for determining the impact of broad-
based suicide-reduction programs.33---35 By
establishing clear data on the baseline rates of
suicide among users of VHA system, more spe-
cific data are available on the potential impact
of VHA suicide prevention efforts.

In our study, middle-aged men were at the
highest risk for suicide. It is not known why
these individuals were at elevated risk, but
several potential explanations exist. Within the
VHA system, these individuals represent Viet-
nam-era veterans who may be a cohort at
higher risk for suicide caused by overall mor-
bidity, or to ongoing social, economic or psy-
chiatric difficulties. Also, recent data indicates
that suicide rates among middle-aged adults in
the US have increased over the past 7 years.17 It
is possible that the factors leading to this broad
increase in this age group are particularly difficult
for Veterans. Additionally, our results support
the focus of VHA’s ongoing efforts at suicide
prevention. Although it is clearly important to
target recent returnees, VA’s approach to suicide
prevention among veterans also includes an em-
phasis on targeting veterans from past conflicts.15

An important limitation of our study is that
we did not have reliable data on race across all
years. Data on military duty characteristics and
prior research indicates that National Guard
veterans may have a particularly high rate of
suicide.36,37 Because there is a several year lag
in the dissemination of US mortality data, the
analyses we present do not include data from

more recent years. The population is predomi-
nantly male and of middle age, thus estimates in
other subgroups of individuals are less precise.
Our study focused on examining SMRs in specific
age and gender subgroups; however, we did not
control for other differences in case mix. The
methods for calculating risk in the present study
are novel and it is possible that differing methods
for calculating risk would have yielded other
results. However, the results were consistent to
60.2 when compared with an a prior publica-
tion7 that used an exact method to calculate rates
for FY01. Additionally, the precision of the
estimation of SMRs was diminished by the fact
that the last 3 months of every calendar year
were included in the subsequent fiscal year.
However, the general lack of change in the rates
of suicide in the United States increases the
likelihood that this had minimal impact on the
calculation of SMRs. The comparison group for
calculating SMRs includes some veterans, likely
diminishing the differences between groups used
in our primary analyses. Finally, our sample was
restricted to veterans utilizing VHA services,
which represents approximately 20% of all
veterans in the United States (‡ 5.5 million out
of ‡ 24 million).38

Despite these limitations, to our knowledge
this is the first comprehensive study of suicide
mortality among patients receiving health care
in a large national health care system. These
findings indicate that there has been no in-
crease in suicide rates among the VHA pop-
ulation of patients since the start of the conflicts
in Iraq and Afghanistan; in fact, suicide rates
among the VHA patient population have de-
creased since FY2000. However, VHA users
are at increased risk for suicide compared with
individuals the same age and gender in the
general population. Comprehensive ap-
proaches to suicide prevention in the VHA
should focus not only on recent returnees but
also on middle-aged and older Veterans. j
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