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Abstract: Using national patient cohorts, we assessed rural-urban differences in suicide rates, risks, and
methods in veterans. We identified all Department of Veterans Affairs (VA) patients in fiscal years 2003 to 2004
(FY03-04) alive at the start of FY04 (n = 5 447 257) and all patients in FY06-07 alive at the start of FY07 (n = 5
709 077). Mortality (FY04-05 and FY07-08) was assessed from National Death Index searches. Census criteria
defined rurality. We used proportional hazards regressions to calculate rural- urban differences in risks,
controlling for age, gender, psychiatric diagnoses, VA mental health services accessibility, and regional
administrative network. Suicide method was categorized as firearms, poisoning, strangulation, or other. Rural
patients had higher suicide rates (38.8 vs 31.4/100 000 personyears in FY04-05; 39.6 vs 32.4/100 000 in FY0708). Rural residence was associated with greater suicide risks (20% greater, FY04-05; 22% greater, FY07-08).
Firearm deaths were more common in rural suicides (76.8% vs 61.5% in FY07-08). Rural residence is a suicide
risk factor, even after controlling for mental health accessibility. Public health and health system suicide
prevention should address risks in rural areas.
Full text: Headnote
Objectives. Using national patient cohorts, we assessed rural-urban differences in suicide rates, risks, and
methods in veterans.
Methods. We identified all Department of Veterans Affairs (VA) patients in fiscal years 2003 to 2004 (FY03-04)
alive at the start of FY04 (n = 5 447 257) and all patients in FY06-07 alive at the start of FY07 (n = 5 709 077).
Mortality (FY04-05 and FY07-08) was assessed from National Death Index searches. Census criteria defined
rurality. We used proportional hazards regressions to calculate rural- urban differences in risks, controlling for
age, gender, psychiatric diagnoses, VA mental health services accessibility, and regional administrative
network. Suicide method was categorized as firearms, poisoning, strangulation, or other.
Results. Rural patients had higher suicide rates (38.8 vs 31.4/100 000 personyears in FY04-05; 39.6 vs
32.4/100 000 in FY07-08). Rural residence was associated with greater suicide risks (20% greater, FY04-05;
22% greater, FY07-08). Firearm deaths were more common in rural suicides (76.8% vs 61.5% in FY07-08).
Conclusions. Rural residence is a suicide risk factor, even after controlling for mental health accessibility. Public
health and health system suicide prevention should address risks in rural areas. (Am J Public Health.
2012;102:S111-S117. doi:10.2105/AJPH.2011.300463)
Suicide among veterans is a national concern,1,2 and suicide prevention is a priority for the US Department of
Veterans Affairs (VA) health system, the Veterans Health Administration. The VA provides health services to
approximately 5.5 million veterans each year, more than one fifth of all veterans. The VA serves a patient
population with important suicide risk factors. Patients are predominantly male and older, and often have
substantial physical morbidities, substance use problems, and mental illnesses.3-5 Also, VA patients are more
likely to reside in rural settings than is the general US population. 6,7 This trend is expected to continue
because rural residents are overrepresented among military recruits. In 2005, although 7.6% of 18- to 24-yearold US residents lived in rural areas, 11.8% of 18- to 24-year-old military recruits were from these areas.8
Research is needed to assess whether rural residence is associated with differential suicide rates and risks
among the national population of VA patients.
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Since the early 1970s, suicide rates among men in rural areas of the United States have exceeded those of
urban men, and rural-urban differentials have increased for both genders. 9,10 Similar trends have been
observed outside of the United States.11-13 Elevated suicide rates in rural areas have been attributed to factors
including geographic and interpersonal isolation, economic and social distress, and rural culture.14 Rural
populations are smaller and more dispersed, potentially limiting opportunities for social integration and social
support. Geographic accessibility of mental health treatment resources is often diminished, with providers fewer
and farther between. Economic declines may affect rural areas more drastically. Further, rural agrarian cultural
values, which champion a strong work ethic, independence, and self-reliance, may inhibit treatment-seeking
behavior.15
Previous research on suicide risks associated with veteran status among community residents produced mixed
results.16-20 Among male respondents to the US National Health Interview Survey, suicide risks between 1986
and 1997 for male veterans were found to be twice those ofmale nonveterans (adjusted hazard ratio [HR] for
veterans = 2.04; 95% confidence interval [CI] =1.10, 3.80), controlling for rurality of residence.19However, in an
analysis of middleaged and older men who participated in a large prospective cohort study from1982 to 2004,
which did not adjust for rurality, veteran status was not associated with suicide risk.20 In their review, Kang and
Bullman noted that "historically the rates of suicide among veterans in general have been lower than that of the
US population."18(p 760) To date, however, few studies have adjusted for rurality,19 and it is important to
consider rural-urban differentials in risks among veterans.
Among VA patients, research suggested that suicide rates were greater than those in the general US
population. Before the conflicts in Afghanistan and Iraq, and before recent VA health system initiatives, the
standardized mortality ratio for suicides among male VA patients in 2001 was 1.66 compared with men in the
general US population; for female patients, it was 1.87.21 Elevated risks among VA patients might reflect the
fact that they represent a treatment-seeking population with substantial medical and psychiatric morbidities and
meeting eligibility requirements means testing, based on income thresholds, or military service-related disability
status.22
Currently, little is known about rural-urban differences in suicide risks among VA health system users. However,
if consistent with general trends in the United States,9,10,14 suicide risksmay well be greater for VA patients
residing in rural areas compared with those in urban areas. Studies indicated that VA patients in rural areas had
more physical comorbidities and worse health-related quality of life than those in suburban or urban areas,23
and that they had reduced access to health services and fewer alternatives to VA care.24 Access barriers might
limit receipt of needed health services and continuity of care,25 and this might exacerbate suicide risks.
Another factor that may relate to differential suicide risks is access to lethal means of suicide, notably firearms.
Among suicide attempt methods, firearms have the highest case fatality rate (suicides/[suicides + nonfatal
injuries due to self-harm]): 84% in the United States during 2002 to 2006.26 In non-VA populations, method of
suicide differs across rural- urban settings. State-level analyses indicated that higher firearm ownership was
associated with increased rates of firearm suicides,26 and suicide deaths among veterans were more likely to
involve firearms than those among nonveterans. 19,28 Between 2002 and 2006, although firearms were the
most common method among male suicide decedents in the United States (58%), poisoning was the most
common method among female suicide decedents (39%).26 To date, little is known regarding potential ruralurban differences in means of suicide among VA patients, overall or by gender.
The objectives of this study were to examine rural-urban differences in rates, risks, and methods of suicide
among the population of individuals receiving services in the VA health system. We hypothesized that VA
patients in rural areas and those residing farther from VA mental health facilities were at greater risk for suicide,
and that method of suicide differed by rural-urban status. Further, we examined 2 periods of time to assess
potential differences over time. Research in this area might inform health services organization and delivery and
advance assessments of whether and how veteran status relates to suicide risks.
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METHODS
Since 2005, the Veterans Health Administration has substantially expanded mental health services and
developed programs designed to prevent suicide. We assessed suicide mortality in 2 periods: fiscal years 2004
to 2005 (FY04-05; October 1, 2003 to September 30, 2005) and FY07-08 (October 1, 2007, to September 30,
2008). Risks were assessed for 2 national patient cohorts. These consisted of: (1) VA patients with observation
time in FY04-05, defined as all individuals with VA inpatient or outpatient encounters in FY03-FY04 who were
alive at the start of FY04, and (2) VA patients with observation time in FY07-08, defined as all individuals with
VA encounters in FY06-FY07 who were alive at the start of FY07. This was based on established approaches to
defining VA patient cohorts for health system suicide surveillance, 4,21and it assumed that patients seen in VA
settings in the previous year continued to be in VA care and part of the at-risk patient population.
The days at risk for an observed suicide were identified as follows.21For individuals who had VA encounters in
the FY before the first FY of the cohort observation period, risk time began on the first day of the first FY of the
observation period (October 1, 2003, and October 1, 2006, respectively). For those individuals without VA
encounters in the preceding year, risk time began on the day of their first use in the first FY of the observation
period (i.e., FY04 or FY07, respectively). The risk period ended at death or the end of the cohort observation
period (September 30, 2005, and September 30, 2008, respectively), whichever came sooner.
This project was reviewed and approved by the Ann Arbor VA human subjects committee, and a waiver of
informed consent was obtained for this secondary data analysis.
Data Sources
The VA's National Patient Care Database (NPCD) was used to identify all individuals with VA inpatient or
outpatient service encounters. Indicators of vital status and cause of death were based on National Death Index
(NDI) search records. The NDI is regarded as the "gold standard" for mortality assessments,29 including date
and causes of death for all decedents in the United States, based on death certificates filed in state vital
statistics offices. Using established approaches,21 NDI records were searched for all individuals with VA
encounters in FY03-04 or in FY06-07 and who did not have VA encounters in FY09 or FY10. That is, to avoid
unnecessary searches, we excluded from the NDI searches individuals with health system contacts subsequent
to the final suicide risk period. The NDI searches were based on patient social security number, name, date of
birth, race/ethnicity, gender, and state of residence. Search results might include multiple records that were
potential matches, and "true matches" were identified based on established procedures.30
Measures
Using indicators included in the NPCD, we identified age and gender for the 2 cohorts. Age was calculated as of
October 1, 2003, for the FY04-05 risk cohort and as of October 1, 2006, for the FY07-08 risk cohort, using 3 age
categories: 18 to 29, 30 to 64, and at least 65 years. Race/ethnicity indicators were not consistently available
and were not included.
Psychiatric diagnoses were assessed based on International Classification of Diseases, Ninth Revision, Clinical
Modification31 diagnostic codes recorded in VA encounters during the baseline year. The psychiatric diagnoses
examined were bipolar disorder, depression, posttraumatic stress disorder (PTSD), other anxiety disorders,
schizophrenia/schizoaffective disorder, and substance use disorders (SUDs; alcohol use disorders or drug use
disorders). These diagnoses were selected based on previously established links to suicide in existing
literature.4 These indicators were not mutually exclusive, because individuals could have diagnoses recorded
for more than 1 condition.
Distance to nearest VA mental health provider was assessed as straight-line miles from the population centroid
of the individual's zip code of residence, from their first VA encounter of the baseline year, to that of the nearest
VA facility providing substantial mental health services. These facilities were medical centers or communitybased outpatient clinics serving at least 500 unique patients and where at least 20% of outpatient visits were
mental health visits.32 We also identified the VA regional network (of 21 networks) where each patient had their
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last VA encounter in the baseline year. Rurality was assessed by categorizing patients' zip codes of residence
as rural or urban based on criteria used by the VA Office of Rural Health, which are based on US Census
categories. Veterans were categorized as residing in an urban area if they lived within a censusdefined urban
area (having a population density of at least 1000 people per square mile and surrounding areas have a density
of at least 500 per square mile). Rural areas were defined as those areas that did not meet these criteria.
Using NDI data, we identified dates and causes of death. Suicide deaths were identified using the International
Classification of Diseases, Tenth Revision,33 codes X60-X84, Y87.0. Method of suicide was categorized as
involving use of firearms (X72-X74); poisoning (X60- X69); hanging, suffocation, or strangulation (X70); and
other methods. These categories reflect common methods of suicide in the United States.34
Statistical Analyses
Descriptive statistics were calculated for each risk cohort, overall and by rural-urban status. We used bivariate
analyses to compare patient characteristics by rurality status, using t test, v2, and nonparametric median tests,
as appropriate. In further bivariate analyses, we examined whether suicide decedents differed from other
individuals in the analyses, in terms of distance to nearest VA mental health services, overall and stratified by
rural-urban status.
In proportional hazards regression analyses, we evaluated rurality and VA mental health geographic
accessibility as predictors of suicide, controlling for patient gender, age, psychiatric morbidities, and VA regional
network. Consistent with previous work regarding distance to VA care,32 we included a quadratic distance term
to assess potential curvilinear effects of distance on suicide risks. Analyses included covariance sandwich
estimators to adjust for the nested nature of the data, with individuals clustered within VA facilities (identified by
3-digit facility prefix codes.) To reduce multicolinearity, because distance and distancesquared are highly
correlated, distance measures were centered around their mean. An initial analytic model examined the
influence of rurality and distance to nearest VA mental health services. A supplemental analysis included
interaction terms between rurality and the distance and the quadratic distance terms.
Also, for each cohort, we used the v2 test to assess differences in method of suicide, by rural- urban status and
by categories of distance to nearest VA mental health facility (< 15, 15-49, 50-99, [double dagger]100 miles),
overall and stratified by gender. All statistical analyses were completed using SAS (version 9; SAS Institute,
Cary, North Carolina).
RESULTS
Approximately 35% of VA patients in the FY04-05 risk cohort and 36% of the FY07- 08 risk cohort lived in rural
areas (unpublished analyses by the authors indicated that among similarly defined users in FY01-02, rural
patients accounted for 34.3% of individuals). By comparison, 21% of the US adult population resided in rural
settings.7
Table 1 presents information regarding the 2 risk cohorts, overall and by rurality status. For each cohort, ruralurban differences were statistically significant (P <.001) for each measure. For the FY07-08 risk cohort, VA
patients in rural areas were more likely to be male (93.8% vs 89.1%) and older (mean [SD] age = 62.8 [14.9] vs
60.1 [16.8] years). In the FY07-08 risk cohort, rural patients were less likely than urban patients to have had a
diagnosis of bipolar disorder, schizophrenia, or substance use disorders, and they were more likely to have had
a diagnosis of depression, PTSD, and other anxieties. Median distance to nearest VA mental health provider
was 46.0 miles for the FY04-05 cohort and 37.4 miles for the FY07-08 cohort. Median distance was
substantially greater for patients in rural areas (71.1 vs 28.3 miles for the FY04-05 cohort; 54.6 vs 22.8 miles for
the FY07-08 cohort); 29.4% of the FY07-08 cohort lived within 15 miles of a VA mental health facility compared
with 26.7% of the FY04-05 cohort.
The crude suicide rate was 34.01 per 100 000 person-years for the FY04-05 cohort and 35.01 per 100 000
person-years for the FY07-08 cohort. Crude suicide rates were greater in rural areas than in urban areas (38.76
per 100 000 vs 31.45 per 100 000 person-years in the FY04-05 cohort, and 39.62 per 100 000 vs 32.44 per 100
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000 person-years in the FY07-08 cohort).
Table 2 presents results from multivariable proportional hazards regression results for the FY04-05 and the
FY07-08 cohorts. These analyses indicated that residence in a rural zip code was associated with an increased
risk for suicide mortality (HR = 1.20; 95% CI = 1.11, 1.29 for the FY04-05 cohort; HR = 1.22; 95% CI = 1.12,
1.33 for the FY07-08 cohort). Neither distance nor distance-squared were significant predictors. In separate
analyses, we explored potential interactions between distance and rurality. These produced inconsistent results.
For the FY04-05 cohort, although the interaction between distance and rurality was nonsignificant, the
interaction between distance-squared and rurality was significant (P <.01); however, the exponentialized
parameter estimate was only 1.0000016. For the FY07-08 cohort, neither interaction term was significant.
Race/ethnicity indicators were not included in the main analyses because of the high levels of missing data for
these indicators. In sensitivity analyses, we investigated whether study findings differed when including
available information for race/ethnicity and indicators of missing or unknown values. Results were consistent
with main study findings, with increased risk associated with rural residence (FY04-05: HR = 1.10; 95% CI =
1.03, 1.19; FY07-08: HR = 1.16; 95% CI = 1.06, 1.26).
In separate sensitivity analyses that excluded individuals living more than 800 miles from VA mental health
services (primarily VA patients residing in Alaska), distance measures reached statistical significance and were
associated with slightly increased risks (FY04-05: HR = 1.002; 95% CI = 1.001, 1.002; P <.001; FY07-08:
HR=1.001;95%CI =1.000, 1.002; P = .028). We did not observe significant interactions with rurality.
Of the 3448 suicides for the FY04-05 cohort, 3334 (96.7%) were among men and 114 (3.4%) among women.
For the FY07-08 cohort, there were 3745 suicides, with 3620 suicides among men (96.7%) and 125 among
women (3.3%). In each cohort, the method of suicide differed significantly by rural-urban status (v2 = 97.2; P
<.001, in FY04-05; v2 = 107.1; P <.001, in FY07-08) and by gender (v2 = 69.8; P <.001, in FY04-05; v2 = 110.1;
P <.001, in FY07-08). Among male suicide decedents, method of suicide differed significantly by rural-urban
status (v2 = 89.1; P <.001, in FY04-05; v2 = 84.4; P <.001, in FY07-08). Among female suicide decedents, we
did not observe significant differences in method of suicide by rural-urban status.
Figure 1 shows percentage of categories of suicide methods for the FY07-08 cohort, by rurality and gender.
Firearms were the most common method of suicide (68% of all suicides). Firearms were more common in rural
than in urban areas (77% vs 61%). Firearm use was most common among male suicide decedents in rural
areas (77%) and least common among urban women (35%). Poisoning was substantially more common among
female suicide decedents (46%) than among male suicide decedents (13%). For both male and female suicide
decedents, the percentage of suicides by firearms was greater in rural than in urban areas. Similar trends were
observed for the FY04-05 cohort.
DISCUSSION
VA users were more likely than the general population to live in rural areas, with 35% or more VA users residing
in rural areas during the study period. In 2 large national cohorts of individuals receiving services in the VA,
residence in rural areas was associated with higher suicide rates and increased suicide risks after adjusting for
important individual and contextual factors. Furthermore, rural individuals who died from suicide were more
likely than urban decedents to die from firearms. Rural- urban differentials in rates and risks were fairly
consistent between FY04-05 and FY07-08.
Study findings were consistent with recent studies that indicated greater suicide risks among individuals in rural
settings.9-13 This study contributed to the literature because it was specific to the entire patient population of
the largest integrated health system in the United States, which provides care to a patient population that is at
elevated risk for suicide,21 and it included important demographic, clinical, and health system measures.
Moreover, although considerable previous work documented that greater distance to health system providers
was associated with decreased health services utilization volume and continuity of care,25 in this study,
distance measures were not appreciably related to suicide risks. This finding suggested that elevated suicide
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risks observed among rural populations might have little to do with health system accessibility barriers andmuch
to dowith endemic contextual factors. Thus, this study demonstrated the need to better understand the nature of
rurality as it relates to suicide risks, separate from its frequent association with decreased health system
geographic accessibility.
Future studies should consider contextual factors that might underlie the observed rural- urban differentials in
suicide risks.14 For example, there might be unmeasured differences in socioeconomic status across patients
residing in rural and urban settings.35 Social environmental factors were associated with suicide risks among
VA mental health patients.36 Clearly, further research is needed to better understand rural- urban differences in
health service treatment seeking and the sociocultural factors relating to suicide mortality.
Consistent with previous analyses,26 method of suicide differed substantially by gender. Furthermore, rural
residence was associated with greater use of firearms among suicide decedents, overall and for both genders.
Firearm suicide mortality is a significant public health problem in rural areas.37 Firearm ownership is greater in
rural areas, and greater state-level firearm ownership has been associated with greater firearm suicide
mortality.27 Among suicide methods, firearms sadly have the highest case-fatality rates.26 As Miller and
Hemenway noted, "A suicide attempt with a firearm rarely affords a second chance."38 Thus, greater access to
lethal means may in part explain rural-urban differences in suicide mortality. This relationship suggests the
importance of gun safety efforts and firearm awareness as part of suicide prevention efforts.
Public health and health care innovations are needed to address the elevated suicide risks in rural areas. The
VA has pioneered health system suicide prevention initiatives, including 24-hour and web-based suicide
prevention crisis lines (1-800-273-TALK), ongoing national monitoring, and support for development of suicide
prevention programs.16 Study findings suggested the importance of outreach efforts to enhance suicide
prevention in rural settings, including access to mobile crisis teams and telehealth services. Health systems
should seek to facilitate outreach, services integration, and access to emergency care services in rural settings.
Finally, the study findings had implications for future efforts to examine the suicide risks associated with veteran
status. Increased risks among rural VA patients might result from unmeasured factors associated with rural
residence.14 Because veterans are disproportionately represented in rural settings and rurality is associated
with increased suicide risk, studies examining the influence of veterans status on suicide mortality18 should
include adjustment for rural residence. In the absence of such adjustment, risks that are related to rurality might
be misinterpreted as related to veteran status.
This large national multiyear study had several limitations. First, it was not possible to include some patient
factors that might be related to suicide and might differ by rural- urban status, including patient income, race/
ethnicity, and marital status. Second, it was not feasible to account for residential mobility among VA patients.
Consequently, for patients with residential moves during the observation period, this might introduce
measurement error in assessing distance to nearest VA mental health provider. Residential moves among VA
patients were more common among individuals with psychiatric conditions that were associated with increased
suicide mortality.39 Finally, we noted that the recording of suicide deaths by medical examiners might differ
systematically across rural and urban areas. Previous work suggested rural-urban variation in the prevalence of
deaths of undetermined intent, and this might indicate measurement error in the identification of suicide
deaths.40
Despite these limitations, the study findings provided substantial timely and important information regarding
rural-urban differences in suicide rates, risks, and methods among the population of individuals receiving health
care services in the US Department of Veterans Affairs health system. These findings supported continuing
development of health care policy and health services and suicide prevention initiatives to address the suicide
risks of veterans, with focused attention on rural settings.
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