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Objective: Although prior research has identi-
fied a number of separate risk factors for suicide
among patients with depression, little is known
about how these factors may interact to modify
suicide risk. Using an empirically based decision
tree analysis for a large national sample of Veterans
Affairs (VA) health system patients treated for de-
pression, we identified subgroups with particularly
high or low rates of suicide.

Method: We identified 887,859 VA patients
treated for depression between April 1, 1999,
and September 30, 2004. Randomly splitting the
data into 2 samples (primary and replication sam-
ples), we developed a decision tree for the primary
sample using recursive partitioning. We then tested
whether the groups developed within the primary
sample were associated with increased suicide risk
in the replication sample.

Results: The exploratory data analysis pro-
duced a decision tree with subgroups of patients
at differing levels of risk for suicide. These were
identified by a combination of factors including
a co-occurring substance use disorder diagnosis,
male sex, African American race, and psychiat-
ric hospitalization in the past year. The groups
developed as part of the decision tree accurately
discriminated between those with and without
suicide in the replication sample. The patients at
highest risk for suicide were those with a substance
use disorder who were non-African American and
had an inpatient psychiatric stay within the past 12
months.

Conclusions: Study findings suggest that the
identification of depressed patients at increased
risk for suicide is improved through the examina-
tion of higher order interactions between potential
risk factors.
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S uicide is a major and potentially preventable public
health problem.' In the United States, over 30,000
people die by suicide every year, and suicide accounts for
4% of all deaths among adults aged 18-65 years.” Depres-
sion is a major risk factor for suicide.** Two comprehensive
meta-analyses™® estimated that 2%-6% of individuals with
affective disorders will die by suicide.

However, the vast majority of patients with depres-
sion do not die by suicide, and more research is needed
to better understand profiles of risk among patients with
depression.”® Typically, studies of suicide risk in individuals
with depression have examined the independent effects of
demographic factors, such as age and race, and of comorbid
psychiatric conditions, such as substance use or personal-
ity disorders. Prior research’' has identified a number of
risk factors, including a diagnosis of an alcohol or drug use
disorder, male sex, white race/ethnicity, single marital sta-
tus, unemployment, prior psychiatric hospitalization, and
poor physical health. For example, Zivin and colleagues™
found that among Veterans Affairs (VA) health system pa-
tients with depression, inpatient psychiatric hospitalizations
in the year prior to their qualifying depression diagnosis
and comorbid substance use were independent risk factors
for suicide. Also, patients living in the southern or west-
ern United States were more likely to die by suicide. This
approach is helpful for identifying general indicators of risk,
but it does not provide information about how factors work
together to influence this risk.

Suicide is a rare event, and risk assessment requires the
use of very large samples. It is therefore not surprising that
few studies have evaluated interactions among risk factors.
One report" observed that problem drinking may increase
risks differentially in whites compared to blacks. Also, few
studies have examined relationships between more than 2
risk factors. Standard logistic regression analyses typically
examine interactions only between pairs of risk factors, and
their results are often difficult to apply in clinical practice.

An alternative approach uses exploratory techniques to
identify subgroups of patients, characterized by clusters of
specific risk factors, who are either at particularly high or
low risk for suicide.'*'"® Data mining approaches identify the
single strongest indicator of risk within the overall sample
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¢ In veterans with depression, a substance use disorder is the strongest risk factor

for suicide.

¢ Knowledge of combinations of risk factors could potentially help clinicians identify

veterans at particularly high risk for suicide.

¢ Clinicians treating patients with depression should regularly assess for suicidal thoughts,
plans, and recent attempts throughout the course of treatment.

and certain subgroups in each sequential assessment point,
taking into account the presence or absence of stronger pre-
dictors.'® Baca-Garcia and colleagues' reported that a series
of higher-order interactions among 3 or more variables
developed through data mining could better predict rehos-
pitalization among individuals with a prior suicide attempt
than could traditional multivariate analyses. However, to the
best of our knowledge, this approach has not been directly
applied to examine suicide in individuals with depression.

In the present study, we conducted an exploratory
analysis designed to derive an empirically based set of
interactions related to rates of suicide in a national sample
of VA patients diagnosed with depression. This analysis was
conducted with a randomly selected portion of our sample
(ie, two-thirds of the original sample), and a confirmatory
analysis of the utility of these groups was conducted on the
remaining one-third of the sample.

METHOD

Procedures and Participants

This study utilized data mining techniques to reanalyze
data from a retrospective cohort study of suicide in VA
patients with depression.'? Participants were drawn from
the VA's National Registry for Depression (NARDEP), based
at the VA Serious Mental Illness Treatment Research and
Evaluation Center in Ann Arbor, Michigan."” The NARDEP
includes data on demographic factors, diagnostic character-
istics, pharmacy data, and service utilization for VA patients
with depression. The present study uses data from April 1,
1999, through September 30, 2004. Participants were includ-
ed if they either (1) had been diagnosed with a depressive
disorder and had been prescribed an antidepressant or (2)
were diagnosed with depression during 2 separate medical
visits in the study period. Patients were excluded if they had
bipolar I disorder, schizophrenia, or schizoaffective diag-
noses recorded during the observation period or the year
prior to entry into the cohort. The use of these inclusion and
exclusion criteria resulted in a sample of 887,859 patients.

To examine suicide risk in these patients, we linked treat-
ment record data with information from the National Death
Index (NDI). The NDI queries were submitted for the co-
hort of patients with a date of death in the VA Beneficiary
Identification and Records Locator System (BIRLS) Death
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File during the study period. Because BIRLS data may not
detect all individuals who died within a given year, we
also initiated NDI searches for patients who did not use
VA services in the year following the study period, even
if there was no date of death for these patients in VA data.
This comprehensive process identified 1,892 patients in the
study cohort as having died of suicide using ICD-9 or ICD-
10 codes specifically identifying suicide in NDI data (ICD-9
codes E950-E959 or ICD-10 codes X60-X84, Y87.0).

The sample was divided into primary and replication
samples. A total of 589,825 (66.4% of the original sample)
were randomly selected to be part of the primary sample,
and 298,034 (33.6% of the original sample) were selected
to be in the replication sample. On average, participants in
the primary sample were 58.63 (+ 14.38) years of age; other
characteristics of participants in the primary sample are
presented in Table 1. The primary and replication samples
did not significantly differ on any of these characteristics.

Measures

All analyses focused on predicting suicide as the pri-
mary outcome. As noted, suicide deaths were identified
using NDI searches. The NDI is a national repository of
data collected from state death certificates, and it is consid-
ered the “gold standard” of US mortality databases."®

The following candidate risk factors were derived
from patient treatment records: age, race (white, African
American, other, Asian, American Native, Native Hawaiian
or Pacific Islander, multiracial, or unknown), sex (male or
female), substance use disorder diagnosis (no or yes; ie,
a clinical diagnosis of any alcohol or drug use disorder),
diagnosis of posttraumatic stress disorder (PTSD; no or
yes), prior VA hospitalization (no or yes; for any psychi-
atric diagnosis in the year prior to cohort entry), service
connection (no or yes; indicating some VA-recognized dis-
ability stemming from injuries or conditions that occurred
or were exacerbated during military service), and baseline
medical comorbidity reflecting the sum of all conditions in
the past 12 months included in the Charlson Comorbidity
Index.”

Analyses
The main set of data mining analyses was conducted on
the primary sample. The replication sample was used to
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Table 1. Patient Characteristics of the Primary Sample
(N=589,825)

Characteristic n %
Sex
Male 542,109 91.9
Female 47,716 8.1
Race and ethnicity
White 450,704 76.4
Black 73,126 12.4
Other 12,803 2.2
Unknown 53,192 9.0
Hispanic 27,522 4.7
Substance abuse 130,228 22.1
PTSD 130,124 22.1
Inpatient psychiatric stay in past 12 mo 21,047 3.6
Service connection 186,261 31.6

Abbreviation: PTSD = posttraumatic stress disorder.

verify the original set of results using more traditional sta-
tistical methods. The data mining procedures used Bayesian
Dirichlet Equivalent (BDE) methods to identify the stron-
gest predictor. This data mining process examined possible
higher-order relationships between predictors.”® For con-
tinuous variables, these determine the optimal cut points
for splitting continuous predictors, such as age, into levels
that maximally differentiate between levels of suicide risk.”
This method has the advantage of using prior information
to allow for the application of these methods to rare out-
comes, such as suicide. In order to increase the potential
utility of the results, we limited the results to a maximum
of 3 cut points (similar to a 3-way interaction). This process
resulted in an empirically derived decision tree with patients
grouped at each level based on similarities in level of suicide
risk. Additionally, for all cut points on the figures, we pre-
sent rates of suicide per 100,000 person-years (PYs). This
information is provided for descriptive purposes and is not
directly part of the decision tree analysis.

Following the development of the decision tree in the
primary sample, we examined the extent to which the factors
identified from the data mining approach could accurately
discriminate between those with and without a suicide in
the replication sample using x> analyses and odds ratios.
A cut-off of P<.01 was used as an indicator of statistical
significance.

RESULTS

The overall rate of suicide was 89.55/100,000 PYs in the
primary sample of depressed veterans. The data mining
analysis identified a diagnosis of a substance use disorder
as the strongest single risk factor for suicide (Figure 1). The
suicide rate for those with a substance use disorder was
128.27/100,000 PYs relative to 76.48/100,000 PYs for those
without a substance use disorder. The data mining analysis
split the sample into those with or without a substance use
disorder and identified the most important remaining risk
factors in these 2 separate groups.
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Individuals With a Substance Use Disorder

Depressed VA patients with a substance use disor-
der were subsequently divided on the basis of their race.
Specifically, African Americans were significantly less
likely to die by suicide than individuals of any other race/
ethnicity group (28.54/100,000 PYsvs 157.11/100,000 PYs). In
African Americans with a substance use disorder, no other
variables reliably distinguished those who did versus those
who did not die by suicide. In non-African Americans
(who were predominately white), having been admitted to
inpatient psychiatric treatment at least once in the prior 12
months conferred an additional risk for suicide. In the sub-
group of depressed, non-African American veterans with a
substance use disorder, the suicide rate was 247.21/100,000
PYs among those with a prior inpatient psychiatric stay,
whereas it was 143.05/100,000 PYs among those with no
psychiatric admissions in the prior year.

Individuals Without a Substance Use Disorder

In those without a substance use disorder, sex was the
strongest indicator of suicide risk. The suicide rate for men
in this group was 82.08/100,000 PYs versus 26.22/100,000
PYs for women. In women, no other available risk factors
reliably identified individuals at differing levels of risk. In
men without a substance use disorder, race again was related
to suicide risk. Specifically, African American men without
a substance use disorder were less likely to die by suicide,
with a rate of 33.30/100,000 PYs compared to 86.78/100,000
PYs for non-African American men.

Results From the Replication Sample

A series of comparisons were conducted in the replica-
tion sample to examine the extent to which more traditional
analytic techniques would yield similar results. For these
analyses, we reconstructed the prior steps in the decision
tree in an a priori manner and examined the extent to which
each additional step significantly distinguished between
the groups. Table 2 presents the results of x* testing of the
groups generated by the data mining analyses in both the
primary and replication samples. In all cases, the groups
produced by the initial exploratory data mining analyses
significantly discriminated those who died of suicide from
those who did not.

DISCUSSION

Using a large national database of VA patients with
depression, we found that a combination of factors, includ-
ing demographic characteristics, psychiatric disorders, and
prior psychiatric hospitalizations, discriminated between
individuals with and without a suicide. Consistent with pri-
or research on this sample,'” a substance use disorder was
the single strongest indicator of suicide risk in depressed
veterans. However, the sample could be further divided into
smaller groups of high- and low-risk individuals. Depending
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Figure 1. Suicide Rates in Depressed Veteran Affairs Patients®

No suicide: 588,550 (99.78)

Suicide: 1,275(0.22)
Suicide rate: 89.55
Substance Abuse No Substance Abuse
No suicide: 129,767 (99.64) No suicide: 458,783 (99.82)
Suicide: 461 (0.36) Suicide: 814(0.18)
Suicide rate: 128.27 Suicide rate: 76.48
African American Not African American Female Male
No suicide: 29,606 (99.92) No suicide: 100,161 (99.56) No suicide: 42,424 (99.93) No suicide: 416,359 (99.81)
Suicide: 23(0.08) Suicide: 438 (0.44) Suicide: 28(0.07) Suicide: 786 (0.19)
Suicide rate: 28.54 || Suicide rate: 157.11 Suicide rate: 26.22 || Suicide rate: 82.08

!

'

Inpatient Stay

Previous 12 Months

No Inpatient Stay
Previous 12 Months

African American

Not African American

No suicide: 12,028 (99.22)

No suicide: 88,133 (99.61)

No suicide: 36,730 (99.92)

No suicide: 379,629 (99.8)

Suicide: 93(0.77)
Suicide rate: 247.21

Suicide: 345 (0.39)
Suicide rate: 143.05

Suicide: 28 (0.08)
Suicide rate: 3330

Suicide: 758 (0.2)
Suicide rate: 86.78

*Suicide rates are presented as estimated number of suicides per 100,000 person-years and No suicides and Suicides are measured as n (%).

Table 2. Associations Between Risk Factors and Suicide

Step Group/Subgroup Predictor X P Odds Ratio (95% CI)

Primary sample

1 Primary sample Any substance use disorder (yes vsno)  147.2  <.0001 2.0(1.8-2.2)

2a Those with a substance use disorder Non-African American (yes vs no) 83.1 <.0001 5.6 (3.7-8.6)

3a Those with a substance use disorder who are  Any inpatient treatment in the prior 35.0 <.0001 2.0 (1.6-2.5)
not African American 12 mo (yes vs no)

2b Those without a substance use disorder Sex (male vs female) 32.7  <.0001 2.9 (2.0-4.2)

3b Those without a substance use disorder who ~ Non-African American (yes vs no) 27.0 <.0001 2.6 (1.8-3.8)
are male

Replication sample

1 Full replication sample Any substance use disorder (yes vs no) 47.6 <.0001 1.8 (1.5-2.1)

2a Those with a substance use disorder Non-African American (yes vs no) 44.7  <.0001 8.5 (4.0-18.1)

3a Those with a substance use disorder who are  Any inpatient treatment in the prior 25.6 <.0001 2.3(1.6-3.2)
not African American 12 mo (yes vs no)

2b Those without a substance use disorder Sex (male vs female) 16.7 <.0001 2.9 (1.7-4.9)

3b Those without a substance use disorder who ~ Non-African American (yes vs no) 13.6  <.0001 2.6 (1.5-4.5)
are male

on the constellation of risk factors, the risk of suicide in vet-
erans with depression ranged from a low of 26.22/100,000
PYs among women without a substance use disorder to a
high of 247.21/100,000 PYs among non-African American
patients with a substance use disorder and an episode of
inpatient psychiatric treatment within the past year. This
substantial variability in level of risk highlights the need to
better understand how risk factors interact and combine to
influence risk for suicide.

The finding that a diagnosis of a substance use disorder
was the strongest single predictor of suicide in depressed
veterans is consistent with prior research* in nondepressed
samples indicating that presence of an alcohol or drug use
disorder is one of the most potent risk factors for suicide
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mortality. According to an empirical review of cohort stud-
ies,’ individuals with alcohol dependence are almost 10
times more likely to die by suicide compared to the gen-
eral population. However, this research has not generally
focused on additional risks conveyed by substance use dis-
order in other psychiatric populations, including depressed
individuals. The strength of the association in the present
sample of depressed veterans reinforces the importance
of substance use disorder as an additional risk factor even
among depressed patients who are already at an elevated
risk for suicide.

Examining interactions among risk factors yields other
potentially important findings, including the implication
that sex is less immediately relevant in determining suicide
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risk once substance use is determined to be present. Sex is
one of the most potent risk factors for suicide, with men
being 4 times more likely to complete suicide than wom-
en in the general population.” The odds ratios for suicide
associated with male compared to female sex are still high
among depressed populations, although somewhat smaller
than in the general population. The ordering of risk factors
in this study emphasizes the need to remain alert for suicide
among depressed women as well as men once substance
use is identified. It is also important to note that among
depressed patients, once substance use is determined to be
present, the most important factor to consider next is race.
Sex is not among the top 3 risk factors for suicide among
patients with both depression and substance use. This find-
ing has implications for clinicians completing suicide risk
assessments of dual-diagnosis patients. Among patients
who do not have substance use, sex again clearly emerges as
one of the strongest predictors of suicide, even greater than
other potentially important indicators of illness severity
such as prior inpatient stays. However, these findings also
most likely reflect the composition of the present sample. It
is important to note that the sample is predominantly male
and that we may not have been able to detect the impact of
sex on suicide risk in certain subgroups.

This was an exploratory data analysis, and the decision
tree was derived purely on the basis of the ability to dis-
criminate between participants on completed suicide. This
decision process does not adhere to established theory of
suicide risk, and the associations are not necessarily causal.
Instead, these factors are markers of risk. Thus, they may
reflect a direct influence on suicide risk or the influence
of other unmeasured variables.”> Also, even in our highest
risk groups, the vast majority of participants did not die by
suicide. These results highlight the difficulty in develop-
ing specific models of low base-rate outcomes like suicide.
Similarly, the risk of suicide most likely fluctuates over
time, and we do not have data on proximal risk factors for
suicide. Identifying individuals at immediate risk for sui-
cide requires a combination of knowledge of risk factors,
attention to recent life events (losses, conflicts), and clinical
judgment.

Several additional limitations of this study should
be noted. The sample is composed of depressed veterans
receiving health services from the Department of Veterans
Affairs. Thus, it is important to be cautious in generalizing
these findings to other depression treatment populations.
All predictors in these analyses were based on data derived
from VA treatment records. The measurement of diagnos-
tic features, including PTSD and substance use disorders,
reflects the real-world utilization of these diagnoses and
most likely differs from gold-standard measurements of
these disorders with structured clinical instruments. In
this sample, no reliable data were available on prior suicide
attempts. Future research in other samples would benefit
from the inclusion of information related to prior suicidal
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behaviors. Also, designations of suicide mortality were
obtained from NDI data and are therefore necessarily lim-
ited by the accuracy of information in death certificates.

Despite these limitations, this is the first study of which
we are aware to use an empirically derived decision tree
to segment the depression treatment population by suicide
risk. Our results indicate that the association between a
known risk factor and suicide in veterans with depression
is clearly not independent of another risk factor. Unlike tra-
ditional logistic regression analyses that include only main
effects or interaction terms specified a priori by researchers,
these analyses allowed for the examination of more compli-
cated interactions that may not have been hypothesized to
be important based on the existing research. Additionally,
the decision tree allows for the presentation of complicated
interactions, such as the one found between substance use
disorder status, race/ethnicity, and 12-month hospitaliza-
tion among suicide risk factors in a manner that is likely to
be readily understandable by clinicians and policy makers.

Patients at highest risk for suicide among depressed
patients are those with a substance use disorder, those of
non-African American race, and those with an inpatient
stay in the past 12 months. Among patients without sub-
stance use disorder, those who are male and non-African
American are at the greatest risk of suicide. Providers treat-
ing patients with these characteristics should be aware of
these risks and consider target strategies to screen for cur-
rent suicidal thoughts and plans.
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