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Abstract
This prospective cohort study used administrative data from the Army Study &sA%sk and

Resilience in Servicemembers (Army STARRSgxamine associations betweassurocognitive
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functioning andsubsequent suicidal evera@siong Regular Army enlisted soldiers during the
years 2004-200€Casesvereall soldiers who completed themy’s Automated
NeuropsychologicaAssessment MetrigdANAM) computerized testing battepyior to
documenteduicideattempt(n=607), ideation (n=955), or death (n=5Zpntrols werean equal-
probability sampleof 9,893 person-months from otremldiers.Exploratory factor analysis of
five ANAM, testsidentified a general neurocognitive factor teatludedhe mathematic
processingtest(MTH)Vhen examined separately oyistic regressioanalyseghat controlled
for sociodemographics amqior mental health diagnosis, both the general neurocognitive factor
(logit [#]=1-0.197 t0-0.521;p<0.01) and MTH £= -0.024 t0-0.064;p<0.05 were associated
with all outecomesWhen both predictors were examined simultaneously, the general
neurocognitive‘factor continued to be associated with all outcgfre®.(164 t0-0.417;p<0.0H
and MTH continued to be associated with siecattemptf=-0.015;p=0.046) and ideatiorns€
-0.014;p=0.018. Thesesmall butrobust associations sugg#satfuture research musontinue
to examinge the extent to which objective neurocogntegésmayenhance understanding and

predictionefsuicide risk
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Impairment invarious aspectsf neurocognitiveunctioning hadeen found in
retrospective caseontrol studies ouicide attempters relative to other psychiatric patients and
healthy controlsparticularly in the domains of decision-making, problem-solving, verbal
fluency, andnemory(Jollant, Lawrence, G#, Guillaume, & Courtet, 201 RichardDevantoy,
Berlim, & Jollant, 201452014b).Suicide ideatiorappears to be associated with impairments in
cognitiveflexibility (Marzuk, Hartwell, Leon, & Portera, 200diranda, GallagheBauchner,
Vaysman /& Marroquin, 2012hereas evidence of impaired decisioaking among ideators
is mixed Shdtall et al., 2015Westheide et al., 2008). Studies examining neurotiggni
predictors of suicide death are lackihgaddition to their value in the search for
endophenetypes of suicidal behavior (Courtet, Gottesman, Jollant, & Gould & et al.,
2009), neurocognitiveneasures haveotential to enhanagsk detectionThe objective ature of
neurocognitive testsffers advantages over currergk assessment methodasedon clinician
observation andelfreport(Nock et al., 2013). Suicide prediction, and issues aroundegaifi,
have become an especially important priority in the U.S. Army, which experiencegbha shar
increasean suieidal behavior during the wars in Afghanistan and Iraq (Schoenbaum et aj., 2014
Ursano, Kessler, Heeringa, et al., 2015). While the Army has put in place screerengssypst
soldiers tossetfreport suicidal ideatiormanysoldiersarereluctant to report problems due to
concerns.about stigma and negative career infgéainer et al., 2011§reatinga significant
obstacle t@revention progranmihat rely on seldisclosure.

Despite widespread implementation of screelikgpenzeller, Warner, & Grieger, 2007
Warner etal’*2007a, 2007b) and prevention programs (Ramchand, Acosta, Burns, Jaycox, &
Pernin, 202d)yidentifying soldiers at risk of suicide ideation, attempt, or deathinsea
significant challenge. These efforts could be improved by leveraging the vast aotagative,
administrative data the Army collects on its soldiers. Whegrgas studies using administrative
data have produced valuable information related to the sociodemographic, seatem-eid
mental health correlates of suicidal behayi®achynski et al., 201 Bell, Harford, Amoroso,
Hollander, &Kay, 2010Black, Gallaway, Bell, & Ritchie, 201Gilman et al., 2014Kessler et
al., 2015 Logan, Skopp, Karch, Reger, & Gahm, 20%2hoenbaum et al., 2018treet et al.,
2015 Ursano, Kessler, Heeringa, et al., 20fsano, Kessler, Stein, et al., 2015), many
administrative variables with potential to enhance risk detection have yeexainened.

Among these are indicators of neurocognitive functioning from &estsnistered tsoldiers
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prior to deploymentThese tests were desigrtedorovide baseline data in the event of
deploymentrelated traumatic brain injuryput might be useful as well in predicting suicidality.
Here we examine associatianfsneurocognitive functioningvith subsequent suiosd
relatedoutcanesamong Regular Army enlisted soldiers usingonsolidateddministrativedata
file constructed fothe Army Study to Assess Risk and Resilience in Servicemembers (Army
STARRS;wwwiarmystarrs.org(Ursano et al., 2014yWhereas previoustudies used small

clinical or'corvenience sampleand often relied on retrospective assessmempresent here a
population-level prospective studythie associations between measuraseoirocognitive
functioning andsubsequent suicide deaths, administrativetyorded nonfatal suicicegtemps,
and administrativelyecorded suicide ideation.
METHOD

Sample

The Army STARRS Hstorical AdministrativeDataStudyintegrates38 Army and
Department of Defens®(D) administrative data systemacluding those invhich suicidal
events (ideation, attempts and death) are medically documented. It includetiaddevel
person-monthsrecorder all soldiers on active dutyetween January 1, 2004 and December 31,
2009 =266 _million) (Kessler et al., 2013). The current longitudinal cohort stadysedon
records forthe 975,057 Regular Army soldiers on active duty during this time (excluding
activated Army National Guard and Army Resérizata were analyzed using a discriiee
survival framework with person-month as the unit of analy&fidi€tt & Singer, 1993, such that
each monthrimithe career of a soldier was treated as a separate observational recovgr€ases
limited to enlisted soldiers who congpédneurocognitiveesting prior to auicidal event
resulting in 607 suicide @&mpters, 955 suicide id®rs, and 57 suicide decedei@ases with
documentation of multiple suicidal evemtsre classified based on the first occurrence of the
most severe. type of event (i.e., prioritizing suicide death over attemptieation) (eFigure 1).

Usingan equabprobability 1:200 sample of control person-months stratified by gender,
rank, time.iniservice, deployment status (never, currently, previously), and hidioresave
identified these who completed neurocognitive testing prior to their samplexhpamith
record (=9,893). Control person-months excluded officers (including warrant offiseig)ers
with a documented suicidal event (attempt, ideation, death), and person-months durmg whic
soldier died (e.ggdue tocombat, homicide, accidenliness). Each control person-month was
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assigned a weight of 200 to adjust for under-samp8otdiers withmultiple neurocognitive
assessmemecords were excluded, as we could not determine why the tests vagimirestered
(e.g., technical problems; Cernich, Brennana, Barker, & Bleiberg, 2007) or how those factor
may have affected test validity

M easures

Suicidalevents. Suicide attempgrswere identified usingrecords from the Department
of DefenseSuicide Event Report (DoDSER) (Gahm et al., 20aZ)pD-wide surveillane
mechanism'that aggregates information on suicidal behaviors via a standardizedrfgrleted
by medical providers at DoD treatment facilities; and &M E95x diagnostic codes (E950-
E958; indieating selinflicted poisoning or injury with suicidal intent) from the Military Health
System Data Repository (MDR), Theater Medical Data Store (TMDS), and TRANSCOM
(TransportationnCommand) Regulating and Command & Control Evacuation System
(TRAC?ES), which together provide healthcare encounter informationdmiditary and civilian
treatment facilities, combat operations, and aeromedical evacuations. The E959 code (late effects
of a selfinflicted injury) was excluded, as it confounds the temporal relationships lrethvee
predictor variables and the suicidéeatpt(Walkup, Townsend, Crystal, & Olfson, 2012
Suicide'ideators welidentifiedusingDoDSER records and MDR, TMDS, and TRES
records_centaining the IGB-CM V62.84 code indicating suicidal ideation, coding options
which were not in use prior to 2006. Suicide decedents were identified using recordsero
Armed Forces Medical Examiner Tracking Sysi&RMETS) (eTable ).

Neurocognitive functioning. Neurocognitive functioning was assessedhg/Army’s
Automated:Netropsychological Assessnidetrics (version 4) Traumatic Brain Injury Battery
(ANAM4™ TBI), a computerized battery of tests assessing neurocognitive functioning (e.g.,
response speed, attention/concentration, immediate and delayed memory, sjusssing,
decision precessing spkand efficiency) C-SHOP, 2007)The systenoperates in Microsoft
WindowssendBM-compatible notebook and desktop computers (C-SHOP, 28RAM test
results arestoredwithin anadministrativedata systenmcluded in the Army STARRS HADS
(eTable ). Wesselectedive testsfrom theArmy’s ANAM 4 TBI-MIL battery:Code
SubstitutiorLearning(CDS), assedgsg associative learnindgrocedural Reaction Tim@RO)
assessing processing speiadthematical Processin@giTH), assessing working memory;

Matching to SampléM2S), assessing visual spatial memaapdCode SubstitutiorDelayed
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(CDD), assessingetyed memoryWe excluded®imple Reaction Timatestof visuomotor
processing speed and attentias it has lowecognitive processing demant&n other tests in
the batteryandis rarelyassociateavith traditionalneurocognitiveneasures and constru¢@-
SHOP, 2007)We als excludedhe Go/NoGotest a recent addition to the battexgsessing
response inhibitiorbecause it was administered to véaw soldiers in ou2004-200%ample
We measured.test performance usimgughputa continuous score based on the number of
correct responses per unit of available response tiomebhining measures of both speed and
accuracy(C-SHOP, 2007). Throughput is a general performance index measuring cognitive
efficiency(Thorne, 2006)and is believed to best reflect the processes underlying ANAM tests
(Short, Cernieh, Wilken, & Kane, 2007).

Soctedemogr aphic and mental health factors. Given that both neurocognitive test
performance and suicidal behavior correlate with sociodemographic and meaittafdaetors,
we included such factors aevariates in our analyseSocialemographiwariables(gender, age
atneurocognitivdesting, education, race/ethnicity) welawn from thédoD Defense
ManpowerData Center (DMDC) Master Personnel and Transactiorn(é&Tlable ). Using
MDR, TMDSxand TRAC’ES records, we createdh indicator variable for previous mental
health diagnosis from ICID-CM mental disorder codes (e.g., major depression, posttraumatic
stress diserder, personality disorders), excluding postconcussion syndrome, tobatisordsr,
and supplemental ¢edes (eTable)2
Analysis procedures

All analytic procedures were conducted using SAS versiofE8S Institute Inc., 2001
Analyses foecused first on the prediction of suicide attempts. We then tested the exteahto
findings replicated in the prediction of suicide ideation and suicide death./[Dwe@ us to test
whether neurocognitive functioning is predictive of suicide attempts spdyificaof suicidal
thoughts and.behaviors more generally.

Weremaowed outliersfrom the suicide attempt casentrol sampldasedonthe same
criteriauseddinestablising ANAM normativéreferencegroupsfor the Armypopulation (C-
SHOP, 2007).. Specificallycereson each teswere excluded if theyl) exceededix standard
deviations from thenean reaction timer (2) were in the top 1%fepeedand simultaneously in
the bottoml% d accuracy (i.e., percent corredfye also removed scores that were likely
invalid due to a low percentage of correct respolsé&f%) (C-SHOP, 2007).
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Giventhe ANAM'’s design as a measureg#neral cognitive functionin@C-SHOP,
2007) as well as factor analytic studies indicating tleats in theANAM library can be
represented by a small number of common domains or funcBbeibérg, Kane, Reeves,
Garmoe, & Halpern, 200&abat, Kane, Jefferson, & DePino, 2004),exploratory factor
analysis with.maximum likelihood extraction and promax rotation was conducted usingethe
ANAM throughput scoreéCDS, PRO, MTH, M2S, CDD)We examined asociatios ofthe
resultingfactor'scorevith subsequerguicide attemptisinga series of logistic regression
analysesBased on evidence that suicidal events among soldiers increased during the study
period (Schoenbaum et al., 2Q1%4sano, Kessler, Heeringa, et al., 2QE8)regression
equations included dummy predictors for calendar year and month. Coefficients of other
predictors‘eansconsagntly be interpreted as averaged within-month associaBoospective
associations of theaurocognitive predictarwith each suicideelated outcome weffest
examined In separatmivariate modelgcontrolling only for historical time)Thoseanalyses
were repeateth multivariate models that controlled fsocicdemographics (gender, age at
neurocogintiveesting, education, race/ethnicitgnd history of mental health diagnosis prior to
testing We'then examined neurocognitive predictors and covariates simultaneously in
multivariate,moded predicting each outcom8tandard errors were corrected for sample
weighting=Rirameter estimatésr ANAM predictor variables are reportedlagits (5).

RESULTS

Préliminary analysesAmong those who completed neurocognitive testing,
sociodemographic correlates of suicide attempluded beingfemale, less educated, White
Non-Hispaniesyounger at the time of neurocdiyeitesting, andeceiving a mental health
diagnosigarior to testing Table 1) Approximately 80% os$uicide attempterand83% of
controlscampletedcheurocognitive testingn the prior 12 months, with no difference between
groups in time since test administratit($61.1)=0.10p=0.92.A total of 329soldiers 25
attempters304controls) were excludedue to invalid scores or as outliers on one or more tests.

All bivariate correlations between throughput scores were significadil8—0.66), with
MTH havingthe only correlations below 0.30. Using the entire casgol samplgexploratory
factor analysis with maximum likelihood extractimalicateda single, unrotated factor solution
basedon an eigenvalue >1 (3.36) and Hueee plotAll tests had adequate item loading®.490)
except foMTH (.35). We excludedMTH andrepeatedhe factor analysiwith the remaining

This article is protected by copyright. All rights reserved



DRAFT_NOT FOR CIRCULATION_FOR INTERNAL REVIEW ONLY

four tests, which again supported a sinfgletor solution angeneratedgimilar item loadings
(Table 2). In subsequent regressianalyses we usdtiefactor score from thisgeneal
neurocognitive factor{based on CDS, PRO, M2S, and CDD), as well as the MTH throughput
score asour neurocognitive predictors.

Neur ocognitive functioning and suicide attempt

In logistic regression modellatcontrolledonly for historical time, lowescores a both
the geneal'neurocognitive factof=-0.128;p=0.009 and MTH (3=-0.037;p<0.000)
predictedsubsequent suicide attempt (TaBle When sociodemographics ameéntal health
diagnosisiprior to testingere added asovariatesboth the general neurocognitive factér ¢
0.197;p<0.0009 and MTH (3= -0.024;p=0.001) continued to show a significa#sociation
with suicide‘attemptThe predictors remained significant whbrey were entered simultaneously
in the same multivariate model, although their effects were decregsestal neurocognitive
factor, (}=-0.164;p=0.000); MTH (5= -0.015;p=0.046)(Table4).

Neur ocognitive functioning and suicide ideation or death

Theseranalysesererepeatedeparatelyith suicide ideator&ndsuicide decedents.
Among those'who completed neurocognitive testing, idediaracteristicslifferedfrom those
of controlsin,a pattern similar tattempters, whereas differences between decededtsontrols
were significanbnly for age at testing and mental healiagnosis prioto testing(Table 1).
Ideatorg(t[1,091.2]=0.17p=0.86) and decedent$[9,948]=0.80,=0.42) did not differ from
controls initime since test administratidNAM testing occurred within the pridr2 months for
79.9% of ideators an®4.2% of decedentss. 83.0% of controls)ldentification of test outliers
resulted in‘thesexclusion of 3&éldiers from the ideator analys&® cases304 controls) and
310soldiersfrom the decedent analysescase 306 controls).All bivariate correlationdetween
throughputscoresn the ideator and decedent casmtrol samples werggnificant and nearly
identical to.those reportddr attemptersn Table 2.

In univariate models that controlled only for historical time, suicide ideation was
predicted bysgpoorer performance on the general neurocognitive fastd).232 p<0.0001) and
MTH (5=-01037;p<0.0001)(Table3). When sociodemographics and mental health diagnosis
prior to testing were added as covariates, both the general neurocognitiveffacto27,
p<0.0001) and MTHA=-0.027 p=0.001) continued to show a significagsociation with
suicideideation. The predictors remained significant when they were entered simultgneous
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the same multivariate modegjeneral neurocognitive factofi«-0.256 p<0.000); MTH (5= -
0.014 p=0.018)(Table4).

Suicide death was also predicted by poorer performance on the general neurocognitive
factor (3= -0.423 p=0.009 and MTH (3=-0.066 p=0.006)in univariate analyse3he
associations-persistechensociodemographics and mental health diagnosis prior to testirey
addedas covariateggeneral neurocognitive factgf<-0.521, p=0.001) MTH (5= -0.064;
p=0.024).Results were similar aen these predictors were entered simultaneokisiyever,
only the general neurocognitive factor remained signifi¢@nt0.417 p=0.011) whereasMTH
trended toward significandg=-0.044; p=0.081)(Table4).

Effects of moed,at the time of testing

It is'possible thathe observed association between neurocognitive performance and
suicidality could be due to participants’ mood during the time of test admirastiatg., those
with low mood may have slower performance). As suchrepeated thenultivariate analyses
with participant mood includeas an additionalcovariate(along withsociodemographics and
mental health=diagnosis prior to testinghe ANAM battery includes a sedissessment of
current moodiacross seven dimensions: vigor (high energy level), happirsagggpo
disposition), depression (dysphoria), anger (negative disposition), fatigue (layy éel),
anxiety (anxiety level), and restlessness (motor agitation). For each megdrgatespondents
are presented with a series of six adjectives (8tgky) and asked to rate the degree to which
each adjective describes how they feel usingpaiiit Likert scale (ONot at allto 6=Very
muclh). Adjective ratings are then averaged to create a score for each mood c@leigosyn,
Vincent, Johnson, Gilliland, & Schlegel, 2008).

Thepreviousresults were unchanged when examining the general neurocognitive factor
and MTH separately: both variables predicted suicide attempt, ideation, anaftierath
controlling for.sociodemographics, mental health diagnosis prior to testing, and mbetraet
of testing(resultsnot shown)Results were similar aen the predictors entered simultaneously,
however only'the general neurocognitive factor renemrasignificant predictor of attempp¥€ -
0.175 p<0.0002, ideation f=-0.135;p=0.008, and deathf= -0.368;p=0.025) whereas MTH
was no longer associated with any outcoftve-0.010 to -0.043p=0.092-0.18.

DISCUSSION
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We examined prospectiassociations between neurocognitive functioning and the
subsequent onset of suicide attempts, suicide ideation, and suicide @hatlexamination
yieldedtwo key findings. First, the results reveakadall but significanassociations between
decreasedeurocognitive functioning, as measuredahyeneral neocognitive factor and
mathematicalprocessir{gssessing working memorgnd increased risk of each of the suicide
related outcomes assessed. Second, these associations remained eadjnstiteyfor
sociodemographicand mental health diagnosis prior to testing

These prospectivéindingsacrosamultiple suiciderelated outcomesvhich remained
after adjusting fomeaningful covariateseveala small but robust relationship between
decreasedeuroacognitive functioning and suicidalifihese effects were observiach
representativessample of predominantly young, healthy soldiers, suggesting that netivecogni
testing in combination with other predictonsiay contribute useful information about future risk
for medically serious suicidal evenssdditionalresearchs neededo identify the extent to
which suicide risk is associated withpairment inspecificcognitivedomains While useful as a
general measure of neurocognitive functioning, the Army’s ANFBA batteryis not optimal
for parsing'outthe specific neurocognitive deficits associated with suicide risk.

Altheugh mathematical processif@measure ofvorking memorywas not significatly
associatedwith suicide deatfier adjusting fothe general neurocognitive factogvger to
detect gynificant effects amondecedents wagkely limited by the small number of cases, a

11

frequent and long-recognized problem due to the low base rate of suicide deaths (Pokorny, 1983

Rosen, 1954)tialsois possible thattte discrepanfindings for fatal versus nofatal suicidal
events indicate thaésts ofmathematical processirggenot sensitive to the cognitive profile of
soldiers who die bguicide.Conversely, the findingsayrepresent legitimate differences
between thospapulations, which, despite maayerlapping risk factors, are not identical.
Consistent.with, prior studigdlock et al., 2008), soldiers with documented suicide ideation or
attempt were more likely than controls to be female, whereas those who died by suicide were
more likely.to"be male. Fatal and ntatal suicidal behaviors are also associated with different
patterns of‘psychiatric morbidity and level of suicidal int&#gutrais, 201, 2003Brent et al.,
1988). We were unable to account for suicidal intent in this analysis of/BoDy

administrative datdyut prior studies have founthat risk factors for selihjury differ based on
whether or not there was intent to @ock & Kessler, 2006). On the other hand, there is
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evidence frontlinical, neurobiological, and family heritability studies that those wiadke a
suicideattempt or die by suicide have similarities sbared with ideators (Brent & Mann, 2005
Linehan, 1986Mann, 2003)These issues may be resolweith future studieshatare able to
include alargernumber of suicidelecedents.

The_current study haggennoteworthylimitations. First the findings may not be
representative.of all enlisted soldierspaseline neurocogfive testingis typically conducted
only with soldierswho are preparing to deploy. Similarly, the findings may not generalize to
officers, which'wee excluded from the sample due to the small proportion with neurocognitive
assessmermata. hese resultalso may not apply to the general population, whictediffrom
the Army in several potentially important ways (e.g., socio-demograpstiiessors Second,
our use omedicallydocumented outcomeseans we likely captured the most severe eybats
not those thatvereneverreported. Soldiers and civiliamsth suicide ideation oattemptoften
do notrecelve treatmer{Bruffaerts et al., 203 XKessler, Berglund, Borges, Nock, & Wang,
2005 McKibben et al., 2014) and, therefore, would not be captured by medical regsoicidal
events that'neveiome to medical attention may have different associationsneitinocognitive
functioning:ldeation in particular,may go unreported to healthcare providers.al$ecannot
account foer,undocumented suicidal behavior that occurred prior to testing (e gnlipt@ent
suicidality)or howthoseexperiences may have influenced test scdreisd, these
adminstrative data do not capture some elements thatrgr@rtantin classifying suicide
attempts (e.g., lethality, intent to Jlién addition, suicide-related outcoma® subject to coding
erras and.echanges in policy and proceduFesirth our analyses did not control for a number of
other potentially important variablaacluding deployment history andher life stressorgNock
et al., 2013Ursano, Kessler, Stein, et al., 2015§th, althoughthe ANAM’s Simple Reaction
Timetest was excludedue to its low cognitive demands and weak associations with traditional
neurocognitivaneasures and constru¢&-SHOP, 2007)severastudies have found is a
sensitive indicator ofognitive changes andhpairmentqCernich, Reeves, Sun, & Bleiberg,
2007 Reeves'et al., 2008varden et al., 2001). Inclusion of that testyrhave altered the
results.Sixthy we were unable examineghe Go/No-Go test, which had not beadministered
to enough of theoldiers in our sample iaclude in the current study. It will be important for
future studies to include this test, given the potential relevance of impulsivity to suicidal
behavior Jollant et al., 2011 Seventh and finally, the observed effects were small in magnitude
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and, conceptually, it is not clear why performance on a general neurocognitiveafatr
measure of mathematical processing would be predictive of suicidal outdbiagmssible that
poor performance on these measures is a proxy for general pgjichbtbstress; however, the
observed effects remained even after controlling for measures of psychological distress/disorder.
The mechanism through which these measures are associated with suicidal outcomes remains an
important question for future study.

With'these limitations in mindyur findingsraise the possibilitthat neurocognitive
tesing may have value innderstanding and assistingtive detecton of suicide risk among
soldiersby providing objective indicatorbat cansupplementurrentstrategiesHowever its
uniguevalue imxclinicaldecsion-makingfor individual soldierss extremely limitedif it exists
at all. Suchrdata are probably most useful as componeatsisprediction(e.g., machine
learning)algorithm that draws on othask indicators from a wide rangd sourcege.g.,
Kessler et al., 2015), and for furthering our understanding of the neurobiology of suicide risk.

Although neurocognitivéesting is currently administered prior to deployméns
possible thatisk detectiorcould be aidedby collecting baseline neurocognitive data at an earlier
point (e.g.,"during accession). Many soldiers report a pre-enlistment hisgrigiofal behavior
andmentakdisordergRosellini et al., 2013UJrsano, Heeringa, et al., 2015), and the initial
months of-Army service are a high risk period for suicide atterijssafio, Kessler, Stein, et al.,
2015).The utility of earlier neurocognitive screening in detectingide risk will be further
examinedin the Army STARRS New Soldier Study (Ursano et al., 2014), a survey of saldiers i
their first weekyobasic training that includes an assessment afeegnitive domains found to
be associatedwith suicidal behavior and other adverse mental health outcomes (@ags, &tho
al., 2013)

It IS, impartant to not¢hat the ANAM is not designed measure suicide risRisk
detection might be substantially improved by incorporating tests of cognitive domainavat h
demonstrated. stronger and more consistent associations with suicidabbetwah as decision-
making, preblem-solving, verbal fluency, and memory (Jollant et al.,; RithhardDevantoy et
al., 2014a,2014bpr tests designed to measure aspects of stspieeific cognition (Cha,
Najmi, Park, Finn, & Nock, 20tMarrison, Stritzke, Fay, Ellison, & Hudaib, 20MNock et al.,
2010). In additionrecentDoD efforts to develop mobile neurocognitive assessment platforms
(Elsmore, Reeves, & Reeves, 200@than, Spira, Bleiberg, Vice, & Tsao, 2018y eventually
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provide opportunities to monitor neurocognitive correlates of suicide risk amongrsofdi
forward-deployed environments where standard comphased test administration is
unfeasible. Thisnight bean important capabilitgiventhe impairments in cognitive fgtioning
that service mmbers carexperience during combat deployment (Vasterling et al., 2006) or
while operating in other extreme environments (Lathan et al., 2013).
Conclusions

Thesepreliminary findings raise the possibilitiyatdecreasedeurocognitive functioning
could indicateadiathesis for suicidal thoughts and behavior (Lowe et al., 260T)restudies
shouldexaminethe utility of other more specifimeurocognitive testis risk detectioramong
soldiers and whetheassociations betweepecific neurocognitive domains and suicid&ted
outcomes are modulated bifferentexperiences anenvironmental exposures (e.gombat,

interpersonal conflict, legal problems).
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Table 1. Characteristics of Regular Army enlisted suicide attempters, ideators, and decedents who completed neur ocognitive

testing, versus controls.

Cases

Controls Suicide Attempters Suicide Ideators Suicide Decedents
(N =9,893) (N = 607) (N = 955) (N =57)
N % N % x> N % x> N % x>
Gender 30.11* 4.51* 3.55
Female 874 8.8 92 15.2 103 10.8 1 1.8
Male 9,019 91.2 515 84.8 852 89.2 56 98.2
Ageat testing 129.40* 72.08* 11.19*
17-20 1,499 15.2 171 28.2 215 225 13 22.8
2124 3,404 344 250 41.2 358 375 17 29.8
25-29 2481 251 114 18.8 232 243 20 35.1
30-34 1,261 12.7 39 6.4 75 7.9 1 1.8
35-39 850 8.6 23 3.8 51 53 3 53
40+ 398 4.0 10 16 24 25 3 5.3
Education 101.07* 148.44* 1.15
< High Schodl 1,696 17.1 195 321 301 315 10 17.5
High School 7,445 75.3 387 63.8 619 64.8 43 75.4
Some College 395 4.0 17 2.8 20 21 1 1.8
College+ 357 3.6 8 1.3 15 1.6 3 53
Race 13.12* 17.69* 4.78
White 6,519 65.9 440 725 690 723 44 77.2
Black 1,641 16.6 80 132 126 132 8 14.0
Hispanic 1,190 12.0 64 105 96 9.9 2 35
Asian 377 3.8 14 2.3 32 34 2 35
Other 166 1.7 9 1.5 11 1.2 1 1.8
Mental health diagnosis 152.21* 291.04* 8.51*

prior to testing®
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Yes 2,647 26.8 297 48.9 489 51.2 25 43.9
No 7,246 73.2 310 511 466  48.8 32 56.1

Ccasecontrol sample includes enlisted Regular Army enlisted sol@liersexcluding officers and members of the U.S. Army
National Guard and’Army Reserve) on active duty during thies\28042009. Caseare the subset of soldiers who completed
neurocognitive testing prior to their first admingively documented suicide attempt. Controls afdiers who completethe
neurocognitive testing prior to their sampled pers@nth record, representing a sebsf a 1:200 stratified probability sample of all
active duty Regular Army persanonths in the population, exclusive of soldiers with a-fatal suicidal behavior and all person
months involving a death (i.e., due to suicide, combat, homicideyjrgr illness). All records in the 1:200 control sample were
assigned a weight of 200 to adjust for the urgdenpling of months not associated with a suicidal behavior.

%< High School includes;.General Educational Development crediéBE&ED), home study dipma,occupational program certificate,
correspondence school diploma, high school certificate of afteed adult education diploma, and other-traditional high school
credentials

3Mental healttdiagnoss prior to testingvasdeterminecbased on ICE9 mental disorder codes (Appendix B).

“Based onhroughput.scores from th&rmy’s Automated Neuropsychological Assessment Me(#dsAM) battery.

*p < 0.05, twetailed.
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Table 2. Bivariate correlationsand factor loadings of Automated Neuropsychological Assessment Metrics (ANAM)

throughput scores among Regular Army enlisted suicide attemptersand controls.!

ANAM Throughput Score Correlations® Single-Factor L oadings’
ANAM Test CDS PRO MTH M2S All Tests MTH
Included Excluded
Code SubstitutioA_earning (CDS) - 0.85 0.86
Procedural Reaction . Time (PRO) 0.50* - 0.61 0.59
Mathematical Processingy(MTH) 0.29* 0.33* - 0.35 -
Matching to Sample (M2S) 0.46*  0.41* 0.24* - 0.57 0.56
Code SubstitutiordDelayed (CDD) 0.66* 0.39* 0.18* 0.41* 0.73 0.74

Casecontrolsample includes enlisted Regular Army enlisted soldiers €ielyding officers and members of the U.S. Army
National Guard and Army Reserve) on active duty during thes\28942009. Cases are the subset of soldiers who completed
neurocognitive testingrior to their first administratively documenteddde attempt. Controls are soldiers who completed th
neurocognitive testing prior to their sampled pers@nth record, representing a subset of a 1:200 stratified prapabitple of all
active dutyRegular Army persomonths in the population, exclusive of soldiers with a-fatal suicidal behavior and all person
months involving a death'(i.e., due to suicide, combat, homicideyjrgr iliness). All records in the 1:200 control saenplere
assigred a weight 0200 to adjust for the undampling of months not associated with a suicidal behavior.

“Correlations within thessticide ideation and suigléeedent caseontrol samples were nearly identical to those presented above.
3Based on exploratoffactor analysis with maximum likelihood estimation.

*p < .05, twetailed.
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Table 3. Univariate associations of neurocognitive functioning with subsequent suicide attempt, ideation, and death among

Regular Army enlisted soldiers.*?

Suicide Attempt Suicide Ideation Suicide Death
(N =607) (N = 955) (N=57)
Neur ocognitive Predictors’ B p B p B p
General neurocognitive factor -0.128 0.005 -0.232  <0.0001 -0.423 0.0
Mathematical Processing(MTH) -0.037 <0.0001 -0.037  <0.0001 -0.066 0.006

Ccasecontrol sample includes enlisted Regular Army enlisted sol@liersexcluding officers and members of the U.S. Army
National Guard and"Army Reserve) on active duty during thes\28942009. Cases are the subset of soldiers who completed
neurocogitive testingprior to their first administratively documentedade attempt. Controls are soldiers who completed th
neurocognitive testingriorto their sampled persanonth record, representing a subset of a 1:200 stratified prapabitnple of all
active duty Regular Army persanonths in the population, exclusive of soldiers with a-fatal suicidal behavior and all person
months involving a death(i.e., due to suicide, combat, homicideyjrgr iliness). All records in the 1:200 control saenplere
assigned a weight of 200 to adjust for the ursdenpling of months not associated with a suicidal behavior.

?ogistic regression models examined univariate @ations (controlling only for historical time) eurocognitive functioningith
eachoutcome(suicide attempters, ideators, and decedents).

3General factoscoreis based on the throughput scoregtaésts: Code Substitution (CDS), Procedural Readtime (PRO),
Matching to Sample,(M2S); and Code Substitution {peda(CDD).The Mathematical ProcessifgITH) throughput score was
examined as separate'variable

B = parameter estimatégit)

*p<0.05
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Table4. Multivariate associations of neurocognitive with subsequent suicide attempt, ideation, and death among Regular

Army enlisted soldiers.*?

Suicide Attempt Suicide Ideation Suicide Death
(N =607) (N = 955) (N=57)

Neur ocognitive Predictors’ B p B p B p
Entered Separately

General neurocognitive factor -0.197 <0.0001 -0.287  <0.0001 -0.521 0.001

Mathematical Processing (MTH) -0.024 0.0aL -0.027  <0.0001 -0.064 0.024
Entered Simultaneously

General neurocognitive factor -0.164 0.001 -0.256  <0.0001 -0.417 0.011

Mathematical Pracessing (MTH) -0.015 0.046 -0.014 0.018 -0.044 0.081

Casecontrol sample includes enlisted Regular Army enlisted sol@liersexcluding officers and members of the U.S. Army
National Guard and Army. Reserve) on active duty during thes\28042009. Cases are the subset of soldiers who completed
neurocogitive testingprior to their first administratively documentedade attempt. Controls are soldiers who completed th
neurocognitive testingrior to their sampled persanonth record, representing a subset of a 1:200 stratified prapabitnple of all
active duty Regular Army persenonths in the population, exclusive of soldiers with a-fatal suicidal behavior and all person
months involving a death (i.e., due to suicide, combat, homicideyjrgr iliness). All records in the 1:200 control saenplere
assigned a weight of 200 to adjust for the urgsenpling of months not associated with a suicidal behavior.

2 ogistic regression analyses conteal for historical timegender, education, race, agéesting, and mental healthagnosis prior to
testing Neurocognitive predictonsere first entered individually, then simultanegugh models that controlled for these covariates.
3General neurocognitivecore is based on the throughput scores of 4 @ste Substitution (CDS), Procedural Reacflime

(PRO), Matching to Sample (M2S), and Code Substitufielayed (CDD)The Mathematical Processing (MTH) throughput score
was examined as a separate variable.

B = parameter estimat(it)

*p<0.05
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