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Background. Executive dysfunction, distinct from other cognitive deficits in depression, has been associated with

suicidal behavior. However, this dysfunction is not found consistently across samples.

Method. Medication-free subjects with DSM-IV major depressive episode (major depressive disorder and bipolar

type I disorder) and a past history of suicidal behavior (n=72) were compared to medication-free depressed subjects

with no history of suicidal behavior (n=80) and healthy volunteers (n=56) on a battery of tests assessing

neuropsychological functions typically affected by depression (motor and psychomotor speed, attention, memory)

and executive functions reportedly impaired in suicide attempters (abstract/contingent learning, working memory,

language fluency, impulse control).

Results. All of the depressed subjects performed worse than healthy volunteers on motor, psychomotor and

language fluency tasks. Past suicide attempters, in turn, performed worse than depressed non-attempters on attention

and memory/working memory tasks [a computerized Stroop task, the Buschke Selective Reminding Task (SRT), the

Benton Visual Retention Test (VRT) and an N-back task] but not on other executive function measures, including a

task associated with ventral prefrontal function (Object Alternation). Deficits were not accounted for by current

suicidal ideation or the lethality of past attempts. A small subsample of those using a violent method in their most

lethal attempt showed a pattern of poor executive performance.

Conclusions. Deficits in specific components of attention control, memory and working memory were associated

with suicidal behavior in a sample where non-violent attempt predominated. Broader executive dysfunction in

depression may be associated with specific forms of suicidal behavior, rather than suicidal behavior per se.
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Introduction

Neuropsychological dysfunction in the context of de-

pression is a risk factor for suicidal behavior, with

executive dysfunction thought to play a predominant

role. We had previously identified a post-hoc-derived

executive performance factor that discriminated sub-

jects with past histories of highly lethal suicidal beha-

vior (Keilp et al. 2001), that correlated with language

fluency and a secondary measure (Failure to Maintain

Set) from the Wisconsin Card Sorting Test (WCT). The

lack of any differences on standard WCT measures

(e.g. category attainment, errors, perseverative errors)

and Failure to Maintain Set’s association with ventral

prefrontal function (Stuss et al. 2000) led us to hy-

pothesize that other measures sensitive to ventral

prefrontal dysfunction might be useful as a way to

characterize deficits associated with suicidality.

Subsequent studies have found attempter/non-

attempter differences on tasks whose common feature

is an association with ventral prefrontal function, in-

cluding decision-making measures such as the Iowa

Gambling Task (Jollant et al. 2005, 2007, 2010 ;

Westheide et al. 2008) and the Cambridge Gambling

Task (Clark et al. 2011), behavioral measures of im-

pulse control (Swann et al. 2005 ; Dougherty et al. 2009;

Wu et al. 2009) and measures of mental flexibility such

as Reversal Learning (Dombrovski et al. 2010).

However, deficits in standard WCT indices have been

found in suicide ideators (Marzuk et al. 2005) and

not all studies find differences in individuals at risk
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for suicidal behavior (e.g. self-injurers) using per-

formance measures of impulsiveness (Janis & Nock,

2009).

In a recent review, Jollant et al. (2011) speculate that

a network of brain regions implicated in the perform-

ance of decision-making tasks, which include the

ventral prefrontal cortex, anterior cingulate and

amygdala, are probably involved in suicidal behavior.

However, this review also highlighted the diversity in

patient samples that have been studied with regard to

clinical state, medication status and nature of at-

tempts, complicating any conclusions that might be

drawn. There have been few studies that have ex-

amined larger samples of past attempters during a

period of presumptive risk, using a comprehensive

battery, to determine whether deficits on individual

executive measures reflect a more general deficit, or

even more fundamental impairments in basic infor-

mation processing.

These basic neuropsychological functions have re-

ceived less consideration in studies of suicidal beha-

vior, despite their ability to differentiate attempters.

Impaired attention control (Williams & Broadbent,

1986 ; Becker et al. 1999 ; Cha et al. 2010) has been found

in suicide attempter and at-risk samples, especially if

provocative distractors (i.e. suicide-related words) are

used. In an interim analysis including our original

sample and a portion of this sample (Keilp et al. 2008),

past attempters performed more poorly than non-

attempters on a Stroop task, but not a Continuous

Performance Task, suggesting that conflict detection

measures may be especially sensitive to an infor-

mation-processing deficit associated with suicidal be-

havior (one aim of this study was to determine

whether these deficits stand out against the back-

ground of a larger neuropsychological battery).

Memory performance is also deficient in suicide at-

tempters, on both standard list learning tasks and

autobiographical measures (Keilp et al. 2001 ; Sinclair

et al. 2007 ; Arie et al. 2008). It is not known whether

these deficits underlie, or are associated with, the

executive impairments found in other studies.

It is also not known whether different types of sui-

cidal behavior are associated with different types of

neuropsychological impairment. In our previous

work, for example, deficits in executive performance

were found in those who had made highly lethal past

attempts (Keilp et al. 2001). Deficits in decision making

are reported to be most pronounced in violent past

attempters (Jollant et al. 2005).

The purpose of this study was to systematically as-

sess a new, larger sample of medication-free in-

dividuals with a past history of suicidal behavior who

were currently depressed (major depressive disorder

or type I bipolar disorder) and therefore in a period of

risk. In our previous study (Keilp et al. 2001), a post-hoc

discriminant analysis found two dimensions in our

data corresponding to impairments related to de-

pression itself, and to higher lethality past suicide at-

tempt. A strategy to distinguish these two dimensions

in our previous data was built into the design of the

current assessment battery, which assessed eight do-

mains of functioning. Four domains were expected to

reflect depression-related impairments : domains as-

sessing motor speed, psychomotor performance, at-

tention and memory (Veiel, 1997 ; Zakzanis et al. 1998 ;

Baune et al. 2010). Four additional domains were de-

signed to assess executive functions that were most

likely to be affected by past suicide attempt status, in-

cluding abstract/contingent learning (Keilp et al. 2001 ;

Marzuk et al. 2005), working memory (Keilp et al.

2001), language fluency (Bartfai et al. 1990 ; Keilp et al.

2001 ; Audenaert et al. 2002) and impulse control

(Swann et al. 2005 ; Wu et al. 2009; Dougherty et al.

2009). Relative to the assessment in our earlier study,

our assessment of abstract/contingent learning was

enhanced with the addition of a computerized Object

Alternation task, which, along with gambling tasks

and reversal learning, is one of the best-validated

measures of ventral prefrontal dysfunction (Zald &

Andreotti, 2010). Specific measures of impulsiveness

(Go–No Go and Time Estimation; Keilp et al. 2005)

were also included.

We hypothesized that depressed attempters and

non-attempters would not differ on measures of motor

speed and psychomotor performance, and most as-

pects of attention and memory, and that both groups

would perform worse than healthy volunteers on

these measures. Past attempters were expected to

perform worse than non-patients and non-attempters

on executive measures, including abstract/contingent

learning, working memory, language fluency and im-

pulse control tasks. Because the relationship between

neuropsychological performance and suicide attempt

may be mediated by characteristics of suicidal beha-

vior, we also assessed the influence of level of

current suicidal ideation, severity of past attempts

and the violence of past attempts in supplementary

analyses, to determine whether these factors con-

tributed to attempter/non-attempter neuropsycho-

logical differences.

Method

Sample

Participants were 152 patients meeting DSM-IV cri-

teria for a current major depressive episode (major

depressive disorder or type I bipolar disorder ; type II

were excluded based on their variability and our

540 J. G. Keilp et al.

https://doi.org/10.1017/S0033291712001419 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291712001419


earlier work; Harkavy-Friedman et al. 2006) and 56

non-patient comparison subjects. Characteristics of the

samples are presented in Table 1. Patients were cur-

rently depressed, with a Hamilton Rating Scale for

Depression (HAMD, 24-item) score >16 at the time of

recruitment. Non-patients were free of current or past

Axis I or Axis II disorders. All subjects were free of

neurological disease and gross organic brain dysfunc-

tion by clinical history and examination, and all had

an estimated IQ>80. None had current psychosis or

current substance abuse/dependence. Of the partici-

pating patients, 72 had made at least one prior suicide

attempt and 80 had no history of suicidal behavior. All

subjects were either medication free or washed out of

medications for participation in associated biological

studies for at least 2 weeks prior to their assessment

(6 weeks for fluoxetine). This study was approved

by the local Institutional Review Board and all parti-

cipants gave written informed consent.

Instruments

Diagnosis was established in patients using the

Structured Clinical Interview for DSM-IV, Axis I

(Spitzer et al. 1990) and Axis II (First et al. 1996).

Psychiatric illnesses were ruled out in non-patients

using the non-patient version of the SCID (First et al.

1997). Other clinical ratings have been described pre-

viously (Mann et al. 1999) and are listed in Table 1. Pre-

morbid intellectual ability was assessed with the

Vocabulary and Matrix Reasoning subtests from the

Wechsler Adult Intelligence Scale, 3rd revision (WAIS-

III ; Wechsler, 1997 ; subjects with an average scaled

score <7 on these subtests were excluded). Subjective

cognitive complaint was assessed with the Cognitive

Failures Questionnaire (Broadbent et al. 1982). History

of past suicidal behavior was assessed using the

Columbia Suicide History Scale (Oquendo et al. 2003)

and intent with the Suicide Intent Scale (Beck et al.

1975). Severity of past suicide attempts was quantified

using Beck’s medical damage rating of physical injury

resulting from an attempt (Beck et al. 1975), which

ranges from 0 (no physical damage) to 8 (death).

Subjects were evaluated in eight neuropsychologi-

cal domains, with the first four targeting core deficits

in depression and the second four a broad array of

executive functions associated with suicidal behavior

in prior studies. These domains, and the tests included

in them, were as follows: (1) Motor Function [Finger

Tapping Test, Simple and Choice Reaction Time (RT)],

(2) Psychomotor Function (Trail Making Test, WAIS-

III Digit Symbol subtest), (3) Attention [Continuous

Performance Test – Identical Pairs, 4-digits fast con-

dition (CPT), computerized Stroop task], (4) Memory

[Buschke Selective Reminding Test (SRT), Benton

Visual Retention Test (VRT), administration D], (5)

Abstract/Contingent Learning [Wisconsin Card

Sorting Test (WCT), computerized Object Alternation

test], (6) Working Memory (computerized N-Back

Test, A, Not B Logical Reasoning Test), (7) Language

Fluency (Letter and Animal/Category tasks), and (8)

Impulse Control (computerized Go–No Go and Time

Estimation/Production tasks). All tasks have been

used in our previous studies (Keilp et al. 2001, 2005),

with the exception of Object Alternation, which is a

computerized adaptation of a primate task similar to

that used by other investigators (Zald et al. 2005),

sensitive to ventral prefrontal dysfunction (Zald et al.

2005 ; Zald & Andreotti, 2010), and included as a

complement to the WCT, which is primarily asso-

ciated with dorsolateral dysfunction (Stuss et al. 2000).

A detailed description of this task is presented in

the Appendix. The principal measures from each task

(see Table 2) were converted to Z scores based on age-,

sex- and/or education-corrected external norms

(Wechsler, 1997 ; Keilp et al. 2005 ; Spreen & Strauss,

2006) and averaged to compute domain scores.

Statistical analyses

Demographic and clinical data were compared using a

one-way ANOVA and post-hoc Neuman–Keuls tests

for continuous variables and x2 tests for categorical

variables. Analyses of neuropsychological scores pro-

ceeded in a hierarchical fashion to control experiment-

wise error rate. Neuropsychological domain scores

were compared simultaneously among groups in a

repeated-measures General Linear Model with neu-

ropsychological domain (eight levels) and subject

group (three levels) as factors. Covariates for clinical

variables that might affect group differences were tes-

ted together in the first step of the analysis ; only those

having a significant effect on test performance were

retained for the final model. A significant effect for

subject grouping in this final model led to evaluation

of individual domain scores, followed by evaluation of

individual tests. An a level of 0.05 was maintained at

each level of the analysis. Supplemental analyses were

conducted covarying suicidal ideation, comparing

subjects with high versus low lethality past suicide at-

tempts (high=medical damage rating >4, injury re-

quiring major medical intervention), and comparing

subjects who had used a violent method in their most

lethal attempt (firearm, drowning, cutting, jumping, or

hanging) to those who had used a non-violent method

(overdose, substance ingestion).

Correlations (non-parametric, to minimize dis-

tributional effects) were computed between domain or

test scores that distinguished past attempters and

clinical variables.
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Table 1. Demographic and clinical rating data

Variable

Non-patient

comparison (C)

(n=56)

Depressed

non-attempters

(NA) (n=80)

Depressed attempters

(ATT) (n=72) p valuea Contrast

Age (years) 31.5¡11.1 40.1¡11.9 35.7¡11.6 <0.001 C<ATT<NA

Education (years) 16.0¡2.1 15.8¡2.3 15.3¡2.3 0.20

WAIS-III Vocabulary and Matrix

Reasoning (average scaled score)

13.4¡2.5 13.0¡2.2 12.9¡2.3 0.35

HAMD 0.9¡1.7 25.6¡7.4 25.7¡7.3 <0.001 C<NA, ATT

BDI 1.4¡2.2 28.0¡9.4 28.8¡11.7 <0.001 C<NA, ATT

GAF 89.4¡7.2 49.5¡9.9 46.7¡12.2 <0.001 C>NA, ATT

GAF without suicide item 89.4¡7.2 49.6¡10.0 47.2¡12.0 <0.001 C>NA, ATT

Beck Hopelessness Scale 1.2¡1.2 12.3¡5.8 13.6¡5.7 <0.001 C<NA, ATT

Scale for Suicide Ideation (prior to hospitalization) 0.0¡0.0 5.9¡7.1 15.3¡10.7 <0.001 C<NA<ATT

Scale for Suicide Ideation (current) 0.0¡0.0 4.6¡6.0 8.2¡8.2 <0.001 C<NA<ATT

No. of past depressive episodes – 7.5¡10.4 (median=3.0) 13.0¡16.9 (median=5) 0.02 NA<ATT

Duration of current depressive episode (weeks) – 82.3¡218.0 (median=24) 61.2¡117.0 (median=16.5) 0.49

Barratt Impulsiveness Scale 38.0¡14.2 53.6¡17.5 57.4¡17.3 <0.001 C<NA, ATT

Buss–Durkee Hostility Inventory 20.0¡8.5 32.3¡11.7 39.1¡12.2 <0.001 C<NA<ATT

Brown–Goodwin Aggression History 14.6¡4.1 17.0¡4.3 19.7¡5.9 <0.001 C<NA<ATT

Cognitive failures 26.5¡11.6 51.1¡15.2 53.2¡17.4 <0.001 C<NA, ATT

No. of previous suicide attempts – – 2.5¡1.8

Lethality of most recent attempt – – 2.6¡2.0

Maximum lethality of attempt – – 3.1¡2.0

Suicide Intent Scale, most recent attempt – – 15.8¡5.5

Suicide Intent Scale, most lethal attempt – – 16.2¡5.6

Violent attempt (most lethal) 18.3 (13)

Time since most recent attempt (months) 44.5¡94.1 (median=4.6)

Sex (female) 50.0 (28) 52.5 (42) 63.9 (46) 0.22

Axis I diagnosis –

Unipolar 78.8 (63) 69.4 (50) 0.19

Bipolar I 21.3 (17) 30.6 (22)

Axis II diagnosis (BPD) – 13.8 (11) 33.8 (24) 0.004 NA<ATT

Past substance abuse/dependence – 26.3 (21) 45.8 (33) 0.01 NA<ATT

PTSD (lifetime) – 11.3 (9) 27.8 (20) 0.01 NA<ATT

WAIS-III, Wechsler Adult Intelligence Scale, 3rd revision ; HAMD, 24-item Hamilton Rating Scale for Depression ; BDI, Beck Depression Inventory ; GAF, Global Assessment of Functioning ; BPD,

borderline personality disorder ; PTSD, post-traumatic stress disorder.
a Omnibus ANOVA for continuous variables, x2 for categorical variables.

Values given as mean ¡ standard deviation or % (n).
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Results

Demographic and clinical characteristics

Depressed non-attempters were older than past at-

tempters, and both patient groups were older than

non-patients. However, groups were equivalent in

education level and estimated intelligence, and all test

scores were adjusted for normative age effects. Non-

attempters and past attempters were both comparably

depressed with comparable levels of functional im-

pairment [Global Assessment of Functioning (GAF)

score]. Suicide attempters had more past major

depressive episodes, in addition to higher levels of

current suicidal ideation, self-reported hostility and

past aggressive behavior. Subjective complaints of

cognitive impairment were equally elevated in both

patient groups compared with non-patients. Median

time since most recent attempt was approximately 5

months (range 4 days to 37 years). For attempters,

approximately half of the most recent attempts were

within 1 year of evaluation (n=39). There were sig-

nificantly more individuals with a past history of

substance use disorder, borderline personality dis-

order (BPD) and post-traumatic stress disorder (PTSD)

among suicide attempters relative to non-attempters,

all conditions that might affect cognitive performance

(and that were tested as covariates). The percentage of

unipolar and bipolar subjects did not differ between

attempters and non-attempters, and no significant

performance differences were found between the

Table 2. Neuropsychological performance measures

Variable

Non-patient

comparison (C)

Depressed

non-attempters

(NA)

Depressed

attempters

(ATT) p valuea Contrast

Depression-related domains

Motor functioning 0.14¡0.76 x0.29¡1.12 x0.33¡1.01 0.03 C>NA, ATT

Tapping dominant x0.07¡1.23 x0.26¡1.45 x0.13¡1.51 0.75

Tapping non-dominant x0.38 ¡0.98 x0.38¡1.34 x0.35¡1.42 0.87

Simple reaction time 0.12¡1.29 x0.47¡2.10 x0.63¡1.67 0.06

Choice reaction time 0.51¡1.00 0.07¡1.36 x0.12¡1.46 0.01 C>NA, ATT

Psychomotor function 0.04¡0.96 x0.27¡0.97 x0.33¡0.81 0.05 C>NA, ATT

Trails A x0.39¡1.12 x0.36¡1.10 x0.49¡0.95 0.83

Trails B x0.07¡1.19 x0.11¡1.06 x0.34¡1.07 0.30

WAIS-III Digit Symbol 0.31¡1.22 x0.31¡1.19 x0.24¡1.09 0.004 C>NA, ATT

Attention 0.02¡0.78 x0.10¡0.82 x0.35¡0.91 0.04 C, NA>ATT

CPT (dk) 0.03¡0.96 x0.08¡1.08 x0.17¡1.07 0.51

Stroop interference 0.01¡1.05 x0.11¡1.11 x0.54¡1.31 0.03 C, NA>ATT

Memory x0.06¡0.75 x0.31¡1.07 x0.72¡1.05 <0.001 C, NA>ATT

Buschke SRT (total) x0.01¡1.03 x0.32¡1.46 x0.75¡1.30 0.006 C, NA>ATT

Benton VRT (error) x0.11¡0.72 x0.29¡1.09 x0.70¡1.20 0.009 C, NA>ATT

Executive domains

Abstract/contingent learning x0.19¡0.85 x0.35¡0.71 x0.39¡0.87 0.19

WCT (error) x0.32¡1.09 x0.31¡0.98 x0.50¡1.05 0.47

Object alternation (error) x0.05¡1.21 x0.39¡1.14 x0.24¡1.21 0.16

Working memory x0.12¡0.83 x0.36¡0.93 x0.40¡1.05 0.12

N-back x0.33¡1.02 x0.29¡0.92 x0.57¡1.19 0.05 C, NA>ATT

A, not B timed reasoning 0.09¡1.15 x0.40¡1.35 x0.23¡1.31 0.11

Language fluency 0.07¡0.81 x0.37¡0.91 x0.38¡0.92 0.003 C>NA, ATT

Letter fluency 0.23¡1.05 x0.21¡1.08 x0.26¡1.06 0.002 C>NA, ATT

Category fluency x0.08¡0.96 x0.54¡1.07 x0.49¡1.05 0.05 C>NA, ATT

Impulse control x0.18¡0.57 0.06¡0.60 0.05¡0.77 0.30

Go–no go commission error (log) x0.50¡0.73 x0.27¡0.76 x0.16¡1.10 0.33

Time production (deviation) 0.16¡0.76 0.39¡0.92 0.26¡0.96 0.36

CPT, Continuous Performance Test ; WCT, Wisconsin Card Sorting Test ; SRT, Selective Reminding Task ; VRT, Visual

Retention Test.
a ANCOVA with main effect for group, covarying presence of borderline personality disorder.
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groups in any domain. The suicide attempter group

had, on average, made 2.5 prior attempts of moderate

lethality.

Neuropsychological performance

In the first step of the analysis of neuropsychological

performance, dichotomous covariates for presence of

bipolar disorder, history of substance use disorder,

BPD and PTSD were entered simultaneously. Age was

not included as a covariate because all test scores were

adjusted for normative age effects. The number of past

depressive episodes was tested separately as a cov-

ariate in patients alone as detailed below. A covariate

effect was found for the presence of BPD (F1,200=3.89,

p=0.05) because of their paradoxically better per-

formance on impulse control tasks (t146=3.00,

p=0.003). All other co-morbidity covariates were

non-significant (all p>0.10), so that only presence/

absence of BPD was retained as a covariate in both

the main analysis and all subsequent lower-level

analyses.

A reduced model was then applied, including

group (attempter/non-attempter/non-patient) as a

factor and presence/absence of BPD as a control vari-

able. Effects for group (F2,203=7.08, p=0.001) and the

group by domain interaction (F14,1421=1.94, p=0.02)

were statistically significant.

In comparisons of individual domain scores (Fig. 1),

significant group differences were found in the Motor

(F2,203=3.77, p=0.03), Psychomotor (F2,203=3.02,

p=0.05), Attention (F2,203=3.33, p=0.04), Memory

(F2,202=7.11, p=0.001), and Language Fluency

(F2,203=6.07, p=0.003) domains. No group differences

were found for the Abstract/Contingent Learning

(F2,201=1.68, p=0.19), Working Memory (F2,203=2.18,

p=0.12) and Impulse Control (F2,200=1.20, p=0.30)

domain scores. [Groups differences in Abstract/

Contingent Learning domain were non-significant if

based on Fail to Maintain rather than error scores

(F2,201=1.29, p=0.28).]

In the Motor, Psychomotor and Language Fluency

domains, both depressed groups performed signifi-

cantly worse than non-patients (Table 2). Differences

in these domains were attributable to poorer patient

performance on Choice RT (F2,202=4.50, p=0.01),

WAIS-III Digit Symbol (F2,203=5.60, p=0.004), and

both letter (F2,203=6.30, p=0.002) and category fluency

(F2,202=3.14, p=0.05) tasks. Simple RT approached

significance (F2,199=2.85, p=0.06), contributing to the

overall Motor domain difference.

In the Attention and Memory domains, past at-

tempters performed worse than both depressed non-

attempters and non-patients. On individual tests, past

attempters performed worse than both other groups

on the Stroop interference measure (F2,203=3.75,

p=0.03), Buschke SRT (F2,202=5.31, p=0.006) and

Benton VRT (F2,199=4.88, p=0.009). Although there

were no differences in the Working Memory domain

overall, N-back performance was significantly poorer

in past attempters (F2,195=3.07, p=0.05).

In an additional analysis to evaluate the effect of

number of past episodes of depression on these group

differences, non-patients were excluded and non-

attempters compared directly to past attempters. Non-

attempter/attempter differences on the Stroop

0.6

0.4

0.2

0

–0.2

Z 
sc

or
e

–0.4

–0.6

–0.8

–1.0
Motor Psychomotor Attention Memory Working

Memory
Language

fluency
Impulse
control

Abstract/con
learning

Neuropsychological domain

Non-patients (n=56)
Non-attempters (n=80)
Past Attempters (n=72)

Fig. 1. Average standardized neuropsychological performance across eight domains of function in non-patients,

depressed non-attempters and depressed past suicide attempters.
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(F1,145=6.62, p=0.01), Benton VRT (F1,141=4.75,

p=0.03) and N-back (F1,137=5.67, p=0.02) were main-

tained even when the number of past depressive epi-

sodes (log transformed to normalize distribution) was

included as a covariate, along with BPD. The differ-

ence in Buschke SRT (F1,144=3.55, p=0.06) became

marginal, even though number of past depressive

episodes was not a significant covariate (F1,144=0.37,

p=0.54).

Including primary diagnosis (unipolar versus

bipolar) as an additional factor did not alter the sig-

nificance of any attempter/non-attempter difference.

This variable and its interactions were not significant

in any comparison.

Current suicidal ideation

When current suicidal ideation was included as a

covariate in group comparisons (in addition to BPD),

the subject group effect (F2,198=6.87, p=0.001) and

group by domain interaction (F14,1386=1.90, p=0.02) in

the main analysis remained significant. Covariate ef-

fects for current suicidal ideation (F1,198=0.40, p=0.53)

and the ideation by domain interaction (F7,1386=0.70,
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and (b) violence of method of attempt.
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p=0.67) were not significant. Differences in the

Attention (F2,198=4.00, p=0.02) and Memory

(F2,197=8.40, p<0.001) domains remained significant

with ideation as a covariate, as did differences in

Stroop interference (F2,198=3.47, p=0.03), Buschke SRT

(F2,197=7.15, p=0.001), Benton VRT (F2,194=4.88,

p=0.009) and N-back (F2,190=4.11, p=0.02). Current

suicidal ideation was not a significant covariate in any

of these comparisons, nor was it significant in any

other domain, including executive function domains.

Attempt lethality

When past attempters are divided into those with high

(n=27) versus low (n=44) lethality past attempts

(Fig. 2a), there were no significant differences in do-

main scores between them, although high lethality at-

tempters paradoxically outperformed low lethality

attempters at a trend level in the Abstract/Contingent

Learning domain (F1,66=3.51, p=0.07). Within that

domain, high lethality attempters performed signifi-

cantly better on Object Alternation (F1,57=6.01,

p=0.02). High lethality attempters also performed

better on Trail Making Part B (F1,67=5.52, p=0.02), a

psychomotor tests with executive components.

Differences on Attention and Memory measures, or on

N-back, were not accounted for by markedly poorer

performance in the high lethality group.

Violent method in most severe past attempt

High lethality attempters’ comparable or better per-

formance in most domains, relative to low lethality

attempters, was partially explained by the distribution

of participants who used a violent method in their

most severe attempt. In this sample, those who used a

violent method (n=13: attempted drowning, n=1;

cutting, n=7; jumping, n=3 ; hanging, n=2) tended to

make low lethality attempts (10/13, 76.9% of violent

attempters ; mean lethality 2.3¡2.5 for violent at-

tempters versus 3.3¡1.9 in non-violent). Despite the

small size of this sample, violent attempters (Fig. 2b)

performed significantly worse in Abstract/Contingent

Learning (F1,66=3.84, p=0.05) with a similar trend in

Impulse Control (F1,67=3.55, p=0.06). On individual

tasks, Go–No Go performance was significantly poor-

er in violent attempters (F1,65=5.52, p=0.02), with a

similar trend in Object Alternation (F1,57=3.13,

p=0.08 ; no other differences with p<0.10). These were

the types of differences expected in the attempter

group as a whole, but only found in this subgroup.

They were not a function of an excess of patients with

BPD (46.2% of violent attempters versus 31.6% of non-

violent ; x21=1.00, p=0.32). Differences between at-

tempters and non-attempters on Attention and

Memory measures, then, were not accounted for by

poorer performance in the violent attempters group.

Correlations

There were few correlations between clinical variables

and either the domain scores (Attention, Memory) or

specific test scores (Stroop interference, Buschke SRT

recall, Benton VRT errors, N-back d-prime) that dis-

tinguished past attempters from non-attempters. The

Attention domain score and Stroop score were mod-

estly correlated with the HAMD (r=–0.26, p=0.001

and r=–0.27, p=0.001 respectively), BDI (r=–0.17,

p=0.03 and r=–0.23, p=0.003 respectively) and GAF

score (r=0.21, p=0.01 and r=0.19, p=0.03 re-

spectively). Memory domain score was weakly corre-

lated with the HAMD score (r=–0.17, p=0.05) and

GAF (r=0.20, p=0.02) but not the BDI (r=0.07,

p=0.38). The Buschke score correlated with GAF

(r=0.20, p=0.01).

Stroop performance correlated negatively, but

weakly, with suicidal ideation prior to admission

(r=–0.17, p=0.05), Barratt Impulsiveness (r=–0.21,

p=0.02) and Buss–Durkee Hostility (r=–0.21,

p=0.02). Memory domain score and Benton VRT cor-

related modestly with Hostility (r=–0.20, p=0.03 and

r=–0.21, p=0.02 respectively).

Stroop correlated negatively with the number of

past suicide attempts (r=–0.35, p=0.003), but no

other test score was associated with suicidal behavior

measures.

Discussion

In contrast to our expectations, depressed individuals

with a history of suicidal behavior did not show any

greater impairment of abstract/contingent learning,

language fluency or impulse control relative to non-

attempters in this acutely ill, medication-free sample.

However, other deficits associated with suicidal be-

havior that we had reported previously in a separate

sample (Keilp et al. 2001), in selective attention, mem-

ory and working memory, were again observed here.

Past attempters’ poorer performance on the Stroop

task andmemory/working memory measures was not

a function of depression severity or suicidal ideation,

suggesting it represents a relatively independent

marker of suicide risk within the context of de-

pression, one that is not captured in standard clinical

ratings. Although both the Stroop and memory mea-

sures were weakly associated with ratings of impul-

siveness and/or hostility, it is difficult to attribute

poor Stroop and memory/working memory perform-

ance in suicide attempters to failures of inhibition (see

MacLeod et al. 2003). Other measures such as Go-No
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Go are clearly more direct measures of disinhibition,

and did not differ among the groups unless violent

attempters were analyzed separately. Interference

effects on the Stroop in particular have been tied to

attention control rather than impulse control networks

in the brain (Botvinik et al. 2001 ; Egner & Hirsch,

2005). Finally, error rates on Stroop conditions did not

differ among groups in this study (data not reported ;

available on request), as in our previous report, which

included a portion of this sample (Keilp et al. 2008).

Poorer performance on these tasks, then, seems to

reflect an information processing deficit rather than a

failure of inhibition.

Depressed patients, regardless of past attempt his-

tory, exhibited slowed reaction times, psychomotor

performance and fluency. These patient/non-patient

differences were less extensive than expected, partly

due to splitting the depressed group by attempter

status (analyzed as a single group, depressed patients

differed from non-patients in all domains except

abstract/contingent learning) and to the intelligence

level of the sample. Nonetheless, the most consistent

differences between depressed patients and healthy

volunteers were found in two of the domains where

they were expected: motor function and psychomotor

performance. Differences in fluency reflect deficits on

another set of speeded tasks, ones in which suicide

attempters were expected to perform more poorly.

Violent attempters showed a trend toward poorer

performance in fluency relative to all other patients

(F1,147=2.22, p=0.14), but this did not reach signifi-

cance.

The small subsample of violent attempters in this

study exhibited a pattern of performance more closely

approximating the pattern of broad executive impair-

ment expected in all attempters. Although consistent

with studies of violent attempter samples (Jollant et al.

2005 ; Dougherty et al. 2009), these data raise questions

about the specificity of the relationship of this type of

executive impairment to suicidal behavior, as opposed

to violent behavior more generally. Violence directed

toward others is associated with executive dysfunc-

tion (Morgan & Lilienfield, 2000 ; Brower & Price,

2001 ; Hanlon et al. 2010), and violent suicidal behavior

may simply be a subset of this general class of beha-

vior. Non-violent suicidal behavior may not be asso-

ciated with these same impairments. For example, the

small subsample of violent attempters in this study

performed worse than the non-violent attempters (and

also non-attempters ; F3,207=4.41, p=0.005) on Object

Alternation (Freedman et al. 1998 ; Zald et al. 2005 ;

Zald & Andreotti, 2010). Conversely, the mostly non-

violent high lethality attempters outperformed low

lethality attempters on this task. In the initial study

of Iowa Gambling Task performance in past suicide

attempters (Jollant et al. 2005), only violent attempters

differed statistically from psychiatric controls, and no

information was provided about the lethality of their

attempts. It is important to note that violence and

lethality are somewhat independent dimensions of

suicidal behavior, and the mechanisms underlying

these dimensions may be different. Models of suicidal

behavior appropriate to violent attempts at any level

of lethality may not apply to very serious non-violent

suicide attempts, especially those that are planned

over time. Specific types of executive dysfunction

may play a role in determining the form of suicidal

behavior, but may not account for the initial self-

destructive nature of the behavior itself.

Our data suggest that specific deficits in attention

control, memory and working memory may be

prevalent across all types of attempters when assessed

in a depressed, unmedicated state. Deficits in attention

control do not encompass all aspects of attention, but

seem to be specific to interference processing, which

has an executive component, albeit one that is distinct

from other executive capacities.

Although deficits in attention control and working

memory have been noted in our previous work, the

prominence of memory deficits on both verbal and

visual–spatial tasks was less expected. In our previous

work, however, the visual memory task used (Rey–

Osterrieth Complex Figure) allowed substantial en-

coding time in the initial learning phase (at least

3.5 min for the complex visual stimulus). On the

memory tasks used in this study, exposure to stimuli

was relatively brief. Attempters’ poorer memory task

performance may therefore reflect disorganization of

initial encoding rather than a defect in storage

capacity. Prefrontal involvement in attention control

(Carter & van Veen, 2007), along with both the acqui-

sition and retrieval of information from memory

(Badre & Wagner, 2007 ; Kuhl et al. 2007), suggests a

role for this brain region in suicidal behavior, but

through different subregions than those related to be-

havioral inhibition. The degree of overlap between

these fundamental aspects of information processing

and deficits on decision-making or set-switching

measures is unknown. Elderly suicide attempters who

exhibited deficits on reversal learning (Dombrovski

et al. 2010) and gambling tasks (Clark et al. 2011) also

exhibited deficits on attention and memory subscales

of a mental status examination (Dombrovski et al.

2008).

Because our results are not as initially hypothe-

sized, they do not fit neatly into most existing theories

regarding neuropsychological dysfunction in suicidal

behavior. The consistency of our empirical results over

two samples, however, indicate that these functions

play some role in the suicidal process. Functional
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imaging studies indicate a great deal of overlap be-

tween activation related to Stroop performance and

activation related to emotion regulation, in dorsal and

lateral prefrontal cortex, in addition to the dorsal

cingulate (Ochsner & Gross, 2008 ; Van Snellenberg &

Wager, 2009). These regulatory systems may play a

role in managing the ‘psychic pain’ experienced by

suicidal individuals (Olie et al. 2010) or in the flexible

control of attention that allows someone to redirect

thinking from an acute sense of despondency or

hopelessness and to manage suicidal urges. Targeted

therapies for suicidality, such as dialectical behavior

therapy (Lynch et al. 2007 ; Linehan & Dexter-Mazza,

2008) or mindfulness therapy (Baer, 2003 ; Bishop et al.

2004), train individuals to manage their feeling states

through distraction, an apparent exercise of the same

capacities evident in performance on selective atten-

tion and/or working memory tasks. Other types of

neurocognitive impairment, especially that related to

inhibitory control, may then make suicide attempts

more likely (Burton et al. 2011) or perhaps more

violent.

This study was limited in that suicide attempters

were not necessarily evaluated close in time to a recent

attempt, although all were actively depressed with

elevated levels of suicidal ideation. Effect sizes for

differences were not large, suggesting the need for

more refined measures. Patients with BPD in this

study outperformed other patient subjects on impulse

control tasks, suggesting possible inconsistencies in

sampling. However, we had previously found that

individuals with BPD do not necessarily perform

more poorly than other depressed individuals on im-

pulse control tasks when in a depressed state if not in

acute distress at the time of testing (Fertuck et al. 2006).

The violent attempter sample was small, and missing

those subjects who would be most theoretically

useful for our understanding of the role of executive

dysfunction in suicidal behavior ; namely, highly

lethal violent attempters. With respect to causality,

this was a cross-sectional, retrospective study with

regard to attempts, and the causal relationships be-

tween neurocognitive impairment and suicidal beha-

vior remain to be established. Finally, participants

with bipolar II disorder were excluded from this

analysis because of their variability, and they need to

be more systematically sampled in future studies.

With bipolar II included, differences in N-back are

no longer significant, although other attempter/non-

attempter differences are maintained (data available

on request).

Overall, disinhibition and poor decision making

may be characteristic of certain types of suicide at-

tempt, but lapses in attention control and information

encoding, particularly in the context of suicidal

thoughts or environmental triggers, may be a more

general correlate of suicidal behavior. Executive dys-

function in the context of depression is clearly a risk

factor for dangerous, but possibly more impetuous,

attempts but may not be present among those who

make equally dangerous but more deliberative at-

tempts. Thus, general models of suicidal behavior

based on disinhibition, poor decision making and

ventral prefrontal circuitry (to the extent that these

tasks are valid measures of this circuitry in the absence

of imaging) may not be applicable to all types of at-

tempt. On the contrary, certain information processing

deficits may be more widespread among attempters.

Stroop tasks and modified Stroop tasks using

emotional, suicide-related distractors (Becker et al.

1999 ; Janis & Nock, 2009; Cha et al. 2010) or implicit

association measures using suicide-related probes

(Nock et al. 2010) have worked well in discriminating

attempters from other groups (Jollant et al. 2011). The

interaction of clinical risk factors with neurocognitive

impairment (Dour et al. 2011), and also the relation-

ships among the various neurocognitive measures that

have been associated with suicide risk, warrant further

study.
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Appendix

The Object Alternation task is a computerized version

of a paradigm first developed in primate studies,

where it was found to be specifically sensitive to

lesions of ventral prefrontal cortex (Pribram &

Mishkin, 1956 ; Mishkin et al. 1969). It is an extension of

the delayed alternation paradigm, and typically in-

volves presenting two objects, one of which is baited

with a reward. The subject must find the reward, and

learn that the reward will be switched between objects

on successive trials (the subject is given no information

that this switching is the basis of the task; learning is

by trial, error and insight). The task has been adapted

for use in humans (Freedman et al. 1998) and compu-

terized versions have been developed for use in both

clinical (Blair et al. 2006; González-Blanch et al. 2008)

and imaging studies (Zald et al. 2005). Object

Alternation was included in this study to complement

the WCT, whose primary measures are most sensitive

(although not exclusively so) to dorsolateral prefrontal

cortical dysfunction (Stuss et al. 2000).

In the Object Alternation task itself, two symbols –

a red triangle and a blue circle – were presented on a

computer screen, arranged either with the triangle on

the left or the triangle on the right, with these orders

presented randomly. Subjects were instructed to sel-

ect the object that they thought was correct on any

given trial, and told there was a pattern to determin-

ing which item was correct on any given trial (but

given no hint regarding the nature of that pattern).

The subjects responded by keypress to designate the

location of the object they were selecting. Correct re-

sponses were reinforced with a computer beep ; in-

correct responses received a buzz. The subject’s first

response, to either symbol, was correct by default.

Thereafter, the opposite figure that the subject re-

sponded to correctly was designated as correct on the

next trial. To respond correctly on each trial, then, the

subject was required to alternate between the objects

from trial to trial, regardless of which side the alter-

nate object was presented on. The intertrial interval

was 500 ms. The test was stopped if the subject made

12 correct responses in a row (12 alternations without

an error). If the subject did not complete the test to

criterion, it was discontinued after 180 presentations

of the stimuli. Subjects were scored on their ability to

reach the criterion of 12 correct in a row, on the

number of errors made, on the number of persevera-

tive errors (errors following errors), and on failures to

maintain a response set (achieving 5 or more correct

responses in a row and making an error before com-

pleting the test to criterion). The error score was used

in the computation of the Abstract/Contingent

Learning domain score, along with the WCT error

score, as the best continuous measure of task per-

formance (Freedman et al. 1998).
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