1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Geriatr Psychiatry. Author manuscript; available in PMC 2014 August 06.

-, HHS Public Access
«

Published in final edited form as:
Am J Geriatr Psychiatry. 2014 August ; 22(8): 811-819. doi:10.1016/j.jagp.2013.01.025.

Impaired executive function in contemplated and attempted
suicide in late life

Swathi Hemachandra, B.S.(1), Alexandre Y. Dombrovski, M.D.), Meryl Butters, Ph.D.(),
Luke Clark, Ph.D.(@, Charles F. Reynolds I, M.D.():®), and Katalin Szanto, M.D.(!)
(Mwestern Psychiatric Institute and Clinic, Department of Psychiatry, University of Pittsburgh
School of Medicine

@Department of Experimental Psychology, University of Cambridge

@University of Pittsburgh School of Public Health

Abstract

Objective—Executive deficits may play an important role in late-life suicide. Yet, current
evidence in this area is inconclusive and does not indicate whether these deficits are broadly
associated with suicidal ideation or specific to suicidal behavior. This study examined global
cognition and specifically executive function impairments as correlates of suicidal ideation and
suicidal behavior in depressed older adults, with the goal of extending an earlier preliminary study.

Design—Case-control study.
Setting—University-affiliated psychiatric hospital.

Participants—All were aged 60+: 83 depressed suicide attempters, 43 depressed individuals
having suicidal ideation with a specific plan, 54 non-suicidal depressed participants, and 48 older
adults with no history of psychiatric disorders.

Measurements—Global cognitive function - Dementia Rating Scale (DRS), Executive function
- Executive Interview (EXIT).

Results—Both suicide attempters and suicide ideators performed worse than the two comparison
groups on the EXIT, with no difference between suicide attempters and suicide ideators. On the
DRS total score, as well as on Memory and Attention subscales, suicide attempters and ideators
and non-suicidal depressed subjects performed similarly and were impaired relative to with non-
psychiatric control subjects. Controlling for education, substance use disorders, and medication
exposure did not affect group differences in performance on either the EXIT or DRS.

Conclusions—Executive deficits, captured with a brief instrument, are associated broadly with
suicidal ideation in older depressed adults but do not appear to directly facilitate suicidal behavior.
Our data are consistent with the idea that different vulnerabilities may operate at different stages in
the suicidal process.
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No Disclosures to Report.
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INTRODUCTION

Suicide rates in older adults are higher than in younger adults in most countries in the world
(1), and suicidal behavior appears to be particularly lethal in old age (2).

Current evidence on risk factors for late life suicide implicates depression often complicated
by psychosis and substance use, burden of physical illness, loss, interpersonal discord, and
financial stressors. Yet, these factors appear to trigger suicidal behavior only in a small
fraction of exposed individuals, and the nature of the suicidal diathesis in late-life remains
poorly understood. For example, cognitive impairment, highly prevalent in late-life
depression (3—-6), has not been adequately investigated as a component of the suicidal
diathesis in late-life (7, 8).

Neuropsychological impairment is associated with suicidal behavior, specifically as
demonstrated by performance on cognitive tasks measuring sustained attention, response
inhibition, perseveration, set-shifting, and verbal fluency (9-15). In the first comprehensive
study of cognitive performance in attempted suicide, Keilp and colleagues (10) found
evidence of executive deficits in high-lethality suicide attempters, specifically on tasks
requiring organization and focused effort: the Stroop interference task, the A not B task,
verbal fluency task, and the Wisconsin Card Sorting Task (WCST), where suicide attempters
failed to maintain cognitive set (10). Subsequent studies have found impairment in specific
aspects of executive function, including attentional control (11, 15), response inhibition (14),
and verbal fluency (9). However, the findings of these studies are inconclusive; their
implications for the cognitive diathesis of suicide are complicated by small sample sizes, the
inclusion of individuals with a distant history of suicidal behavior and depression, and
especially the lack of suicide ideator control groups.

Few studies specifically examined the relationship of current suicidal ideation, in addition to
history of suicidal behavior, with cognitive performance. Marzuk et al. (16) examined the
association between current suicidal ideation and neuropsychological functioning by
comparing a group of adults who were seriously contemplating suicide (60% with past
suicide attempts) with a group of non-suicidal depressed participants (40% with past suicide
attempts). The group with current suicidal ideation performed worse on several measures of
executive function, specifically on tasks assessing set-shifting (e.g., the WCST, Trails
Making Test Part B, and the Mazes subtest of the Wechsler Adult Intelligence Scale 111), but
showed no impairment on other cognitive measures. The authors concluded that current
suicidal ideation, regardless of history of suicide attempt, may be associated with impaired
executive function. Westheide et al. (14) found that only suicide attempters with current
suicidal ideation, compared to attempters with no current suicidal ideation displayed
executive deficits, most notably on impulsive decision-making. The conclusions of these
studies were limited by either the lack of a suicide ideator group without past attempts, or
the inclusion of mixed ideator and attempter participants.
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While executive function declines in old age, very few studies have examined the role of
executive functioning in late-life suicidal behavior. King et al. (17) assessed the role of
impaired executive functioning in late-life suicide in a small group of older adults using the
Trail Making Test Part B and found an interaction between age and suicide attempt, which
the authors interpreted as evidence of an accelerated decline in executive function with age
in suicide attempters compared to non-attempters. In our preliminary study of executive
deficits in a small group (N=64) of suicidal and non-suicidal depressed older adults using
the Executive Interview (EXIT) and the Dementia Rating Scale (DRS), suicidal depressed
older adults exhibited greater executive deficits than did non-suicidal individuals with
depression (18). We have also found evidence of impaired probabilistic reversal learning in
older suicide attempters, but not in suicide ideators (19) as well as a deficit in deterministic
learning on the WCST in high-lethality suicide attempters (20).

The present case-control study aimed to examine whether executive function impairments
are associated with contemplation of suicide (16), suicidal behavior (10, 11, 17), or both, in
late life, above and beyond the effect of depression. Thus, we report performance on the
EXIT in both suicide attempters and suicide ideators separately, compared with groups of
non-suicidal depressed older adults, and older adults with no lifetime psychiatric history.
Our objective was to test the prediction that suicide attempters will be impaired in their
executive function, compared to suicide ideators, non-suicidal depressed participants, and
the non-psychiatric comparison group.

METHODS
Study Groups

To examine cognitive impairment in suicidal depressed older adults, we studied three groups
of participants aged 60 and older with current episodes of non-psychotic unipolar major
depression, as determined by administration of the Structured Clinical Interview for
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition Axis | Disorders
(SCID/DSMIV): 83 depressed suicide attempters, 43 depressed individuals with suicidal
ideation but no history of suicide attempts, 54 non-suicidal depressed participants, and 48
older adults with no history of psychiatric disorders. Participants were required to have no
history of neurological disorders, delirium, or sensory disorders that preclude
neuropsychological assessment, but prior history of head trauma was not an exclusion
criterion unless it led to significant brain damage as determined by perusal of medical and
neurologic history. None of the participants had an existing clinical diagnosis of, or were
receiving treatment for, dementing disorders. Depressed individuals receiving
electroconvulsive therapy in the previous 6 months were excluded from the study.
Participants were required to earn a minimum score of 18 on the Mini-Mental State Exam
(MMSE) during initial recruitment; however, the minimum MMSE score required for
participation was later increased to 24 (range 24-30). All participants provided written
informed consent. The University of Pittsburgh Institutional Review Board approved the
study.
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Suicide Attempters (n = 83)—Suicide attempters had a self-injurious act with the intent
to die and current suicidal ideation. Suicide attempt history was verified by a psychiatrist
(AYD or KSz), using all available information: participant report, medical records,
information from the treatment team, and collateral information from family or friends.

Significant discrepancies between these sources led to exclusion from the study. Medical
seriousness of attempts was assessed using the Beck Lethality Scale (BLS) scored on a scale
from 0-8 (21); for participants with multiple attempts, data for the highest-lethality attempt
are presented. Suicide attempters had a mean BLS score of (3.4 [2.2]). Forty-five of 83
suicide attempters engaged in a high-lethality attempt (BLS score > 4) and 38 attempters had
a low-lethality attempt (BLS score < 4). None of the suicide attempters had experienced
head injuries directly related to attempt, however we assessed potential anoxic-ischemic or
toxic brain injury, based on the BLS, medical records and the clinical interview. We
excluded suicide attempters who had suffered severe anoxic brain injuries resulting in
clinical cognitive decline. For 8/83 suicide attempters, the possibility of anoxic brain injury
could not be excluded, and for 10/83 cases there was a possibility of anoxic damage, but no
cognitive decline by clinical history. Suicidal intent associated with suicide attempts was
assessed using the Beck Suicide Intent Scale (SIS), which is scored from 0-30 (22). Suicide
intent on the SIS was high: (mean[SD]) (17.6[4.8]). Current and worst suicidal ideation was
assessed using the Beck Scale of Suicidal Ideation (SSI), which is scored from 0-38 (23).
Suicide attempters’ mean current suicidal ideation score on the SSI was also high (21.0
[8.4]) and mean worst suicidal ideation in lifetime score on the SSI was 25.0 (5.6).

Suicide Ideators (n = 43)—Suicide ideators were required to endorse suicidal ideation
with a specific plan but had no lifetime history of suicide attempt. These participants
seriously contemplated suicide and communicated this intention to their family or medical
professionals, typically triggering an inpatient admission or an increase in the level of
outpatient care. These participants constitute a very high-risk group, as they had not only
contemplated suicide, but had a concrete plan to kill themselves. Participants with passive
death wish or transient or ambiguous suicidal ideas were excluded from this group. The
mean suicidal ideation score on the SSI for past month and worst lifetime for suicide
ideators was high: (13.9 [5.0]) and (15.5 [7.5]), respectively.

Data on 20 suicide attempters and 12 suicide ideators were included in our preliminary
report (18). Thus, to replicate our preliminary findings, we performed an additional analysis
excluding those participants, as described below under Sensitivity and exploratory analyses.

Non-Suicidal Depressed Participants (n = 54)—A comparison group of non-suicidal
depressed older adults was used to determine whether there is an association between
suicidality (either ideation, attempt, or both) and impaired cognitive function above and
beyond, or different from, the effect of depression on cognitive function in older adults.
These participants had a SCID/DSM-1V diagnosis of current major depressive episode and a
score of 14 or higher on the 17-item Hamilton Rating Scale for Depression (HRSD-17)
(mean score of 18.7 [3.9]) (24). Non-suicidal depressed participants had no lifetime history
of self-injurious behavior, suicidal ideation, or suicide attempts, and were judged to be non-
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suicidal based on the clinical interview, review of medical records, SCID/DSMIV, and a
score of 0 on the HRSD-17 suicide item.

Non-Psychiatric Comparison Participants (n = 48)—A group of older adults with no
lifetime history of psychiatric disorder and suicidal ideation or attempt, as determined by the
SCID/DSM-1V and the SSI, was included as a reference group. Participants for this
comparison group were recruited primarily by referrals from other research studies and
using flyer advertisements at local primary care clinics.

Assessments

Clinical Assessments: We assessed depression severity with the 17-item Hamilton Rating
Scale for Depression (24); comorbid physical illness with the Cumulative IlIness Rating
Scale adapted for Geriatrics (25); and level of hopelessness with the Beck Hopelessness
Scale (26). We obtained medication lists from pharmacy records to assess physical illness
burden and psychotropic medication exposure. We measured the intensity of
pharmacotherapy for the current episode of depression with the Antidepressant Treatment
History Form (27). The ATHF score is based on antidepressant trial duration in addition to
the dose and also reflects the use of augmenting agents (e.g. antipsychotics, lithium).

Cognitive Assessments: We assessed a spectrum of executive functions with the Executive
Interview (EXIT) (28) (range 0-50). The 25 items comprising this screening test are
administered in rapid succession with minimal instructions and elicit automatic behaviors
and disinhibition and also include modifications of well-known “frontal lobe” tests (humber/
letter sequencing, Stroop, fluency tests, go/no-go tests, and Luria’s hand sequences). We
also administered the Dementia Rating Scale (DRS) (29), a screening test of global cognitive
function (0-144). The DRS comprises subscales assessing Initiation/Perseveration,
Attention, Construction, Conceptualization, and Memory. Higher EXIT scores and lower
DRS scores indicate greater impairment. Finally, we administered the Wechsler Test of
Adult Reading (WTAR) as a proxy measure of premorbid intelligence on a sub-sample of
participants (N=109) (30).

Procedures—Our study of late-life suicide was conducted on a psychogeriatric inpatient
unit and an outpatient research clinic of a university-affiliated hospital. Participants were
assessed within two weeks of inpatient admission or at the beginning of treatment as
outpatients. Patients continued to receive psychotropic medications as clinically indicated.
Neuropsychological assessment took place in one to two sessions lasting a total of 2-2.5
hours over 1-3 days. Assessors were blind to clinical history and ratings.

Statistical analysis

We used SPSS 18.0 (SPSS Inc., Chicago, IL). We first examined the distributions of EXIT
and DRS scores to determine whether parametric tests are appropriate.

Primary analyses

We compared groups on demographic and clinical characteristics using analysis of variance
(ANQOVA) and chi-square tests. For our primary analyses, we used ANOVAS to test group
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differences in EXIT and DRS scores. We applied the Bonferroni correction to the family of
tests for DRS total score and subscales, to minimize type 1 error inflation. For all ANOVAs,
we examined post-hoc contrasts using the Tukey HSD test.

Sensitivity and exploratory analyses

We adjusted for sources of unwanted variance by conducting ANCOVAs. First, we included
highest level of education attained and the Wechsler Test of Adult Reading (WTAR) as
covariates. Second, we excluded participants with a history of substance use disorders or
possible brain damage secondary to a suicide attempt. We also examined correlations
between psychotropic exposure and EXIT performance.

Next, we used ANOVAs to assess the effect of time since suicide attempt on executive
functioning. We also conducted ANOVASs excluding participants in the preliminary study to
determine the replicability of our earlier findings of impaired executive function in suicidal
depressed older adults (18) in a larger sample. Our exploratory analyses examined possible
state effects of severity of current suicidal ideation and recency of suicide attempts on EXIT
SCOores.

RESULTS

Group characteristics

All four groups were comparable in terms of age, gender, race, and the depressed groups
were comparable with regard to severity of depression (Table 1). Non-suicidal depressed
participants had more medical comorbidity (CIRS-G scores) than the non-psychiatric control
group. Intensity of antidepressant pharmacotherapy during current depressive episode was
greater for the suicide ideators compared to non-suicidal depressed participants, but not
compared to the suicide attempters (Table 1).

Prevalence of substance use disorders was greater in suicide attempters compared to suicide
ideators and non-suicidal depressed participants (Table 1). Suicide attempters also had a
lower level of education and lower MMSE scores compared to the non-psychiatric control
participants (Table 1,2). Fifty-nine percent of the suicide attempters made their first attempt
after age 60. Fifty-nine percent of suicide attempters made one lifetime attempt, 23% made
two attempts, and 18% made 3 or more attempts.

Coghnitive Function: Primary Analysis

Suicide attempters and suicide ideators both performed more poorly on the EXIT than the
nonsuicidal depressed and non-psychiatric comparison groups (See Figure 1 and Table 2).
There was no difference in performance on the EXIT between attempters and ideators
(attempters: mean=10.6, SD= 5.3; and ideators: mean=10.6, SD= 6.4).

After adjusting for multiple comparisons, we found that suicide attempters and suicide
ideators both performed significantly worse on the DRS total scale and DRS subscales
assessing Initiation/Perseveration and Memory, compared to the non-psychiatric control
group (See Table 2). The suicide ideators also performed worse than the non-suicidal
depressed group on the DRS total score and DRS Attention subscale (See Table 2).
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Sensitivity analyses

The group differences in performance on the EXIT remained significant after accounting for
differences in level of education (EXIT: ANCOVA, Group effect: F= 6.40, df=(3,187), p<
0.01; Education effect: F= 22.61, df=(1,187), p< 0.01) and premorbid intelligence
(ANCOVA, Group effect: F= 3.07, df=(3,91), p=0.03, n2= 0.10; Age effect: F= 26.64,
df=(1,91), p<0.01, n2= 0.24; WTAR effect: F=4.36, df=(1,91), p= 0.04). Group differences
in performance on the EXIT also remained significant after excluding participants with
lifetime history of substance use disorders (ANOVA, F=7.84, df= (3,146), p<0.01) or with
possible brain injury secondary to suicide attempt (ANOVA, F=8.29, df=(3,170), p<0.01). In
depressed participants psychotropic medication exposure measured by the ATHF did not
affect performance on the EXIT or the DRS (EXIT: Pearson’s r=.17, df=106, p=.14; DRS:
r=.09, df=106, p=.41).

Exploratory analyses: possible state effects

We examined possible state effects of suicidal ideation on cognitive performance and found
no correlation between severity of current suicidal ideation and performance on the EXIT
(Pearson Correlation, r=0.13, df=175, p=0.20). As some of the suicide attempters had
remote attempts while about half of them attempted suicide within two weeks of the
assessments, we also tested differences between current and past attempters on EXIT
performance, and we did not find any differences (ANCOVA, Current vs. Past Attempt
effect: F=0.73, df=(2,187), p=0.40; Age effect: F= 15.44, df=(1,187), p<0.01).

Replication analyses—The findings from our preliminary study were replicated in a
non-overlapping sample of 196 participants, using the same analytic approach as in our
preliminary study (18). Suicidal participants (suicide ideators and attempters combined)
performed worse than the non-suicidal depressed participants on the DRS and the EXIT
after covarying for age (DRS: ANCOVA, Group effect: F= 12.59, df= (2,185), p<0.01; Age
effect: F=45.55, df=(1,185), p<0.01; EXIT: ANCOVA, Group effect: F=5.69, df=(2,187),
p=0.001; Age effect: F=35.0, df=(1,187), p< 0.01).

DISCUSSION

In this case-control cross-sectional study, we found that depressed older suicide attempters
and depressed elderly with current suicidal ideation but no history of suicide attempt were
similarly impaired in executive functioning on the EXIT. This finding remained after
accounting for the effects of education, premorbid intelligence, substance use disorders, and
brain injury on executive functioning. Thus, our hypothesis of selective executive
impairment in suicide attempters was not supported. Suicide attempters and suicide ideators
also displayed impaired initiation/perseveration and memory on the DRS compared to older
adults without psychiatric history, but not compared to non-suicidal depressed older adults.

Suicidal behavior never occurs without contemplation. On the other hand, most individuals
who contemplate suicide never act on those thoughts. The present study links executive
dysfunction with the emergence of suicidal ideas rather than their implementation. Marzuk
and colleagues (16) similarly found that current suicidal was related to executive deficits
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regardless of history of suicidal behavior. Later, Westheide et al. (14) also found that only
suicide attempters with current suicidal ideation, compared to attempters with no current
suicidal ideation displayed cognitive impairments in decision-making and motor inhibition
(31).

While the EXIT was originally developed as a measure of executive functions (28), we also
considered the EXIT items from the perspective of Miller & Cohen’s later conceptualization
of cognitive control, namely, the ‘active maintenance of patterns of activity in the prefrontal
cortex that represent goals and the means to achieve them by way of bias signals that
promote task-appropriate responding’ (32). Eight of the 25 EXIT items assess the ability to
inhibit an automatic behavior, and three items capture error detection or conflict monitoring.
These items fall precisely into the above definition of cognitive control (see also (33,34).
Future studies could usefully focus on cognitive control as a specific facet of executive
function that may be relevant to the emergence of suicidal thoughts.

It is difficult to say to what extent our results affect the interpretation of earlier findings of
association of suicide attempt history with executive impairment in younger individuals (10,
15, 35), not only because of the difference in age, but also because different tests were used.
A conservative conclusion would be that the stage of the suicidal process where executive
deficits may play a role is yet to be established. There is evidence that social stressors,
known to trigger suicidal thoughts, lead to a deterioration of executive control and self-
regulation (31). Other studies have found that current suicidal ideation may be a stronger
predictor of executive functioning deficits compared to history of suicidal behavior (14, 16).
Because all suicidal participants in our study had current suicidal ideation at the time of
cognitive assessment, this study cannot adequately assess the extent to which executive
functioning deficits precede or follow the onset of suicidal ideation. Our findings, taken
together with those of Marzuk et al. (16) and Westheide et al. (14), are consistent with the
notion that executive function deficits may contribute to the emergence of suicidal thoughts,
but not specifically the final act of ending one’s life. However, because group differences in
performance on the EXIT were notable but small in our sample, our findings are more
suggestive rather than definitive, and require replication in larger samples.

A key limitation of our study is the cross-sectional case-control design, which precludes
causal inferences. Also, because most participants in both suicidal groups were assessed as
inpatients, compared to less than half of the non-suicidal depressed group and none of the
non-psychiatric control group, being in an unfamiliar environment and other factors
associated with hospitalization may have affected cognitive performance in the suicidal
groups.

Second, our suicide ideator group was limited to those having suicidal ideation with a
specific plan and may not be representative of older adults with less serious suicidal
ideation. However, the lack of a correlation between severity of suicidal ideation and
performance on the EXIT in our study argues against the possibility that severity of suicidal
ideation is associated with the level of executive impairment in suicidal older adults. Still,
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future studies need to examine whether executive function deficits in older adults are
specifically related to the emergence of a suicidal plan.

Another limitation of the study is that a subgroup of suicide attempters and ideators in our
sample displayed some evidence of prodromal or early stage dementia. While dementia in
general is not a strong risk factor for late-life suicide (36), these observations raise the
possibility that for a subgroup, the interval of increased risk for suicidal behavior may be at
its prodromal or early stage (37). This study is not designed to specifically investigate
suicide risk in elderly with cognitive impairment, because we excluded subjects diagnosed
with dementia. Yet, the relatively low MMSE and DRS scores show that some of our
participants had undiagnosed mild cognitive impairment and others functioned in the
dementia range. Future research should formally assess relationship between suicidal
behavior and Mild Cognitive Impairment (MCI) in older depressed patients, given the high
prevalence of MCI in late-life depression and its implications for short- and long-term illness
course and treatment response (38).

In conclusion, we found that depressed elderly who either contemplated or attempted suicide
are impaired in executive function and global cognitive function. Our findings do not support
a direct contribution of executive function deficits to suicidal behavior, but rather a more
indirect role in the emergence of suicidal ideation. Our results also suggest that, in order to
make specific inferences about suicidal behavior, case-control studies should preferably
include a control group with suicidal ideation but no suicide attempt.
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Figurel.
Executive functioning in elderly suicide attempters, ideators, nonsuicidal depressed

participants, and non-psychiatric comparison group.
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