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Abstract

Background—The decision to commit suicide may be impulsive, but lethal suicidal acts often
involve planning and forethought. People who attempt suicide make disadvantageous decisions in
other contexts, but nothing is known about the way they decide about the future. Can the
willingness to postpone future gratification differentiate between individuals prone to serious,
premeditated and less serious, unplanned suicidal acts?

Methods—Four groups of depressed participants aged 60+ made choices between smaller
immediate and larger delayed monetary rewards: 15 who made high-lethality suicide attempts, 14
who made low-lethality suicide attempts, 12 who seriously contemplated suicide, and 42 people
with depression but no history of suicidal thoughts. The reference group was 31 psychiatrically
healthy elders.

Results—Individuals who had made low-lethality attempts displayed an exaggerated preference
for immediate rewards compared to non-suicidal depressed and healthy controls. Those who had
carried out high-lethality suicide attempts were more willing to delay future rewards, compared to
low-lethality attempters. Better planned suicide attempts were also associated with willingness to
wait for larger rewards. These effects were unchanged after accounting for education, global
cognitive function, substance use disorders, psychotropic medications, and possible brain injury
from attempts. Discount rates were correlated with having debt but were not significantly
associated with income, hopelessness, depressive severity, premorbid 1Q, age at first attempt, or
choice of violent means.
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Conclusions—While clinicians often focus on impulsivity in patients at risk for suicide, these
data suggest that identifying biological characteristics and treatments for non-impulsive suicidal
older people may be even more important.
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function; choice behavior

Unlike the rates of cardiovascular disease, stroke, homicide, and automobile accidents,
which in the US have all declined over the past decade, suicide rates have not (1). So far,
suicidal behavior has defied efforts to develop neuroscience-based diagnostic tests and
treatments. Inherited predisposition, genetic and epigenetic markers, neurochemical and
neural circuitry alterations all point to a biological basis of suicidal behavior (2,3). However,
we lack useful knowledge about subgroups and the various pathways that lead to suicide.
Suicidal behavior is very heterogeneous, as in the case of differences between attempted and
completed suicide (4) or between individuals with single vs. multiple suicide attempts (5-7).
This poorly understood heterogeneity frustrates attempts to characterize and target its
biological substrates. For example, clinical observations suggest a distinction between
impulsive and non-impulsive suicidal acts. Indeed, impulsive-aggressive traits are over-
represented in suicide victims (8) and their families (9) and in suicide attempters (10).
However, researchers have not been able to relate trait impulsivity to observable
characteristics of suicidal behavior. Impulsive traits assessed through self-report do not seem
to predict suicidal acts that are poorly planned or less determined (11,12). Here, we propose
a behavioral economic approach to distinguishing between impulsive and premeditated
suicidal acts.

To gain insight into decision processes that lead to suicide, recent studies have examined the
way suicidal individuals make decisions in other contexts, under risk and uncertainty
(13,14). However, nothing is known about a very important kind of decisions: those
involving the future. Humans and animals generally work harder for immediate, compared
to delayed rewards (“delay discounting”) (15). Two theories of neural mechanisms of delay
discounting in humans have been proposed. According to the separate neural systems
hypothesis, it depends on the balance of activity between frontolimbic reward circuitry and
the frontal executive system involved in cognitive control (16,17). The single system
account relates delay discounting to the activity of a single network comprised of the ventral
striatum, medial prefrontal and posterior cingulate cortex (18,19). An exaggerated
preference for immediate rewards has been previously related to impulsive traits and drug
use (20). Perhaps surprisingly, this area has received minimal attention in mood disorders
(21). In this framework, suicide can be viewed, in some cases, as an attempt to obtain
immediate relief while foregoing all future rewards. We hypothesized that individuals who
make less serious suicide attempts would show a preference for immediate rewards, while
those who plan and carry out the most serious attempts would be more patient. We tested
this hypothesis in people with late-life depression, a condition associated with serious and
premeditated suicidal acts, by asking participants to make a series of choices between
smaller immediate and larger delayed monetary rewards.

Methods and Materials

Study groups and characterization of suicidal behavior

To dissociate the effects of high-lethality and low-Ilethality suicide attempts from those of
depression and suicidal ideation, we studied four groups of participants aged 60 and older
with non-psychotic unipolar depression determined by SCID/DSMIV: 15 who made high-
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lethality suicide attempts, 14 who made low-lethality suicide attempts, 12 who seriously
contemplated suicide (“ideators”), and 42 people with depression but no history of suicidal
thoughts. All participants provided written informed consent. The University of Pittsburgh
Institutional Review Board approved the study.

Suicide attempters had made a self-injurious act with the intent to die (22) AND presented
with thoughts of suicide at the time of study enrollment. Suicide attempt history was verified
by a psychiatrist (AYD or KSz), using all available information: participant’s 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)
(23); for participants with multiple attempts, data for the highest-lethality attempt are
presented. High-lethality attempts resulted in coma, need for resuscitation, unstable vital
signs, penetrating wounds of abdomen or chest, third-degree burns, major bleeding, as
defined by a score of >4 on the Beck Lethality Scale. Violent means — shooting, cutting,
jumping, and hanging — were used in 3/14 low-lethality and 3/15 high-lethality suicide
attempts; only one high-lethality attempt was by shooting. None of the attempts caused
direct head injuries, however we assessed potential anoxic-ischemic or toxic brain injury,
based on the BLS, medical records and the clinical interview. A psychiatrist (AYD or KSz)
identified any attempts with a score of >4 on the BLS and any history of systemic
hypotension >5 minutes or asphyxia or neurotoxic ingestion (e.g. polyatomic alcohols,
methanol, or organic solvents); 3/15. For one individual it was impossible to completely rule
out brain injury from a past attempt: we excluded her from the subsequent sensitivity
analysis. In addition to lethality, we assessed suicidal intent associated with suicide attempts,
using Beck’s Suicide Intent Scale, SIS (24). To assess whether the willingness to wait for
larger rewards was associated with better planned suicide attempts, we used the planning
subscale of the SIS (isolation, timing, precautions against discovery, not seeking help, final
arrangements, preparation, and suicide note) (25). We also measured subjective lethal intent
using the corresponding subscale of the SIS (25). Suicide attempters and suicide ideators
presented with thoughts of suicide at the time of study enrollment. Suicide ideators had
thoughts of suicide with a specific plan, serious enough to precipitate an inpatient admission
or an increase in the level of outpatient care and no lifetime history of suicide attempt. Thus,
these participants have seriously contemplated suicide and communicated this intention to
their family or medical professionals. Participants with passive death wish, transient or
ambiguous suicidal ideas were excluded from this group. Non-suicidal depressed elderly
were included in the study to detect an association between delay discounting and suicidal
behavior above and beyond effects of depression. These participants had no current or
lifetime history of suicide attempts or suicidal ideation as established by clinical interview,
review of medical records, SCID/DSMIV, and SSI (lifetime). Participants were excluded
from this group if they had indirect self-destructive behaviors. Thirty-one control subjects
were included as the reference group. They had to have no lifetime history of any
psychiatric disorder as determined by SCID/DSMIV.

Cognitive and clinical characterization

Current global cognitive function was assessed with the Dementia Rating Scale (DRS),
testing initiation/perseveration, attention, construction, conceptualization, and memory (26).
Depression severity was measured with the 17-item Hamilton Rating Scale for Depression
(HRSD) (27). Burden of physical illness was assessed with the Cumulative lliness Rating
Scale adapted for Geriatrics (CIRS-G) (28). We obtained medication lists from pharmacy
records. We measured the intensity of pharmacotherapy for the current episode of
depression with the Antidepressant Treatment History Form (29). The ATHF score is based
on antidepressant trial duration in addition to the dose and also reflects the use of
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augmenting agents (e.g. antipsychotics, lithium). In order to capture exposure to
psychotropic medications not included in the ATHF score, we additionally assessed
exposure to sedatives/hypnotics, drugs with anticholinergic activity, and opioid analgesics.
Intra-class correlation coefficients measuring interrater reliability among our assessors were
0.95 for HRSD, 0.97 for CIRS-G, and 0.99 for the DRS. Income and debt items from the
MacArthur Sociodemographic Questionnaire, reflecting real-life economic behaviors (30),
were available on 34/114 participants. Wechsler Test of Adult Reading (WTAR; assessing
premorbid 1Q (31)), data were available for 64/114 participants. We used WTAR scores in a
correlational analysis to test whether premorbid 1Q was related to discount rates (32),
possibly confounding group effects.

Inclusion/exclusion criteria and study procedures are described in detail in the
Supplementary Material.

Delay discounting

To assess the preference for smaller immediate vs. larger delayed rewards, we used Kirby’s
Monetary Choice Questionnaire (MCQ)(33). The MCQ presents 27 choices between
delayed larger monetary rewards and smaller rewards available immediately. Discount rates
are inferred using a Bayesian procedure as originally proposed by Kirby (33). The MCQ
identifies discount rates for small ($25-$35), medium ($50-$60), and large ($75-$85)
delayed-reward amounts; their geometric mean is the overall discount rate. Higher discount
rates reflect a preference for immediate rewards. To capture low discount rates potentially
seen in the elderly (34), we added 3 choices with very small differences between immediate
and delayed rewards. One of the choices was later randomly selected, and the chosen
immediate or delayed reward was delivered to the participant as a debit card. Discount rates
on the MCQ correlate strongly with more comprehensive measures of delay discounting
[r=0.82; (35)].

Statistical analysis

We used SPSS 18.0 (SPSS Inc., Chicago, IL) and MATLAB 7.6 (The MathWorks Inc.,
Natick, MA). All tests were two-sided. We first compared groups on demographic and
clinical characteristics using ANOVA and chi-square tests. For these and all subsequent
ANOVAsS, we examined post-hoc contrasts using the Tukey HSD test. Discount rates were
inferred using a Bayesian procedure and assuming hyperbolic discounting (Equation 1) as
originally proposed by Kirby (33).

1

Discounted.reward=delayed.rewards —————
1+kxdelay Equation 1

where K is the discount rate. The overall discount rate was calculated as the geometric mean
of discount rates for the three reward ranges. Discount rates were then natural log-
transformed for normality. We examined group differences in the log-transformed discount
rates (In[k]) using ANOVA. We used ROC analyses to test how well In(k) discriminates
between high- and low-lethality attempters, seeking a cutoff with the best balance of
sensitivity and specificity. To more intuitively represent discount rates, we calculated the
delay that discounts the future reward by 50%, akin to its half-life (36). As can be seen from
Equation 1, it is the inverse of k. Given the inherently non-linear distribution of Delaysgg
values, we tested group differences using the Kruskal-Wallis test. Our sensitivity analyses
used log-transformed discount rates as the dependent variable and employed an ANOVA
with education and global cognitive functioning as covariates and also ANOVAs excluding
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participants with lifetime substance use disorders, current substance use disorders, and those
with possible brain injury from suicide attempts.

Results

Demographic, cognitive (Table 1) and clinical (Table 2) characteristics

The four groups were similar in race, gender, and MMSE scores (Table 1). Non-suicidal
depressed participants had a higher burden of physical illness compared to high-lethality
attempters (Table 2) and controls and displayed lower global cognitive function than
controls (Table 1). Low-lethality attempters had a lower education than suicide ideators
(Table 1). The three depressed groups did not differ significantly in the severity of
depressive symptoms, psychotropic exposure, or in the prevalence of lifetime or current
substance use disorders (Table 2). High-lethality attempters reported higher suicidal intent;
10/15 high-lethality attempters vs. 5/14 low-lethality attempters had made their first attempt
after age 60 (x2=2.8, p=.096).

Discounting of future monetary rewards and suicidal behavior

High-lethality attempters were more willing to delay future monetary rewards, compared to
low-lethality attempters and suicide ideators (Fig. 1A). Moreover, higher levels of attempt
planning were associated with a willingness to delay future rewards (Fig. 1B). In contrast, an
exaggerated preference for immediate rather than larger delayed rewards was observed only
in those who had either contemplated suicide or made low-lethality attempts (Fig. 1A),
compared to the two control groups and to those who had made high-Ilethality attempts. The
discount rate (In[K] <-4.14) discriminated between high- and low-lethality suicide attempters
with 87% sensitivity and 71% specificity (AUC=.81, Fig. 2a). In non-psychiatric controls, a
delay of 282 days (geometric mean) decreased the subjective value of a future reward by
half, compared to 211 days in non-suicidal depressed, 90 days in suicide ideators, 52 days in
low-lethality attempters and 508 days, in high-lethality attempters (Kruskal-Wallis test:
asymptotic p=.001). These effects were unchanged after accounting for education, global
cognitive function, use of psychoactive substances, exposure to psychotropic medications,
and possible brain injury from suicide attempts (see Supplementary Material).

Post-hoc analyses: low discount rates in high-lethality/high-planning attempters

Planning partly accounted for the heterogeneity in discount rates among high-lethality
attempters evident in Fig. 1. In a post-hoc analysis, we examined delay discounting among
the most determined attempters who had engaged in extensive planning and inflicted serious
self-harm, arguably leaving no part of their suicidal act to chance. These 11 attempters with
both high lethality (BLS>4) and high planning (median split on the SIS planning subscale)
displayed the lowest discount rates, below those of depressed controls (F(4,109)=9.5, p<.
001, n2=0.26, high-lethality/high-planning attempters<non-suicidal depressed<other
attempters=suicide ideators; other attempters>controls). Within suicide attempters, the
model contrasting high-lethality/high-planning and all other attempts accounted for 50%
(unadjusted) of the variance in discount rates vs. 31% (unadjusted) for the one contrasting
high-lethality and low-lethality attempters. As two independent factors, lethality
(F[1,25]=7.2, p=.013) and planning (F[1,25]=6.1, p=.020) were each related to discount
rates, but did not explain more variance (51%, unadjusted). Ln(k) <-4.61 discriminated
between high-lethality/high-planning and all other suicide attempters with 100% sensitivity
and 72% specificity (AUC=.91, Fig. 2b).
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Dimensions of suicidal behavior — lethality, planning, subjective intent, choice of violent
means — as predictors of discount rates

When the four dimensions of suicidal behavior were examined in a single model, only
lethality (F[1,23]=8.8, p=.007, 12=.28) and planning (F[1,23]=8.1, p=.009, 112=.26) were
inversely related to discount rates, while subjective lethal intent (F[1,23]=2.9, p=.10, n2=.
11) and choice of violent means (F[1,23]<0.1, p=.91, n2<.01) were not.

Exploratory analyses: debt, income, premorbid IQ, hopelessness, depressive severity, age
at first suicide attempt, and impulsive approach to social problems

An exploratory analysis linking the preference for immediate rewards to real-life economic
behaviors revealed that it was related to having debt (r=.36, p=.04), but not to income (r=—.
05, p=.79). Premorbid 1Q was not related to discount rates in this sample (r=—09, p=.49). In
suicide attempters, it was not related to hopelessness (r=.10, p=.61), severity of depression
(r=—.14, p=.46), or age at first suicide attempt (r=.—28, p=.14). The score on the Impulsive/
Careless subscale of the Social Problem Solving Questionnaire, which captures a narrow,
hurried, and inadequate approach to social problems seen in some suicide attempters (37),
was also not correlated with discount rates (r=.06, p=.63).

Discussion

Discounting of future monetary rewards discriminated between high- and low-lethality
suicidal acts in depressed older adults and was inversely related to attempt planning. Our
findings suggest that, in the context of depression and the stresses of old age (loss, disability,
pain), at least two different pathways can lead to attempted suicide. In the first, impulsive
individuals react to stressors with poorly planned and less serious suicidal acts. This
behavior can be thought of as a failure of flexible cognitive control when integrating input
from various modalities (reward/punishment magnitude, time, internal state)(32). It is
conceivable that some parts of the distributed network involved in this integration —
dorsolateral and ventrolateral prefrontal, anterior and posterior cingulate, posterior parietal
cortex, and basal ganglia (16,18,38) — are altered in impulsive suicide attempters. Delay
discounting may be a promising target for interventions aiming to prevent suicidal behavior
in this group by reducing impulsivity: it is easily measured, can be studied in animals, and
its neural underpinnings are increasingly well understood. Interventions aimed at enhancing
cognitive control over choice behavior such as theta burst transcranial magnetic stimulation
of the dorsolateral prefrontal cortex (39), stimulants (40), working memory training (41),
and prospection (42) may reduce discount rates.

In the second, more ominous, scenario, people who carefully consider their future, plan and
carry out serious suicidal acts. Low impulsivity by itself cannot credibly account for this
behavior. However, our results resonate with findings of the association between obsessive-
compulsive traits and suicide (43,44), harking back to the cognitive rigidity theory (45). In
addition to explaining these findings, a theory of cognitive substrates of serious,
premeditated suicidal behavior will need to also account for impaired reward/punishment-
based learning (13,46) and broader cognitive dyscontrol (46,47) observed in high-lethality
attempters. This literature along with our clinical observations leads us to speculate that
disruptions in high-order processes such as representation of complex action/reinforcement
contingencies and hypothesis generation may account for the persistent investment in the
suicidal plan as the only solution. In any case, several orthogonal neurocognitive
vulnerabilities are likely to contribute independently to suicidal behavior and will need to be
differentially targeted by treatment.
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Impulsivity and suicidal behavior across the lifespan

The association of low discount rates with serious, premeditated suicide attempts in old age
sheds new light on findings that impulsive traits are associated with completed suicide in
younger but not in older people (8,48) and uncovers one of the possible reasons for the high
lethality of late-life suicidal behavior (49). Here, one may also draw a parallel between the
willingness to wait for larger rewards and the trait of high conscientiousness, found to
distinguish older suicide victims from suicide attempters (50).

Delay discounting in depression

Neither the presence of late-life depression nor its severity affected discount rates in our
study, in contrast to an earlier finding of increased delay discounting in mid-life depression
(21). We see two possible reasons for this discrepancy. First, Takahashi and colleagues did
not report on suicidal behavior in their sample, and thus the group difference found in that
study may have been predominantly driven by individuals with suicidal ideation and/or
history of impulsive attempts. Second, it is possible that aging moderates the effect of
depression on delay discounting (34).

Strengths and limitations

The five-group design allowed us to examine a range of late-life suicidal behavior, while
controlling for effects of depression. Our study also benefited from careful characterization
of suicidal behavior, clinical, and cognitive characteristics. Importantly, we were able to
control for medication exposure and possible brain injury from suicide attempts — issues that
often plague case-control studies of attempted suicide. The case-control design and small
group sizes constitute the main limitations of our study. With respect to generalizability, our
sample did not include, perhaps inevitably, suicidal elderly with severe cognitive
impairment and psychotic depression — important antecedents of late-life suicide. Further,
our finding of the lack of association between the choice of violent means and discount rates
should be interpreted with caution. The caveat here is that the most important violent
method — shooting — is censored in our sample, being mostly fatal.

In summary, behavioral impulsivity indexed by delay discounting relates to observable
aspects of suicidal behavior: lethality and planning. Groups of suicidal individuals with high
and low impulsivity may need to be considered separately in future biological studies of
suicidal behavior and will likely require different therapeutic interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Discounting of future rewards and suicidal behavior

A. Low-lethality suicide attempters and suicide ideators showed the strongest preference for
immediate rewards, followed by the two non-suicidal comparison groups. In contrast, high-
lethality suicide attempters were more willing to wait for larger rewards (F[4,109]=5.9, p<.

001, effect size: 12=0.18; Tukey HSD: low-lethality attempters> high-lethality attempters

=depressed=controls; ideators> high-lethality attempters=controls).

B. Willingness to wait for larger rewards was associated with suicide attempts that were

better planned (r=.60, p=0.001)
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Ln(k) <-4.14 discriminated
between high- and low-
lethality suicide attempters
with 87% sensitivity and

11% specificity

Ln(k) =-4.61 discriminated
between high-lethality/high-
planning and all other suicide
attempters with 100%
sensitivity and 72%

specificity

Figure 2. Discount rates discriminate subgroups of attempters: ROC analyses
A. High- vs. low-lethality attempters. Area under the curve (AUC): .81. B. Post-hoc
analysis: high-lethality/high-planning vs. all other attempters. AUC: .91.
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