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Abstract

Prior studies sought to explain the predisposition to suicidal behavior in terms of myopic 

preference for immediate versus delayed rewards, generating mixed evidence. Data from gambling 

and bandit tasks, however, suggest that suboptimal decisions in suicidal individuals are explained 

by inconsistent valuation rather than myopic preferences. We tested these two alternative 

hypotheses using a delay discounting task in 622 adults (suicide attempters with depression, 

suicide ideators with depression, nonsuicidal participants with depression, and healthy controls) 

recruited across three sites through inpatient psychiatric units, mood disorders clinics, primary 

care, and advertisements. Multi-level models revealed group differences in valuation consistencies 

in all three samples, with high-lethality suicide attempters exhibiting less consistent valuation 

than all other groups in Samples 1, 3 and less consistent valuation than the healthy controls 

or participants with depression in Sample 2. In contrast, group differences in preference for 

immediate versus delayed rewards were observed only in Sample 1 and were due to the 

high-lethality suicide attempters displaying a weaker preference for immediate rewards than low-

lethality suicide attempters. The findings were robust to confounds such as cognitive functioning 

and comorbidities. Seemingly impulsive choices in suicidal behavior are explained by inconsistent 

reward valuation rather than a true preference for immediate rewards. In a suicidal crisis, this 

inconsistency may result in a misestimation of the value of suicide relative to constructive 

alternatives and deterrents.

General Scientific Summary

Is the predisposition to suicidal behavior better explained by an excessive focus on short-term 

outcomes or by a general failure to consistently estimate the values of available options? We found 

support for the inconsistent valuation hypothesis in a sample of 324 older adults and replicated this 

finding in two additional clinical samples of adults that included 298 additional participants. What 
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was previously portrayed as impulsivity in attempted suicide may be more accurately described as 

inconsistent choice processes that contribute to the appearance of impulsive choice.
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Introduction

Transient crises can precipitate suicide attempts, suggesting that people vulnerable to 

suicidal behavior may overvalue their current experience at the expense of the more remote 

future (Neuringer & Harris, 1974; Neuringer & Levenson, 1972). Do myopic intertemporal 

preferences predispose to suicidal behavior? Prior studies have indeed linked a myopic 

preference for immediate over delayed rewards – known as high delay discounting – to 

certain forms of suicidal behavior, including less medically serious and poorly planned 

suicide attempts in late-life depression (Dombrovski et al., 2011), suicide attempts in 

individuals with addiction (Liu et al., 2012), and suicide attempts among adolescents 

(Dougherty et al., 2011; Mathias et al., 2011). Yet, other studies found no evidence of 

myopic preferences in adolescent (Bridge et al., 2015) or adult suicide attempters (Millner 

et al., 2018). Additionally, published studies on the whole may overstate the magnitude and 

consistency of group differences due to publication bias (Amlung et al., 2019). Further, the 

lack of agreement about the features of suicidal behavior (e.g., lethality, planning, recurrence 

of suicide attempts) associated with myopic preferences suggests either poorly understood 

clinical heterogeneity, or that traditional metrics of delay discounting do not accurately 

capture components of decision-making relevant to suicidal behavior.

This ambiguity may stem from the fact that studies of delay discounting in suicidal 

behavior, and in psychopathology in general, assume that a true consistent preference for 

immediate reinforcers constitutes a stable pathological trait (Amlung et al., 2019). Instead, 

evidence from other studies of value-based choice using bandit and gambling paradigms 

suggests that individuals prone to suicidal behavior may fail to consistently incorporate 

different attributes of an option into their decisions (Clark et al., 2011; Dombrovski et al., 

2013, 2019; Vanyukov et al., 2016). Indeed, rational decision-making involves integrating 

disparate option attributes – such as magnitude and timing of rewards -– into a single 

decision variable, expected value (see Table 1 for Key Terms). A person deciding whether a 

crisis can be resolved by attempting suicide is comparing options with disparate outcomes 

occurring at varying time points: escape from current suffering, foregoing future joys, 

impact on others and consequences of a non-fatal suicide attempt vs. alternative futures for 

competing solutions to the crisis. As discussed earlier, suicide may be myopically preferred 

to alternatives because it cancels immediate suffering at the expense of the future. However, 

the valuation of these choices may vary over time as symptoms or environmental stressors 

fluctuate. We propose an alternative account wherein suicide is not consistently preferred 

over alternative solutions, but since values of alternatives are constructed in an inconsistent, 

noisy manner, suicide may sometimes dominate superior alternatives by chance, a kind of 

a decision accident [cf. Beskow et al., 1994]. Thus, inconsistent valuation may constitute 
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a part of the cognitive diathesis to suicide, a diathesis supported by a large body of 

prospective cohort and case-control studies (Allen et al., 2019; Bredemeier & Miller, 

2015; Cha et al., 2019; Gujral et al., 2014, 2020; Richard-Devantoy et al., 2014; Saffer 

& Klonsky, 2018). Adjudicating between the competing hypotheses of myopic preference 

vs. inconsistent valuations would have not only theoretical, but also practical implications. 

If myopic preferences facilitated suicidal behavior, high-risk individuals who display such 

preferences could benefit from prospection or working memory training interventions which 

may reduce discount rates (Bickel et al., 2011; Mellis et al., 2019; Peters & Buchel, 2010). 

In contrast, if suicidal behavior is better explained by inconsistent valuation, compensatory 

interventions could focus on consistently reinforcing the value of deterrents or alternative 

solutions.

An additional reason for inconsistent findings in studies of delay discounting may be 

statistical. Prior studies examined individual differences in discount rates using two-stage 

analysis methods similar to that described Kirby, Petry, and Bickel (1999). As we detail 

below (Methods, Statistical Analysis), two-stage approaches derive subject-level estimates 

to be used in statistical analyses in stage two by aggregating across multiple choices in 

stage one. This means that the second stage lacks any information regarding trial-by-trial 

changes in intertemporal preferences and the precision of these stage one estimates. Thus, 

this approach does not propagate uncertainty from the within-subject level to the between-

subject level and fails to regularize individual estimates by data from the group, yielding 

unrealistically extreme values in inconsistent subjects (see Young, 2018 for a more in-depth 

discussion of these issues). We introduce a multi-level modeling (MLM) method intended to 

overcome these limitations.

To adjudicate between the myopic preference and inconsistent valuation hypotheses, 

we applied our new MLM approach to the analysis of data from a study of delay 

discounting in attempted suicide. To ensure that individual differences in discounting 

were specific to suicidal behavior, we included comparison groups of individuals with 

depression and with suicidal ideation but without prior suicidal behavior. To test for a 

dose-response relationship between decision deficits and suicidal behavior, we examined 

whether discounting parameters would scale with the medical seriousness (lethality) of 

suicide attempts. A careful characterization enabled us to assess the impact of potential 

confounds, including age, sex, race, income, and education; global cognitive functioning; 

possible brain injury from a past suicide attempt; history of substance use and/or anxiety 

disorders. We replicated our findings in two additional clinical samples: one of younger and 

one of older adults.

Methods

Samples and their Characteristics

Sample 1 (Reward Learning in Late-Life Suicide study; Pittsburgh, PA).—This 

sample included 324 participants aged 50-93 (Mage = 65.63, SD = 9.04; 54.0% female) 

and comprised four groups: 116 suicide attempters with depression (SA+MDD), 76 suicide 

ideators with depression (SI+MDD), 66 nonsuicidal participants with depression (MDD), 

and 66 healthy controls (Controls). Suicide attempt was defined as “a potentially self-
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injurious action with a nonfatal outcome for which there is evidence, either explicit or 

implicit, that the individual intended to kill himself/herself. The action may or may not result 

in injuries” (O’Carroll et al., 1996) (p.247). The SA+MDD group was further split into 

high-lethality (HL SA+MDD) and low-lethality (LL SA+MDD) subgroups. The procedures 

were approved by the University of Pittsburgh Institutional Review Board (PRO14050627). 

Recruitment efforts took place via a psychogeriatric inpatient unit, a late-life depression 

clinic, primary care, and community advertisements. The presence of SA history was 

verified by a psychiatrist (AYD or KS) who used all available information. The participants 

with significant discrepancies between the SA-related information in their self-reports, 

medical records, and collateral information were excluded from the study. The Beck 

Lethality Scale (BLS) (Beck et al., 1975) was used to determine the medical seriousness 

of SAs. If a participant had a history of multiple SAs, the data for their highest lethality 

attempt was used. Sixty-one of the SA+MDD group had at least one high-lethality SA, 

defined as the BLS score of 4 or greater. The SI+MDD group had SI with a specific plan 

but no SA history. The MDD group included the participants with no lifetime history of 

any suicidal or nonsuicidal self-harming thoughts or behaviors. This history was established 

through clinical interviews, medical record reviews, and Structured Clinical Interview for 

DSM-IV Axis I Disorders. The Controls had no lifetime history of any SCID-I psychiatric 

diagnoses. At the time of the study enrollment, all three MDD groups had a SCID-I lifetime 

diagnosis of unipolar nonpsychotic MDD and a score of 14 or higher on the HRSD. Details 

are presented in Table 2A.

Sample 2 (Neurocognitive Markers of Vulnerability to Suicide Across Life-
Cycle study; Pittsburgh, PA).—This sample included 118 participants aged 22-80 

(Mage = 59.10, SD = 12.12; 56.20% female) and comprised three groups: 41 participants 

with a history of suicide attempt and MDD (SA+MDD), 38 participants with MDD (with or 

without an SI; MDD), and 39 healthy controls (Controls). The SA group was further split 

into high-lethality (HL SA+MDD) and low-lethality (LL SA+MDD) subgroups. A total of 

17 participants in this sample had at least one high-lethality SA. The criteria and procedures 

used to verify suicide attempt status, ideation severity, suicide intent, medical severity of 

the attempt, and clinical diagnoses were similar to those in Sample 1. The procedures 

were approved by the University of Pittsburgh Institutional Review Board (PRO14080281). 

Recruitment efforts took place via a psychogeriatric inpatient unit, a late-life depression 

clinic, primary care, and community advertisements. Details are presented in Table 2B.

Sample 3 (Neurocognitive Markers of Vulnerability to Suicide Across Life-
Cycle study; Columbus, OH; New York, NY).—This sample combined the participants 

from two recruitment sites to enable more stable model estimation. It included 180 

participants aged 16-74 (Mage = 33.11, SD = 13.00; 66.84% female) and comprised 

three groups: 64 participants with a history of suicide attempt and MDD (SA+MDD), 57 

participants with MDD (with or without an SI; MDD), and 59 healthy controls (Controls). 

The SA group was further split into high-lethality (HL SA+MDD) and low-lethality (LL 

SA+MDD) subgroups. A total of 22 participants in this sample had at least one high-

lethality SA. The criteria and procedures used to verify suicide attempt status, ideation 

severity, suicide intent, medical severity of the attempt, and clinical diagnoses were similar 
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to those in Samples 1 and 2. The procedures were approved by the Abigail Wexner Research 

Institute at Nationwide Children’s Hospital Institutional Review Board or the New York 

State Psychiatric Institute Institutional Review Board (PRO14080281). Recruitment efforts 

took place via an adult inpatient unit, a mood disorders clinic, primary care, and community 

advertisements in both Columbus, OH and New York, NY. Details are presented in Table 2C.

Delay Discounting

Preferences for smaller immediate versus larger delayed rewards were assessed with the 

Monetary Choice Questionnaire (MCQ) (Kirby et al., 1999), a standard instrument for 

measuring delay discounting. The MCQ has 27 items asking participants to choose between 

smaller immediate and larger delayed rewards (e.g., “Would you prefer $25 today, or $60 in 

14 days?”). Additional three items had small differences between immediate and delayed 

rewards to differentiate between the possibility of extremely low discounting (always 

choosing the later, larger reward) and insensitivity to the attributes of the options. One 

of the participants’ choices was randomly selected, with the chosen immediate or delayed 

reward later delivered to the participant via a debit card.

Statistical Analysis

As noted in the Introduction, the two-stage approach to estimating individual discount rates 

and choice consistencies suffers from several limitations. Specifically, following Kirby, 

Petry, and Bickel (1999) and assuming hyperbolic discounting (Mazur & Coe, 1987), 

hyperbolic discount rates kindifference
item  at which one is indifferent between the immediate 

and delayed options for a given prospect or item are calculated as

kindifference
item = rewarddelayed ∕ rewardimmediate − 1

delay (1)

At stage 1, one’s individual discount rate kindividual most consistent with one’s actual 

choices is inferred by finding the most probable indifference point kindifference
item = kindividual, 

i.e. the most likely point of reversal from delayed choices when kindifference
item < kindividual

to immediate choices when kindifference
item > kindividual; when ≥2 values of kindifference

item  are 

equally likely, a geometric mean is taken. At stage 2, point estimates of individual discount 

rates are entered into analyses of individual differences. Stage 1 also yields an individual 

estimate of consistency (proportion of choices consistent with the most likely kindividual, 

but consistency estimates are generally not used in analyses of individual differences. The 

problem with this approach is that the uncertainty about estimates of kindividual is not 

propagated from Stage 1 to Stage 2, giving inconsistent subjects undue weight. Further, 

individual estimates are not regularized by data from the group, yielding unrealistically 

extreme values in inconsistent subjects. In summary, individual differences in discount rates 

estimated using two-stage analyses may be partly due to inconsistency. Below, we introduce 

a method intended to overcome these limitations.

These limitations can be addressed in the multi-level modeling (MLM) framework 

involving, for delay discounting, logistic regression on item-by-item choices nested within 
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subjects (Young, 2018). Here, we propose and validate a simple regression-based approach 

to estimating individual differences in discount rates. Assuming hyperbolic discounting, the 

probability of choosing the delayed reward can be defined as

p(cℎoice = delayed ∣ item) = sigmoid(rewarddelayed
discounted − rewardimmediate)

= sigmoid(rewarddelayed
1 + k ∗ delay − rewardimmediate)

(2)

This choice rule is not easy to adapt for logistic regression. In addition, reward 

magnitudes and delays are correlated by design in instruments such as Kirby’s MCQ (e.g. 

r(rewardimmediate,rewarddelayed) = 0.83), and this multi-collinearity complicates estimation 

and interpretation of coefficients. However, we can infer from equation 1 that value 

difference is approximately proportional to:

rewardimmediate − rewarddelayed
discounted ∼∝ logkindifference

item

kindividual (3)

In other words, the more kindifference
item  exceeds kindividual, the greater 

is the value difference favoring the immediate reward. Conveniently, 

log
kindifference

item

kindividual = log (kindifference
item ) − log (kindividual), yielding a linear combination of 

uncorrelated predictors. The full choice rule adapted for logistic regression is thus:

p(cℎoice = delayed ∣ item) = sigmoid[β ∗ (log (kindifference
item ) − κ) ] (4)

where β is the individual’s consistency or value sensitivity parameter approximately 

proportional to Kirby’s consistency and κ is the preference parameter approximately 

proportional to log (kindividual). This parameterization allows us to estimate valuation 

consistency (sensitivity) β as the fixed effect of log (kindifference
item ) and −βκ, as the subject’s 

intercept. The logistic sigmoid is a univariate case of the softmax function, and thus β is 

analogous to the inverse temperature of the softmax choice rule. For the MCQ, assuming 

a realistic range of log (kindividual) ∼ N(μ = − 4, σ2 = 1), the correlation between the value 

difference and the log ratio of discount rates is 0.88, approaching 1 near the indifference 

point, at which the right and left sides of equation 4 are equal by definition and where 

the most informative choices lie. More importantly for parameter estimation, the correlation 

between corresponding choice probabilities even before the additional consistency parameter 

is estimated is 0.93 and approaches 1 once β is added. To ensure that the β and κ parameters 

accurately recovered true value sensitivities and discount rates of hyperbolic agents, we 

conducted a simulation study reported below in the results section.

The intuitions behind our method are illustrated in Figure 2. Lower kindifference
item  the 

x-axis correspond to the prospects where only extremely patient individuals choose the 

delayed option (e.g., $84.50 now or $85 in 155 days), whereas higher values on the x-axis 
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correspond to prospects where even impatient individuals will choose the delayed option 

(e.g., $15 now or $35 in 13 days). Thus, if the value of a delayed option dominates, implied 

discount rate is higher. Conversely, if the value of an immediate option dominates, implied 

discount rate is lower.

Main Analyses.—We estimated hierarchical logistic regression models using the Bayesian 

regression R package rstanarm (Goodrich & Gabry, 2020; Muth et al., 2018). This package 

utilizes Stan through the rstan interface and employs Markov chain Monte Carlo (MCMC) 

simulation methods to obtain a sample of the posterior distribution of the parameters. 

Specifically, we used the Hamiltonian Monte Carlo algorithm (Betancourt, 2018) with 

four chains. We diagnosed chain convergence using the R metric and the visual test 

recommended by Gelman (Gelman et al., 2013). High-lethality suicide attempters were the 

reference group in all analyses. Fixed effects included log (kindifference
item ), reflecting valuation 

consistency β of the reference group and the log(kindifference
item ) ∗ Group interaction reflecting 

group differences in valuation consistency. Following equation 4, κ = −intercept/β for each 

group reflecting that group’s discount rate. Thus, by dividing the main effect of each group 

(vs. the high-lethality attempters, the reference group) by that group’s β, we estimated 

the difference in discount rates between groups. We note that this coefficient ratio and 

its confidence interval could be obtained in the frequentist framework using the delta or 

Fieller methods (Hirschberg & Lye, 2010), but we employ a precise and easily implemented 

Bayesian alternative, obtaining the ratio of the samples of the posterior parameter estimates.

Sensitivity Analyses.—Robustness of findings to potential confounds was tested through 

sensitivity analyses controlling for a) age, sex, race, income, and education; b) global 

cognitive functioning (assessed via the Mini Mental Status Examination (Folstein et al., 

1975); c) possible brain injury from a past suicide attempt; d) comorbid lifetime substance 

use and/or anxiety. In additional tests of robustness, we also reran the main analyses while 

excluding all participants who had chosen only immediate or only delayed rewards on the 

MCQ and those who failed to display monotonic intertemporal preferences.

Results

Model validation: simulation study

We first validated our multi-level modeling (MLM) approach against a simulated dataset. 

We compared it with a traditional two-stage approach to estimating subject-level discount 

rates and choice consistencies (i.e., as described in (Kirby et al., 1999)). We simulated the 

behavior of 800 pseudo-subjects on the delay discounting task with the true hyperbolic 

discount rates of - 3.95 (group 1, n = 100) and of −5.64 (group 2, n = 100) with and 

without the noise injected into the delayed value (noise levels: 0, 0.1, 0.33, 0.67). The 

two discount rates were based on actual estimated means of the two participant groups 

from our prior study (i.e., low lethality suicide attempters versus controls; (Dombrovski 

et al., 2011). To manipulate valuation consistency, we injected noise into delayed, but not 

immediate option, values since only the computation of delayed option values is cognitively 

demanding. We then recovered between-group differences in true hyperbolic discount rates 

and levels of noise via the MLM and using two-stage estimation method (Kirby et al., 1999) 
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and compared the test statistics generated through this recovery. For comparison purposes, 

mean coefficients from these models were converted into z statistics through division by 

corresponding standard deviations. As evidenced by greater z values in Figure 1, the MLM 

method was overall better at recovering between-group differences in “true” hyperbolic 

discount mean rates and different levels of noise than the two-stage estimation method.

Main Analyses

Our multi-level models aimed to test two competing hypotheses: true preference for smaller 

immediate rewards versus inconsistent valuation in suicide attempters. With regard to the 

preference hypothesis, high-lethality suicide attempters displayed a weaker preference for 

immediate versus delayed rewards only compared to low-lethality suicide attempters and 

only in Sample 1. Specifically, in this analysis, the effect of prefer now had a probability 

of 99.10% [pd] of being positive (Median = 0.34, 89% CI[0.10, 0.56], 2-sided p value 

≈ 0.02). In contrast, providing stronger support for the inconsistent valuation hypothesis, 

high-lethality suicide attempters exhibited significantly less consistent valuation than all 

other comparison groups in Samples 1 and 3. Further, in Sample 2, high-lethality suicide 

attempters exhibited significantly less consistent valuation than the healthy controls or 

participants with MDD. Details are presented in Tables 3A-C and Figure 2.

Sensitivity Analyses

Less consistent valuation in high-lethality suicide attempters was not better explained by 

potential confounds (age, sex, race, income, and education; global cognitive functioning; 

possible brain injury from a past suicide attempt; history of substance use and/or anxiety; 

Tables S1-S10). We also ensured that our results are not driven by a handful of unmotivated 

or poorly performing participants: when excluding all participants who had failed to exhibit 

monotonic intertemporal preferences or had chosen only immediate or only delayed rewards, 

high-lethality suicide attempters continued to exhibit less consistent valuation compared 

to other groups (Tables S11-S13). Further, Tables S14-S16 report the analyses examining 

whether value sensitivity in suicide attempters varies depending on the degree of attempt 

planning of their highest lethality suicide attempt. Planning did not have a replicable 

association with the discounting rate. Further, for completeness, we report subject-level 

discount rates and consistencies from the traditional two-stage analysis in Table S17. 

Finally, we present raw task behavior data from all study participants in Figures S1-S3 

demonstrating the fit of the logistic sigmoid on hyperbolic value difference to actual choices.

Discussion

We hypothesized that altered intertemporal choice patterns in attempted suicide were due to 

a failure to consistently integrate the attributes of a prospect (inconsistent valuation), rather 

than a true preference for immediate over delayed rewards. Indeed, in three samples, the 

choices of high-lethality suicide attempters were the least sensitive to the overall values of 

prospects. The relationship between inconsistent valuation and severity of suicidal behavior 

in three samples and its robustness to confounds such as global cognitive functioning and 

comorbidities argue for a specific role of this deficit in suicidal behavior.
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High discount rates are commonly viewed as a transdiagnostic feature of decision-making 

in impulsivity and externalizing psychopathology (meta-analysis: Amlung et al., 2019). In 

counterpoint to this view, our findings suggest that inconsistent valuation rather than a true 

preference for immediate gratification is part of vulnerability to suicidal behavior. We are 

not alone in arguing that valuation consistency is a clinically relevant component of decision 

competence: it has been found to correlate with intelligence (Ripke et al., 2015) and predict 

relapse in smokers (Grosskopf et al., 2021). Crucially, while earlier observational studies 

argued that high discount rates reflect cognitive control deficits (meta-analysis: Wesley 

& Bickel, 2014), recent experimental work indicates that consistency and not discount 

rate is selectively affected by working memory load (Olschewski, 2018), in line with 

our finding that consistency scaled with global cognitive function. Our results generally 

agree with prior findings of suicide attempters (i) performing poorly on gambling tasks 

requiring one to integrate choice attributes such as magnitude and/or probability into a single 

value estimate (meta-analysis: Perrain et al., 2021) and (ii) displaying valuation deficits 

on learning tasks (Dombrovski et al., 2019). What mechanisms may explain inconsistent 

valuation in people at high risk for suicide? One hypothesis is that it is due to disrupted 

value comparison in the ventromedial prefrontal cortex (vmPFC) - ventral striatum (VS) 

paralimbic circuit during intertemporal choice (Kable & Glimcher, 2007, 2010; Lempert 

et al., 2019), and value-based decision-making in general (Glascher et al., 2012). We 

have some evidence of disrupted vmPFC value signals in attempted suicide and their 

association with impulsivity and value-inconsistent choices on a gambling task (Brown 

et al., 2020; Clark et al., 2011; Dombrovski et al., 2013). Yet, several observations lead 

us to implicate impaired cognitive control processes in the lateral frontoparietal (LFP) 

network rather than the vmPFC-VS in inconsistent valuation. The LFP, comprised of the 

dorsolateral prefrontal (dlPFC) and posterior parietal (PPC) cortices, is recruited during 

delay discounting, particularly for difficult choices near the indifference point (Laird et al., 

2011; McClure et al., 2004; Monterosso et al., 2007; Vanyukov et al., 2016), consistent 

with the finding that the integration of attributes required for consistent choices is working 

memory-dependent (Olschewski, 2018). LFP activity mediates the relationship between 

intelligence and consistency, while vmPFC-VS activity mediates the relationship between 

intelligence and discount rate (Ripke et al., 2015). Furthermore, we have previously found 

diminished dlPFC responses to the decreasing value difference favoring larger delayed 

reward in suicide attempters (Vanyukov et al., 2016). In summary, extant data provide 

indirect support for the hypothesis that disruptions in LFP cognitive control processes 

underlie inconsistent valuation in attempted suicide, although neural studies are needed to 

test this hypothesis directly.

What does the finding of inconsistent valuation tell us about real-life decision-making 

during a suicidal crisis? A decision to attempt suicide reflects a comparison of values of 

the options available at different time points. Any choice, including that between suicide 

versus alternative solutions, involves a process of drifting toward or away from an option 

depending on the perceived values of these options until a decision threshold is reached 

(Ratcliff et al., 2016; Ratcliff & McKoon, 2008). The escape account of suicide (Baumeister, 

1990) highlights exaggerated and rigid focus on the present aversive state at the expense 

of one’s personal future during a crisis. During those times, the value of suicide as an 
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option may become misestimated, or may fluctuate wildly. Our findings suggest that it is 

the noisy (rather than strategic) decision-making that may promote the option of suicide as 

a solution over the otherwise more rational alternatives. Specifically, failure to consistently 

integrate the choice attributes uncovered in the present study undermines the consideration 

of deterrents (e.g., the effects of one’s suicide attempt on family members) and the benefits 

of alternative solutions. Recent studies using Ecological Momentary Assessment suggest 

that suicidal thinking not only varies dramatically across and sometimes within a day 

(Gratch et al., 2021) but that variability is associated with risk for later attempt (Wang et 

al., 2021). Thus, our findings might help to explain the ultimate decision to attempt suicide 

(escape) in lieu of other available options such as active problem-solving, getting help, and 

waiting out the crisis.

The strengths of our study include replication in three clinical samples of different ages, 

sensitivity analyses to rule out potential confounding variables, and the use of multi-level 

modeling to capture the stochasticity of individual choices. Careful characterization of 

suicidal behavior enabled us to examine how the identified deficits were most pronounced 

in high-lethality suicide attempters. Overall, our findings highlight the importance of 

considering both consistency and discount rates when describing individual differences in 

delay discounting and demonstrate the power of multi-level models in estimating these 

parameters. The main limitation of the present study was its cross-sectional nature, which 

limits causal inferences. In addition, the lack of response time data precluded us from 

testing decision process models, such as diffusion decision models. Finally, because the 

goal of our study was to provide a more robust analysis of intertemporal choice assuming 

hyperbolic discounting, we do not make any claims about its applicability to alternative 

discount functions.

Clinically, these findings suggest that interventions that take place during the moments 

of suicidal ambivalence (i.e., when the values of suicide versus alternative options are 

close to each other and the individuals drift toward or away from these competing options 

in order to make a decision) and focus specifically on enhancing deterrents, reinforcing 

alternative solutions, and deferring the final decision can be particularly effective for suicide 

prevention. This approach is consistent with a recent call for targeted, individualized (with 

regard to timing, type, and intensity) interventions for suicide risk (Just-In-Time Adaptive 

Interventions (Coppersmith et al., 2021). Psychoeducation for patients and family members 

about impairments in decision competence, such as inconsistent valuation, could also help 

recruit support and develop compensatory strategies. During such psychoeducation, it is 

important to convey that decision-making deficits are neurocognitive symptoms rather 

than character flaws. In our view, compensatory interventions are more likely to succeed 

than efforts to remediate decision deficits, particularly those resulting from frontoparietal 

dysfunction. This assertion is corroborated by empirical evidence that the effects of working 

memory training, for example, are small and do not generalize to other tasks (Soveri 

et al., 2017) and are thus unlikely to be of significant benefit during real-life crises. In 

summary, our findings support the decision accident account of suicidal behavior, extending 

the literature on the neurocognitive diathesis.
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Figure 1. 
Comparison of the MLM versus Two-stage estimation approaches towards recovering 

between-group differences in hyperbolic discount mean rates (True discount rate) and 

consistency at different levels of noise. Negative z values indicate that (1) the reference 

group had a higher true hyperbolic discount rate than the group of interest and (2) estimated 

consistency decreases with increasing noise.
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Figure 2. 
A-E: immediate vs. delayed choice probabilities as a function of item-level discount rates 

corresponding to the indifference point (kindifference
item ), log-transformed. Lower kindifference

item

on the x-axis correspond to the prospects where only extremely patient individuals choose 

the delayed option (e.g., $84.50 now or $85 in 155 days), whereas higher values on the 

x-axis correspond to prospects where even impatient individuals will choose the delayed 

option (e.g., $15 now or $35 in 13 days). Thus, if the value of a delayed option dominates, 

implied discount rate is higher. Conversely, if the value of an immediate option dominates, 
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implied discount rate is lower. Probability of choosing the delayed option is on the y-axis 

(A-E). Psychometric curves for high vs. low MLM preference parameter values, illustration 

(A). Dashed vertical line illustrates log(kindividual). Psychometric curves (smoothed raw data) 

sample 1 (B); Psychometric curves (smoothed raw data) sample 2 (C); Psychometric curves 

(smoothed raw data) sample 3 (D). The inspection of psychometric curves in B-D indicates 

less consistent valuation (i.e., less steep psychometric curves; conceptually similar to the 

inverse temperature parameter) in high-lethality suicide attempters, which confirms our 

multilevel modeling results. Psychometric curves at high versus low valuation consistency, 

illustration. At high valuation consistency choices are based on the attributes of a given 

prospect, whereas at low valuation consistency choices are stochastic (E). White dashed 

vertical lines illustrate log(kindividual).

Posterior parameter distributions from Bayesian multi-level regression models (F-H). 

Valuation consistency sample 1 (F). Approximate 2-sided ps of all groups, compared to 

the HL SA + MDD group, are less than 0.001); Valuation consistency sample 2 (G). 

Approximate 2-sided ps, compared to the HL SA + MDD group: 0.022 in the Controls; less 

than 0.001 in the MDD group; 0.206 in the LL SA + MDD group; Valuation consistency 

sample 3 (H). Approximate 2-sided ps of all groups, compared to the HL SA + MDD group, 

are less than 0.001).
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