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Abstract

Objective—Clinical heterogeneity is a key challenge to understanding suicidal risk, as different
pathways to suicidal behavior are likely to exist. We aimed to identify such pathways by
uncovering latent classes of late-life depression cases and relating them to prior and future suicidal
behavior.

Methods—Data was collected from 09/2011-09/2015. We examined distinct associations of
clinical and cognitive/decision-making factors with suicidal behavior in 194 older (50+) non-
demented, depressed, elderly; 57 non-psychiatric controls provided benchmark data. The DSM-IV
was used to establish diagnostic criteria. We identified multivariate patterns of risk factors defining
clusters based on personality traits, perceived social support, cognitive performance and decision-
making in an analysis blind to participants' history of suicidal behavior. We validated these clusters
using past and prospective suicidal ideation and behavior.

Results—Of five clusters identified, three were associated with high risk for suicidal behavior:
(1) cognitive deficits, dysfunctional personality, low social support, high willingness to delay
future rewards, overrepresentation of high-lethality attempters; (2) high-personality-pathology (i.e.
low self-esteem), minimal or no cognitive deficits, overrepresentation of low-lethality attempters
and ideators; (3)cognitive deficits and inability to delay future rewards, similar distribution of
high- and low-lethality attempters. There were significant between-cluster differences in number
(p<0.001) and lethality (p=0.002) of past suicide attempts, as well as in the likelihood of future
suicide attempts (p=0.010, 30 attempts by 22 participants, two fatal) and emergency psychiatric
hospitalizations to prevent suicide (p=0.005, 31 participants).

Conclusions—Three pathways to suicidal behavior in old age were found, marked by (1) very
high levels of cognitive and dispositional risk factors suggesting a dementia prodrome, (2)
dysfunctional personality traits, (3) impulsive decision-making and cognitive deficits.

Please address correspondence to: Katalin Szanto, Western Psychiatric Institute and Clinic, 3811 O'Hara St., Pittsburgh, PA, 15213.
Phone: 412-586-9601. Fax: 412-246-6030. szantok@upmc.edu.

Potential conflicts of interest: None of the authors or persons acknowledged has a conflict of interest to disclose.

Previous presented: Some of the results presented at Society of Biological Psychiatry annual meeting, San Diego, CA, USA, May
18-21, 2017



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Szanto et al. Page 2

Keywords
Late-life; suicide; cluster analysis; predictive validation; decision-making; cognition

Introduction

Suicidal behavior emerges from a confluence of multiple risk factors, e.g., depression,
personality characteristics, cognitive and decision-making deficits, and lack of social
support. However, when examined individually, these factors have low specificity. Most
older adults who attempt suicide or die by suicide suffer from depression 12, but only a
minority of depressed individuals contemplate suicide, and even fewer transition to suicidal
behavior. Among the subset of depressed individuals who do attempt suicide there is also
considerable heterogeneity. For example, studies have uncovered temperamental
heterogeneity, suggesting that there may exist various “suicidal-risk personalities”3.In the
present study we aimed to identify clusters of characteristics that confer suicidal behavior
risk and may form the bases for distinct pathways to suicidal behavior.

While earlier accounts of the stress-diathesis model “emphasized the role of impulsivity,
accumulating evidence suggests that only a subgroup of people who engage in suicidal
behavior is impulsive > 8and this proportion is lower in old age’. What might characterize
suicidal individuals with low levels of impulsivity? There is a large body of evidence
indicating that cognitive deficits are associated with suicidal thoughts and behavior8: 9. One
pathway to suicide may thus be characterized by late-onset suicidal behavior where age-
related cognitive decline or prodromal dementia 19-13 interact with dispositional and
environmental factors. Another pathway maybe marked by decision-making deficits 14-16
seen in real life and in the laboratory in a subgroup of suicide attempters, accompanied by
different levels of cognitive impairment2: 15-21 and impulsivity.

In contrast to predominantly early-onset, low-lethality suicide attempts in borderline
personality disorder, cognitive impairments are most consistently associated with medically-
serious attempts 17- 2122 that most closely approximate death by suicide, and are more
prevalent in older age 23 Personality pathology, if present in this subgroup, may be
characterized by life-long patterns of limited social interactions?4.

Our longitudinal study of attempted suicide in late-life enables us to examine the validity of
these pathways. We selected potential risk variables suggested by the Mann stress-diathesis
model 4 as well as dispositional measures including interpersonal functioning 2°.We
included measures of cognitive performance 17- 26 decision competence 14, different facets
of impulsivity 2729, and social support 30.

We examined the multivariate patterns of risk factors to identify clusters of individuals based
on their personality/social support and cognitive/decision-making profiles, without including
psychiatric diagnoses or suicidality. Then, we provided predictive validation of this
categorization based on the individuals' suicidal ideation and behavior both prior to baseline
assessment and during the follow-up period.
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Methods

Sample and Procedures

Sample—Two-hundred and fitfty-one older adults, 194 of whom were depressed, (age
range: 50-87, M=66.7, SD=8.0) were recruited to participate in a case-control longitudinal
study of late-life suicidal behavior (R01 MH085651)from 06/2010-09/2015, and provided
written informed consent as required by the University of Pittsburgh Institutional Review
Board. Our recruitment strategy was to oversample those who have risk factors for suicidal
behavior, such as past history of suicide attempt and suicidal ideation. Our primary
recruitment source for attempters and ideators was geriatric psychiatric units. Given the high
proportion of our sample coming from an inpatient psychiatric facility, the participants were
more likely to be acute, have more comorbidities, and be more similar to participants who
die by suicide. Of the 194 depressed, 50 had no lifetime history of suicidal behavior or
ideation, 46 contemplated suicide, and 98 had a suicide attempt. Suicide attempters (SA)
made a self-injurious act with the intent to die; 49 made high-lethality attempts and 49 made
low-lethality attempts. Medical seriousness was assessed using the Beck Lethality Scale
(BLS) 3L, For participants with multiple attempts, data for the highest lethality attempt is
presented. High-lethality attempters [HL] scored > 4 on the BLS for an attempt needing
treatment in medical or surgical units or emergency departments, whereas low-lethality
attempters [LL] incurred no significant medical damage. Suicide ideators [I] endorsed
suicidal ideation with a plan, as assessed using the Beck Scale for Suicidal Ideation 32, but
had no history of suicide attempt. Non-suicidal depressed controls [DC] had no history of
suicide attempt or suicidal ideation. Participants were diagnosed with unipolar non-
psychotic major depression using the Structured Clinical Interview for DSM-/V Axis |
Disorders 33, Current depression severity was measured by the 17-item Hamilton Rating
Scale for Depression (HDRS)34,

We also assessed 57 demographically-matched non-depressed controls (healthy controls;
HC), as a benchmark group and to calculate standardized cognitive scores, but they were not
included in any analyses. They had no lifetime history of mental health treatment and no
lifetime diagnosis of DSM-IV axis | disorder.

We excluded individuals with clinical dementia (score < 24 on the Mini-Mental State
Examination 3%, and those with a history of neurological disorder, delirium, or sensory
disorder that preclude neuropsychological testing.

Characterization—Global cognitive ability was assessed with the Mattis Dementia Rating
Scale (DRS)38, Cognitive control, with the Executive Interview (EXIT)37, and premorbid 1Q
with the Wechsler Adult Reading Test38,

Decision-making: Decision competence was assessed using two subscales of the Adult
Decision Competence task: Resistance to Framing and Resistance to Sunk Cost (ADMC) 39,
and Delay discounting with the Monetary Choice Questionnaire (MCQ)%0.

Dispositional factors: We measured negative urgency (UPPS Negative Urgency subscale*l)
and impulsive/careless social problem-solving style (Social Problem Solving Inventory
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Impulsive/Carelessness subscale?2). We assessed personality functions and different aspects
of social support with the perceived burdensomeness scale*3 and the Interpersonal Support
Evaluation List (ISEL) Self-esteem and Belongingness subscales*®.

Social support: Perceived availability of practical support was assessed with the ISEL
Tangible Support subscale. Items assess different aspects of tangible support, e.g., if needed,
do you have somebody to take you to the hospital, lend you a car for a few hours, lend you
$100, stay with you in an emergency.

A more detailed characterization of the assessments can be found in the Supplementary
materials.

Data Analysis

Variables with inherently non-Gaussian distributions, namely, the MCQ score, were log-
transformed. Analysis of variance (ANOVA) was used to compare the four depressed groups
on the cognitive and personality/social support measures, as well as some psychiatric scales
and demographic variables. Post-hoc pairwise comparisons were performed using Tukey's
HSD method for adjustment. Summary statistics for the HC group are also reported for
comparison but were not included in statistical tests.

Prior to the cluster analysis, all the scales were recoded, so that higher values on a scale
corresponded to higher risk. Z-scores were calculated for all measures using the average and
standard deviation of the healthy controls.

To identify distinct risk profiles among the patients, we performed a cluster analysis on the
eleven measures identified above, and also included the HDRS. HC participants were
excluded to avoid assumptions about the homology of subgroups among psychiatrically
healthy vs. depressed individuals, as were 5 subjects with missing MCQ scores. Using the
remaining 189 subjects, we performed k-mean cluster analysis (“kmeans” function in R 4°),
with default parameter choices and numerical method 46, with k = 2 to 7 clusters. We
selected k=5 because it was the smallest number of clusters for which the between-cluster
variability, expressed as a proportion of the total variability, exceeded our preset criterion of
30%. We omitted attempter status, suicidal ideation, lethality in the derivation of the clusters
to avoid circularity in the identification of clusters.

We provided qualitative and quantitative summaries of each cluster based on the cluster
averages for each measure used to derive them. Association between suicide attempt history
and cluster membership was tested using Fisher's exact test, and post-hoc comparisons
compared cluster membership of each suicidal group to that of the DC group using Holm's
method of adjustment for multiple comparisons. We compared average scores of past suicide
attempt lethality, baseline suicidal ideation, and the planning subscale of the suicide intent
scale. We prospectively assessed suicide attempts or emergency psychiatric hospitalizations
during the follow-up period, and used these data to test the predictive validity of our clusters
by comparing the probability of suicide attempt between clusters using survival analysis,
specifically the log-rank test, and post-hoc cluster comparisons, adjusted using the
Bonferroni method. The (possibly censored) number of emergency psychiatric
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hospitalizations between clusters during the follow-up period was compared using the
Kruskal test, followed by pairwise comparisons using Wilcoxon tests, adjusted as above.

Demographic, clinical, cognitive and personality measures across groups and mean
differences therein are reported in Supplementary eTables 1 and 2.

Cluster analysis

Tables 1 and 2 report demographic, clinical, cognitive and personality measures by clusters.
In the selected cluster model (k = 5), the smallest cluster size was nq = 13 and the largest n,
= 71. There were significant differences across the clusters on every measure(all ps<0.001,
after adjustment for multiple testing).

Inspection of the profile plot (see Figure 1) and univariate comparisons (Tables 1 and 2)
revealed unique profiles for each of the five clusters, that also corresponded to clinical
presentations (see Supplementary Material for case examples).

Cluster 1 (C-1):Marked cognitive deficits with serious psychopathology—
(n=13, 7% of total sample), is characterized by severe cognitive deficits as indicated by
poorer cognitive control (EXIT) than all the other clusters and poorer global cognition
(DRS) than clusters 2, 4 and 5, combined with severe depression and higher levels of
dispositional risk factors. These individuals displayed certain facets of impulsivity, as
indicated by very high scores on the SPSI Impulsive/Careless and the UPPS Negative
Urgency subscales. However, they were willing to wait for delayed rewards, displaying
extremely low levels of discounting compared to the HC group (N=57). They reported low
self-esteem, perceived themselves as a burden, and reported limited tangible social
support.

Cluster 2 (C-2):Intact—(N=71, 37% of total sample) is characterized by the lowest
depression scores and almost uniformly low risk scores on both cognitive and
dispositional risk factors.

Cluster 3 (C-3):Poor decision-making and moderate cognitive deficits—(N=30,
16% of total sample) is characterized by pronounced deficits in global cognition (less
severe than C-1, but worse than all the other clusters) and cognitive control. They also
demonstrated the highest levels of delay discounting and susceptibility to sunk cost bias.

Cluster 4 (C-4):Dysfunctional personality—(N=49, 26% of total sample), unlike C-1,
displays no cognitive deficits, but is characterized by the lowest levels of belonging and
tangible social support as well as high levels of perceived burdensomeness and
impulsivity.

Cluster 5 (C-5):Framing deficits—(N=26, 14% of total sample) is characterized by
susceptibility to framing effects, and impulsive/careless social problem-solving style.
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These individuals were otherwise intact as indicated by relatively high self-esteem, lack of
perceived burden someness, low depression scores, and good social support.

To test whether age or education differences among clusters explained cluster differences in
global cognition (DRS scores), we fit two ANCOVA models adjusted by age and education,
respectively. Cluster differences remained significant after adjustment (p<0.0001), while age
also had a significant adjusted effect (F=17.18, df=1,183 p<0.0001), but education did not
(F=0.07, df=1,183, p= 0.7989). We conclude that cluster differences in cognition are not all
due to age or education differences.

The identified clusters reflect the suicide risk profiles, including both the states and the
traits, of the subjects at baseline. We did not adjust for age before clustering based on the
full sample to avoid the assumption that every cluster ages the same way. Our data point to
the possibility that accelerated and/or pathological aging that effect cognition/decision-
making is part of the suicidal diathesis in old age.

Retrospective validation: History of suicide attempts and suicidal ideation by cluster

Although variables capturing suicidal behavior and ideation were omitted when deriving the
clusters, cluster composition nonetheless differed based on study group (Fisher's exact test
p<0.001). When the combined attempter group was contrasted with non-attempters (Fisher
test p<0.001), post-hoc pairwise comparisons showed that differences were limited to
clusters 1-2 and clusters 2-3. Distributions of HL and LL attempters also differed across
groups (p=0.021 and p<0.001, respectively.)

C-1 did not contain any DC participants. HL attempters compared to DC, were only
overrepresented in C-1 compared to the composition of C-2 (C-2 vs.C-1: OR=0,95%Cl:
0.00-0.38, adjusted p=0.003). The proportion of LL attempters, when compared to DC, was
higher in C-3 and C-4, but not in C-1 (C-3 vs. C-2 OR=11.40, 95%ClI: 2.46- 65.75, adj.
p=0.002; C-4 vs. C-2: OR=19.13, 95%ClI: 4.99-89.89, adj. p<0.001; C-2 vs.C-1 OR=0.00,
95%CI: 0.00-0.40, adj. p=0.007).In C-4, compared to C-3, ideators were over-represented
compared to DC(OR=797, 95%CI: 2.27-33.33, adj. p=0.002). Results were similar when
continuous lethality scores were compared between clusters. For a depiction of the
retrospective validation, please see Supplementary eFigure 1.

Clusters differed in the number of past suicide attempts (Kruskal-Wallis test X2=25.9, df=4,
p<0.001): C-2 contained the lowest proportion of subjects with multiple past attempts.
Severity of ideation differed between clusters (F=8.76, df=4,184, p<0.001), such that C-2
ideation scores were significantly lower than those of C-1, C-3, and C-4.

Predictive validation: Suicide attempt and emergency hospitalizations to prevent suicide

by cluster

We observed a total of 30 suicide attempts (two fatal) in 22 participants during the follow-up
period (mean duration of follow-up 30+£18 months).Two participants had two attempts and
three had three attempts. The majority of these incident attempts were made by participants
with a prior history of suicide attempt. There were four participants classified as ideators at
baseline who made an attempt during the follow-up period (had their “first ever” suicide
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attempt). There were significant between-cluster differences in the incidence of suicide
attempts during the follow-up period using the log-rank test (p=0.010), with post-hoc
pairwise differences showing fewer follow-up attempters in C-2 (3%) than C-1 (31%,
adjusted p=0.002), C-3 (20%, adjusted p=0.012), and C-4 (14%, adjusted p=0.044), in each
C-1 and C-3 one fatal suicide occured. The number of emergency psychiatric admissions
during follow-up also differed by cluster (p=0.005), with significantly fewer re-admissions
in C-2 than C-1 (post-hoc Wilcoxon test adjusted p=0.029), or C-3 (adjusted p=0.013). We
also assessed the presence and severity of suicidal ideation during the follow-up with in-
person or phone assessments upto four years. Worst ideation scores at any time during the
follow up differed significantly (p<0.001) between clusters, with C-2 having lower scores
than C-4 (post-hoc adjusted p<0.001) and C-5 (adjusted p=0.024), but not C-1 and C-3,
showing a different pattern than for suicide attempts and hospitalizations.

Discussion

To identify distinct pathways toward suicidal behavior, we used a data-driven approach
which relied on self-report, clinician-administered diagnostic assessments, cognitive
performance tests, and complex decision competence tasks to classify a large sample of
depressed individuals into homogeneous clusters.

Our findings are consistent with the hypothesis that distinct pathways toward suicidal
behavior exist in the second half of life (C-1, C-3 and C-4). Providing external validation,
there were between-cluster differences in the number and lethality of suicide attempts prior
to baseline, and during the average 30-month follow-up period. Outcome prediction is the
best test of classifications in psychiatry 47.C-1 and C-3 had the highest proportions of
subjects with one or more incident suicide attempts (31% and 20% respectively, one fatal in
each) contrasted with only 3% of participants in C-2.

Perhaps of greatest clinical interest is Cluster 1, which contained the highest proportion of
high-lethality attempters and strongly predicted re-attempt. Its members displayed severe
cognitive deficits, even though the study excluded participants diagnosed with dementia.
What underlying factors may account for this putative pathway? We speculate that the
cognitive profile of C-1 participants corresponds most closely to early dementia. Behavioral
prodromes characterized by mood and personality change and poor decision-making are
common in fronto temporal dementia and frontal variant of Alzheimer's disease. Consistent
with this notion, individuals in C-1 had a later age of depression onset (~18 years later than
C-4). Supporting this theory of prodrome, a nationwide Taiwanese study reported that
attempted suicide in late-life predicted subsequent dementia 10. Given that our analysis is
based on a single cognitive assessment, we cannot rule out the possibility that these
cognitive deficits are lifelong 48, however many C-1 members performed in the early
dementia range.

Less clear is the status of individuals in C-3, who were equally likely to have a history of
low- and high-lethality suicide attempts, and a high reattempt rate. Some of them may also
fall into the prodromal dementia category, as their global cognitive performance was not
much better than C-1, but the average age of depression onset was earlier in C-3 than in
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C-1.They were most susceptible to sunk cost bias, which has been linked to facets of
emotional dyscontrol such as anger, rumination and impulsivity 4°. They also displayed an
exaggerated preference for immediate vs. delayed rewards. This combination of short-
sightedness, lack of perspective, and limited cognitive resources would be consistent with a
failure to anticipate that suffering during a suicidal crisis is likely time-limited, as well as the
finality of the consequences of a completed suicide.

Individuals in C-4 had the earliest age of onset of depression, and high levels of
dispositional risk factors (especially poor interpersonal functioning) in the setting of intact
cognition. This constellation of chronic interpersonal dysfunction, perceived abandonment
and suicidal behavior suggests borderline personality traits. This conclusion is supported by
the over-representation of low-lethality suicide attempters in C-4.

In accordance with our previous findings in a smaller sample 27, individuals in C-3 and C-4
display an exaggerated preference for immediate rewards, whereas those in C-1 are
unusually willing to wait for larger rewards. High delay discounting is broadly associated
with impulsivity and seen in disorders characterized by poor impulse control and short-
sighted choices (addiction, gambling, bulimia, borderline and antisocial personality). In
contrast, an extreme ability to delay gratification was observed in obsessive-compulsive
personality disorders (OCPD) and aneroxia nervosa °0. We speculate that what may be in
common between OCPD, anorexia and serious suicidal behavior is the neglect of the
opportunity cost 152, or the rewards that could be obtained with an alternative course of
action. This neglect could manifest in a single-minded dedication to the pathological
behavior at the expense of better alternatives.

We are cautious interpreting C-5. Susceptibility to framing (responding to superficial
features of how a problem is presented) was its defining characteristic, perhaps highlighting
a distinct contribution of this factor4,

Most of the research to date has focused on identification of risk factors for suicide
contemplation.53: 54 A number of recent reviews®® 56 concluded that risk factors for
contemplation of suicide differ from risk factors for the transition from ideation to attempt.
Thus, it is not unanticipated that Cluster 4 participants who had the highest level of
personality based risk factors, such as low self-esteem, subjective lack of belonging, feeling
like a burden, but had no cognitive deficits showed high levels of ideation during the follow
up while their (re) attempt rate was relatively low. These participants seem to fit the profile
of borderline personality disorder and many of them had chronic high level of suicidal
ideation.

Research that has investigated risk factors for suicide attempt has mainly based the
classification of attempters on attempt characteristics.>’-60 For example, Lopez-Castroman
and colleagues classified suicide attempters into three groups (“impulsive-ambivalent”,
“well-planned”, “frequent”) °8. However, as 1/3-1/2 of older adults who die by suicide do
not have a previous attempt, prediction based on features other than attempt characteristics
has high clinical value 2. Strengths of this study include sampling across the spectrum of
suicide risk (from depressed patients with no lifetime history of even suicidal ideation, to
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high-lethality attempters), prospective ascertainment of suicidal behavior and a detailed
characterization of both risk factors and suicidal behavior itself.

Limitations

Subgroups identified here require out-of-sample validation. Our findings may not be
generalizable to other age groups. In addition, as dementia is more prevalent with increasing
age, there were fewer older participants who were potentially eligible for participation given
that clinical dementia precluded participation.

In summary, we have found that three putative subgroups of depression patients are at the
highest risk for subsequent suicidal behavior: one characterized by concurrent high levels of
cognitive impairment and personality pathology, one defined by short-sighted decision-
making and moderate cognitive deficits, and a third characterized by interpersonal
dysfunction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Points

. As suicidal behavior in older adulthood is heterogeneous, pathways
differentiating risk profiles need to be identified.

. This study was able to identify three pathways: one is characterized by late-
onset depression and cognitive deficits resembling a dementia prodrome,
another is characterized by early-onset depression and prominent personality
pathology, and a third is defined by short-sighted decision-making and
moderate cognitive deficits.
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Figure 1. Cognitive and Personality Characteristics and Social Support by Cluster
Please note that all the scales were aligned in the risk direction, so that higher values on a

scale were associated with higher risk of psychopathology e.g., high levels of depression,
cognitive deficits, low tangible social support.

bAbbreviations: Burden: Perceived Burdensomeness Scale; Carelessness: Social Problem
Solving Inventory Impulsive/Carelessness subscale; DRS: Mattis Dementia Rating Scale;
Discounting: Monetary Choice Questionnaire; EXIT: Executive Interview; Framing: Adult
Decision Competence Scale Resistance to Framing Subscale; HDRS: Hamilton Rating Scale
for Depression; Sunk cost: Adult Decision Competence Scale Resistance to Sunk Cost
subscale; Self-Esteem: Interpersonal Support Evaluation List, Self-esteem subscale;
Belonging: Interpersonal Support Evaluation List, Belongingness subscale; T Support:
Interpersonal Support Evaluation List, Lack of Tangible Social Support; Urgency: UPPS
Negative Urgency Subscale.
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