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Abstract

Objective: Suicidal individuals are a heterogeneous population and may differ in systematic 

ways in their responsiveness to stress. The primary aim of the present study was to identify 

whether a different pattern of physiological stress response exists among adult suicide attempters 

with a history of behavioral problems during childhood and adolescence, which earlier studies 

have related to both decreased activity of the HPA axis and to suicidal behaviors.

Method: Seventy-eight participants with Borderline Personality Disorder were assessed using 

the SCID-II, and completed self-report measures assessing their history of suicide attempts, 

history of aggressive behaviors, depressive symptoms, history of lifetime abuse and demographics. 

Participants’ cortisol reactivity was assessed using the Trier Social Stress Test.

Results: Analyses indicated that suicide attempters with a history of behavioral problems in 

youth (n=30) had a significantly lower response to stress than both suicide attempters without such 

a history (n=26) and non-attempters (n=22), when controlling for lifetime history of abuse. The 

groups did not differ in basal cortisol.

Conclusions: These findings suggest a unique subtype of suicide attempter among those with 

Borderline Personality Disorder, characterized by a blunted physiological stress response.
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Introduction

Suicide is one of the leading causes of death in the United States (Kochanek, Murphy, Xu, 

& Tejada-Vera, 2016), claiming 47,173 lives in 2017 alone (Center for Disease Control 
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and Prevention, 2017). However, identifying risk factors for suicide can be problematic, 

given that suicidal individuals often have different psychiatric diagnoses (Oquendo, Baca-

García, Mann, & Giner, 2008) and vulnerability factors may differ significantly from one 

individual to another (Carballo, Akamnonu, & Oquendo, 2008). For example, patterns 

of dysregulation of the Hypothalamic-Pituitary-Adrenal (HPA) axis, one of the central 

neurobiological mechanisms associated with suicidal behavior (Mann & Currier, 2007; 

Melhem et al., 2017; Oquendo et al., 2014), seem to differ among suicidal individuals. 

Previous research has yielded inconsistent results, with several studies reporting that 

individuals with suicidal thoughts and behaviors show hyperactivity of the HPA axis (e.g., 

Coryell & Schlesser, 2001; Giletta et al., 2015), while other studies report the opposite 

(O’Connor, Green, Ferguson, O’Carroll, & O’Connor, 2017). Additionally, some researchers 

observed differences between attempters and non-attempters only in basal cortisol and not in 

cortisol response to stress (Melhem et al., 2016).

One explanation for these inconsistencies may be the existence of subtypes of suicide 

attempters, potentially related to different patterns of HPA axis activity (Bernanke, Stanley, 

& Oquendo, 2017). The human stress system is affected by both genetic and environmental 

factors (Chrousos, & Gold, 1992; Tackett, Krueger, Iacono, & McGue, 2005). Exposure 

to stress via aggression or dangerous situations (as a victim or perpetrator) that results in 

arousal can lead to dysregulation of the stress response system in childhood, adolescence 

(e.g., Jaffee et al., 2015), or adulthood (Carpenter, Shattuck, Tyrka, Geracioti, & Price, 

2011). Such dysregulation may affect the processes that lead to suicidal behavior.

A history of disruptive conduct and behavioral problems during childhood and adolescence 

may have bearing on HPA axis activity. Studies conducted with children and adolescents 

have found that those with behavioral problems have lower basal cortisol levels and lower 

responses to stress as measured by salivary cortisol (McBurnett, Lahey, Rathouz, & Loeber, 

2000; Stadler et al., 2011). The latter has been theorized to at least partially result from 

a cycle encompassing a “fearless stance,” stimulation-seeking, and habituation of the HPA 

axis following consistent and repeated exposure to stressful situations (Eysenck, 1964; Quay, 

1965; Raine, 2013).

Given the contradictory findings regarding HPA axis activity and suicidal behavior, a better 

understanding of the relationship between cortisol response and suicidal behavior is needed. 

To our knowledge, no studies have explored a history of behavioral problems and HPA 

axis activity among suicidal individuals. Therefore, the central aim of the present study 

was to explore whether suicide attempters with a history of severe behavioral problems in 

youth (defined here as having problems involving the law/police or hurting someone with a 

weapon), present with blunted HPA axis activity, compared to both attempters without such 

history and non-attempters.

This study was conducted within a sample of patients with Borderline Personality Disorder 

(BPD), a group at high risk for suicide, with suicide attempt rates ranging as high as 75% 

and suicide deaths rates of approximately 10% (Goodman et al., 2017; Zanarini et al., 2008). 

Although individuals with BPD share the same diagnosis, there is heterogeneity in the nature 
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of their suicidal behavior when different cohorts are compared (Pompili, Girardi, Ruberto, & 

Tatarelli, 2005).

Methods

Participants and Procedures

Eighty-four participants were recruited for this study. All participants met criteria for BPD 

and had a history of a suicide-related behavior or non-suicidal self-injury (NSSI), with 

continued suicidal ideation or urges to self-injure. Participants were recruited through 

medical professionals in the New York metropolitan area, newspaper advertisements, and 

websites. Participants were initially screened over the phone, and later in person, by two 

doctoral-level clinicians to determine whether they met study inclusion criteria. Exclusion 

criteria included bipolar I disorder, schizophrenia, delusional disorder, schizophreniform 

disorder, schizoaffective disorder, psychotic disorder not otherwise specified, intellectual 

disability, and conditions that required primary treatment (such as severe anorexia or severe 

primary substance use that could not be managed in an outpatient program). Participants 

were recruited as part of a six-month treatment study, and only their baseline data were 

analyzed in the present study. After a complete description of the study was provided, 

written informed consent was obtained from all participants. The study protocol was 

approved by the Institutional Review Board at the New York State Psychiatric Institute.

HPA activity assessment

Trier Social Stress Test (TSST).—Measurements of basal cortisol and cortisol reactivity 

were collected using the TSST, a valid and reliable protocol used to induce moderate 

psychosocial stress, with associated HPA axis and autonomic nervous system arousal, in 

laboratory settings (Kirschbaum, Pirke, & Hellhammer, 1993; Dickerson & Kemeny, 2004, 

for a review). The TSST protocol consisted of a three-minute preparatory period, a five-

minute speech, and a ten-minute mental arithmetic task. Participants were instructed to fast 

beginning two hours prior to the procedure. The TSST required one hour to complete and 

was administered between 1 p.m. and 4 p.m. to minimize cortisol variability as a result 

of the time of day. Saliva samples were collected before and at fixed time points after the 

stress-inducing procedures. A total of five saliva samples per participant were collected 

serially, one at baseline and four following the administration of the stress procedure 

(15, 20, 30, and 40 minutes). All cortisol levels were natural log-transformed before 

further calculations. Three measures of cortisol activity were measured: basal cortisol, peak 

cortisol change (defined as the difference between the highest cortisol level obtained in the 

measurement following the stress task and the baseline level), and Area Under the Curve 

(AUC) with respect to baseline. All three measures were graphed and inspected for outlier 

values, and outliers were winsorized to the nearest non-outlier value. Six of the 84 subjects 

had all cortisol data missing and were not included in any analyses.

Clinical assessment

All participants completed an assessment with a doctoral-level psychologist at the start of 

the study.
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The Structural Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders 
(DSM) Axis II disorders (SCID-II; First et al, 1997), a diagnostic structured clinical 

interview for Axis II personality disorders, based on DSM-IV (1994) criteria, was used 

to obtain diagnostic information for BPD.

The Columbia Suicide History Form (CSHF; Oquendo et al., 2003), a semi-structured 

instrument that asks about lifetime suicide attempts, including the method used, lethality of 

attempt, precipitants, and circumstances surrounding the attempt, was used to record history 

of suicide attempt(s). A suicide attempt was defined as “an intentional self-injurious act 

performed with at least some intent to die.”

The Beck Depression Inventory (BDI-II; Beck, Steer, & Brown, 1996), a 21-item multiple 

choice self-report questionnaire, was used to measure depressive symptoms experienced in 

the prior two weeks. The BDI is one of the most widely used measures of depression 

severity. In the current study it evinced good internal reliability (α=.885).

The Brown-Goodwin Lifetime History of Aggression (BGHA; Brown & Goodwin, 1986) 

is a 33-item assessment scale of lifetime aggressive behaviors. In the current study, the 

scale was administered in an interview. The participant was asked about the frequency of 11 

aggression-related behaviors during childhood, adolescence, and adulthood on a four-point 

scale (from “never” to “often”). The BGHA was used in the current study to assess for 

history of significant behavioral problems in childhood and adolescence using six items: (1) 

trouble with the police during childhood / (2) during adolescence, (3) trouble with the law 

during childhood / (4) during adolescence and (5) history of hurting someone with a weapon 

as a child / (6) as an adolescent. Participants who responded affirmatively to any of these 

six items (any answer other than never) were considered positive for behavioral problems. 

Because we wanted to evaluate whether aggression in adulthood was a confounding factor, 

we used this scale to create a variable of aggression history in adulthood – a continuous 

variable that captures aggression severity (summing the scores of all 11 behaviors in 

adulthood).

Participants were also interviewed using a psychiatric history and demographic form to 

assess abuse history (via an item asking whether the participant had been physically or 

sexually abused) and demographic information. Height and weight (for calculation of BMI), 

smoking status and psychotropic medication status were also assessed in an interview with 

the same form.

Statistical Analysis

First, participants were divided into three groups: 1) non-attempters (n=22), 2) suicide 

attempters with a history of behavioral problems (attempters-B; n=30), and 3) attempters 

with no history of behavioral problems (attempters-NB; n=26). We did not divide the 

non-attempter group by behavioral problems as this group was small (n=22) and dividing it 

would lead to diminished statistical power. In preliminary analyses, we evaluated possible 

confounding variables of the above predictors, such as age, sex, ethnicity, race, depressive 

symptoms, BMI, smoking status, psychotropic medication status and aggression history in 

adulthood, in comparisons among the study groups using one-way ANOVAs and chi-square 
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tests. Then, to evaluate the relationship between attempt (solely) and cortisol response, we 

conducted three t-test analyses, for basal cortisol, peak cortisol level and AUC. In the main 

analyses, differences in the three cortisol measures among the three groups were assessed 

using two-way ANOVA models and a Generalized Least Square model. Having a history 

of lifetime sexual or physical abuse (yes/no) was entered into the analyses as an additive 

covariate of the 3-level group variable, with no interaction term. For post-hoc tests, we used 

t-tests with Bonferroni correction.

Results

Sample Description

Participants (n=78) were predominantly women (92.3%), ranging in age from 18 to 62 

(M=29.55, SD=9.70). Most participants (57.7%) were Caucasian. Twenty-three percent of 

the sample was of Hispanic/Latino origin. Mean total education was 15.32 (SD=2.05). 

Seventy-six percent of the participants identified as single, 16% separated/divorced and 8% 

married.

Preliminary Analyses

Results of the three t-tests comparing the three cortisol measures between attempters and 

non-attempters were non-significant (Basal: t=−1.59, df=76, p=.114; AUC: t=−1.75, df=75, 

p=.084; Peak cortisol level: t=−1.59, df=76, p=.115). As demonstrated in Table 1, group 

comparisons showed no differences in any of the potentially confounding factors, except 

for BMI, that differed within the behavioral-problems-based groups. However, when we 

assessed its correlation with cortisol measures it was non-significant (p=.065−.099) and 

therefore we did not include it as a covariate.

Cortisol Measures

Between group comparisons on basal cortisol, while controlling for lifetime abuse status, 

showed non-significant group differences (F(2, 74)=1.72, p=.186), and non-significant effect 

of abuse (F(1, 74)=.91, p=.343).

When the groups were compared on AUC, differences emerged (F(2)=7.67, p=.001), with 

the Attempters-B group showing lower cortisol response than the Attempters-NB (M 
difference=−11.98, SE=3.47, p=.003), and than the Non-attempters (M difference= −11.46 

SE=3.60, p=.007), while the differences between the Attempters-NB and Non-attempters 

were non-significant (M difference= .51, SE=3.03, p=1). The effect of abuse status on AUC 

was non-significant (F(1)=.00, p=.997).

Group differences emerged also on peak cortisol response (F(2)=8.98, p<.001), with the 

Attempters-B group showing lower peak cortisol response than the Attempters-NB (M 
difference=−.38, SE=.11, t=3.45, p=.003), and than the Non-attempters (M difference=−.36, 

SE=.12, t=3.03, p=.010), while the differences between the Attempters-NB and Non-

attempters were non-significant (M difference=−.02, SE=.15, t=.15, p=.880). The effect of 

abuse on peak cortisol response was non-significant (F(1)=.05, p=.818).
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Discussion

The present study sought to explore whether suicide attempters with Borderline Personality 

Disorder and with a history of severe behavioral problems in youth, had alterations 

in cortisol response that distinguish them from other suicide attempters and from non-

attempters. Our results revealed that BPD suicide attempters with a history of behavioral 

problems had a significantly lower response to stress than both suicide attempters without 

such a history and non-attempters, when measured via AUC and peak cortisol response. 

The groups did not differ in their basal cortisol levels, suggesting that it is their immediate 

response to stress that differed. These results have two important implications; first, it 

confirms the notion of the existence of distinct subtypes of suicide attempters, and second, 

it points to a possible physiological mechanism of the childhood disruptive behaviors – 

suicidal behavior link.

The differences in cortisol response to social stress between the attempter groups support 

the notion that there are distinct subtypes of suicide attempters characterized by a different 

physiological response to stress (Bernanke et al., 2017). These two subtypes appear to be 

definable by their past history of problematic behavior, a factor known to be related to the 

stress response system. Blunted cortisol response has been related to maladaptive emotional 

and behavioral reactions to threat, and to externalizing behaviors in former studies (e.g., 

Hartman, Hermanns, de Jong, & Ormel, 2013; Quellet-Morin et al., 2011).

Several studies, in turn, have found a link between childhood disruptive disorders and 

suicidal behavior (e.g., Brent et al., 1993). In a large sample of youth with and without 

conduct disorder, the former were significantly more likely to attempt suicide prospectively, 

and to attempt suicide in an earlier age (Wei et al, 2016). The present study’s findings 

that a lack of stress reactivity is associated with suicide attempters with history of 

behavioral problems suggest a possible physiological substrate to this connection. The 

casual mechanisms underlying this association, though, are unclear.

We found no differences among the groups in baseline cortisol. This finding is not consistent 

with prior studies that found lower basal cortisol in suicide attempters (Keilp et al., 2016; 

McGirr, Diaconu, Berlim, & Turecki, 2011; Melhem et al., 2016). However, there are a 

number of differences between these studies and the study reported here. Previous studies’ 

populations consisted of patients with major depressive disorder (MDD) as well as offspring 

of MDD probands, and history of prior behavior problems was not characterized. The 

current study was conducted within a population of individuals with BPD and stratified for 

the existence of early behavior problems. It is also important to note that all participants 

here were deemed to be at current high risk for suicidal behavior, endorsing either suicidal 

ideation or an urge to injure oneself, which attenuated the range of these behaviors and 

perhaps affected our ability to detect differences.

The current study has several limitations. First, the study sample was comprised of 

individuals with BPD only, most of them females, limiting the ability to generalize these 

findings to other populations. Furthermore, the composition of the study sample (i.e., mostly 

female) may have affected our ability to detect the effect of sex on study variables. Second, 
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the relatively small size of the groups limits its statistical power. Third, groups were defined 

on the basis of self-report of prior behavior problems that may have been affected by 

current clinical state or inconsistent recollection. Similarly, other variables, such as BMI 

and childhood abuse, also relied on self-report measures. Fourth, the study is a secondary 

analysis of a dataset from a baseline assessment of a treatment study, and therefore, abuse 

was defined using only one item, and having a behavioral problems history was defined 

using items from the Brown-Goodwin Lifetime History of Aggression rather than from 

a measure that was designed to assess behavioral problems. Despite these limitations, 

this study provides a basis for understanding some of the inconsistencies in the literature 

regarding differences between attempters and non-attempters in the dysregulation of the 

stress response system. In addition, it provides support for the notion of subtypes among 

suicidal individuals, who may require different approaches to risk assessment and treatment. 

Certain aspects of behavioral history may have a profound effect on current responses to 

stress, and their contribution to suicidal behavior risk. Suicide prevention interventions with 

individuals who have such behavioral history and a relatively blunted stress response may 

be improved by targeting these individuals’ lack of sensitivity to threat and danger, as well 

as their self-preservation. However, to provide further empirical support for this notion and 

to better inform therapeutic interventions in other diagnostic populations, future studies 

should extend the approach taken in this study to other populations at high risk for suicidal 

behavior.
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Figure 1. 
Basal, Peak cortisol and AUC cortisol levels range and average among the three behavioral 

problems/attempt related groups.

Note: *=p<.05, **=p<.01
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