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Abstract

While prominent models of suicidal behavior emphasize the hypothalamic- pituitary-adrenal
(HPA) axis dysregulation, studies examining its role have yielded contradictory results. One
possible explanation is that suicide attempters are a heterogeneous group and HPA axis
dysregulation plays a more important role only in a subset of suicidal individuals. HPA axis
dysregulation also plays a role in impulsivity and aggression. We hypothesize subgroups of
attempters, based on levels of impulsivity and aggression, will differ in HPA axis dysregulation.
We examined baseline cortisol, total cortisol output, and cortisol reactivity in mood disordered
suicide attempters (A= 35) and non-attempters (A = 37) during the Trier Social Stress Test.
Suicide attempters were divided into four subgroups: low aggression/low impulsivity, high
aggression/low impulsivity, low aggression/high impulsivity, and high aggression/high impulsivity.
As hypothesized, attempters and non-attempters did not differ in any cortisol measures while
stress response differed based on impulsivity/aggression levels in suicide attempters, and when
compared to non-attempters. Specifically, attempters with high impulsive aggression had a more
pronounced cortisol response compared with other groups. This is the first study to examine the
relationship between cortisol response and suicidal behavior in impulsive aggressive subgroups of
attempters. These findings may help to identify a stress responsive suicidal subtype of individuals.
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1. Introduction

Suicide is a major cause of death in the United States, with over 47,000 lives lost in the
annually (https://webappa.cdc.gov/sasweb/ncipc/mortrate.html). The stress-diathesis model
of suicide implicates the role of stress in suicidal behavior (Mann, 2003; Mann et al., 2006;
Turecki et al., 2012; Oquendo et al., 2014; Rubinstein, 1986). The production of the stress
hormone, cortisol, triggered by stress-induced activation of the hypothalamic—pituitary—
adrenal (HPA) axis, is thought to be a key. But it remains unclear how stress influences
vulnerability to suicidal behavior (van Heeringen, 2012) and which suicidal individuals are
more susceptible to stressors. Furthermore, to date, research examining the role of the HPA
axis in suicidal behavior has yielded inconsistent and conflicting results suggesting possible
subtypes of suicidal individuals-stress reactive and non-stress reactive.

HPA axis dysregulation is typically examined in four ways: baseline levels of cortisol as
assessed by a single measure typically under controlled conditions, total output of cortisol in
response to a stressor, cortisol responsivity in response to a stressor or a pharmacological
intervention. Several studies found an association between low baseline cortisol levels and
suicidal behavior (Keilp et al., 2016; Lindqvist et al., 2008; McGirr et al., 2011; Melhem et
al., 2016). However, other studies have found that suicidal behavior was associated with
elevated baseline levels (Chatzittofis et al., 2013), or that no relationship was present
(Eisenlohr-Moul et al., 2018; O’Connor et al., 2017).

A dynamic way to assess reactivity to stress is through a standardized laboratory stress
paradigm, such as the Trier Social Stress Test (TSST). The TSST measures stress response
through changes in cortisol levels during a laboratory-induced social stressor (Kirschbaum et
al., 1993). Two measures of cortisol response are typically derived from the TSST: total
output and cortisol responsivity. Total output includes baseline differences and cortisol
response during the stress task. Measurement of cortisol responsivity examines cortisol
reactivity to the stressor while controlling for baseline group differences. Few studies have
investigated the relationship between stress response and suicidal behavior using stress
paradigms, but, again the results have been inconsistent (Eisenlohr-Moul et al., 2018; Giletta
et al., 2015; Melhem et al., 2016; O’Connor et al., 2017). One study found that young adult
suicide attempters who had a parent with a mood disorder had lower total cortisol output
during TSST compared with non-attempters and normal control subjects but found no
differences in cortisol reactivity (Melhem et al., 2016). Similarly, a study using an alternate
stress paradigm, the Maastricht Acute Stress Test (MAST), that includes cold pressor and
mental arithmetic tasks, found that suicide attempters had lower total cortisol output
compared with the controls, but not compared with current suicidal ideators who never
attempted suicide and, similar to Melhem et al. (2016), they found no differences in cortisol
reactivity (O’Connor et al., 2017). In a transdiagnostic sample of adolescent females,
Eisenlohr-Moul et al. (2018) reported blunted cortisol response during the TSST in those
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with a history of lifetime suicide attempts compared with those with history of lifetime
suicidal ideation but not behavior and with non-ideators non-attempters. All three studies did
not control for the number of depressed individuals in the attempter groups compared with
the non-attempter groups. It has been widely reported that the HPA axis is implicated in
depression (Pariante and Lightman, 2008; Zorn et al., 2017) and, therefore, their findings
may have been partially confounded by diagnosis.

While depression as a confound may account for the discrepant findings of HPA axis
dysfunction in suicide attempters, another explanation for these inconsistencies is that
different patterns of HPA axis reactivity may exist in different subsets of suicidal
individuals. Interestingly, Giletta et al. (2015) identified three groups of cortisol stress-
response patterns in adolescent females at risk for suicidality: hyporesponsive, normative,
and hyperresponsive. They found that individuals in the hyperresponsive group were more
likely to report a lifetime history of suicidal ideation at baseline and three months follow-up.
Furthermore, impulsivity tended to interact with cortisol responsivity and suicidal ideation.
Along these lines, we have postulated that there are at least two suicidal subtypes: stress
responsive and non-stress responsive (Bernanke et al., 2017). In our model, the stress
responsive subtype is proposed to be more influenced by psychosocial stressors, more likely
to respond to those stressors with suicidal thinking and more likely to have reactive
(impulsive) aggression. On the other hand, suicidal individuals with proactive aggression are
thought to have a hyporesponsivity to stress. Evidence for these suicidal subtypes is
supported by studies demonstrating patterns of suicidal thinking — suicidal ideation can be
highly variable or more persistent (Witte et al., 2006) and the association of these patterns
with stress responsivity (Rizk et al., 2018). Both variable and persistent ideation can result in
suicidal behavior (Miranda et al., 2014; Witte et al., 2006). And it is well-known that
suicidal behavior itself can be planned or impulsive (Chaudhury et al., 2016; Lopez-
Castroman et al., 2016).

Impulsivity and aggression have been associated with both suicidal behavior and HPA axis
dysfunction (Mann et al., 1999; McGirr and Turecki, 2007; Melhem et al., 2007; Turecki et
al., 2012). Although often subsumed into a single dimension of ‘impulsive aggression’ in
research, the two are distinct constructs. Impulsiveness is defined as spontaneous, poorly
planned or situationally inappropriate behaviors that may or may not include aggressive
behaviors, and aggression, in turn, may be premeditated or impulsive. One study using the
combined construct found that youth high in reactive aggression had heightened cortisol
response following a stress test, while those high in deliberate aggression or non-aggression
did not (Lopez-Duran et al., 2009). Suicidality was not assessed. Other studies confirm the
relationship between aggression, impulsivity, and cortisol levels (Poustka et al., 2010; Van
Bokhoven et al., 2005). Thus, individuals high in impulsivity and aggression are more
reactive to environmental stressors and given that impulsivity and aggression are associated
with HPA axis dysfunction, suicidal individuals with elevated impulsivity and aggression
may represent a stress responsive subtype of suicidal behavior.

In this study, we propose that stress responsiveness to the TSST in mood disordered suicide
attempters will depend on the level of participants’ impulsivity and aggression. Further, we
expect that there will be no difference in baseline cortisol levels, cortisol total output and
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cortisol reactivity between mood disordered attempters and mood disordered non-attempters.
We hypothesize that 1. suicide attempters high in impulsivity and aggression will have a
more pronounced response to the TSST, as measured by cortisol levels, compared to suicide
attempters with lower levels of impulsivity and aggression; 2. baseline cortisol levels will
not differ among the suicide attempter groups; and 3. total output will not differ among the
suicide attempter groups given that we expect no baseline differences and total output is
influenced by baseline levels.

2. Methods

2.1. Participants

Seventy-two participants were enrolled in a study of mood disorder and suicidal behavior
after receiving a detailed description of study procedures and providing written informed
consent. The study was approved by the Institutional Review Board at the New York State
Psychiatric Institute. Participants were recruited through advertisements and postings.
Individuals with a history of psychotic disorders or current substance dependence were
excluded. Demographic and clinical information is provided in Table 1. The mean age of
participants was 31.9 + 10.4. The sample was predominantly female and Caucasian with an
average of 2 years of college education. All had a diagnosis of mood disorder: 81% (58)
Major Depressive Disorder (MDD); 15% (11) Bipolar Disorder; 3% (2) Dysthymic
Disorder; and 1% (1) Depressive Disorder Not Otherwise Specified. Approximately half of
the sample (49%, N/ = 35) had a history of at least 1 suicide attempt.

2.2. Assessments

Trained masters and doctoral level clinicians administered all baseline assessments. Lifetime
Axis | DSM-IV diagnoses were established for all participants using the Structured Clinical
Interview for DSM-IV/(Spitzer et al., 1995). Axis Il diagnoses were assessed using the
Structured Clinical Interview for DSM-IV Personality Disorders (First et al., 1995). Suicide
attempt history was obtained using the Columbia Suicide History Form (Oquendo et al.,
2003). Inter-rater reliability was found to be high between assessors for both the SCID and
the Columbia Suicide History Form (ICC=0.97 for Columbia Suicide History Form and
ICC=0.86 for the SCID-I).

The Barratt Impulsivity Scale (BIS) (Barratt, 1985), a self-report scale, was used to measure
impulsivity. Aggression was assessed with the Brown-Goodwin Lifetime History of
Aggressive Behavior (BGAH) (Brown and Goodwin, 1986). Inter-rater reliability was found
to be high between assessors for the BGAH (ICC=0.94) and internal consistency for BIS has
been documented as high for general psychiatric patients (Cronbach’s alpha=0.83) (Barratt,
1985).

Possible confounding effects of clinical measures known for their association with HPA axis
reactivity have been examined. These include history of childhood adversity (Heim et al.,
2008), current depression severity (Meador-Woodruff et al., 1990), hopelessness (Engstrom
etal., 1997; Juruena et al., 2009), and affective instability (Braquehais et al., 2012).
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Childhood histories of abuse and neglect were obtained using the Childhood Trauma
Questionnaire (CTQ) (Bernstein et al., 1994). Cronbach’s alpha for the CTQ subscales
ranged from 0.79 to 0.94, indicating high internal consistency and has also demonstrated
good test-retest reliability over a 2- to 6-month interval (intraclass correlation = 0.88), which
has shown good internal reliability and validity (Bernstein et al., 1994).

Depression severity was measured with the clinician-administered 17-item Hamilton
Depression Rating Scale (HDRS-17) (Hamilton, 1960) and the self-report Beck Depression
Inventory (BDI) (Beck et al., 1996). HDRS has shown internal reliability ranging from 0.46
to 0.97, an interrater reliability of 0.82 to 0.98, and a test—retest reliability of 0.81 to 0.98
across 70 different studies (reviewed in (Bagby et al., 2004)). Internal consistency of BDI
has been reported to be high (Cronbach’s alpha = 0.88) (Beck and Steer, 1984).

Hopelessness was assessed with the Beck Hopelessness Scale (BHS) (Beck et al., 1974),
which showed high internal consistency (Cronbach’s alpha=0.93) (Beck et al., 1974) and
reliability ranging from 0.83 to 0.86 in psychiatric populations (Durham, 1982). Affect
instability was measured using the Affective Lability Scale (ALS) (Moore et al., 1997),
which showed high internal consistency with Cronbach’s Alpha scores ranging between
0.82-0.92 in different populations (Aas et al., 2015).

2.3. Trier Social Stress Test (TSST)

The TSST is a well-established procedure used to study psychological and physiological
indices of stress response (Kirschbaum et al., 1993). In this version, the participant was
asked to give a five-minute speech about him or herself, followed by 9 min of a speeded
mental arithmetic task. The test administrator and a confederate, both dressed in white lab
coats observed the participant with neutral expressions, responding “Please continue,” when
there was a long pause. The procedure was performed late afternoon for each participant to
improve the strength of signal to baseline ratio due to the TSST procedure (Kudielka et al.,
2004). Saliva samples were obtained at several time points over the course of the TSST: 10
min before the procedure (baseline) and then at four intervals after baseline: 15, 20, 30, and
40 min. Subjective mood ratings were collected using the Profile of Mood States (POMS)
(McNair et al., 1971/1981) at —10, 15, and 40 min. Prior to beginning the TSST procedures,
individuals were given a 30-min rest period in a private, quiet room.

2.4. Salivary samples collection and assay

Saliva was collected via the Sarstedt Salivette Synthetic Swab saliva collection system
(Catalogue # 51.1534.500 Sarstedt, Newton, NC 28658, USA). Participants were required to
leave the cotton swab in their mouth for 3-5 min to obtain an adequate sample. Swabs were
then sealed in the plastic cover tube of the salivette, and placed in a —20° freezer within two
hours. Samples were shipped on dry ice to the New York State Psychiatric Institute’s central
reference laboratory in Orangeburg, NY where they were assayed.

Salivary cortisol was measured by radioimmunoassay. Primary antibodies raised against
cortisol-3-O-carboxymethyloxime-BSA and iodine labeled cortisol were purchased from

MP Biomedicals. Cortisol standards were purchased from Sigma Chemical, Anti rabbit
globulin serum in conjunction with polyethylene glycol was used for separation of the bound
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and free fractions. All samples and standards were analyzed in duplicate. The intra and inter-
assay coefficient of variation was 4.7% at 1 ng/mL and 7.4% at 0.25 ng/mL, respectively.

2.5. Group comparisons

Participants were grouped based on suicide attempt history and impulsivity and aggression
scores. Suicide attempters (7= 35) and non-attempters (/7= 37) were compared on
demographic and clinical characteristics (Table 1). The suicide attempters had a mean of
2.81 attempts £ 1.90; attempt lethality (possible range=0-9) of the most serious attempt was
moderate (M= 2.96 + 1.40). The minimally detectable effect size for the attempter vs. non-
attempter two-group comparison (N =35 vs. N=37) is Cohen’s d= 0.67, a moderate effect
size. Participants were also divided into subgroups based on levels of impulsivity and
aggression. Once a decision to use cutoffs on psychiatric scales is taken, there are a few
options for choosing them. The optimal choice would be to choose “theoretical cutoffs”- in
our example, if there were an agreement among professionals what constitutes “high”
aggression and “high” impulsivity on the relevant scales, these would work best.
Unfortunately, no such agreement exists currently for the BGAH and BIS. Another option
would be to select the cutoffs based on the scales’ association with the dependent variable of
interest- cortisol response- so that the cutoff would coincide with an incline in the curve, or a
change in the strength of association of cortisol response vs. aggression, and cortisol
response vs. impulsivity, respectively, if such a point exists and is unique. Since we have two
predictors of interest, this would mean solving an optimization problem in 3 dimensions.
Based on the relatively small suicide attempter sample size (7= 37), the accuracy of
estimation for such points (if they exist) would be low. Also, we had two secondary
outcomes (total cortisol output and baseline cortisol) to compare. Weighing these
drawbacks, we elected a third commonly used method- the median split (lacobucci et al.,
2015). Median split is sample-dependent, and thus we felt it is important to choose the
medians from a larger sample of MDD patients and controls to give a fuller picture of
aggression and impulsivity scores in the population. As the current sample was part of a
larger study, it provided a natural choice of medians for the two scales of interest.

To determine if baseline cortisol levels, total output and responsivity differed in suicide
attempters depending on their level of impulsivity and aggression, suicide attempters were
divided into four groups based on median-split levels of impulsivity and aggression in a
larger sample (A= 116) from the same study (some participants had clinical measures but
did not do the TSST), as measured by the BIS (median in this sample = 52.5, cutoff=58) and
BGAH (median in this sample = 20, cutoff=20). The breakdown is as follows: Low
Aggression/Low Impulsivity (LowAgg/Lolmp) (suicide attempters 7= 9; non-attempters n=
15); High Aggression/Low Impulsivity (HiAgg/Lolmp) (suicide attempters 7= 12; non-
attempters 7= 15); Low Aggression/High Impulsivity (LoAgg/Hilmp) (suicide attempters n=
6; non-attempters /7= 9) and High Aggression/High Impulsivity (HiAgg/Hilmp) (suicide
attempters 7= 8; non-attempters 77 = 8).

While our primary aim was to examine subtypes within suicide attempters, we also included
non-attempter subgroups in our analysis. The four subgroups of attempters and non-
attempters did not differ on any demographic or clinical variables other than impulsivity and
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aggression. We first compared cortisol measures between suicide attempters and non-
attempters and then compared baseline cortisol level and cortisol levels during TSST among
the four attempter groups: LoAgg/Lolmp attempters, HiAgg/Lolmp attempters, LoAgg/
Hilmp attempters, and HiAgg/Hilmp attempters.

2.6. Statistical methods

Demographic and clinical characteristics between groups were tested using ANOVA to
compare quantitative variables, including baseline cortisol levels, cortisol reactivity, and
total cortisol output between the groups, with Tukey’s HSD post-hoc pairwise group
comparison. Kruskal-Wallis test was used for count data or data with a skewed distribution,
and chi-square test of independence, or Fisher’s exact test were used to compare categorical
variables.

Three cortisol measures were computed: 1. baseline cortisol levels; 2. total output of cortisol
(AUCg) as measured by measuring area under the curve (AUC) of the log-transformed
values with respect to ground; and 3. cortisol reactivity (AUC;) assessed by measuring AUC
of the log-transformed values, with respect to increase from participant’s baseline cortisol
value. Salivary cortisol data were highly skewed and were consequently log transformed to
reduce the effect of outliers. Outliers on the cortisol outcomes (the log-transformed baseline
cortisol, the area under the (log)-cortisol curve calculated from the subject’s baseline, and
from the ground (0)), were defined as values above Q3+1.5*IQR, or below Q1-1.5*IQR,
where Qs is the 3rd quartile (75th percentile), Q is the first quartile (25th percentile), and
IQR= Q3—Qq is the Inter Quartile Range; all calculated by group (for attempters vs. non-
attempters, and attempter subgroups). Three outliers were detected in the baseline cortisol
data and the analysis was repeated after removing them. Two outliers were detected in the
AUC data for both measurement methods and the analysis was repeated after removing
them. All models for baseline cortisol level as response were adjusted for age, but not for
sex, as the latter was not correlated with this, or any other of the outcomes. We also planned
to adjust the models for demographic factors/medication status associated with attempter/no-
attempter status and attempter subgroup as covariates, but none were identified.

3. Results

3.1. Descriptive variables

Suicide attempters obtained higher scores on hopelessness, as measured by the BHS, than
non-attempters (Table 1). There were no other differences on demographic or clinical
variables. The number of attempts (LoAgg/Lolmp attempters: Median=1.5, Inter Quartile
Range: 1-3, LoAgg/Hilmp attempters: Median=3, IQR: 2-6, HiAgg/Lolmp attempters:
Median=2.5, IQR: 1-4, HiAgg/Hilmp attempters Median=2, IQR: 1.3, Kruskal-Wallis X2 =
3.16, df = 3, p=0.367) and the lethality of attempts (LoAgg/Lolmp attempters: Mean=2.88,
SD=1.36, LoAgg/Hilmp attempters: Mean=2.75,SD=0.96, HiAgg/Lolmp attempters:
Mean=2.78, SD=1.09, HiAgg/Hilmp attempters Mean=2.96, SD=1.40; F£=0.01, df=3, 24; p
= 0.998) did not differ among the attempter subgroups.
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3.2. Clinical and demographic variables, baseline cortisol, total output and cortisol

response

Childhood abuse and neglect scores did not correlate with baseline cortisol, total output or
cortisol response (£>0.05). Age was negatively correlated with baseline cortisol levels (r=
-0.27, t=-2.30, df = 70, p = 0.024), but not with total cortisol output or cortisol response.
All other demographic and clinical measures, including medication status, body mass index
(BMI) and current smoking status, did not correlate with baseline cortisol, total output or
cortisol reactivity to TSST (Table 2), and therefore, were not included as covariates.

Current baseline cortisol levels, total output, and cortisol response to the TSST were not
statistically different between: 1. participants with or without a current MDD (baseline
cortisol, in a model adjusted for age: £=-0.28, df=66, p=0.777; cortisol output: £=0.03,
df=70, p=0.974; cortisol response: £=-0.20, df=68, p = 0.845); 2. those with and without
borderline personality disorder (baseline cortisol, adjusted for age: = 1.02, df=66, p=
0.311; cortisol output #= 0.93, df=70, p = 0..354; cortisol response: &= —1.20, df=68, p=
0.234); or 3. those with and without bipolar disorder (baseline cortisol, model adjusted for
age: £=-0.01, df=69, p = 0.886; cortisol output: £=0.17, df=70, p= 0.869; cortisol response:
£=-0.04, df=70, p=0.971). We also examined the effects of psychotropic medication on
outcomes. Nineteen of 72 participants were on psychotropic medication: 17 were on
antidepressants (HiAgg/Hilmp=2, LoAgg/Hilmp=4, HiAgg/Lolmp=4, LoAgg/Lolmp=2,
Non-attempter=>5), 7 on antipsychotics (HiAgg/Hilmp=2, LoAgg/Hilmp=2, HiAgg/
Lolmp=1, Non-attempter=2), and 6 on mood stabilizers (HiAgg/Hilmp=1, LoAgg/Hilmp=2,
HiAgg/Lolmp=1, LoAgg/Lolmp=1, Non-attempter=1). Some participants were on more
than one type of medication. The proportion of participants on psychotropic medication did
not differ significantly between attempters and non-attempters (Chisq = 2.19, df = 1, NS) or
among the 5 impulsive-aggressive groups (Fisher’s exact test p= 0.181). Attempters were
more likely to be on antidepressants than non-attempters (Chisq = 4.30, df = 1, p-value =
0.038), but did not differ on the proportion of participants on mood stabilizers (Fisher’s
exact test p=0.102) or antipsychotics (p = 0.254). The 5 groups did not differ on the
proportion of participants on antidepressants (Fisher’s exact test p = 0.0541), antipsychotics
(p=10.075) and mood stabilizers (o= 0.081). Medication use of each type was not
significantly associated with cortisol response or total cortisol output (all p>0.05). Baseline
cortisol was significantly higher in those with any psychotropic medication use, adjusting
for age (6= 0.14, SE=0.07, ¢t=2.05, df=66, p=0.0441), mostly due to a trend for higher
values in those on antidepressants (6= 0.14, SE=0.07, = 1.91, df=66, p=0.0607).
Therefore, medication status was adjusted for in subsequent analyses. Consistent with our
hypotheses, the 5-group differences in baseline cortisol and total cortisol output remained
not significant after adjusting for medication status of any and each type (all >0.05), while
the difference in cortisol response stayed significant after adjustments (all p<0.05)

3.3. Baseline cortisol levels, total cortisol output, cortisol responsivity, suicidal behavior,
and impulsivity and aggression

As expected, attempters did not differ from non-attempters with regard to baseline cortisol
levels (¢= 0.57, df=69, p = 0.572 after adjusting for age), total cortisol output (£=-0.41,
df=70, p=0.686), or cortisol reactivity to the TSST (£-0.04, df=70, p=0.971, without two
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outliers: £=0.62, df=68, p=0.539) (Fig. 1). Standardized effect sizes for the two group
comparisons of the three cortisol measures were very small: for AUCi Cohen’s d=0.12, for
AUCg ¢ = 0.09, for baseline cortisol, adjusted for age: Cohen’s £<0.01. As hypothesized,
with respect to cortisol reactivity in the five groups (LoAgg/Lolmp attempters, LoAgg/
Hilmp attempters, HiAgg/Lolmp attempters, HiAgg/Hilmp attempters and non-attempters),
there was a significant effect for group, both when including two outliers (F=3.12, df=4,
67, p=0.021), and when the two outliers were removed from analysis (F= 3.15, df=4, 65, p
=0.020) (Fig. 2). Post-hoc comparisons using Tukey’s HSD for multiple comparisons show
differences between the HiAgg/Hilmp attempters and LoAgg/Lolmp attempters (Mean
difference: 10.47, 95% CI: 0.95-20.00, p = 0.024), HiAgg/Hilmp attempters and HiAgg/
Lolmp attempters (Mean difference: 9.69, 95% CI: 0.58-18.79, p=0.03151), and HiAgg/
Hilmp attempters and non-attempters (Mean difference: 8.57, 95% CI: 0.91-16.23, p=
0.021) (Fig. 3). Fig. 3 shows the pattern of cortisol reactivity over time whereby, the HiAgg/
Hilmp group cortisol response rises sharply at 15 min post baseline in contrast to the other
groups. There were no differences in baseline cortisol levels, adjusted for age, among the
five groups with the outliers (F=0.67, df=4, 66, p= 0.618) or after three outliers were
removed from the data (F= 0.64, df=4, 63, p= 0.636). Also, there were no differences in
total output among the five groups with outliers (F=0.31, df=4,67, p= 0.869) or after
removing two outliers (F=1.08, df=4,67, p=0.373). Standardized effect sizes for the 5-
group comparisons were: baseline cortisol 2 =0.04 small effect size, AUCi: #=0.19 medium
effect size, and AUCg = #=0.02 small effect size. For non-attempters, when they were
partitioned into four aggressive-impulsive groups as described in the Methods section, no
significant differences were found on any of the cortisol measures (AUC;: Cohen’s #=0.04,
F=0.41, df=3,33, p=0.7474, AUC: £=0.03, F=0.34, df=3,33, p= 0.7999; baseline
cortisol, in model adjusted for age: 7<0.01, F=0.87, df=3,32, p= 0.4685; all small or very
small effect sizes).

Consistent with our hypotheses, the 5-group differences in baseline cortisol and total cortisol
output remained not significant after adjusting for medication status of any and each type
(all p>0.05), while the difference in cortisol response stayed significant after adjustments (all
p<0.05). Additionally, adjusting for BHS, BDI, HDRS and sex did not change the
significance of the group effect on TSST cortisol response (p=0.030, p=0.0217, p=0.019,
p=0.024, respectively), and neither of the potential confounds were anywhere close to
significant in the adjusted models (all ps>0.43). Finally, we compared the TSST response
among the 4 impulsivity-aggression groups in the pooled sample. This analysis showed a
significant effect of the group on TSST cortisol response (F=3.23, 03,68, p=0.0277; or
F=23.34, df=3,64, p=0.025 without outliers).

4. Discussion

To our knowledge, this study is the first to identify a relationship between stress responsivity
and a subgroup of suicide attempters based on levels of impulsivity and aggression. These
results may help to delineate stress responsive and non-stress responsive subtypes of suicide
attempters. Furthermore, they may help to resolve the discrepant findings relating stress
response and suicidal behavior. As expected, we found no differences in baseline cortisol,
total cortisol output, or cortisol reactivity during a social stress test between mood
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disordered suicide attempters and mood disordered non-attempters. However, after
separating suicide attempters based on levels of impulsivity and aggression, as hypothesized,
significant differences in cortisol reactivity during the TSST emerged, with highly impulsive
and aggressive suicide attempters demonstrating the strongest cortisol response to stress
among subgroups. There were no differences in baseline cortisol levels or total cortisol
output among the groups.

There are no prior studies of stress response in subgroups of suicide attempters, so we
cannot compare our subgroup results to other studies. Furthermore, there has been limited
TSST research examining the relationship between stress response and suicidal behavior.
Results of previous studies (Eisenlohr-Moul et al., 2018; Giletta et al., 2015; Melhem et al.,
2016; O’Connor et al., 2017) are discussed and reviewed in the context of our findings. With
respect to comparison of suicide attempters and non-attempters, our finding of no difference
in baseline cortisol levels in suicide attempters are consistent with some previous studies
(Eisenlohr-Moul et al., 2018; O’Connor et al., 2017), but not with others reporting low
baseline cortisol levels in suicide attempters (Keilp et al., 2016; Lindgvist et al., 2008;
McGirr et al., 2011; Melhem et al., 2016). Similarly, our finding that there was no difference
between attempters and non-attempters in cortisol reactivity is in agreement with previous
TSST (Melhem et al., 2016; O’Connor et al., 2017) and pharmacological-based research
(Roy, 1992). However, this finding is not consistent with Eisenlohr-Moul et al. (2018) who
reported blunted cortisol responsivity to TSST in adolescent females with history of lifetime
suicidal behavior compared with those without any history of lifetime suicidal ideation or
behavior. The null difference in cortisol reactivity between suicide attempters and non-
attempters in the current study is also divergent from some pharmacological-based research
on HPA axis reactivity and suicidal behavior (Coryell and Schlesser, 2001; Fountoulakis et
al., 2004; Jokinen and Nordstrom, 2009; Mann et al., 2006; Pfennig et al., 2005; Pitchot et
al., 2008).

Melhem et al. (2016), examined the relationship between cortisol response during TSST and
suicidal behavior in individuals with parental history of a mood disorder. They found that
offspring who had made a previous suicide attempt had lower total cortisol output during
TSST and lower baseline cortisol than offspring with suicide related behavior (i.e.
interrupted attempts, aborted attempts, preparatory behavior or emergency evaluation for
suicidality), offspring non-attempters, and normal control subjects (Melhem et al., 2016). Of
note, it is difficult to compare our results to this study owing to sample differences such as
diagnostic differences (50% of non-attempters in Melhem et al. (2016) were depressed as
opposed to 100% in our study); Nevertheless, consistent with our findings, cortisol reactivity
during TSST did not differ between attempters and non-attempters.

In another study, O’Connor et al. (2017) examined cortisol response to a different stress
paradigm, the MAST, in suicide attempters, non-attempters with suicide ideation within the
past 12 months and a control group with no history of suicide attempt or ideation and no
present psychiatric illness. They found that the attempters had lower total cortisol output
compared with the controls, but not compared with non-attempters with ideation in the past
12 months. This is consistent with our results that total cortisol output did not differ for
attempters and non-attempters. Also in line with our findings, O’Connor et al. (2017) found
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no difference in cortisol reactivity during TSST or baseline cortisol levels between
attempters and non-attempters. They did not examine impulsive aggression in their sample.

Another study examined cortisol response during TSST in adolescent girls with suicidal
ideation (Giletta et al., 2015). While the study did not examine suicidal behavior, the results
are supportive of suicidal subtypes. They found that participants fell into one of three
categories of cortisol response during TSST: hyperactive response, normative response, or
hypoactive response (Giletta et al., 2015). Those who had a hyperactive cortisol response to
TSST were more likely to have a history of suicidal ideation. A hyperactive cortisol
response was also related to increased risk for suicidal ideation at 3-month follow-up, even
when controlling for past suicidal ideation. They did not examine impulsive aggression.
Although this was an all-female adolescent sample, the findings are consistent with the
notion that those who engage in or who are at high risk for suicidal behavior are a
heterogeneous, rather than homogeneous, population. It may be that there are at least two
subgroups of individuals at risk for suicidal behavior: those who are more reactive to
environmental and social stressors, and thus have a more pronounced cortisol response
(Bernanke et al., 2017; Giletta et al., 2015) and those who are be less reactive to stressors
and exhibit a hypoactive or normative cortisol response (Bernanke et al., 2017; Giletta et al.,
2015).

Our analyses comparing suicide attempters with non-attempters adds to this conflicting
literature, but the most important finding in this study is that the relationship between
cortisol response and suicidal behavior depends on the level of impulsivity and aggression.
Our results may provide an explanation for the conflicting prior findings on stress response
and suicidal behavior, as well as suggest an alternative framework for future research. The
current study offers additional support for the notion that there may be at least two subtypes
of suicidal individuals: stress responsive and non-stress responsive (Bernanke et al., 2017,
Rizk et al., 2018). Future research should explore the role of impulsivity and aggression in
suicidal individuals, as well as other bio-behavioral characteristics that may be associated
with this heterogeneous population.

Our study does have some limitations. The sample size is relatively small. Larger samples
are needed to replicate our findings. Our findings may not be generalizable to populations
with different clinical and demographic characteristics. Specifically, our sample is confined
to individuals with depression. Whether these findings hold in other diagnostic groups is
unknown. Furthermore, because the study is cross-sectional, we cannot conclude that high
impulsivity and aggression led to an altered stress response or that an altered stress response
resulted in increased impulsivity and aggression. Finally, while our results indicate that only
the high impulsivity/high aggression suicide attempter group differed from other groups by
mounting a higher stress response, we cannot conclude that this group is “abnormal.” It
could be that the other subgroups are impaired by not mounting a response to stress posed
by the TSST. Future studies would benefit from incorporating a healthy control group, to
understand how normal samples compare to the subgroups we identified. In conclusion, by
gaining a better understanding of the different subtypes of suicidal behavior, it may help us
move toward identifying more precise risk factors and biomarkers and ultimately reduce the
number of lives lost to suicide.
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Fig. 1.
Baseline cortisol, total cortisol output, and cortisol response during TSST for attempters and

non-attempters.
No differences between attempters and non-attempters in baseline cortisol, total cortisol
output and cortisol response.
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Baseline cortisol, total cortisol output, and cortisol response during TSST comparing non-

attempters with suicide attempters categorized by levels of impulsive aggression and
impulsivity.

HiAgg/Hilmp suicide attempters demonstrate a heightened cortisol response to the TSST
compared with all other suicide attempter groups and non-attempters. No differences among

groups in baseline cortisol and total cortisol output.
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TSST cortisol response for four groups of impulsive aggressive suicide attempters and non-
attempters.

Cortisol values during and after the TSST in the non-attempters, low aggression/low
impulsivity attempters, high aggression/low impulsivity attempters, low aggression/high
impulsivity attempters, and high aggression/high impulsivity attempters. The curves have
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been shifted to a common baseline value to illustrate cortisol response to TSST, regardless of
baseline level.
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