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Abstract

Objective—To examine the association between cortisol response to stress and suicidal ideation 

(SI) cross-sectionally and longitudinally in our sample of bereaved and non-bereaved youth.

Methods—The sample included 114 youth bereaved by sudden parental death and 109 non-

bereaved controls, mean age of 12.3 (SD=3.6), evaluated at four time-points over an average 

follow-up period of 7 years. The Trier Social Stress Test (TSST) was conducted on average 6 years 

after bereavement. We used latent class analyses to examine the trajectories of SI over follow-up 

and up to the time of the TSST and compare them on cortisol measures. We examined whether 

cortisol measures predicted future SI at 18.5 months on average after the TSST.

Results—Bereavement was associated with higher cortisol reactivity after controlling for 

covariates [β=0.96, 95% CI (0.28, 1.65), p<0.01, d=0.41]. Cortisol reactivity to stress was higher 

in those belonging to the high SI trajectory [β=1.23, 95% CI (0.41, 2.06), p=0.004, d=0.23] 

compared to the low SI trajectory. Higher baseline cortisol showed small to medium effect size in 

predicting future SI [β=2.34, 95% CI (0.17, 4.51), p=0.03, d=0.38].

Conclusion—The persistence of SI is associated with higher cortisol reactivity to stress, and 

higher baseline cortisol may predict future SI. These results emphasize the importance of HPA-

axis activity in youth exposed to major stressors, and those with SI. More research is needed to 

further clarify biological mechanisms linking SI and behavior, bereavement, and HPA axis 

response to stress, to better identify at-risk subjects for targeted prevention and intervention 

efforts.

INTRODUCTION

Parental death occurs in 4% of youth under the age of 18 and is an extremely stressful form 

of childhood adversity (1). It has a major impact on the psychological development of 

children and increases the risk for a wide range of psychopathology, including depression, 

post-traumatic stress disorder (PTSD), anxiety, conduct problems, substance abuse, and 
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functional impairment, all of which are risk factors for suicidal behavior (2, 3). Parental 

death from any cause during childhood was found to be a significant risk factor for suicide 

among offspring, especially in those who were bereaved by suicide (4–6).

While the association between parental death and risk for suicidal behavior has been well-

established, the mechanisms by which parental death leads to increased risk for suicidal 

behavior are not known. One possible mechanism is via alterations in the hypothalamic-

pituitary-adrenal axis (HPA) axis. In fact, parental death has also been associated with 

altered HPA axis response to stress (7). Altered basal cortisol or cortisol response to stress 

have also been linked to risk for suicidal behavior (8). However, there are no studies that 

concomitantly link parental death, alterations in HPA axis function, and risk for suicidal 

behavior.

Studies suggest that HPA axis dysregulation occurs more commonly in individuals who lost 

their parents as children (9). Adults who experienced parental death during childhood had 

been reported to have higher diurnal cortisol, especially if they experienced childhood abuse 

and family conflict (10). Children who lost a caregiver in the 9/11 terrorist attack exhibited 

persistently higher basal cortisol levels compared to non-bereaved children (11). We 

previously showed that sudden parental death is associated with higher total cortisol output 

in response to social stress in bereaved youth (7).

The role of the HPA-axis in suicidal behavior was robustly demonstrated in a meta-analysis 

where non-suppression in response to the Dexamethasone Suppression Test (DST) was 

related to a 4.5-fold increased risk for suicide in adult inpatients (12). Melhem and 

colleagues found lower baseline and total cortisol output during the Trier Social Stress Test 

(TSST) in early-onset suicide attempters compared to high-risk subjects who never 

attempted suicide and healthy controls (13). This blunted HPA axis profile was observed 

mostly in suicide attempters who also had a family history of an attempt. O’Connor et al. 

reported similar findings in demonstrating that suicide attempters, especially those with a 

family history of suicidal behavior, and those who made the attempt within the last year, had 

the lowest total cortisol output in response to the TSST compared to controls (14). O’Connor 

et al. also found that blunted cortisol response to the TSST in suicide attempters was 

associated with a higher level of suicidal ideation one month after the TSST. Similarly, Keilp 

et al. found that adult suicide attempters had lower baseline cortisol levels compared to non-

attempters (15) and McGirr et al. found blunted cortisol response in first-degree relatives of 

those who died by suicide compared to controls (16).

Melhem et al. extended these findings to show that blunted HPA axis activity most likely 

precedes suicide attempt (17). They found that psychiatric inpatients admitted for a suicide 

attempt had lower hair cortisol concentrations (HCC), which provides a measure of overall 

cortisol production in previous months, compared to those admitted for suicidal ideation but 

had never attempted suicide and to healthy controls. Specifically, in the above-noted study, 

HCC obtained from 2–3 cm hair segments closest to the scalp reflected cortisol levels for the 

prior 2–3 months, which would have been prior to the attempt in Melhem et al.’s study 

design. However, other studies found that hyper-responsiveness of the HPA axis to social 

stress was associated with current and future suicidal ideation (18). These discrepant 
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findings could be due to differences in outcome measures (ideation vs. attempt), age 

differences, and the population studied with respect to their burden of psychopathology, 

history of childhood adversity, and whether they were responding to acute or chronic stress.

Thus, the relationships of the HPA axis to both suicidality and bereavement have been 

investigated independently. Here, we examine the relationship of HPA-axis response to 

stress and suicidal ideation in our sample of children bereaved by sudden parental death. We 

hypothesize that bereavement and suicidal ideation will each, independently be related to 

baseline cortisol, total cortisol output, and cortisol reactivity in response to the TSST, and 

that cortisol measures will predict future suicidal ideation.

METHODS

Study sample

The sample in this paper is drawn from our longitudinal study on the impact of sudden 

parental death on children and families. A total of 427 bereaved and non-bereaved youth 

were enrolled in the study, of whom 223 (52%) completed the acute laboratory social stress 

task and were available for follow-up. The 223 youths included 114 offspring from 79 

parentally-bereaved families and 109 offspring from 65 non-bereaved families with a mean 

age of 12.3 (standard deviation [SD] =3.6, range: 6–25 years). The demographics and 

clinical variables’ characteristics of the study groups are presented in supplementary table 1. 

The deceased parents (probands) died within 24 hours of either suicide (n = 29), accidental 

death (n = 17), or sudden natural death (n = 33). Families in which there were multiple 

deaths or injuries were excluded. The accidental deaths consisted of 8 drug-overdoses, 4 

motor vehicle accidents, 1 accidental fall, and 4 others (e.g., drowning, exposure to cold). 

The sudden natural deaths were due to myocardial infarction (n = 26), infection (n = 1), and 

6 less frequent causes (e.g., diabetes mellitus, stroke, aneurysm, gastric bypass surgery). 

Non-bereaved offspring had two living biological parents, lived in the home of at least one 

of them, and had no first-degree relatives who had died within the two years prior to 

recruitment. Bereaved and non-bereaved families were frequency matched on sex, age, and 

neighborhood of the deceased proband. This study was approved by the University of 

Pittsburgh Institutional Review Board, and all participants gave written consent or assent.

Most of the demographic and clinical characteristics of our sample who participated in the 

TSST did not differ from the rest of our sample that did not. Those who participated in the 

TSST were less likely to be bereaved (51.1% vs. 62.8%, χ2
1=5.86, p=0.02) and more likely 

to be Caucasian (85.7% vs. 77.0%, χ2
1=5.34, p=0.02). Probands of offspring participating in 

the TSST were less likely to have a history of mood disorder (40.5% vs. 56.2%, χ2
1=10.43, 

p=0.01) and anxiety disorder (18.7% vs. 30.3%, χ2
1 = 7.60, p = 0.01) prior to death.

Assessments

Offspring and surviving caregivers completed assessments at their homes, which consisted 

of a structured diagnostic interview and questionnaires regarding psychiatric symptoms, 

health risk behaviors and other measures of well-being. For the bereaved group, the first 

assessment was around 9 months after the death. Follow-up assessments were conducted at 
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21, 33, 62, and 84 months after the death by experienced clinical interviewers, with 

offspring and parents interviewed separately to keep them blind to one another.

Retrospective assessment was used to determine if disorders had their onset before or after 

parental death. For non-bereaved offspring, we recorded “new-onset disorder” as having 

occurred in the 9 months prior to the baseline assessment. The Schedule for Affective 

Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version and the 

Structured Clinical Interview for DSM-IV (SCID) Axis I Disorders (19) were used for the 

diagnostic assessment of children and adults, respectively. A psychological autopsy was 

conducted to assess the deceased parents’ lifetime history of psychiatric disorders (20). 

Personality disorders in adult participants were assessed with the Structured Interview for 

DSM-IV Personality Disorders (21). The Longitudinal Interview for Follow-Up Evaluations 

was used to document the course of disorders in offspring (22). High inter-rater reliability 

was maintained for psychiatric diagnoses (κ’s=0.74–0.85, N=107) and for functioning 

(intraclass correlation=0.92, 95% CI 0.90–0.93, N=734). To assess general functioning, we 

used the Children’s Global Assessment Scale (CGAS) as a basic quantification of 

functioning at home and school for participants younger than 18 years old and the Global 

Assessment of Functioning (GAF) for those who are older than 18 years old (23, 24). 

Socioeconomic status (SES) was assessed using the Hollingshead’s scale at intake (25).

Suicidal ideation was assessed using the Suicidal Ideation Questionnaire-Junior (SIQ-JR) 

(26). This questionnaire is designed to measure and quantify suicidal wishes and intent. 

Items content range from general death wishes to specific thoughts of self-injurious behavior 

including method and time. For each of the 15 items of the SIQ-JR, the respondent is asked 

to assess the frequency in which the thought has occurred in the past month. Responses are 

recorded on a 7- point Likert format scale ranging from “I never had this thought” to 

“Almost every day”. The items are scored from 0 to 6 in terms of increasing frequency of 

suicidal cognitions. The total scale score ranges from 0 (none of the thoughts has ever 

occurred) to 00 (each cognition has happened almost every day). Reynolds et al. investigated 

the reliability of the SIQ-JR and found it to have Cronbach’s alpha of 0.91 (26).

Cortisol response to stress

During follow-up, bereaved and nonbereaved offspring participated in a modified version of 

the Trier Social Stress Test (TSST) (27), a procedure designed to induce a moderate stress 

response. The TSST was conducted on average 6 years (SD=1.3, range: 2.8–9.2) after 

bereavement in bereaved youth. Participants were asked to refrain from alcohol or smoking 

in the 24 hours prior to the test, and from eating, and ingesting caffeine or dairy products in 

the 2 hours prior to the test. The TSST was administered in the afternoon (median time 3:00 

PM). Offspring watched a 10-minute relaxing travel video after which baseline cortisol 

sample was obtained (time 0 minutes). For the next 15 minutes, participants were asked to 

prepare and deliver a brief speech, and then perform a mental arithmetic task while being 

observed by research staff. Salivary cortisol samples were obtained immediately after the 

social stress task (15 minutes after baseline), and 5, 10, 20 minutes after the social stress task 

(20, 25, 35 minutes after baseline). Containers were kept at −20°C until they were assayed. 

Saliva samples were sent to Salimetrics, Inc, State College, Pennsylvania, where they were 

Shalev et al. Page 5

J Affect Disord. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



extracted and assayed in duplicate using a high-sensitive enzyme immunoassay with a range 

of sensitivity from 0.007 to 1.8 ug/dl. The average intra- and inter-assay coefficients of 

variation were 4.13% and 8.89%, respectively. When using mixed effects linear regression, 

we found a significant increase in cortisol levels over the time throughout the TSST (β=0.11, 

95% CI: 0.05, 0.17, p=0.001), with the peak observed 20–25 minutes after the stressor 

consistent with expectations. For our analyses, we used: (1) baseline cortisol (pre-stress); (2) 

total cortisol output; and (3) cortisol reactivity. Total cortisol output was computed using the 

area under the curve with respect to ground (AUCg), and cortisol reactivity using area under 

the curve with respect to increase (AUCi) following the trapezoid method via raw values 

(28). These cortisol measures are complementary to each other: (1) baseline cortisol level 

represents the cortisol level prior to the introduction to the acute social stress, whereas both 

AUCg and AUCi capture the responsiveness of the HPA axis to the acute stressor. AUCi 

represents cortisol reactivity to stress, which is the area under the curve between baseline 

and peak cortisol levels. AUCg is the total cortisol output throughout the stressor taking into 

account baseline cortisol levels. The correlation was high between baseline cortisol and 

AUCg (Pearson r=0.9, p<0.01), low between baseline cortisol and AUCi (Pearson r=−0.11, 

p=0.09) and low but significant between AUCg and AUCi (Pearson r=0.26, p<0.01).

Statistical analysis

We examined the distribution of the three cortisol measures and used a natural log 

transformation of baseline and total cortisol output (micrograms/deciliter units) since they 

were right-skewed. We examined the relationships of each cortisol measure with suicidal 

ideation at the time of the TSST using linear regressions with each cortisol measure as the 

dependent variable and suicidal ideation at the time of the TSST as the independent variable 

and controlling for bereavement. We examined the relationship of cortisol measures with 

demographic and clinical variables to identify significant covariates to include in our 

regression models (Table 1) and controlled for covariates known to potentially affect cortisol 

levels (29, 30). The covariates included in the final model were age, sex, race, SES, time of 

the day when the TSST occurred, body-mass index (BMI), smoking status, family history of 

suicide attempt, family history of psychopathology, and the participant’s lifetime history of 

psychopathology up-to-the time of the TSST. We used Bonferroni correction to account for 

multiple comparisons with α =0.017 (0.05/3) as our threshold for significance.

To examine whether cortisol levels predict future suicidal ideation at the next follow-up 

assessment, which took place on average 18.5 months (SD=6.9, range 0–40) after the TSST, 

we first examined the distribution the SIQ score, which was highly skewed to the right, even 

after applying various transformations. Hence, we conducted the analysis using generalized 

estimate equations (GEE) in which the continuous suicidal ideation score was used as the 

dependent variable and each cortisol measure as the predictor variable.

We also examined the relationship between cortisol measures and the trajectories of suicidal 

ideation up to the time of the TSST using linear regression and controlling for the above-

mentioned covariates. The trajectories were identified using Latent Class Analysis, 

beginning with a 1-class model and increasing the number of classes until the model that 

best fit the data was obtained. The 2-class model was used because the Lo-Mendell-Rubin 
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Adjusted Likelihood Ratio Test identified the 2-class model to have a better fit compared to 

the 3-class model (χ2=98.01, df=3, P= 0.29).

Statistical analyses were conducted using Stata version 15 (2015; Stata Corp LP, Stata 

Statistical Software, College Station, TX) and Mplus 8 (Muthén & Muthén, 1998–2018) for 

Latent Class Analysis.

RESULTS

Relationships of bereavement and suicidal ideation at the time of the TSST on individual 
cortisol measures

Table 1 shows that bereavement and suicidal ideation at the time of TSST were not 

significantly associated with any of the cortisol measures at p<0.017. Younger and 

Caucasian participants had a significantly higher baseline and total cortisol output. Smoking 

on the day of the TSST was negatively associated with cortisol reactivity. When controlling 

for covariates, there were no main effects of suicidal ideation on any of the cortisol 

measures. Bereavement was associated with higher cortisol reactivity after controlling for 

covariates [β= 0.96, 95% CI (0.28, 1.65), p<0.01, d=0.41] (Supplementary Table 2). When 

examining the bereavement by suicidal ideation interactions as related with cortisol 

measures, the results were non-significant (p’s>0.06).

Trajectories of suicidal ideation, bereavement, and cortisol measures

Latent class analysis for suicidal ideation trajectory up-to-the time of the TSST identified 

two distinct classes: Class 1 with 199 participants who consistently showed low SIQ scores 

and Class 2 with 22 participants who consistently had high scores on the SIQ. The SIQ 

scores of these latent classes are shown in Figure 1. We compared these two classes on 

baseline demographic and clinical characteristics. Class 2, the trajectory with consistently 

higher suicidal ideation, was more likely than those in Class I to be bereaved (47.2% in class 

I vs. 81.8 % in class 2, χ2=9.48, p=0.002, Cohen’s d=0.71), have any history of 

psychopathology (20.3% in class I vs. 40.9% in class 2, Fisher Exact Test (FET), p=0.05, 

Cohen’s d=0.50), mood disorders (2.5% in class I vs. 13.6% in class 2 for Bipolar Disorder, 

33.7% in class I vs. 77.3% in class 2 for Major Depression Disorder, FET, p<0.001, Cohen’s 

d=1.24) , PTSD (7.5% in class I vs. 22.7% in class 2, FET, p=0.03, Cohen’s d=0.54), and to 

show increased functional impairment (CGAS score of 79.7 in class I vs. 74.0 in class 2, 

t=2.26, p=0.02, Cohen’s d=1.18) (Table 2).

When controlling for covariates, participants in Class 2 showed higher cortisol reactivity 

compared to those in Class 1 [β =1.23, 95% CI (0.41, 2.06), p=0.004, d=0.23] (Table 3, 

Figure 2). In this model, bereavement was also associated with higher cortisol reactivity (β 
=0.87, 95% CI (0.3, 1.43), p=0.003, d=0.23). There were no statistically significant 

differences between the classes on baseline and total cortisol output, and the bereavement by 

class interaction was statistically non-significant too (p’s>0.11).
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Cortisol response to stress as predictors of suicidal ideation

Higher baseline cortisol was a predictor of suicidal ideation 18.5 months (SD=6.9, range 0–

40) after the TSST [β =2.34, 95% CI (0.17, 4.51), p=0.03, d=0.38]; however, the p value did 

not reach the significance level of 0.017. Total cortisol output and cortisol reactivity did not 

predict suicidal ideation 18.5 months later.

DISCUSSION

There were no significant relationships between baseline cortisol, total cortisol output, and 

cortisol reactivity with suicidal ideation at the time of the TSST. However, participants 

belonging to the high suicidal ideation trajectory showed greater cortisol reactivity. There 

were no significant interactions between bereavement and suicidal ideation on each of the 

cortisol measures. As hypothesized, we found that parental bereavement was associated with 

greater cortisol reactivity.

These results should be interpreted in light of the following strengths and limitations. These 

results come from a large prospective study of bereavement due to sudden parental death in 

which the sample is well characterized in terms of psychopathology for 84 months or a 7 -

year period after parental death. The TSST was conducted around 6 years after parental 

death and as such, it is difficult to assess whether bereavement or the psychiatric 

consequences of bereavement resulted in alterations in cortisol response to stress. However, 

we controlled for lifetime history of psychopathology and suicidal ideation and behavior in 

the offspring and their parents up to the time of the TSST. While the TSST has been 

validated and widely used in prior studies, cortisol responses to an experimental stressor 

may not necessarily reflect responses to real-life stressful situations. Finally, these results are 

limited to offspring bereaved by sudden parental death and may not generalize to those 

bereaved by other types of death (e.g., due to illness, homicide) and the loss of other loved 

ones (e.g., siblings).

In this sample, we did not find significant associations between each of baseline and total 

cortisol output levels with suicidal ideation at the time of TSST. Both HPA axis hypo- and 

hyper- activity are described in attempters and subjects at risk for suicidal behavior (16, 31–

39). However, these results are consistent with our prior studies showing that only suicide 

attempters have a distinct HPA axis profile. We previously reported that suicide attempters, 

offspring of parents with mood disorders, showed blunted HPA-axis activity as reflected by 

lower baseline and total cortisol output compared to other high-risk offspring with suicide-

related behavior (including ideation) but never attempted, non-suicidal offspring, and 

healthy controls and controlling for psychopathology (13). Other independent studies 

similarly showed suicide attempters to have a lower total cortisol output in response to social 

stress compared to age and sex-matched healthy controls (13–15). The absolute levels of 

baseline cortisol and total cortisol output in our bereaved youth with suicidal ideation are 

comparable to those with suicide-related behavior in our high-risk sample of offspring of 

parents with mood disorders, which were also similar to non-suicidal and healthy controls.

However, we found that the trajectory with high suicidal ideation had significantly higher 

cortisol reactivity to stress vs. those belonging to the trajectory of low suicidal ideation 
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throughout the study and up to the time of the TSST (figure 2). This is consistent with prior 

findings showing that hyper-responsiveness of the HPA axis to social stress is associated 

with suicidal ideation (18). In contrast to our findings of no relationship between suicidal 

ideation at the time of the TSST and cortisol reactivity, participants belonging to the 

trajectory of high suicidal ideation represent a more severe group with chronic suicidal 

ideation. Nevertheless, there are a few discrepant findings in the literature. For example, 

Melhem et al showed that cortisol reactivity is not different in suicide attempters compared 

to other high-risk groups and healthy controls, and O’Connor et al did not find differences in 

any cortisol measure between those with suicidal ideation and healthy controls (13, 14). We 

also found that parental bereavement was associated with greater cortisol reactivity. We 

previously reported that youth bereaved by sudden parental death have higher total cortisol 

output in response to social stress compared to controls (7). We also showed that bereaved 

youth had a higher incidence of depression, PTSD, and long-lasting functional impairment 

compared to non-bereaved (3, 40–42). Dysregulation of the HPA-axis has been linked to a 

variety of mental disorders. Both hyper- as well as hypo-activity of the HPA-axis, have been 

associated with heightened risk for developing psychopathology (18). There is also evidence 

of blunted or normal cortisol responses to stress in depression (39, 40) and normal basal 

cortisol levels in PTSD (43); that the type and chronicity of depression are associated with 

distinct HPA axis dysregulations (44–46); and that low cortisol in PTSD is only observed 

under certain conditions (e.g., abuse, females)(47). Childhood adversity is also associated 

with blunted HPA axis activity (48). When trying to reconcile these mixed results it should 

be considered that the age groups and the burden of psychopathology examined in these 

studies were different. Previous studies have shown cortisol response to stress to differ by 

age. It was suggested accordingly that there is a non-linear inverted U-shaped relationship 

between cortisol levels and suicidal ideation where both high and low levels of cortisol are 

harmful and associated with suicidal ideation (14, 18). In this study, we focused on suicidal 

ideation in youth (mean age of 12), whereas in Melhem et al.’s study they focused on a 

higher-risk sample of young adults (mean age of 27) and included suicide attempts and in 

O’Connor et al.’s study they focused on adult females (mean age of 26). Future prospective 

studies are needed to further clarify and examine HPA axis responses to stress across the 

spectrum of psychopathology and suicidal risk profile and to deepen our understanding of 

the biological mechanisms linking suicidality, bereavement or adversity, and HPA axis 

dysregulation.

We found that higher baseline cortisol levels may predict more suicidal ideation 18.5 months 

following the TSST [β =2.34, 95% CI (0.17, 4.51), p=0.03, d=0.38]. Although the result did 

not reach statistical significance when correcting for multiple comparisons, there was a 

small to medium effect size. In contrast to these findings, O’Connor et al. found that lower 
levels of total cortisol secreted in response to the stress test (AUCg) were significantly 

associated with higher levels of future suicidal ideation, at 1-month following the stress test 

in suicide attempters (14). The differences in sample characteristics (e.g. different age, sex, 

bereavement status, burden of psychopathology), type of stress test (The Maastricht Acute 

Stress Test vs. TSST) and time interval between the TSST and suicidal ideation (18.5 

months on average in our study vs. 1 and 6 months in O’Connor’s study) could explain these 

discrepant results. In addition, chronic activation of the HPA axis in response to chronic 
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stress has been hypothesized to result in downregulation and as such, these results may not 

be completely discrepant. Our study and others are limited in capturing the dynamic nature 

of the HPA axis because of the lack of repeated assessment of cortisol responses to stress as 

well as the lack of a comprehensive assessment of HPA axis activity. Future prospective 

research is needed to better understand the interplay between biological stress responses, 

bereavement and adversity, and suicidal ideation in order to help better identify at-risk 

subjects for targeted prevention and intervention. An example for a psychological oriented 

intervention which effects the cortisol system was previously introduced by Phillips and 

colleagues who demonstrated that cognitive-behavioral stress management reduces serum 

cortisol and increases relaxation in women who suffer from breast cancer (49). The ability to 

influence serum cortisol through a psychological intervention might also be relevant in the 

high-risk groups of bereaved youth with high suicidal ideation.

In conclusion, we have demonstrated in our unique sample of parentally bereaved and non-

bereaved control youths, that elevated cortisol reactivity to stress is associated with a higher 

trajectory of suicidal ideation. In addition, higher baseline cortisol may predict higher 

suicidal ideation one year and a half later. These results further support the importance of the 

HPA axis as related to bereavement and suicidal ideation. Future prospective research is 

needed to better understand the interplay between biological stress responses, bereavement 

and adversity, and suicidal ideation in order to help better identify at-risk subjects for 

targeted prevention and intervention efforts.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Suicidal Ideation is associated with higher cortisol reactivity to stress

• Higher baseline cortisol may predict future Suicidal Ideation

• HPA axis is related to bereavement and suicidal ideation
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Figure 1: 
Two-class Latent Class Analysis of suicidal ideation over time.
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Figure 2. 
Cortisol response to the social stress test by suicidal ideation (SI)-class

Class 1: low SI, Class 2: high SI.
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Table 1:

Demographic and clinical characteristics by baseline cortisol, total cortisol output, and cortisol reactivity

Baseline (ln) AUCg (ln) (total cortisol) AUCi (cortisol reactivity)

β (95% CI) P β (95% CI) P β (95% CI) P

Bereavement 0.14 (−0.04, 0.32) 0.12 0.22 (0.31, 0.40) 0.02 0.47 (−0.06, 1.02) 0.08

Suicidal ideation at the time of TSST 0.0004 (−0.01, 0.01) 0.90 0.0002 (−0.01, 0.01) 0.96 0.25 (−0.52, 1.03) 0.52

Demographics

Age at parent’s death 0.46 (0.02, 0.07) 0.001 0.04 (0.02, 0.07) 0.002 −0.02 (−0.08, 0.05) 0.59

Female Sex −0.18 (−0.35, −0.01) 0.03 −0.22 (−0.38, −0.03) 0.02 −0.09 (−0.66, 0.48) 0.76

Race 0.31 (0.06, 0.55) 0.01 0.37 (0.16, 0.58) 0.001 0.38 (−0.01, 0.78) 0.06

Socio-economic status −0.01 (−0.01, −0.001) 0.03 −0.004 (−0.01, 0.002) 0.22 0.02 (−0.004, 0.04) 0.11

BMI −0.001 (−0.01, 0.01) 0.90 −0.002 (−0.01, 0.01) 0.66 −0.01 (−0.04, 0.03) 0.68

Participant ate
§ −0.19 (−0.41, 0.04) 0.10 −0.21 (−0.42, −0.01) 0.04 0.28 (−0.59, 1.16) 0.52

Participant had caffeine
§ 0.16 (−0.01, 0.33) 0.06 0.18 (−0.003, 0.37) 0.05 −0.04 (−0.59, 0.51) 0.89

Participant had milk products
§ −0.04 (−0.21, 0.13) 0.61 −0.03 (−0.21, 0.15) 0.76 0.07 (−0.46, 0.60) 0.80

Participant smoked
§ 0.24 (−0.01, .048) 0.06 0.14 (−0.09, 0.36) 0.24 −1.00 (−1.78, −0.23) 0.01

Participant rinsed mouth
† −0.017 (−0.33, 0.29) 0.91 −0.20 (−0.50, 0.11) 0.20 −1.20 (−2.51, 0.12) 0.07

Participant on medication(s) −0.01 (−0.18, 0.16) 0.93 −0.04 (−0.22, 0.14) 0.65 −0.31(−0.85, 0.24) 0.27

Offspring Lifetime Psychiatric Disorder up to TSST

Physical/sexual abuse −0.10 (−0.31, 0.1) 0.33 −0.19 (−0.40, 0.05) 0.12 −0.33 (−0.85, 0.12) 0.22

Attention deficit hyperactivity disorder 0.03 (−0.20, 0.27) 0.80 −0.02 (−0.28, 0.24) 0.88 −0.54 (−1.14, 0.05) 0.07

Alcohol and substance abuse 0.26 (0.04, 0.49) 0.02 0.24 (0.01, 0.47) 0.04 −0.18 (−0.98, 0.62) 0.66

Anxiety −0.05 (−0.21, 0.12) 0.55 −0.12 (−0.29, 0.06) 0.19 −0.33 (−0.85, 0.19) 0.21

Behavioral disorder −0.11 (−0.41, 0.12) 0.48 −0.18 (−0.47, 0.10) 0.20 −0.63 (−1.37, 0.10) 0.09

Depression 0.08 (−0.09, 0.26) 0.35 0.07 (−0.11, 0.25) 0.44 −0.12 (−0.68, 0.44) 0.67

Bipolar disorder 0.18 (−0.20, 0.57) 0.35 0.10 (−0.30, 0.51) 0.61 −0.31 (−1.45, 0.84) 0.60

Any mood disorder 0.09 (−0.06, 0.23) 0.24 0.06 (−0.09, 0.21) 0.41 −0.13 (−0.57, −0.31) 0.55

Posttraumatic stress disorder 0.18 (−0.10, 0.47) 0.20 0.22 (0.004, 0.44) 0.05 −0.38 (−1.44, 0.67) 0.47

Family History up to TSST

Family history of psychopathology 0.68 (0.25, 0.38) 0.67 0.02 (−0.35, 0.39) 0.91 −0.47 (−1.68, 0.75) 0.45

Family history of suicidality 0.06 (−0.15, 0.27) 0.57 0.08 (−0.15, 0.31) 0.50 0.16 (−0.48, 0.81) 0.62

§
On day of TSST

†
Before TSST
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Table 2.

Demographic and Clinical Characteristics of the study classes.

Class 1 (low SIQ) Class 2 (high SIQ) Test P d

N 199 22

Bereaved, N (%) 94 (47.2) 18 (81.8) χ2=9.48 0.002 0.71

Sex, N (% male) 108 (54.3) 7 (31.8) χ2=4.00 0.04 0.45

Race, N (% white) 172 (86.4) 17 (77.3) FET 0.33 0.26

Age at parent’s death, M (SD) 12.4 (3.6) 11.6 (3.4) t=0.95 0.34 0.21

Socio-economic status, M (SD) 46.7 (12.5) 44 (13.6) t=0.87 0.38 0.22

Diagnosis up to TSST, N (%)

Physical/sexual abuse 20 (10.1) 4 (18.2) FET 0.27 0.26

ADHD 36 (18.1) 7 (31.8) FET 0.15 0.35

Alcohol and substance abuse 30 (15.1) 5 (22.7) FET 0.36 0.21

Anxiety 44 (22.1) 7 (31.8) χ2=1.05 0.30 0.23

Behavioral disorder 22 (11.1) 2 (9.1) FET >0.99 0.06

Mood disorder - bipolar
§ 5 (2.5) 3 (13.6)

FET <0.001 1.24

Mood disorder - depression
§ 67 (33.7) 17 (77.3)

Posttraumatic stress disorder 15 (7.5) 5 (22.7) FET 0.03 0.54

Any diagnosis 119 (59.8) 21 (95.5) χ2=10.85 0.001 0.76

Past diagnosis before death 40 (20.3) 9 (40.9) FET 0.05 0.50

Family history of suicidality up to TSST 49 (24.6) 8 (36.4) χ2=1.43 0.23 0.27

Family lifetime psychopathology up to TSST 183 (92) 22 (100) FET 0.38 0.31

BMI, M (SD) 25.5 (6.5) 25.5 (7.3) t=−0.04 0.96 0.01

GAS at baseline, M (SD) 79.7 (11.2) 74.0 (4.6) t=2.26 0.02 1.18

Cortisol

Baseline (ln) −2.1 (0.6) −2.1 (0.5) t=0.54 0.59 0.12

Total (ln) 1.5 (0.6) 1.5 (0.6) t=−0.21 0.83 −0.05

Reactivity −0.02 (2.0) 0.7 (1.7) t=−1.52 0.13 −0.34

d=Cohen’s d. FET: Fisher’s exact test. GAS: Global Assssment Scale (23, 24)

§
Compared to no mood disorder, the reference category
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Table 3.

Relatioship between suicidal ideation (SI) Classes and cortisol reactivity (AUCi).

β (95% CI) t P d

High SI class
§ 1.23 (0.41, 2.06) 2.98 0.004 0.23

Bereaved 0.87 (0.30, 1.43) 3.05 0.003 0.23

Family history of suicidality up to TSST −0.16 (−0.96, 0.64) −0.40 0.69 0.03

Family history of psychopathology up to TSST −0.17 (−0.95, 0.61) −0.42 0.67 0.03

Offspring’s history of psychopathology up to TSST −0.57 (−1.24, 0.09) −1.70 0.09 0.13

Age at parent’s Death 0.02 (−0.05, 0.09) 0.51 0.61 0.04

Female sex 0.04(−0.57, 0.65) 0.12 0.9 0.01

White race 0.38 (−0.17, 0.94) 1.36 0.18 0.10

Socio-economic status 0.01 (−0.02, 0.04) 0.87 0.38 0.07

Time of TSST −0.24 (−0.45, −0.03) −2.24 0.03 0.17

BMI −0.002 (−0.05, 0.05) −0.06 0.95 0.01

Smoking −1.50 (−2.54, −0.45) −2.85 0.005 0.22

d=Cohen’s d.

§
As compared to Low SI class, the reference category

J Affect Disord. Author manuscript; available in PMC 2020 October 01.


	Abstract
	INTRODUCTION
	METHODS
	Study sample
	Assessments
	Cortisol response to stress
	Statistical analysis

	RESULTS
	Relationships of bereavement and suicidal ideation at the time of the TSST on individual cortisol measures
	Trajectories of suicidal ideation, bereavement, and cortisol measures
	Cortisol response to stress as predictors of suicidal ideation

	DISCUSSION
	References
	Figure 1:
	Figure 2.
	Table 1:
	Table 2.
	Table 3.

