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A B S T R A C T   

Background: Cognitive inflexibility has recently been investigated as potential vulnerability factor for suicidal 
ideation (SI), but the context in which it may convey risk is unclear. Life stress has also been reliably associated 
with SI among adolescents, and following a stress-diathesis model, may be a factor that moderates the rela
tionship between cognitive inflexibility and SI. 
Methods: Psychiatrically hospitalized adolescents (N = 259) at high risk for future SI were followed for 18 months 
after discharge. Interviews assessing life stress and SI and a neurocognitive task assessing cognitive inflexibility 
were conducted at six- and 12-months. SI was also assessed at 18-month post-discharge. Linear mixed models 
were used to determine the moderating effect of stress on the relationship between cognitive inflexibility and SI, 
accounting for relevant clinical and demographic covariates. 
Results: Chronic stress moderated the association between cognitive inflexibility and SI, with a stronger associ
ation found among youth with greater levels compared to lower levels of chronic stress. This finding was 
maintained after statistically adjusting for depressive symptoms and relevant demographic covariates. No pro
spective associations between cognitive inflexibility, life stress, and SI were found. 
Limitations: SI was measured at 6-month intervals, precluding evaluation of the relationship on a more proximal 
timescale. 
Conclusions: Cognitively inflexible adolescents under conditions of high chronic stress are more likely to expe
rience increased SI severity, supporting a cognitive inflexibility stress-diathesis model of SI in adolescents. The 
findings highlight the importance of assessing these modifiable factors among adolescents at a high risk for SI.   

1. Introduction 

Death by suicide, particularly for youth, has been increasing mark
edly since 2007 (Miron et al., 2019). Although correlates for suicidal 
ideation (SI), a precursor and reliable predictor of suicide death, are well 
researched, rates of SI and related emergency department visits among 
adolescents have continued to rise (Ivey-Stephenson et al., 2020; Ribeiro 
et al., 2016). Recent research investigating neurocognitive functioning 
in risk for SI suggest cognitive inflexibility, or deficits in cognitive 
flexibility, as a particular vulnerability. Additionally, the moderating 
role of life stress, within a stress-diathesis model of suicide, may be a 

particularly important factor to consider. As such, the current study 
examines the moderating role of life stress on the association between 
cognitive inflexibility and SI among adolescents. 

Cognitive flexibility refers to the ability to adjust to feedback from 
the environment and selectively switch between mental processes in the 
service of generating appropriate behavioral responses (Armbruster 
et al., 2012; Dajani and Uddin, 2017). Encompassing multiple separate 
processes such as inhibiting inappropriate goals and shifting sets to 
respond to changing environmental demands (Diamond, 2013; Miyake 
et al., 2000), cognitive inflexibility has been implicated as a trans
diagnostic, neurocognitive risk factor related to a variety of 
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psychopathological disorders (Kim et al., 2012; Niendam et al., 2012). 
Cognitive flexibility is also an essential executive function necessary for 
problem-solving, which itself has been shown in previous studies to be 
associated with suicidal behavior in adolescents (for a review, see 
Speckens and Hawton, 2005). 

The literature directly investigating cognitive inflexibility and SI, 
however, has been relatively limited. Neurobehavioral indices of 
cognitive inflexibility have only recently been examined in relationship 
to SI, and most studies to date have been conducted with adult samples 
(Bredemeier and Miller, 2015). Broadly, however, the current evidence 
suggests that cognitive inflexibility is related to SI (Bredemeier and 
Miller, 2015). In the two investigations of the association between 
cognitive inflexibility and suicidal ideation and behavior among ado
lescents, results were mixed (MacPherson et al., 2022; Ruch et al., 
2020). In one study (MacPherson et al., 2022), adolescents with histories 
of suicide attempt demonstrated greater cognitive inflexibility relative 
to peers with no history of psychiatric illness. However, adolescents with 
histories of suicidal ideation only did not differ significantly in terms of 
cognitive inflexibility relative to peers recruited from the community 
with no history of mental illness and relative to individuals with a his
tory of suicide attempt. In another study (Ruch et al., 2020), no signif
icant differences among adolescents with a history of suicide attempt, 
suicidal ideation only, or depressive symptoms but no suicidality were 
found. 

Importantly, these studies both employed cross-sectional analyses of 
cognitive flexibility and SI. Additionally, MacPherson et al. (2022) 
compared psychiatric inpatients with SI to peers recruited from the 
general community with no history of psychiatric conditions. This 
complicates interpretation of any positive findings insofar as it is not 
possible to determine whether they are due to suicidal thoughts and 
behaviors rather than the psychiatric comorbidity found in psychiatric 
inpatients when compared to adolescents with no psychiatric illness, 
especially given that cognitive flexibility has been implicated in other 
psychiatric conditions prevalent on inpatient units, such as depression 
(Heinzel et al., 2010). Although Ruch et al. (2020) included a psychiatric 
control group recruited from the same patient population as participants 
with a history of suicidal thoughts and behaviors, the suicidal groups 
were based on lifetime history of suicidal thoughts and behaviors, 
meaning in some cases, occurrence of suicidal ideation may have 
temporally preceded assessment of cognitive flexibility by a substantial 
length of time, which limits inferences regarding cognitive inflexibility 
as a risk factor for future SI. 

In the only prospective study examining these issues, cognitive 
inflexibility among young adults, as indexed by the Wisconsin Card Sort 
Test, predicted later SI (Miranda et al., 2012; Miranda et al., 2013). 
However, many existing studies investigating cognitive inflexibility and 
SI, including the only prospective studies, have utilized community 
samples consisting of college students and young adults (Cha et al., 
2019). Despite the importance of prefrontal cortical development in 
adolescence, which is necessary for executive functioning processes such 
as cognitive flexibility, and the time varying nature of SI, no studies have 
investigated cognitive inflexibility among adolescents in relation to SI 
over time. As such, generalization of longitudinal findings with adults to 
youth cannot be assumed. 

SI is a complex, multidetermined phenomenon, and no one predictor 
is sufficient for predicting its occurrence. Consequently, not every 
adolescent demonstrating cognitive inflexibility will experience SI. The 
stress-diathesis model of suicidal behavior provides a framework 
through which we may begin to understand how cognitive inflexibility 
may represent a vulnerability for SI among adolescents. It posits that the 
development of SI requires both a diathesis, or trait-like vulnerability 
that predisposes an individual to SI, and conditions of stress (van 
Heeringen, 2012; Mann, 2003). It is possible that while cognitive 
inflexibility may represent a diathesis, life stress may be a necessary 
condition through which this vulnerability affects risk for suicidal 
thoughts and behaviors (STBs). Indeed, the relationship between 

cognitive inflexibility and life stress suggests an interactive effect that 
leads to pertinent clinical outcomes. For example, cognitive flexibility 
has been shown to be related to resilience to negative life events and 
stress (Genet and Siemer, 2011) and acute stress has been found to affect 
core executive functions such as cognitive inflexibility (Shields et al., 
2016). Additionally, a prospective study found that task switching, a 
component of cognitive flexibility, interacted with high levels of stress 
to predict rumination, suggesting cognitive inflexibility as a vulnera
bility factor for increased perseverative negative thinking under condi
tions of stress (De Lissnyder et al., 2012). Thus, investigating cognitive 
inflexibility as a potential diathesis leading to risk for SI under condi
tions of high stress is critical to the identification of suicide risk among 
adolescents. 

In evaluating cognitive inflexibility and life stress in a stress-diathesis 
model of suicide, several important methodological considerations 
should be mentioned. Although life stress is largely considered a reliable 
predictor of SI among adolescents (Liu and Miller, 2014), the vast ma
jority of studies feature self-report measurement of stressful life events, 
which may confound psychopathology (e.g., depression) or associated 
characteristics (e.g., negative attentional bias) with the life stress 
(Hammen, 2005; Monroe, 2008). Self-report measures of life stress are 
likely to inflate estimates of the strength of the association between this 
construct and suicide outcomes. Contextual threat interviews utilize 
systemic identification and probing within several relevant life domains 
to assess chronic stress, as well as a separate systemic process for iden
tifying the presence of event occurrences and associated, relevant 
contextual information. Chronic stress refers to the pervasive aspects of 
one's social or physical environment, involving deprivation or disad
vantage, that represent an ongoing threat and challenge to an individual 
(Compas, 1987). Episodic stress represents discrete, stressful occur
rences that are marked by threat and challenge to an individual outside 
of the context of a typical social or physical environment. These semi- 
structured interviews are unique in their assessment of both chronic 
and episodic stress, and are used in less than 5 % of the studies in this 
area (Liu and Miller, 2014). They provide a more rigorous evaluation of 
life stress in relation to suicide outcomes, dating and recall of life events, 
and are less affected by mood congruent biases (Mcquaid et al., 2000; 
Simons et al., 1993). Research utilizing this methodology is necessary 
for an accurate assessment of life stress in relation to SI. 

The current study aims to address the aforementioned limitations of 
the existing literature. Specifically, it provides the first examination of 
cognitive inflexibility, measured using a neurocognitive assessment, as it 
relates to SI among adolescents over time. Further, the assessment of life 
stress as a moderator of the association between cognitive inflexibility 
and SI integrates the separate literatures on executive function and life 
stress within a stress-diathesis conceptual framework to predict SI in this 
critical developmental period. Finally, the literature on cognitive flexi
bility and life stress in relation to SI largely utilizes community samples 
in cross-sectional designs, precluding an examination of how these 
constructs relate to the specificity of SI relative to more general psy
chopathology. In the current study, we investigate the moderating effect 
of life stress on the relationship between cognitive inflexibility and SI in 
a clinically acute sample of adolescents in a longitudinal, multi-wave 
design. That is, we examine the concurrent and prospective main and 
interactive effects of life stress and cognitive inflexibility as it relates to 
SI in a clinically acute sample of adolescents following discharge from 
psychiatric hospitalization. To address methodological limitations 
pervasive in the literature, the current study utilizes a contextual threat 
interview (Hammen and Brennan, 2001; Monroe, 2008) which is 
considered “gold standard” because of the rigorous interview-based 
methodology, validity, and the ability to assess both chronic stress and 
episodic stress, as well as a behavioral measure of cognitive inflexibility 
in a longitudinal design. 
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2. Method 

2.1. Participants 

Participants were 259 (Mage = 14.97, SD = 1.41, 73 % assigned fe
male at birth) adolescents between the ages of 12 and 18 years recruited 
from an inpatient psychiatric facility in the northeastern United States. 
They were enrolled in either a naturalistic longitudinal study (n = 180) 
or a randomized controlled trial (RCT) for adolescent suicide (n = 79). 
Eligibility screening was conducted by trained masters and doctoral 
level clinicians and post baccalaureate research assistants following 
review of electronic health records and discussion with treatment teams. 
Eligibility criteria differed slightly among studies, although the 
recruitment procedure, assessment battery, and patient population were 
identical. Inclusion criteria for the naturalistic longitudinal study 
included admission to a psychiatric inpatient facility within one month 
of consent and English fluency. Participants were eligible for the RCT, 
which investigated the efficacy of an intervention designed for high-risk, 
suicidal adolescents, if the primary reason for hospitalization was sui
cidal thoughts or behaviors and they met criteria for major depressive 
disorder (MDD), dysthymia, or a mood disorder not otherwise specified. 
The primary reason for psychiatric hospitalization was determined 
through chart review. Additionally, participants must have experienced 
one of the following to be eligible for the RCT: 1) non-suicidal self-injury 
(NSSI) on at least 5 occasions in the past 6 months, 2) a suicide attempt, 
or 3) recurrent substance abuse. Thus, inclusion criteria were more 
restrictive for the RCT. Exclusion criteria for both studies included an IQ 
below 80, measured by the Wechsler Abbreviated Scale of Intelligence, 
and acute psychosis or Pervasive Developmental Disorder. Additional 
exclusion criteria for the RCT were a primary diagnosis of either 
obsessive-compulsive disorder or an eating disorder. All diagnoses 
necessary for assessing eligibility were determined based on adminis
tration of the Schedule for Affective Disorders and Schizophrenia for 
School-Age Children (K-SADS-PL). Eligible participants and families 
provided informed consent and completed initial screening measures to 
determine final eligibility. 

Of note, participants in the RCT treatment condition did not differ 
from those in its control condition at any follow-up assessment in terms 
of suicide attempts, NSSI, or rehospitalization (Esposito-Smythers et al., 
2019). Regarding differences between samples on key study variables at 
baseline, participants in the clinical trial had greater depressive symp
toms [t(257) = 3.02, p = .003] and greater chronic stress [t(257) = 2.07, 
p = .040] than participants in the naturalistic longitudinal study. They 
did not differ in SI [t(257) = 1.19, p = .235], cognitive flexibility [t(251) 
= 0.77, p = .442], and episodic life stress [t(255) = 0.53, p = .599]. 

2.2. Procedure 

Baseline measures were administered during index hospitalization. 
Potentially eligible participants and their families were approached, and 
those willing to participate provided informed consent. Rhode Island 
Hospital institutional review board study approval was obtained for the 
study. Follow-ups occurred six-, 12-, and 18-months following 
discharge. Measures of SI, depressive symptoms, life stress, and cogni
tive flexibility were administered at baseline, six-, and 12-month follow- 
ups. Of the 259 enrolled participants, retention rates were: 88.4 % at six 
months, 88.0 % at 12-months, and 87.2 % at 18-months. A series of 
independent sample t-tests and χ2analyses were conducted to assess for 
attrition bias. No significant baseline differences were found between 
individuals who completed their 18 month assessment and those who 
did not, with the exception of baseline IED errors, with participants with 
missing data at 18-month follow-up exhibiting less cognitive inflexi
bility at baseline [t(66.36) = 2.00, p = .05]. 

2.3. Measures 

2.3.1. Suicidal ideation 
SI was assessed with the Suicidal Ideation Questionnaire – Junior 

(SIQ-JR; Reynolds, 1988). The SIQ-JR is a 15-item measure assessing SI 
over the past 30 days on a 7-point Likert scale from 0 (“I've never had this 
thought”) to 6 (“Almost every day”). The SIQ-JR has demonstrated 
adequate concurrent and construct validity and good internal consis
tency with a clinical sample of adolescents (Reynolds and Mazza, 1999). 
In the current study, internal consistency was high across timepoints (αs 
= 0.93–0.96). 

2.3.2. Depressive symptoms 
Depressive symptoms were measured using the Children's Depres

sion Inventory 2nd Edition (CDI-2; Kovacs, 2011), a 28-item measure 
with response options ranging from 0 to 2. The CDI-2 demonstrated 
excellent internal consistency in the current sample (α = 0.91). To avoid 
confounding depression with the outcome (SI), the SI question was 
omitted from the total CDI-2 score for the current study. 

2.3.3. Life stress 
Life stress were measured using the UCLA Life Stress Interview (LSI), 

modified for use with adolescents (Hammen, 2005; Hammen and 
Brennan, 2001). The LSI is a psychometrically valid, semi-structured 
interview that was used in the currents study to assess chronic and 
episodic life stressful that occurred in the six months prior to interview 
administration (Hammen, 2016; Hammen and Brennan, 2001). The LSI 
utilizes the contextual threat method of life stress assessment (Brown 
and Harris, 1978), which emphasizes the impact of the context- 
dependent nature of life stress on mental health. The LSI includes 
separate modules for chronic stress across multiple domains, as well as 
episodic stress (or stressful life events). In current conceptualizations of 
chronic and episodic stress in the life stress literature(Hammen, 2005), 
episodic stress is defined as stressful events that have a temporally 
delimited occurrences with clear onset and offset, in contrast to chronic 
stress, which persists for longer periods of time and may dissipate more 
gradually. 

For the interview modules assessing chronic stress over the past six 
months or since previous assessment period, adolescents were asked to 
provide contextual information on functioning and stress within a va
riety of domains. Information was collected about family relationships, 
peer relationships, relationship with their closest friend, romantic re
lationships, academic functioning, school behavioral functioning, their 
own physical health, and their families' physical and emotional health. 
Specific prompts and questions assessing the presence of stress within 
those domains were used to determine severity of chronic stress. 
Following the interview, the interviewer rated each domain on a scale of 
1 to 5, with half point increments, where 1 indicated presence of 
exceptional relationships or no chronic stress, and 5 indicated severe 
chronic stress (e.g., abusive relationship, school expulsion). Scores were 
calculated by summing the score for each domain to assess for overall 
chronic stress. 

In the episodic stress module, information on the nature of the event, 
context, and date were collected by trained interviewers. Initial probes, 
temporal anchors, and monthly calendars were provided to aid accurate 
recall of event dates. After the LSI was administered, the interviewer 
presented the narrative form of each life event, including the context 
surrounding the event, to a team of three or more trained coders who 
were blind to the participant's psychopathology and subjective reaction 
to each event. This team rated the impact of each event on a scale of 1 
(no significant threat or negative impact) to 5 (maximal negative impact or 
threat) based on relevant contextual factors, such as the consequences, 
expectedness, and duration. For the current analysis, the objective 
impact scores for each stressful life event were summed for each 
participant to index overall episodic stress. 
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2.3.4. Cognitive inflexibility 
Cognitive inflexibility was measured using the Cambridge Neuro

psychological Testing Automated Battery (CANTAB) intra-extra 
dimensional (IED) set shift task (Cambridge Cognition, 2021). This 
measure was modeled after the Wisconsin Card Sorting Task, and has 
demonstrated excellent construct validity in a sample of adolescent 
psychiatric patients (MacPherson et al., 2022; Rahmani et al., 2021). In 
this task, participants were presented with two distinct shapes and 
instructed to choose between them, using trial-and-error learning to 
determine the correct rule. Once the participant made six consecutive 
correct responses, the next stage began, and the rule changed. This task 
contained nine stages with distinct “rewarded” stimuli. The initial stages 
presented simple, one-dimensional, pink shapes. Next, white lines 
overlaid the pink shape to create compound stimuli. To establish set 
formation, test shifts in stages one to seven were intra-dimensional (ID), 
with only the pink shapes being relevant. These stages assessed gener
alization of learning. The critical extra-dimensional (ED) shift occurred 
at stage eight when the white lines, previously irrelevant stimuli, 
became relevant, and thus attentional set shifting was required for 
adaptive response. In the following, final stage, the rule reverts. The 
number of perseverative errors following the ED shift was used as an 
index of cognitive inflexibility in the current study. 

3. Data analysis 

Linear mixed models (LMM) with a first order autoregressive (AR1) 
covariance structure were used to examine the association between ED 
shift errors, life stress, and SI. An AR1 covariance structure was selected 
to account for correlations between responses across time (Bolger and 
Laurenceau, 2013). Time was coded as a categorical value representing 
each separate timepoint (i.e., baseline = 1, six month = 2, 12-month =
3). Separate models were conducted to examine the effects of chronic 
and episodic life stress. We first tested for the main and interactive ef
fects of each stress variable and ED shift errors on SI. Next, where a 
significant main effect or interactive effect was observed, we examined 
whether these effects were maintained when statistically adjusting for 
the influence of relevant demographic and clinical characteristics added 
to the model as covariates, including age, sex, minoritized status (white 
= 0; racially/ethnically minoritized = 1), time, and depressive symp
toms at baseline. To assess for the prospective relationship between ED 
shift errors, life stress, their interactive effect and SI, a lead variable was 
created for SI (time + 1). Additional linear mixed models with an AR1 
covariance structure were conducted to examine the association be
tween ED shift errors, life stress, and subsequent timepoint SI. Separate 
models were conducted to examine the effects of chronic and episodic 
stress. 

4. Results 

Means, standard deviations and frequencies of key study variables by 
follow-up timepoint are presented in Table 1. We conducted a series of 
LMM to examine the concurrent main and interactive effects of cognitive 
inflexibility and chronic and episodic stress separately. For chronic 
stress as an indicator variable, results for Model 1 (Table 2) indicated a 
significant main effect for ED shift errors, but not chronic stress, on SI. 
There was also a significant chronic stress × ED shift errors interaction, 
suggesting that the relation between cognitive inflexibility and SI 
differed as a function of chronic stress. This finding was maintained 
when we statistically adjusted for the youth's demographics, including 
age, racial/ethnic minoritized group membership (yes, no), sex assigned 
at birth, and baseline depressive symptoms (Table 2). 

To probe the significant interactive effect, we plotted the chronic 
stress × ED shift errors interaction graphically using a set of computa
tional web tools (Bauer and Curran, 2005; Preacher et al., 2006). As 
Fig. 1 shows, greater ED shift errors were linked to higher SI severity, 
particularly among individuals with greater chronic stress. This 

difference emerged at levels of chronic stress that occurred above 24.1 
(i.e., region of significance). Given the mean chronic stress scores for 
participants were approximately 22 across timepoints, these results 
suggest that the association between cognitive inflexibility and SI is 
particularly strong among youth with greater than average chronic 
stress and that these findings were at least partially independent from 
relevant participant demographic or clinical characteristics. 

Results of the model examining concurrent associations between 
episodic stress, ED shift errors, and their interactive effect showed that 
there was a significant main effect of episodic stress, but not ED shift 
errors on SI (Table 2). The episodic stress × ED shift errors interaction 
was nonsignificant (p = .10). The main effect of episodic stress was 
attenuated when accounting for all relevant demographic and clinical 
characteristics (p = .05). 

In order to assess for prospective associations between key study 
variables, we conducted a series of LMM to investigate the main and 
interactive effect between stress, cognitive inflexibility, and chronic and 
episodic stress (in separate models) on SI assessed six months later. 
Results are presented in Table 3. No significant main or interactive ef
fects were found. 

5. Discussion 

Consistent with theory and past empirical research, greater cognitive 
inflexibility among psychiatrically hospitalized adolescents was associ
ated with more severe SI over the course of the year following hospital 
discharge, particularly for those with higher levels of chronic stress. Our 
results provide support for a stress-diathesis model of suicide, whereby 
for adolescents in the context of chronically stressful environments, an 
inability to flexibly shift attention in the service of generating more 

Table 1 
Descriptive statistics for demographic characteristics and primary study 
variables.  

Primary study variables Mean (SD)/ N (%) 

Suicidal ideation (SIQ Total Score)  
Baseline 43.22 (24.05) 
6 months 23.07 (19.79) 
12 months 18.73 (17.59) 
18 months 19.04 (13.25) 

Cognitive inflexibility (EDS errors)  
Baseline 7.41 (8.99) 
6 months 4.82 (7.09) 
12 months 5.19 (8.53) 

Chronic stress  
Baseline 22.03 (2.78) 
6 months 22.15 (2.93) 
12 months 21.91 (3.30) 

Episodic stress  
Baseline 14.45 (6.89) 
6 months 13.83 (7.29) 
12 months 11.04 (7.23) 

Demographic and clinical covariates  
Age 14.97 (1.41) 
Female sex assigned at birtha 189 (73.0 %) 
Race/ethnicityb  

Hispanic or Latino 37 (14.3 %) 
American Indian and Alaskan Native 6 (2.3 %) 
Asian 14 (5.4 %) 
Black or African American 27 (10.4 %) 
Native Hawaiian and Other Pacific Islander 5 (1.9 %) 
White 230 (88.8 %) 

Depressive symptoms (CDI 2 score) 22.74 (10.19) 
Unipolar depression diagnosis (current)a  

Major depressive disorder 189 (73.0 %) 
Dysthymia 33 (12.7 %) 
Depressive disorder, not otherwise specified 24 (9.3 %) 

CDI 2 = Children's Depression Inventory; EDS = extra-dimensional shift; SIQ =
Suicidal Ideation Questionnaire. 

a n (% of sample). 
b Participants were told to select all that apply. 
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adaptive behavioral responses is associated with greater SI, at least 
concurrently. For adolescents without high levels of chronic stress, the 
effect of cognitive inflexibility on SI is attenuated. Importantly, these 
effects remain significant after accounting for demographic and clinical 
indicators of general distress, such as depressive symptoms, age, and sex, 
suggesting a fairly robust association with SI. This supports the assertion 

that cognitive flexibility may buffer the negative impact of chronic stress 
on SI. Cognitive inflexibility, therefore, may be a time-varying marker 
for vulnerability in the context of stressful environments. 

In prospective analyses, however, this effect did not remain signifi
cant for chronic or episodic stress. In fact, no main effects of cognitive 
inflexibility or life stress were found. This result is inconsistent with 

Table 2 
Moderating effect of stress on relationship between cognitive flexibility and suicidal ideation.   

Chronic stress Episodic stress 

Model 1 Model 2 Model 1 Model 2 

(B, SE) p (B, SE) p (B, SE) p (B, SE) p 

Fixed effects 
Intercept 52.37 (7.69) .00 53.92 (11.91) .00 47.91 (2.90) .00 44.06 (10.34) .00 
Time − 12.63 (0.80) .00 − 12.78 (0.88) .00 -11.86 (0.83) .00 − 12.25 (0.90) .00 
Life stress 0.07 (0.34) .85 − 0.34 (0.32) .29 0.33 (0.13) .01 0.25 (0.13) .05 
EDS errors -1.65 (0.65) .01 − 1.19 (0.62) .06 -0.14 (0.17) .41 -0.05 (0.17) .77 
Life stress x EDS errors 0.08 (0.03) .01 0.06 (0.03) .04 0.02 (0.01) .10 0.01 (0.01) .28 
Age   − 0.98 (0.67) .14   -1.20 (0.66) .07 
Sex   3.66 (2.18) .10   3.35 (2.17) .12 
Depressive symptoms   0.86 (0.97) .00   0.84 (0.10) .00 
Minority status   − 0.04 (2.41) .99   0.13 (2.38) .95  

Random effects 
Intercept variance 151.00 (41.27) .00 58.38 (43.69) .18 126.36 (45.16) .01 38.01 (48.86) .44  

Model fit 
Number of parameters 8  12  8  12  
− 2 Restricted Log Likelihood 5872.95  5785.40  5839.69  5752.85  

Note: EDS errors = Number of errors made following the extra-dimensional shift on the IED task, reflecting lower cognitive flexibility. 

Fig. 1. The moderating effect of chronic stress on the relationship between cognitive inflexibility and suicidal ideation.  
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previous findings among young adults, which found a prospective as
sociation between cognitive inflexibility and SI, even over the course of 
two years (Miranda et al., 2012, 2013). The current study diverges from 
the aforementioned study in a number of important ways that may ac
count for these differences in findings. First, the current sample con
sisted of adolescents, a critical age group for prefrontal cortical 
development (and thus aspects of executive function, such as cognitive 
flexibility), whereas the former study featured an adult sample, a group 
for whom the prefrontal cortex should be considerably more developed. 
Consequently, inter-individual variability in executive function, and 
thus cognitive flexibility, may be more pronounced in the older sample, 
leading to greater potential for detecting an association with SI. Second, 
the current study assessed whether cognitive flexibility interacted with 
life stress to predict SI, whereas the prior study only assessed for a main 
effect between cognitive flexibility and SI. 

Also worth noting is that the measure of SI in the present study 
assessed SI at six-month intervals. Given previous research demon
strating that SI fluctuates dramatically over the course of a month 
(Kleiman et al., 2017), it is possible that cognitive inflexibility under 
conditions of high chronic stress is predictive of SI on a shorter temporal 
scale than presently measured. Thus, future studies are necessary to 
evaluate the precise temporal parameters of this association. 

Further, contrary to study hypotheses, episodic stress was not a 
significant moderator of the association between cognitive inflexibility 
and SI. This highlights the importance of utilizing contextual threat 
methodology when considering the effect of stress on SI among ado
lescents, as self-report questionnaires and checklists do not distinguish 
between chronic stress and episodic stress. The current study therefore 
builds upon prior findings by lending clarity to the stress-diathesis 
relationship with SI, suggesting that this association is specific to 
chronic, rather than episodic, stress. Events that may be considered 
episodic stressors for one individual may represent an aspect of an 
ongoing stressful context for another individual, and therefore may not 
be identified or assessed as discrete episodic events. The current study is 
one of the very few studies to examine the effect of chronic stress on SI 
among adolescents, with most the literature examining broad concep
tualizations of stress that do not assess chronicity or context, relying 
heavily on reports that may conflate the two constructs. One previous 
study examined the interactive effect of chronic stress with a different 
intrapersonal vulnerability, problem solving, and SI among high-risk 
adolescents. Results likewise provided support for a stress-diathesis 
conceptual framework and highlighted the importance of using 
contextual threat methodology to assess the effects of both chronic and 
episodic stress in this developmental period (Grover et al., 2009). 

The present study was the first to address several pervasive 

methodological limitations in previous studies. First, the use of objective 
neurocognitive assessment and the contextual threat interview of life 
stress addressed an overreliance on self-report measurement of potential 
vulnerability to STBs. Second, the use of a clinical sample of high-risk 
adolescents and consideration of clinical severity over time as a covar
iate more broadly allowed for a more methodologically sensitive ex
amination of cognitive inflexibility and life stress in relation to SI 
specifically. In other words, cognitive inflexibility under conditions of 
high chronic stress may be able to further identify risk among adoles
cents already identified as at-risk by virtue of STB history and severe 
depressive symptoms. Given that the highest risk of suicidal outcomes 
occurs in the days to weeks after discharge from psychiatric inpatient 
care (Chung et al., 2017; Meehan et al., 2006; Vuagnat et al., 2019), the 
psychiatrically acute sample is a significant strength. The results, 
indeed, suggest the importance of the stress-diathesis framework in 
conceptualizing risk for STBs specifically among high-risk adolescents, 
and identifies crucial next steps for future research. 

Cognitive flexibility, and executive function more generally, have 
largely been examined in relation to STBs as dispositional, trait-like 
factors (Cha et al., 2019). Yet, research has demonstrated the effect of 
acute stress on core executive functions, including cognitive flexibility 
(Shields et al., 2016). Indeed, acute stress paradigms have been shown to 
decrease access to remote memory representations and to bias retrieval 
towards close associations, suggesting that cognitive flexibility becomes 
impaired under stress (Harkins, 2006; Storbeck and Clore, 2008). A 
recent study demonstrated that cognitive inflexibility increases under 
social stress (Fabio et al., 2021). This suggests that acute stressors lead to 
state-based increases in cognitive inflexibility, making it more difficult 
for individuals to respond flexibly and adaptively in the moment when 
encountering stressful social situations. Measurement of cognitive 
inflexibility in moments of acute stress, particularly social stress, may 
more accurately reflect how this crucial executive functioning capability 
functions following episodic stress. However, the current study 
measured cognitive inflexibility in the absence of a stress induction 
utilizing a neurocognitive measure that contains neutral stimuli. Given 
the conceptualization of adolescent suicide as “a failure of biological 
responses to acute stress in the proximal moments of a suicidal crisis,” a 
crucial next step would be to examine how cognitive inflexibility 
measured in response to an acute social stress paradigm relates to 
adolescent SI (Miller and Prinstein, 2019). Indeed, previous studies 
examining the interaction of cognitive and affective processes (e.g., 
negative mood or social stress induction) have been fruitful in the pro
spective prediction of SI and depressive symptoms (Calhoun et al., 2012; 
Cha et al., 2018). 

6. Conclusion 

In summary, the present results are the first to provide support for a 
cognitive inflexibility diathesis-stress model of SI in adolescents, reaf
firming the importance of considering stress in understanding risk for 
suicide in this sensitive developmental period. This study suggests 
importance of future directions that understand how various cognitive 
risk factors create vulnerability to SI in the context of stressful envi
ronments. Many existing treatments for SI among adolescents attempt to 
target cognition and promote flexibility in thinking. Cognitive flexibility 
as a target for intervention may be most crucial for adolescents under 
conditions of chronic social, behavioral, or academic stress. Identifica
tion and treatment of perseverative thinking, possibly influenced by 
cognitive inflexibility, and identification of periods of acute and chronic 
stress represent important steps in reducing the proximal risk for sui
cidal thinking in adolescents. Future research is encouraged to affirm the 
directionality and time course of the effect of cognitive inflexibility as it 
relates to future SI under conditions of stress and investigate the tem
poral associations between these constructs. 

Table 3 
Moderating effect of stress on relationship between cognitive inflexibility and 
suicidal ideation 6 months later.   

Chronic stress Episodic stress 

(B, SE) p (B, SE) p 

Fixed effects 
Intercept 23.32 (6.34) .00 24.42 (2.41) .00 
Time − 2.18 (0.67) .00 -2.07 (0.68) .00 
Life stress 0.11 (0.28) .70 0.07 (0.11) .49 
EDS errors − 0.36 (0.50) .48 -0.19 (0.14) .17 
Life stress x EDS errors 0.01 (0.02) .66 0.00 (0.01) .67  

Random effects 
Intercept variance 60.23 (54.83) .27 72.56 (47.03) .12  

Model fit 
Number of parameters 8  8  
− 2 Restricted Log Likelihood 5084.21  5054.41  

Note: EDS errors = Number of errors made following the extra-dimensional shift 
on the IED task, reflecting lower cognitive flexibility. 
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