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ARTICLE INFO ABSTRACT

Keywords: Introduction: Suicide is the second most common cause of death among young people. Structural brain alter-
Suicidal ideation ations, rumination, and recent stressful experiences contribute to suicidal thoughts and behaviors (STBs).
methd ive disord Methods: Here, we employed structural equation modeling (SEM) to examine the unique and combined re-
rjﬁ;a;?);esswe isorder lationships of these risk factors with STBs in a sample of young people with major depressive disorder (MDD)

from the Magnetic Resonance-Improving Mood with Psychoanalytic and Cognitive Therapies (MR-IMPACT)
study (N = 67, mean age = 15.90; standard deviation + 1.32).

Results: Whereas increased rumination and lower surface area of brain regions, that have been previously re-
ported to be involved in both STBs and rumination, were associated with each other (Beta = —0.268, standard
error (SE) = 0.114, Z = —2.346, p = 0.019), only increased rumination was related to greater severity of suicidal
ideation (Beta = 0.281, SE = 0.132, Z = 2.134, p = 0.033). In addition, we observed that recent stress was
associated with lower surface area in the suicidal ideation model without covariate only (Beta = —0.312, SE =
0.149, Z = —2.089, p = 0.037). For the attempt models, no associations were found between any of the risk
factors and suicide attempts.

Limitations: We emphasize that these findings from this secondary analysis are hypothesis-forming and pre-
liminary in nature given the small sample size for SEM analyses.

Conclusion: Our findings suggest that neither lower surface area nor recent stress are directly associated with
youth suicidal ideation or attempt. However, lower surface area is related to recent stress and increased rumi-
nation, which predicted greater severity of suicidal ideation in young people with MDD.

Magnetic resonance imaging
Structural equation modeling

1. Introduction World Health Organization, 2014). Among young people, suicide is the
second most common cause of death (Curtin & Heron, 2019; Hawton

More than 800,000 individuals lose their lives by suicide annually et al., 2012) for which suicidal thoughts and behaviors (STBs) being
worldwide (Centers for Disease Control and Prevention et al., 2012; major risk factors (Klonsky, May, & Saffer, 2016; Ribeiro et al., 2016), as
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are mental health conditions (Auerbach et al., 2019; Barzilay et al.,
2020; de Beurs, Ten Have, Cuijpers, & de Graaf, 2019; Kasen & Chen,
2019; Lewinsohn, Clarke, Seeley, & P, 1994). In particular, major
depressive disorder (MDD) is a mental health condition with one of the
highest risks of suicide (Auerbach et al., 2019; de Beurs et al., 2019;
Lewinsohn et al., 1994; Mullins et al., 2019; O’Rourke, Jamil, & Siddi-
qui, 2021). As such, a better understanding of the mechanisms that
underlie this risk to STBs in young people suffering from MDD is criti-
cally important.

One of the potential mechanisms that underlies vulnerability to
adolescent STBs is affective and behavioral dysregulation in the form of
excessive and perseverative negative thinking, i.e., rumination (Barzilay
et al., 2019; Crandall, Allsop, & Hanson, 2018; Harman et al., 2021;
O’Reilly et al., 2020; Pu, Setoyama, & Noda, 2017). Rumination aids
vulnerability to STBs, for instance, rumination has particularly strong
links with STBs in individuals with MDD (i.e. suicidal ideation (Rogers &
Joiner, 2018; Surrence, Miranda, Marroquin, & Chan, 2009); attempts
(Horwitz, Czyz, Berona, & King, 2019; Rogers & Joiner, 2018; Surrence
et al., 2009; Tang et al., 2021)).

STB risk in young people is further linked to alterations in brain
structure and functioning (Schmaal et al., 2020). Convergence across
neuroimaging research to date (Schmaal et al., 2020; van Harmelen,
Schmaal, & Blumberg, 2021) suggests a theoretical model where sui-
cidal ideation may be generated through structural and functional
changes in ventral prefrontal regions and their major projection sites
that underlie affective cognitive functions, such as rumination. The
transition to suicidal behavior may then occur through the additional
involvement of altered dorsal and lateral prefrontal systems and con-
nections comprising top-down executive inhibition, suboptimal
decision-making and planning processes (Schmaal et al., 2020). Com-
plex interactions are thought to underlie the transition from suicidal
thoughts to behaviors, which require further research. So far, only a
limited number of neuroimaging studies examined young people with
STBs, and reported altered functioning in frontal systems (Auerbach,
Pagliaccio, Allison, Alqueza, & Alonso, 2021b; Johnston et al., 2017; van
Harmelen et al., 2021) and reduced gray matter volumes in prefrontal
and anterior cingulate cortices (Auerbach, Pagliaccio, et al., 2021b; Fan
et al., 2019; Jabbi et al., 2020; Johnston et al., 2017; Lippard et al.,
2019; van Harmelen et al., 2021). Therefore, risk for STBs may arise
through increases in rumination presumably underpinned on a neural
level by atypical brain structure and function linked to these regions.
However, to date, the unique and contributing roles of rumination and
its underpinning brain structure have not been examined together in
STBs in young people with MDD.

Risk for STBs is also elevated after exposure to early-life stress such as
trauma, abuse, neglect, or bullying experiences in childhood or adoles-
cence (Barzilay et al., 2021; Chen et al., 2021; Duprey, Handley, Manly,
Cicchetti, & Toth, 2021; Gongalves Peter et al., 2020; Lebowitz, Blum-
berg, & Silverman, 2019; Roh et al., 2015; Saint Onge, Cepeda, Lee King,
& Valdez, 2013; Sewall et al., 2020). Stress experiences during devel-
opment are thought to shape brain development in multiple ways,
including through alterations in synaptic pruning of neuronal networks
(Johnson, Fields, & Bluett, 2020). In line with this, stressful experiences
during childhood and adolescence have been linked with structural
brain alterations in young people, including reduced corticostriatal-
limbic gray matter volumes (Edmiston et al., 2011), that underpin
cognitive flexibility associated with STBs (Spann et al., 2012). There-
fore, stress during adolescence has been linked to mood and behavioral
problems in young people (Green et al., 2010; McLaughlin et al., 2010a,
2010b). It is clear that stressful experiences, rumination, and related
brain morphology contribute to STB risk in young people. To increase
our understanding of mechanisms that contribute to STBs in young
people with MDD, they need examining concurrently with each other
such that any unique as well as joint effects can be revealed.

Here, we used structural equation modeling (SEM) in young people
with MDD and STBs to investigate the relations and interrelations of self-

94

Journal of Affective Disorders 325 (2023) 93-101

reported ruminative responses and recent stressful experiences during
adolescence together with their putative brain structural underpinnings.
The Magnetic Resonance-Improving Mood with Psychoanalytic and
Cognitive Therapies (MR-IMPACT) sample consisted of young people
with a primary diagnosis of MDD. We specifically examined surface area
(SA) of brain regions as this is the structural brain measure most clearly
linked to STBs in a recent mega-analysis (Campos et al., 2020).

We hypothesized first, that higher levels of rumination, lower SA of
related brain regions and exposure to one or more recent stressful events
during adolescence would each be uniquely associated with STBs. We
further expected that recent stress would be related to both lower SA of
the brain and increased rumination. Furthermore, we assumed that
lower SA and increased rumination would be associated with each other.
We also hypothesized that lower SA may not be directly associated with
youth STBs but lower SA will be related to increased rumination, with
rumination predicting STBs directly. Similarly, we expected that recent
stress may not directly predict STBs but rather recent stress will be
associated with lower SA of the brain or rumination, with rumination
predicting STBs instead.

2. Methods
2.1. Participants

Sixty-seven participants, aged between 11 and 17 years (mean =
15.90; standard deviation (SD) + 1.32), 73 % females, were selected
from the MR-IMPACT study based on complete data on the Columbia-
Suicide Severity Rating Scale (C-SSRS) and the structural T1 scan, and
represent a subsample of the MR-IMPACT study, and all had a diagnosis
of MDD (Table 1). MR-IMPACT is a substudy of the IMPACT study,
which is a larger clinical trial in adolescents with MDD (Goodyer et al.,
2017). Full details of the MR-IMPACT protocol, including inclusion
criteria, have been presented previously (Hagan et al., 2013a). Briefly,
participants were recruited at 15 National Health Service child and
adolescent mental health service (CAMHS) clinics in three regions in
England. A current MDD diagnosis was established according to DSM-IV
through child and parent interviews using the Kiddie Schedule for Af-
fective Disorders and Schizophrenia - Present and Lifetime version (K-
SADS-PL) (Kaufman et al., 1997). All participants in this sample of the
MR-IMPACT study completed the short form of the Mood and Feelings
Questionnaire (SMFQ) at the time of imaging (Sharp, Goodyer, &
Croudace, 2006) (mean = 19.31; SD =+ 6.76).

Exclusion criteria for MR-IMPACT included a diagnosis of primary or
secondary comorbid disorders of bipolar type I, schizophrenia or eating
disorders, alcohol or substance abuse or dependence, pervasive devel-
opmental disorder, generalized learning problems, current use of
medication that may adversely interact with selective serotonin reup-
take inhibitors, presence of a gross brain abnormality (T1 images
screened by a neuroradiologist) and Magnetic Resonance Imaging (MRI)
contraindications, including claustrophobia. Participants above 16 years
provided written informed consent, while participants below 16 years
and their parents/guardians provided written informed assent and
informed permission, respectively. The study was approved by the Na-
tional Research Ethics Service Committee East of England - Cambridge
Central. Findings of these data have been published elsewhere, for
example on age-related gray matter volume differences (Hagan et al.,
2015) and cortical thickness (Villa et al., 2020) in adolescents with MDD
compared to healthy controls. Findings on the full pragmatic superiority
randomised controlled trial have been reported previously, including
evidence that on average self-reported ruminative thinking dimished
over the course of the longitudinal study regardless of which treament
the patients received (Goodyer et al., 2017). However, SA and their
relationship to STBs, rumination and recent stressful experiences have
not been reported before.
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Table 1
Characteristics for the MR-IMPACT sample (N = 67).
Number Mean (SD)
(percentage)
Age - 15.90 (1.32)
Sex (Female: Male) 49: 18 (73 %: 27 -
%)
Ethnicity White Mixed W/B/C/A/O"
61 (91 %) 6 (9 %)
Antidepressant use” 29 (43 %) -
Questionnaires
Lifetime ideation
Mild to severe lifetime ideation 61 (91 %) 3.4 (1.69)
Lifetime attempt
Presence of lifetime history of 22: 45 (33 %: 67
attempts (Yes: No) %)
SMFQ - 19.32 (6.76)
RRS’ - 16.18 (3.8)
LEQ’ - -
>
Three questions No event One 2 Two
event events
. . 10 (25
Lost touch with friends 23 (57.5 %) %) 7 (17.5 %)
0.
Problems with friends 19 (47.5 %) 3/:) @5 7 (17.5 %)
Lost people with personal 18 (45 %) 13 (32.5 9(22.5 %)

significance %)

Surface area of four regions of interest’
Surface area 67 (100 %)
IFG, Parsorbitalis -
Precuneus -
Rostral anterior cingulate -
Superior temporal -

788.93 (80.80)
4031.03 (489.07)
766.71 (146.38)
3928.99 (410.23)

Abbreviations: IFG, inferior frontal gyrus; LEQ, Life Events Questionnaire; RRS,
Ruminative Response Scale; SMFQ, Short Mood and Feelings Questionnaire; SD,
standard deviation.

! Mixed W/B/C/A/O = Mixed White, Black, Caribbean, African, or Other.

2 Including selective serotonin reuptake inhibitors.

3 Missing data in six participants (9 %).

4 Missing data in 27 participants (40 %).

5 Four regions of interests.

3. Measures
3.1. Suicidal thoughts and behaviors

STBs were assessed using the C-SSRS (Posner et al., 2011). The C-
SSRS is an established interview to assess current and lifetime suicidal
thoughts and actual attempts, which are defined as self-injurious acts
committed with at least some intent to die. Ideation and attempt were
assessed for lifetime period (‘lifetime ideation/attempt’). Details on
suicidal ideation and attempt are presented (Table 1).

Two STB groupings were generated based on the C-SSRS to provide
for the systematic study considering potential overlap and differentia-
tion between ideation and attempt:

(i) ‘Lifetime suicidal ideation’ as a continuous variable (severity of
ideation, based on the 5-point Likert scale from one to five with
higher scores reflecting greater severity of ideation; see Table 1)

(ii) ‘Lifetime suicidal attempt’ as a dichotomous variable (lifetime
history of actual suicidal attempt scored ‘1’ versus no lifetime
history of attempt scored ‘0’; an actual attempt was defined as a
self-injurious act committed with at least some intent to die).

3.2. Rumination

We assessed cognitive rumination with the Ruminative Response
Scale (RRS), a 39-item measure derived from the Nolen-Hoeksema's
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Ruminative Depression Questionnaire (Nolen-Hoeksema, 2000). The
RRS describes responses to low mood that are self-focused, symptom-
focused and based on the possible consequences and causes of low mood
using a 4-point Likert scale. Here, the shortened version of the RRS with
17 items was administered. The total RRS score is a sum score based on
the subscales of reflection and brooding comprising responses to self-
focus and ascertaining potential consequences and causes of low
mood. Please see Table 1 and Supplementary Materials for more details.

3.3. Recent stress

Recent stress comprised an estimate of recent stressful events. A
shortened version of the Life Events Questionnaire (LEQ; (Goodyer et al.,
2011, Goodyer, Herbert, Tamplin, & Altham, 2000)) was used in which
three questions were administered to assess undesirable stressful life
events during the last twelve months. These three questions encom-
passed two friendship-based questions (‘Lost touch with friends’;
‘Problems with friends’) and one general question (‘Lost people of per-
sonal significance’) to reflect peer and family relationship experiences of
relevance to young people. The number of experienced events as well as
the severity of these events were recorded. Scoring of severity was based
on subjective rating on a Likert scale from ‘1’ (‘not at all’) to ‘5’ (‘very
stressful’). Moderate to severe recent undesirable life events were
defined as scores between ‘3’ to ‘5’. Briefly, 18 % of the young people
had experienced two or more moderate to severe events when asked if
they had lost touch with friends in the last year; 20 % reported to have
had two or more moderate to severe events related to problems with
friends; and 23 % said that they had lost people with personal signifi-
cance. Please see Table 1 for details. In summary, the number of re-
ported moderate to severe events across the three questions of the LEQ
were recorded.

4. Structural MRI data
4.1. Structural MRI data acquisition

Neuroimaging data of all participants were acquired with a 3 Tesla
Magnetom Trio Tim scanner (Siemens, Erlangen, Germany) at the
Wolfson Brain Imaging Centre, University of Cambridge, UK. A high-
resolution T1-weighted three-dimensional magnetically prepared rapid
acquisition gradient echo sequence (3D-MPRAGE) was used to acquire
date in the sagittal plane with the following parameters: 176 slices of 1
mm thickness without gap, repetition time (TR) = 2300 ms, echo time
(TE) = 2.98 ms, inversion time (TI) = 900 ms, flip angle = 9°, matrix =
240 x 256, field of view (FOV) = 240 x 256 mm?, voxel size = 1 mm>.

4.2. Image preprocessing

T1-weighted MRI structural brain scans were analyzed using the
validated and automated segmentation software FreeSurfer (Fischl
et al., 2002) (version 6.0) (available at http://surfer.nmr.mgh.harvard.
edu/). Here, we focused on SA of the 17 brain regions previously linked
to STBs (Schmaal et al., 2020). Thus, the segmentation of cortical SA was
visually inspected for accuracy following standardized protocols (http:
//enigma.ini.usc.edu/protocols/imaging-protocols/). SA segmenta-
tions were excluded from the analyses if they were not properly
segmented or outliers (> three SD away from the mean) were identified.
The selection of brain markers followed these steps, which are sum-
marized in the Supplemental Fig. S1 (first column). We extracted left
and right hemispheric regional SA of the standard 68 Desikan-Killiany
regions (Desikan et al., 2006) and averaged left and right hemispheric
regional SA following the Passamonti and Malpetti approach (Malpetti
et al., 2020; Passamonti et al., 2018, 2017). From these, we selected the
17 regions of interest (ROIs) that have been linked to STBs previously
(please see Table S1) (Schmaal et al., 2020).
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4.3. Overview of statistical analyses

We used SEM (Kline, 2016) in Lavaan (version 0.6-8; (Rosseel, 2012)
in R version 4.0.5 (R Core Team, 2020)). To assess model fit, we report
chi-square (X?) fit statistics and the root mean squared error of
approximation (RMSEA). RMSEA of less than 0.08 implies an acceptable
model fit, and values of less than 0.05 imply a good fit (Kline, 2016).
Furthermore, we report the comparative fit index (CFI), and the Tucker-
Lewis index (TLI), for which the values of CFI and TLI > 0.95 represent
good fit of the overall model (Kline, 2010). In addition, we also report
the standardized root squared residual (SMRM). We note that all re-
ported fit statistics and indices are over-identified. This means that our
models were fully saturated and had perfect fit with O degrees of
freedom, therefore we report and focus our discussion on the key asso-
ciations within the models, and we will not interpret model fit indices.
All 67 participants for this SEM analysis from the MR-IMPACT study
were included because we employed the estimator maximum likelihood
(ML) and we used full-information maximum likelihood (FIML), which
is optimal for models that contain missing data that are assumed to be
missing at random (Kline, 2016; Nash, 2014). Using FIML, the estima-
tion assesses all parameters based on the cases that have available data.
All variables were scaled to a standard normal distribution. Confirma-
tory Factor Analysis (CFA) and path analysis were run separately as the
number of participants per parameter in the model would exceed the
established rule of thumb of five parameters otherwise (Kline, 2005).
Running CFA and path analysis separately (called structure after mea-
surement) is an acceptable solution in smaller samples (Rosseel & Loh,
2022).

4.4. Calculation of latent rumination, stress and brain factors

We ran CFA to calculate latent factors for the three factors of interest:
a ‘rumination factor, a ‘stress factor’ and a ‘brain factor’. Given the
relatively modest sample size, factor scores for all latent factors were
calculated using the Factor Score Regression approach for one-factor
models (DiStefano, Zhu, & Mindrila, 2009; Lu, Kwan, Thomas, & Ced-
zynski, 2011) and utilized in SEM analyses to test their relationships and
inter-relationships with STBs.

We created a latent ‘rumination’ factor based on total RRS score,
which is a sum score based on the subscales of reflection and brooding
responses to low mood (please see Supplementary Material for details).

The latent ‘stress’ factor has been built based on the total number of
events that were rated as moderate or more severe for each of the three
types of events from the LEQ (‘Lost touch with friends’; ‘Problems with
friends’; ‘Lost people of significance’). Specifically, for each of the three
types of events, participants were asked to rate the severity of the event
on a Likert scale from ‘1’ (‘not at all’) to ‘5’ (‘very stressful’). Participants
were also asked to provide the number of such events on a scale from ‘0’
to ‘3’, where 3 was used to indicate 3 or more events. From these an-
swers, and in line with Goodyer et al., 2000, we selected only those
experiences where the severity was rated as to be moderate or more
severe (i.e. severity scores of ‘3’, ‘4’ or ‘5’), and used the number of those
events for our analyses. As such, our latent stress factor was based on the
number of moderate or more severe experiences that participants had
reported.

For the calculation of the latent ‘brain’ factor and given the current
uncertainty of what neural markers play a role in STBs in young people,
we selected ROIs that have also been shown to be implicated in rumi-
nation (please see Supplemental Fig. S1 (second column)). Firstly, we
chose SA from the 17 ROIs that are involved with suicidal ideation and
attempt (Schmaal et al., 2020). In the next step, we reduced the number
of ROIs to four regions that were implicated with rumination in a recent
meta-analysis covering functional studies (Zhou et al., 2020): the infe-
rior frontal gyrus (IFG; subregion parsorbitalis), precuneus, rostral
anterior cingulate and the superior temporal cortex ((Zhou et al., 2020);
Table S1). Finally, the latent ‘brain’ factor was created based on the
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selection of these four ROIs (Table 1).
4.5. Integrative models

After the calculation of these ‘rumination’, ‘stress’ and ‘brain’ factors
using factor analyses, we used a path analysis (Kline, 2016) in Lavaan
(Rosseel, 2012) to study the interrelations between these three latent
factors and STBs in a stepwise manner. The first model predicted lifetime
ideation and the second predicted lifetime actual attempt. In each
model, the stress, brain and rumination factors were allowed to co-vary
(Turecki, Ernst, Jollant, Labonté, & Mechawar, 2012; Van Harmelen,
Schmaal, & Blumberg, 2019).

We previously reported that higher rumination scores at baseline
were significantly reduced after treatment in IMPACT (Goodyer, Her-
bert, et al., 2017). Therefore, we investigated whether any association
between rumination and suicidal ideation or suicidal attempt was
explained by depression symptomatology in general. We examined
whether all findings remained significant when adding depression
severity (measured with the SMFQ sum score as a covariate) to the
models.

Finally, we calculated the correlation matrix between all variables in
the ideation and attempt models (i.e., rumination, stress and brain).
Please see the supplementary material.

5. Results
5.1. Calculation of latent rumination, stress and brain factors

Factor loadings for all three latent factors were positive (see Sup-
plementary Table S2 for details). This suggests that higher scores for the
rumination factor reflect higher rumination scores. Similarly for the
stress and brain factors, higher scores reflect more reporting of stress
exposure and higher SA, respectively. Standardized estimates for re-
lations among the three latent factors are shown in Table S3.

5.2. Integrative models

5.2.1. Lifetime suicidal ideation

We first tested a model where rumination, stress and the ROIs brain
factors together predicted lifetime suicidal ideation. Rumination was
positively associated with lifetime suicidal ideation (Fig. 1A) with
regression estimates reported in Table S4). In addition, rumination was
negatively associated with the brain factor, suggesting increased rumi-
nation was related to lower SA in the ROIs that underlie rumination
processes in the brain (i.e. IFG (parsorbitalis), precuneus, rostral ante-
rior cingulate and the superior temporal cortex). Additionally, stress was
negatively associated with the brain factor, indicating that a greater
number of recent stressful events were related to lower SA in those ROIs.

In the next step, we re-ran this model for suicidal ideation by using
the sum score of the SMFQ as a covariate. We observed a significant
relationship between the SMFQ and severity of ideation. However,
SMFQ was not significantly related to rumination, stress or the brain
factor. The positive association between rumination and severity of
ideation remained significant as did the negative relationship between
rumination and the brain factor (Fig. 1B, Table S4).

5.2.2. Lifetime suicidal attempt

In a model testing the relations and interrelations between the
rumination, stress and brain factors on lifetime suicidal attempt, we
found that recent stress was negatively associated with the brain factor.
In addition, reduced SA was significantly related to rumination. How-
ever, none of the three latent factors predicted suicidal attempts
(Fig. 2A) with regression estimates reported in Table S5).

Then we re-ran this model by covarying for the SMFQ sum score. We
found that SMFQ was not significantly related to any of the latent factors
or history of attempt. Only the negative association between rumination
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0.28 (0.28), R?=0.12*
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X2=0
CFl=1;TLI=1
RMSEA =0; SRMR =0

-0.05 (-0.05), R?=0.05

Suicidal ideation

0.31(0.31), R*=0.17* _

A

0.1 (0.1), R2=0.02

p <0.05

Not significant

X2=0
CFl=1;TLI=1
RMSEA =0; SRMR =0

-0.05 (-0.05), R?=0.05

Suicidal ideation

A
03(-03)*
0.27 (-0.27)*
Rumination
-0.16 (-0.16)
B
-0.29 (-0.29) *
0.27 (-0.27)*
Rumination
-0.16 (-0.16)

Fig. 1. Integrative ideation models.

A. Suicidal ideation - without SMFQ as covariate.
B. Suicidal ideation - with SMFQ as covariate.

A

0.02 (0.02), R?=0.001

p <0.05

Not significant

Brain alterations were based on selected brain regions of inferior frontal gyrus (pars orbitalis), precuneus, rostral anterior cingulate and the superior temporal cortex.
Estimates are unstandardized (standardized) path coefficients. Single-headed arrows represent regression paths. Double-headed arrows depict covariances between
the three endogenous variables. Red arrows denote significant associations. Black arrows represent non-significant associations.* p < 0.05.

B. SMFQ was specified as covariate for all latent factors and the dependent variable in this model, but is not depicted for simplicity. The relationship between the sum

score of SMFQ and ideation was significant at p < 0.001.

Abbreviations. SMFQ, Short Mood and Feelings Questionnaire; ROI, region of interest; STB, suicidal thoughts and behaviors.

and the lower SA of the brain remained significant (Fig. 2B, Table S5).
6. Discussion

We investigated the relationships and inter-relationships of rumi-
nation, recent stressful experiences during adolescence and brain
structural alterations on STBs in young people with MDD. We observed
that rumination was associated with greater severity of lifetime suicidal
ideation, but not with suicide attempt history. A greater number of
recent stressful experiences and higher rumination scores were inde-
pendently related to lower SA of the brain regions (i.e., IFG (pars orbi-
talis), precuneus, rostral anterior cingulate and the superior temporal
cortex regions) previously implicated in STBs among other regions
(Schmaal et al., 2020). In addition, these regions have also been shown
to underlie rumination (Zhou et al., 2020). These findings suggest that
both recent stress and these brain regions may contribute to suicidal
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ideation through their effect on ruminative responses in young people
with MDD, while recent stress was not associated with rumination.
Indeed, after covarying for depressive symptoms, we observed that the
relation between rumination and severity of ideation was not explained
by depression severity. The strong relation between the brain and
rumination factors, in addition to the strong relation between rumina-
tion and suicidal ideation from the correlation matrix findings, further
support our tentative interpretation that lower surface area is associated
with increased rumination, which predicted greater severity of suicidal
ideation. Furthermore, this tentative conclusion was based on the fact
that the brain regions selected for our analyses were chosen because of
their suggested role in suicidal ideation (Schmaal et al., 2020) and
rumination (Zhou et al., 2020). Unfortunately, our sample size did not
meet the requirements to test this suggested mediation, as such, future
studies with larger samples will be able to fully test this suggested
mediation. We propose that these findings from this secondary analysis
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0.23 (0.23), R%=0.11
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X2=0
CFl=1;TLI=1
RMSEA =0; SRMR =0

-0.01 (-0.01), R?=0.001

0.23 (0.23), R?=0.11

Suicidal attempt

70.16 (-0.16), R2=0.08

p <0.05

Not significant

X2=0
CFl=1;TLI=1
RMSEA =0; SRMR =0

-0.001 (-0.001), R?=0.001

A
-0.31(-0.31) *
Rumination
-0.14 (-0.14)
B
-0.29 (-0.29)
0.27 (-0.27)*
Rumination
-0.16 (-0.16)

Fig. 2. Integrative attempt models.

A. Suicide attempt - without SMFQ as covariate.
B. Suicide attempt - with SMFQ as covariate.

Suicidal attempt

70.16 (-0.16), R2=0.08

p <0.05

Not significant

Brain alterations were based on selected brain regions of inferior frontal gyrus (pars orbitalis), precuneus, rostral anterior cingulate and the superior temporal cortex.
Estimates are unstandardized (standardized) path coefficients. Single-headed arrows represent regression paths. Double-headed arrows depict covariances between
the three endogenous variables. Red arrows denote significant associations. Black arrows represent non-significant associations.

B. SMFQ was specified as covariate for all latent factors and the dependent variable in this model, but is not depicted for simplicity. No signficiant relationships were

observed.

Abbreviations. SMFQ, Short Mood and Feelings Questionnaire; ROI, Region of interest; STB, suicidal thoughts and behaviors.

suggest a new hypothesis of a potential role of increased rumination in
amplifying suicidal ideation in adolescents with MDD.

We found that more recent stressful life events were associated with
lower SA of ROIs previously implicated in STBs (Schmaal et al., 2020)
and rumination (Zhou et al., 2020) (i.e., the IFG (parsorbitalis), pre-
cuneus, rostral anterior cingulate and the superior temporal region)
when not covaried by depressive symptoms. In addition, we further
observed that lower SA was related to higher rumination factor scores,
and that rumination was linked to greater severity of suicidal ideation.
We suggest that these findings are in keeping with latent stress cali-
bration models (McCrory & Viding, 2015) that propose recent stress may
shape brain development and related cognitive functioning making in-
dividuals more vulnerable to mental illness (Puetz et al., 2020).
Furthermore, these findings are in line with a STBs model proposed by
Schmaal et al. (Schmaal et al., 2020) indicating that the brain factor
representing lower SA of the IFG (parsorbitalis), precuneus, rostral
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anterior cingulate and the superior temporal region may support the
generation of suicidal ideation via their function in rumination. Finally,
our finding of the relationship between rumination and elevated suicidal
ideation in young people with MDD is in keeping with the literature
(Rogers & Joiner, 2018; Surrence et al., 2009).

The findings from the IMPACT study and the prior ADAPT study
(Goodyer et al., 2008; Goodyer, Herbert, et al., 2017) have both shown
that all treatments for adolescents with MDD that result in decreased
depressive symptoms also decrease low mood-related ruminations at the
same rate. This may explain why, in the IMPACT study, suicidal ideation
remains lower in successfully treated cases regardless of the treatment
they received. Therapeutic methods to decrease suicidal ideation in
adolescents with MDD and higher ruminative thinking scores exist
already. Finally, we note the lack of associations between ruminations,
recent stress and SA of brain regions on suicidal behavior. Whilst this
may be of potential interest, we advise caution as recent neurobiological
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studies on STBs report very small effect sizes (Auerbach et al., 2021a,
2021b; van Harmelen et al., 2021; Vidal-Ribas et al., 2021), which may
explain these null findings on the direct association between the brain
factor and STBs.

Our study has some limitations. Firstly, our findings are based on a
small sample size for latent factor analyses. To overcome this issue, we
used the Factor Score Regression approach, however, this method has
some drawbacks (DiStefano et al., 2009; Lu et al., 2011). In addition, our
SEM models are exactly equalling the recommended guideline of N >
five per estimated path (Nunnally, 1967). This indicates that it was not
feasible for us to test the models for gender differences or medication
effects. We emphasize the preliminary nature of the findings given the
small sample size for SEM analyses. As such, large datasets like the
Adolescent Brain Cognitive Development (ABCD) dataset (Vidal-Ribas
et al., 2021) and the Enhancing Neuro Imaging Genetics Through Meta
Analysis (ENIGMA) STBs (Renteria et al., 2017) are needed to conclu-
sively investigate the relations and interrelations of rumination and
other functions, such as impulsivity, on youth STBs. Secondly, a further
limitation is that recent stressful experiences during adolescence were
assessed with only three questions that encompassed two friendship-
based and one general relationship questions. Therefore, the available
data in this study excludes the experience of a range of potential trau-
matic events, such as childhood trauma, and should be interpreted
carefully. Moreover, missing data of the LEQ and rumination further
limit the interpretation. Thirdly, the cross-sectional study design does
not allow the interpretation of directionality of the hypothesized asso-
ciations (e.g., that an increased number of recent stressful experiences
and lower SA of the brain affect rumination), where it is also possible
that increased rumination may lead to greater exposure of stressful ex-
periences and may contribute to lower area during brain development.
Fourthly, studies seeking to replicate the presented findings may
consider including a group of clinical controls (i.e., individuals with a
mental health condition who do not have a history of ideation and/or
attempt) and healthy controls (i.e., individuals without a mental health
condition or STBs) to further characterize the effects of biopsychosocial
factors on young people developing STBs. Additionally, a future follow-
up period is recommended given the known risk period for the devel-
opment of mental health conditions, including STBs, until the age of
approximately 30 years (Lee et al., 2014).

We aimed to advance our understanding of the relations and in-
terrelations of biological, psychological, and social risk factors for youth
STBs. We found that suicidal ideation may be related to rumination in
young people with MDD, which is associated with lower SA in these four
brain regions. These hypothesis-forming findings are preliminary in
nature and need to be proven and replicated. However, our findings
offer new pathways for further research to improve our understanding of
biological, psychological, and social risk correlates of developing STBs
in adolescents with MDD.
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