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Suicidal thoughts and behaviours (STBs) are major public health concerns. Despite much research focus on grey matter
abnormalities in STBs, the study of white matter tracts that connect the brain regions implicated in STBs has received relatively less
attention. Hence, we conducted the first meta-analysis of whole-brain voxel-based diffusion tensor imaging studies in STBs to
elucidate the most robust white matter microstructure abnormalities relative to controls. Fourteen DTI datasets were included,
comprising 289 individuals with a history of STBs and 506 controls. Anisotropic effect-size signed differential mapping, a voxel-
based meta-analytic method, was used to examine regions of altered fractional anisotropy (FA) in individuals with STBs compared
to controls. Individuals with a history of STBs had significantly lower FA in bilateral inferior longitudinal fasciculus, inferior frontal-
occipital fasciculus, uncinate fasciculus, fornix, cingulum bundle and corpus callosum body than controls. There were no regions
with increased FA. Findings remained in subgroup analyses of adult and drug-free samples. Decreased FA in the right fronto-limbic-
occipital cluster was more severe in younger individuals and females with STBs than controls. STBs are associated with
microstructural abnormalities particularly evident in the ventral fronto-limbic, visual-limbic-OFC and callosal body pathways,
suggesting that the neural pathways involved in emotion and sensory processing are specifically compromised in this population.
Insights into the neurobiological abnormalities associated with STBs are important as they encourage greater efforts to examine
treatments to normalise these morphological alterations and reduce suicide deaths.
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INTRODUCTION
Suicidal thoughts and behaviours (STBs) are major public health
concerns. Around 1 million people die by suicide yearly and
suicide is the second leading cause of death among youths
globally [1]. Currently, the predictive value of identified non-
biological risk factors for STBs is still limited [2]. The identification
of a neural signature of STBs could be a potential biomarker for
suicide risk, particularly when suicidal intentions are denied or
unrecognised in initial evaluations. Hence, it is crucial to advance
our understanding of the neural mechanisms underpinning STBs
and elucidate reliable biological risk markers to develop more
effective preventive strategies and targeted treatments to reduce
suicide fatalities.
Emerging evidence underscores the role of emotion dysregula-

tion in STBs. Recent MRI review studies reported that across
mental disorders, STBs are associated with grey matter volume
(GMV) reductions in several brain regions subserving emotion and
impulse regulation including the ventral prefrontal cortex (VPFC),
dorsal prefrontal cortex (DPFC), anterior cingulate, amygdala,
insula and middle/superior temporal cortices [3, 4]. Functionally,
STBs are associated with increased lateral VPFC activation during
cognitive control, response inhibition and processing of negative
emotions, with increased middle/superior temporal activation
during emotion processing, with blunted ventral striatal activation

during reward processing and with reduced frontolimbic con-
nectivity during resting-state [3, 4]. It has been further proposed
that alterations within the extended VPFC system may potentiate
suicidal thoughts and together with perturbations in top-down
and bottom-up connections contribute to suicidal behaviours [4].
Despite much research focus on GMV abnormalities in STBs, the

study of white matter (WM) tracts that connect the brain regions
implicated in STBs has received relatively less attention. Increasing
evidence suggests a dysconnectivity hypothesis that STBs may be
related to inefficient or abnormal WM pathways [5]. Brain regions
do not function independently; they are interconnected through a
complex system of short-and long-range WM tracts [6]. WM
connections convey information between distant brain regions,
regulating the speed and timing of activation across neural
networks, which are essential for optimal performance of higher-
order tasks that rely on integrated information processing [7].
Diffusion imaging measures the diffusion of water molecules

and can be used to either indirectly model trajectories of WM
tracts or show subtle variability within WM using MR images based
on diffusion metrics [8]. Fractional anisotropy (FA) is a commonly
used metric calculated using the relative directionality of water
diffusion within single voxels [9], which may reflect aspects of
membrane integrity and myelin thickness, where decreased FA is
usually associated with WM disruption [9]. Tract-based spatial
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statistics (TBSS) is a fully automated approach that allows whole-
brain analysis of WM in a voxel-wise manner, which allows the
identification of differences within specific regions of WM instead
of averaging across the entire tract bundle [10].
Several whole-brain and regions-of-interest (ROI) studies have

reported that STBs are associated with reduced FA in various large
WM tracts, particularly the uncinate fasciculus connecting the
anterior temporal lobe with the medial and lateral OFC [11–13]
corpus callosum connecting the left and right cerebral hemi-
spheres [5, 12, 14]; inferior fronto-occipital fasciculus (IFOF)
connecting the occipital and OFC areas via the external capsule
[5, 12, 15]; inferior longitudinal fasciculus (ILF) connecting the
occipital with the anterior temporal cortex [16, 17]; and cingulum
bundle (CB) connecting subcortical nuclei to the cingulate gyrus
[16, 18].
Therefore, the focus of this meta-analysis of whole-brain voxel-

based DTI studies in STBs was to reliably identify WM micro-
structural abnormalities measured by changes in anisotropy most
consistently implicated in STBs. Given that STBs are increasingly
considered as transdiagnostic symptoms occurring in a variety of
psychiatric disorders and they can also occur in the absence of
manifest psychopathology; hence, this meta-analysis examined
STBs as psychopathological phenomena of a disturbed mental
state across various comorbid psychiatric conditions. We hypothe-
sised that STBs would be associated with reduced FA in major
fronto-limbic tracts subserving emotion and impulse regulation.

METHODS
Study selection
Using PubMed, ScienceDirect, Web of Knowledge, and Scopus, we
conducted a comprehensive literature search to identify DTI papers in
STBs published up to 30 December 2023 with the following search terms:
“suicide,” “suicidal,” and “suicidality” (separated by OR) in combination with
the terms “diffusion tensor imaging,” “DTI,” “diffusion weighted imaging,”
“TBSS,” and “whole-brain” (separated by OR). In addition, reference lists of
included studies were hand-searched for suitable papers. We system-
atically checked study quality concerning design, demographic/clinical
characteristics (e.g., overlap of study samples) and precision of result
coordinates. As there is no standard checklist or tool for the quality
assessment of MRI studies, we adopted a quality assessment tool for this
meta-analysis based on a previous meta-analysis [19] (Table S2). In cases
where articles provided insufficient data such as conference presentations,
corresponding authors were contacted to obtain the required information.
Studies had to meet the following inclusion criteria: (1) be published in
English in a peer-reviewed journal, (2) use whole-brain analysis, (3) include
comparison subjects, (4) use DTI as the imaging methodology reporting
differences in FA, and (5) include more than 10 participants. We limited our
analysis to the FA results as other diffusivity measures were reported too
infrequently to allow useful meta-analysis. Studies were excluded if peak
coordinates or parametric maps could not be retrieved from the published
article or after contacting the authors, and if they did not use consistent
statistical thresholds throughout the brain. The authors (LL and JR)
independently evaluated the identified studies for inclusion. We made no
restrictions concerning age, psychiatric comorbidities, medication status
and drug abuse history to ensure maximal study coverage, but we
conducted several sub-group analyses later on. Finally, literature search
results were compiled and uploaded to EndNote library (X9), a specialised
software for organising bibliographies. MOOSE guidelines for meta-analysis
of observational studies were followed [20] (Table S1).

SDM meta-analysis
Regional differences in FA between individuals with STBs and controls were
analysed using the Anisotropic Effect Size-Signed Differential Mapping (AES-
SDM) software version 5.15 (https://www.sdmproject.com/). As previously
described [21, 22], AES-SDM first creates an effect-size map and a variance map
for each study based on peak information (coordinates, effect size and
direction of change) reported and a template of the TBSS and the spatial
covariance of FA [23]. Notably, those peaks that did not appear statistically
significant at the whole-brain level, were excluded; that is, while different
studies may employ different thresholds, we ensured that the same statistical

threshold throughout the brain was used in each study. This was intended to
avoid biases towards liberally thresholded brain regions, which is common for
small volume corrections and ROIs. Study maps were then meta-analysed
using standard random-effects meta-analytic methods which take into account
sample size, study precision and between-study heterogeneity. Finally, the
meta-analytic effect-size map is statistically assessed by comparison to a null
distribution created with a permutation algorithm.
We took a detailed approach to ensure that only the most replicable and

robust results were retained. First, a jackknife sensitivity analysis was
conducted to assess the reproducibility of the results by iteratively
repeating the same analysis, excluding one data set at a time to establish
whether the results remained significant [24]. Similarly, a heterogeneity
analysis was conducted to determine whether there was significant
unexplained between-study variability within the results [21]; following
usual convention, we defined relevant heterogeneity as either an I2 statistic
≥50%. In case of relevant heterogeneity, we would check whether it
decreases in subgroup analyses or meta-regressions. To examine publica-
tion bias, asymmetry of funnel plots was tested using Eggerʼs test as
implemented in the AES-SDM software.
Finally, we conducted sensitivity subgroup analyses on studies that

included only adults, drug-free participants or suicide attempters, as well
as meta-regression analyses with age and gender. The standard AES-SDM
threshold of p= 0.005 with peak Z > 1 and a cluster extent of >10 voxels
was used for all the analyses to provide the optimal balance of sensitivity
and specificity [21].

Tract identification
The clusters obtained through the SDM analysis were next analysed with
the lesion analysis tool in MegaTrack Atlas (https://megatrackatlas.org/) to
determine which tracts intersected the clusters. We chose the BRC Atlas
dataset and included the full available sample (age range 18–84 years),
yielding a probabilistic WM atlas based on 140 brains. We tested the
clusters against tractography derived from both the tensor model and
spherical deconvolution, and only included tracts that had more than 25%
probability of intersecting the clusters (this is the default setting in the
MegaTrack lesion analysis tool).

RESULTS
Sample characteristics
The search yielded 20 whole-brain TBSS studies, six of which were
excluded: two studies examined correlations with STBs measures
without a control group, two studies did not report the peak MNI
coordinates and the authors contacted no longer have access to
the original data, and two studies were conference proceedings
and the authors were uncontactable. The quality of the included
studies was deemed good (Table 1).
The 14 studies included in the final meta-analysis comprised 289

individuals (82 adolescents/young adults and 207 adults) with STBs
and 506 controls (111 adolescents/young adults and 395 adults).
There were 10 adult studies (mean age > 21 years) and four
adolescent/young adult studies (mean age < 21 years). Studies
classified participants as suicide attempters if they had at least one
past suicide attempt with intent to die assessed through clinical
interviews including the Columbia Suicide History Form [25] and the
Columbia-Suicide Severity Rating Scale (C-SSRS) [26]. Participants with
current suicidal ideation was classified using the Calgary Depression
Scale for Schizophrenia (CDSS) suicide items [27] and the Mini-
International Neuropsychiatric Interview (MINI) suicidality assessment
[28]. All studies excluded participants with medical conditions that
could have adversely affected growth and development. Three
studies recruited unmedicated participants and 11 studies included
drug-free participants. All studies examined participants with
comorbid psychiatric conditions, particularly major depressive dis-
order (MDD) (6 studies), bipolar disorder (BD) (6 studies) and
schizophrenia (2 studies). No significant differences in age were
found between participants with STBs and controls, reflecting the
group matching in the original studies. Table 1 summarises the
participants’ demographic and clinical characteristics. All studies had
received ethical approval from their respective ethics boards.
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Changes in fractional anisotropy
Individuals with STBs, relative to controls, showed significantly
reduced FA in three clusters: a left and a right fronto-temporo-
occipital cluster consisting of the UF, ILF, IFOF and fornix as well as
a cluster comprising the body of the corpus callosum and right
cingulum bundle. There were no regions with increased FA (Table
2, Fig. 1).
We did not detect relevant heterogeneity (I2 ≤ 50%) or

publication bias (Egger’s test p values > 0.05) in these findings
(Figure S1).

Reliability and subgroup analyses
Jackknife sensitivity analyses revealed that reduced FA in the three
clusters, namely: the left fronto-temporo-occipital, right fronto-
temporo-occipital and corpus callosum clusters were highly
replicable as they remained significant in 14 combinations of
studies (Table S3).
The main meta-analysis findings remained in subgroup analyses

of 10 adult studies (207 STBs and 395 controls), 11 drug-free
studies (226 STBs and 413 controls) and 13 suicide-attempter
studies (268 STBs and 453 controls) (Figure S2). (i.e., the subgroups
analyses showed statistically significantly reduced FA in clusters
that were visually similar to the three of the main analysis; Table
S4).

Meta-regression analyses: effects of age and gender
Age, as measured by the mean age of participants reported in
each included study, was positively correlated with FA of the right
fronto-temporo-occipital cluster (x= 42, y=−2, z=−28;
Z= 1.33, p= 9×10−7), which has been robustly detected as
atypical in the main analysis (Figure S3a). Younger individuals
with STBs had smaller FA in the right fronto-temporo-occipital
cluster relative to age-matched controls. Female participants with
STBs also had significantly smaller FA in the right fronto-temporo-
occipital cluster (x= 40, y=−2, z=−24; Z= 1.08, p= 2×10−5)
than female controls (Figure S3b).

DISCUSSION
To our knowledge, this is the first meta-analysis of whole-brain
voxel-based DTI studies in STBs. Individuals with STBs, across
psychiatric diagnoses, exhibited significantly reduced FA in left
and right fronto-temporo-occipital clusters comprising the UF, ILF,
IFOF and fornix as well as in a cluster comprising the corpus
callosum body and right cingulum bundle relative to controls. The
findings are robust and remained in subgroup analyses of adult,
drug-free and suicide attempter samples. Decreased FA in the
right fronto-temporo-occipital cluster was also more severe in
younger individuals and females with STBs relative to controls.
Increasing evidence implicates abnormalities in the limbic

system in STBs. Recent reviews of brain correlates of STBs have
consistently underscored the critical role of amygdala that
subserves emotional processing and regulation [4, 29]. The UF,
which is part of the limbic system, connects the OFC to the
anterior temporal lobes and plays a major role in social emotional
processing that is instrumental in decision-making and shaping
behaviours, where disruption of the UF may affect social reward
processing and social learning [30]. Hence, UF perturbation may
possibly underlie the dysfunctional emotional processing and
regulation commonly observed in suicidal individuals, as well as
disrupt the individual’s ability to acquire social reward or
punishment-based learning [31], which manifest as poor decision
making such as suicide attempt.
The current meta-analytic association between STBs and

microstructural abnormalities of the UF is consistent with recent
ROI studies that reported lower FA in the UF in adolescents and
young adults with future STBs [32], self-injury behaviours [16] and
prior suicide attempts [13] relative to controls, and is further

underpinned by finding of a negative correlation between UF FA
and suicide ideation [13]. Additionally, a post-mortem study
reported significantly lower relative telomere length in oligoden-
drocytes obtained from the UF of brain donors with MDD who
died by suicide relative to healthy age-matched control donors,
which further support the association between UF abnormalities
and suicidal behaviour [33].
The fornix is a major limbic tract connecting the hippocampus

to the hypothalamus, two key stress-regulatory structures of the
brain [34], and is involved in the regulation of emotion brain
regions [35] and in stress response [36]. Reduced FA of the fornix
is associated with chronic stress [37], prolonged cortisol reactivity
to psychological stress [38] and childhood trauma [39]. The fornix
is also pivotal for episodic memory functioning that guide
decisions [40]. Notably, emerging findings including meta-
analytic evidence underscore an association between memory
impairment and STBs [41, 42]. Hence, given that STBs result from a
complex interplay between stressful events and cognitive vulner-
ability factors including memory deficits, perturbations in this
structure may attenuate memory function impeding individuals
with STBs from using past experiences to solve current problems
effectively leading to suicide decisions.
The CB, another key limbic tract, supports not only affective

processing but also bottom-up somatosensorial affective proces-
sing and emotional expression or experiential emotion regulation,
which facilitates the modulation of negative emotional experi-
ences and recovery from emotionally stressful events [43]. Hence,
microstructural abnormalities of the CB may possibly contribute to
an overall maladaptive emotion functioning that hinders the
effective regulation of an emotionally painful episode during a
suicide crisis. Earlier ROI and correlational studies have reported
negative associations between cingulum FA and suicidality in
adults with BD [44], and self-injury severity [45] and duration [16]
in adolescents and young adults with MDD. Hu et al. further
successfully differentiated between MDD patients with and
without self-injury using both the cingulum FA and emotional
dysregulation score.
Several lines of research suggest that callosal interaction is

necessary for transferring emotional information between the
hemispheres to facilitate emotional interpretation and expression
underscoring the critical role of the corpus callosum in cognitive
processing of emotions [46]. Given that individuals who engaged
in self-harming behaviours have atypical pain tolerance and
threshold [47], some studies have proposed that a generalised
deficit in the somatosensory information processing and modula-
tion may potentially underlie the emotional dysregulation
observed in self-harming suicidal individuals [48]. Hence, given
that the body of the corpus callosum connects the motor and
sensory cortices with projections to medial frontal regions
implicated in top-down emotion control [34], callosal body
abnormalities, in particular, may contribute to the disturbances
in emotional and sensory processing associated with STBs.
The current finding of reduced microstructural integrity of the

callosal body extends prior ROI studies that reported lower callosal
body FA in suicidal patients with BD or MDD relative to non-
suicidal patients and healthy controls [49, 50], as well as in
adolescents and young adults with self-injury behaviours across
psychiatric diagnoses [16], where FA of the callosal body was
furthermore negatively related to the number of suicide attempts
[49], thereby suggesting a specific implication of this region in the
severity of the suicidal behaviour. The finding also extends earlier
MRI studies that consistently reported macrostructural abnormal-
ities in the corpus callosum in individuals with STBs, indepen-
dently from any psychiatry disorders [51, 52].
The ILF and IFOF are key components of the visual-limbic

pathway involved in the visual processing of emotionally
significant stimuli [53]. Consistent with the current findings, prior
ROI studies reported microstructural abnormalities of the ILF and
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IFOF in adolescents and young adults with self-injury behaviours
[16] and in suicidal patients with panic disorder [54]. Furthermore,
functional connectivity studies also reported negative correlation
between fronto-visual networks and suicidal ideation in MDD
patients [55].
The Emotional paiN and social Disconnect (END) brain model of

suicidality posits two key neural circuits implicated in suicidal
behaviour; the emotional pain circuit consisting of the amygdala,
hippocampus and cerebellum, and the social disconnect circuit
consisting of the lateral OFC, temporal gyri and the connections
between them [56], which also correspond to the suicide risk-
related diathesis traits of excessive subjective distress and social
distortion in the brain-centric model of suicidal behaviour [57].
The current meta-analytical findings of structural connectivity
abnormalities in STBs showed similar aberrations in the neural
circuitries implicated in the models, particularly the OFC-temporal
and limbic networks. This is also consistent with a recent review
that highlighted alterations in the frontal, temporal and limbic
regions in STBs [29].
In addition, we propose incorporating the sensory system in the

brain model of STBs. For instance, disruption in sensory processing
may affect the individual’s ability to detect and interpret social
cues accurately thereby increasing the occurrence of interpersonal
stress and experience of social disconnect, which may heighten
suicide risk. Deficits in sensory modulation may result in over-
reaction to external stimuli and together with deficits in emotional
regulation further exacerbate emotional distress and increase
suicide tendency. Studies using network-based statistical
approaches also reported decreased functional connectivity in
suicide attempters relative to heathy controls in subnetworks
including the visual [55] motor and somatosensory regions
[58, 59]. It has been postulated that abnormalities in functional
connectivity reflect abnormal WM microstructure which shapes
brain connectivity [60]. Hence, the findings of WM alterations in
the callosal body and fronto-limbic-visual pathways may suggest
disruption in the networks mediating sensory integration and
cognitive or emotion regulation to sensory stimuli, which may
possibly underlie the atypical emotion and sensory processing in
suicidal individuals [48].
The human brain is a highly plastic organ that is continually

modified by experience and undergoes changes across the
lifespan [61]. Adverse childhood experiences, particularly

childhood maltreatment, are associated with increased risk of
attempted suicide throughout the life-span [62] and widespread
reduced WM integrity [39, 63]. It is worth noting the similarities
between the neural correlates of STBs and childhood maltreat-
ment. For instance, meta-analyses of structural connectivity and
GMV studies in childhood maltreatment also reported significantly
reduced FA in the callosal body and fronto-limbic-occipital
pathways presumably involved in conveying and processing the
(aversive) experience [39], as well as reduced GMV in OFC-limbic-
temporal regions that mediates top-down affect control and in the
sensorimotor cortex that mediates sensory functions [64]. Hence,
we cautiously speculate that early interpersonal stressful experi-
ences may possibly contribute to the observed aberrations in
neural pathways linking frontal, limbic and sensory regions in
STBs. Furthermore, given that the UF, ILF and IFOF have a
relatively protracted development with FA increase peaking in
early adulthood [65], these fronto-limbic and visual-limbic-OFC
pathways may also be susceptible to impairment in individuals
exposed to stressful events later in adulthood thereby exacerbat-
ing their vulnerability for STBs. However, the adverse impact of
stress may be more detrimental during early developmental
period as suggested by the current meta-regression finding that
showed an age effect on lower FA in the visual-emotional
processing tracts in younger suicidal individuals.
The observed sex effect of reduced FA in the visual-emotional

processing tracts is noteworthy and highlights the need to identify
sex-specific biomarkers associated with suicide. Emerging research
underscores the role of ovarian hormone fluctuations in STBs
given the strong association between the perimenstrual phase of
the menstrual cycle and acute risk for STBs [66, 67]. Specifically,
the perimenstrual phase is associated with increases in negative
affect, inhibitory control deficits and interpersonal rejection
sensitivity, which may contribute to emotional distress and social
disconnectedness and in turn heighten risk for STBs, particularly
for at-risk girls with early-life adversity [66, 68]. Furthermore, a
recent study reported that females exhibited lower FA in several
WM tracts including the ILF and IFOF than males when exposed to
stress, and they were also more affected when early-life stress is
followed by recent stress in adulthood [69]. Hence, it seems that
the adverse effect of stress exposure on the WM microstructure
integrity may be greater in females, particularly adolescent girls,
which may further increase their vulnerability for STBs.

Fig. 1 White matter regions and tracts associated with suicidal thoughts and behaviours (STBs). A AES-SDM identified three white matter
clusters of significantly reduced FA in individuals with STBs compared to controls. B The MegaTrack Atlas lesion analysis tool showed that the
three clusters intersect with six major white matter tracts. The tracts are visualised here along with the clusters (shown in white). CC: corpus
callosum; Cing: cingulum; Fnx: fornix; IFOF: inferior fronto-occipital fasciculus; ILF: inferior longitudinal fasciculus; Unc: uncinate fasciculus.
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Furthermore, given the consistently reported sex differences in
MDD, particularly in epidemiology, clinical symptomatology and
brain morphology [70–72], the current meta-analytical finding of
sex differences in the visual-emotional processing tracts may
plausibly reflect the underlying sex differences in structural brain
alterations in MDD as most of the studies included patients with
depression. Nonetheless, future longitudinal studies may explore
this sex effect further, as these potential sex-specific neural
markers may aid the development of sex-specific targeted
interventions thereby improving clinical outcomes.
From a translational/clinical perspective, the identification of

brain networks associated with suicide risk combined with
sophisticated machine learning approaches could be used to
identify at-risk individuals, which would be particularly useful
when suicidal intentions are denied or unrecognised in initial
traditional clinical assessments. Also, the more detailed delinea-
tion of brain networks involved in suicide risk could be used to
target specific regions for treatments. For instance, transcranial
magnetic stimulation of the DLPFC influences functional activity in
the OFC, one of the key regions associated with the neural
pathways identified in this meta-analysis and has been found to
be dysfunctional in prior functional MRI studies of suicide [4, 73].

Limitations
This meta-analysis has several limitations, some of which are
inherent to meta-analyses. First, it was based on peak coordinates
and effect sizes from published studies, rather than raw statistical
brain maps, and this approach may result in less accurate results
[21]. Second, while voxel-wise meta-analytic methods provide
excellent control for false positive results, false negative results
are more difficult to avoid [21]. Third, the studies included
participants with various comorbid psychiatric conditions making
it difficult to elucidate the shared vs. independent neural
substrates of STBs across different mental disorders. Notably,
the STBs literature largely includes studies on mood disorders
particularly depression, with converging evidence suggest that
uncinate fasciculus and corpus callosal FA reductions may be
important in suicide risk across mood disorders [4]. This is
consistent with the current meta-analytic findings which also
include depression as the predominant comorbidity. Recent
multicentre studies comparing suicidal and non-suicidal MDD
patients reported altered pattern of brain network organisation,
particularly the fronto-limbic networks, more specifically related
to suicide [74, 75]. Furthermore, using machine learning, STBs
detection was primarily driven by the somatomotor network
(SMN) while default mode network contributed to MDD
identification [74], which further supports our proposal to
incorporate the sensory system in the brain model of STBs.
Previous machine learning studies have also reported structural
and functional abnormalities within the SMN that were related to
suicidal risk level [76, 77]. Nonetheless, given that majority of the
STBs studies focused mainly on depression, it may be worthwhile
for future empirical studies to examine STBs across a wider
spectrum of psychiatric conditions (beyond mood disorders)
within the same study. Fourth, there were not enough adolescent
studies (<10 studies) for a separate subgroup analysis though the
main findings remained in the subgroup analysis of adult
samples. Thus, the findings should be interpreted cautiously for
younger populations. All studies were cross-sectional, and hence
the meta-analytic findings are still correlational. Lastly, the
preliminary meta-analytic results may change in the future as
more studies using whole-brain-analysis methods are available.

CONCLUSIONS
Results of the meta-analysis underscore the widespread involve-
ment of the ventral fronto-limbic and visual-limbic-OFC and
callosal body pathways in STBs. Diminished structural integrity of

these circuitries may impede emotional regulation and sensory
functioning thereby rendering the individual vulnerable to suicidal
crisis. Insights into the neurobiological abnormalities associated
with STBs are important as they encourage greater efforts to
examine treatments to normalise these morphological alterations
and reduce suicide deaths.

DATA AVAILABILITY
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