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Previous studies have suggested that alterations in white matter (WM) microstructure are implicated in suicidal thoughts and
behaviours (STBs). However, findings of diffusion tensor imaging (DTI) studies have been inconsistent. In this large-scale mega-
analysis conducted by the ENIGMA Suicidal Thoughts and Behaviours (ENIGMA-STB) consortium, we examined WM alterations
associated with STBs. Data processing was standardised across sites, and resulting WM microstructure measures (fractional
anisotropy (FA), axial diffusivity (AD), mean diffusivity and radial diffusivity) for 24 WM tracts and one global measure were pooled
across 40 cohorts. We compared these measures among individuals with a psychiatric diagnosis and lifetime history of suicide
attempt (n = 652; mean age = 35.4 + 14.7; female = 71.8%), individuals with a psychiatric diagnosis but no STB (i.e., clinical controls;
n=1871; mean age = 34 £ 14.8; female = 59.8%), and individuals with no psychiatric diagnosis and no STB (i.e., healthy controls;
n = 642; mean age = 29.6 + 13.1; female = 62.9%). We also compared these measures among individuals with recent suicidal
ideation (n =714; mean age = 36.3 + 15.3; female = 66.1%), clinical controls (n = 1184; mean age = 36.8 + 15.6; female = 63.1%),
and healthy controls (n = 1240; mean age = 31.6 + 15.5; female = 61.0%). We found subtle but statistically significant effects, such
as lower FA associated with a history of suicide attempt, over and above the effect of psychiatric diagnoses. These effects were
strongest in the corona radiata, thalamic radiation, fornix/stria terminalis, corpus callosum and superior longitudinal fasciculus.
Recent suicidal ideation was associated with higher AD in the cingulum. Effect sizes were small (partial eta-squared < 0.015). This
large-scale coordinated mega-analysis revealed subtle regional and global alterations in WM microstructure in individuals with a
history of suicide attempt and recent suicidal ideation. Longitudinal studies are needed to confirm whether these alterations are a
risk factor for suicidal behaviour or ideation.
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L.S. van Velzen et al.

INTRODUCTION

Suicide is a worldwide public health concern, with more than
700,000 deaths by suicide occurring worldwide annually [1]. For
each death by suicide, it is estimated that there are more than 20
attempts, which has a cascading effect that negatively impacts
families, friends, and communities [1]. Despite widespread
international efforts to reduce deaths by suicide, the number of
deaths by suicide continues to increase in several regions of the
world [2]. Risk and protective factors for suicidal thoughts and
behaviours (STBs) have been identified [3]. Individuals with
neuropsychiatric disorders are at higher risk for STBs [4]. Our
current understanding of the underlying pathophysiological
mechanisms is limited. Therefore, it is crucial that we increase
our knowledge and understanding of these neurobiological
mechanisms so that we can better target prevention and
intervention efforts for individuals with high suicide risk.

Many prior magnetic resonance imaging (MRI) studies have
sought to identify neural correlates of suicidal ideation and suicide
attempt (for a review please see [5, 6]). However, identifying
robust and reliable patterns of neural alterations associated with
STBs has been hampered by methodological heterogeneity across
studies. Furthermore, due to the high clinical heterogeneity,
associations with brain alterations are likely subtle; hence, large
samples are needed to increase statistical power and identify
neural correlates of STBs. The ENIGMA Suicidal Thoughts and
Behaviours (ENIGMA-STB) consortium was established to address
these issues by pooling data across international research groups
to identify neural correlates of STBs. In our first study of subcortical
and cortical grey matter morphology and STBs in young people
between 8 and 25 years of age, we identified a subtle association
between lifetime history of suicide attempt and the surface area of
the frontal pole, a region in the prefrontal cortex [7], in a well-
phenotyped subsample that was enriched for STBs and more
severe symptoms of major depressive disorder (MDD) or bipolar
disorder (BD). In addition to grey matter morphology, alterations
in the microstructure of white matter (WM) tracts connecting brain
regions may also contribute to risk for STBs. Identifying these WM
alterations could reveal new treatment targets and increase the
accuracy of monitoring or treatment response prediction.

Previous neuroimaging studies have used diffusion tensor
imaging (DTI) to examine microstructural alterations related to
STBs (for a review please see [8]). These studies have focused
primarily on fractional anisotropy (FA), which measures the
coordinated directionality of water diffusion in WM fibre tracts
and may reflect the coherence and myelination of neuronal fibres
[9, 10]. Previous DTI studies have focused on WM alterations
related to suicide attempt in adult MDD patients [11, 12],
adolescents and young adults with MDD and BD [13], adults with
BD [14], adults with MDD or BD [15, 16], women with borderline
personality disorder [17], adolescents and young people with BD
[18], adults with panic disorder [19] and adults with psychotic
disorders [20]. A lifetime history of suicide attempt has been
associated with lower FA values in various regions and WM tracts,
including in the prefrontal cortex (PFC) [11, 13, 14], corpus
callosum [15-17], cingulum [13], internal capsule [12, 13], uncinate
fasciculus [16, 18], and inferior fronto-occipital fasciculus [16].
However, other studies found higher FA in individuals with a
history of suicide attempt [19, 20].

Fewer studies have examined associations between FA
measures and suicidal ideation, but have investigated WM
correlates of recent suicidal ideation in adults with MDD [21],
adults with BD [22] and adolescents or young adults with BD/MDD
[23]. Findings from these studies suggest that suicidal ideation is
associated with lower FA in the corpus callosum [21, 22], uncinate
fasciculus [23], and corona radiata [21].”

Thus, few studies have examined WM microstructural altera-
tions related to suicidal ideation, and findings on suicide attempt
are inconsistent across studies. Prior studies are hampered by
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small sample sizes [5], which decreases the likelihood of
identifying true effects, increases the probability of false-
negative findings, and may cause inflation of effect sizes [24]. In
addition, large samples may be needed to identify subtle
associations between STBs and WM microstructure. Finally, most
prior studies focused on FA and did not examine other WM
diffusivity measures, including axial diffusivity (AD), which is
associated with axonal number and organisation; mean diffusivity
(MD), which may be an estimate of membrane density; and radial
diffusivity (RD), which can provide insights into myelination
[25, 26]. Previous studies have also focused only on the presence
or absence of suicidal ideation or suicide attempt, and have not
examined specific aspects of suicide-related thoughts, such as the
severity of suicidal ideation.

To address these limitations, we pooled data from 40 cohorts
from the ENIGMA-STB consortium to examine associations
between measures of WM microstructure (FA, AD, MD and RD)
for 24 WM tracts (and one global measure) and STBs in a large
transdiagnostic sample. We examined WM microstructure altera-
tions in people with a psychiatric diagnosis and lifetime history of
suicide attempt compared to individuals with a diagnosis but no
history of suicide attempt (i.e., clinical controls; CLC) and
individuals with no disorder and no history of suicide attempt
(healthy controls; HC). In addition, we examined WM alterations in
people with recent suicidal ideation (within the last six months)
but no history of suicide attempt, compared to CLC and HC.

Based on previous findings concerning suicidal behaviour, we
expected that a lifetime history of suicide attempt would be
associated with lower FA in WM tracts that connect the frontal
lobe with limbic regions or connect different limbic regions, such
as the cingulum, corpus callosum, internal capsule, and uncinate
fasciculus [12, 13, 15, 18, 23].

In a subsample of participants for whom more in-depth
assessment of STBs from the Columbia Suicide Severity Rating
Scale (CSSRS) was available, we investigated associations between
WM microstructure and the severity of both lifetime and recent
suicidal ideation. Finally, in this sample, we were able to examine
associations between WM microstructure and suicide attempt,
and also distinguish among interrupted, aborted, and actual
suicide attempt.

PATIENTS AND METHODS

Cohorts

We pooled data from 40 international cohorts from 15 countries (see
Supplementary Figure 1) to investigate the association between STBs and
WM microstructure in a transdiagnostic sample, including individuals
diagnosed with major depressive disorder, obsessive-compulsive disorder,
bipolar disorder, post-traumatic stress disorder, psychotic disorders,
generalised anxiety disorder, panic disorder, or social anxiety disorder
(please see Supplemental Note 1 for an overview of the diagnoses).
Demographic characteristics of the different samples are presented in
Table 1 and Table 2. The inclusion and exclusion criteria for the different
studies are shown in Supplemental Table S1.

Ethics approval and consent

All cohorts obtained ethics approval from their local institutional review
boards and ethics committees. Participants who were 18 years old and
over provided written informed consent; those under the age of 18 years
provided written informed assent in addition to written informed consent
from a parent/guardian at the local institution. Data acquisition and
analysis were performed in accordance with the relevant guidelines and
regulations.

Image processing

Scanner characteristics and acquisition parameters for all cohorts are
provided in Supplemental Table S2. Each site performed local preproces-
sing of diffusion-weighted images, including diffusion tensor fitting. The
pre-processed images were then processed using the ENIGMA-DTI
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protocol, including quality control procedures. This protocol is freely
available on the ENIGMA-GitHub webpage (https://github.com/ENIGMA-
git#enigma-dti-imaging) and  NITRC  (http://www.nitrc.org/projects/
enigma_dti). Details are provided in Supplemental Note 2. For 24 tracts
of interest, FA, AD, MD and RD measures were extracted (please see
Supplemental Table S3). We combined regions of interest (ROIs) across
hemispheres by calculating the mean of the left and right hemispheres,
weighted by the number of voxels, in order to reduce the number of
statistical tests. In addition, a global anisotropy or diffusivity measure was
created, leading to a total of 25 measures for FA, AD, MD, and RD.

The WM microstructure measures were harmonised across sites using the
ComBat algorithm in R [27, 28]. An empirical Bayes approach was used to
adjust for variability between scanners while preserving biological
variability related to age, sex, and diagnosis. In line with our previous
study [7], all DTI measures included in the analyses were ComBat-corrected.
Finally, within-site outliers (measures greater than three standard deviations
away from the mean of that region) were visually inspected and, if
necessary, excluded from the analysis (please see Supplemental Note 2).

Statistical analysis

The main aim of this study was to examine associations among WM
microstructure, lifetime history of suicide attempt, and recent (in the last
six months) suicidal ideation in a large transdiagnostic sample. The cohorts
included in this multi-study analysis administered different instruments to
assess recent suicidal ideation and lifetime history of attempt. We used a
similar approach to our previous study [7] to harmonise these measures
across studies (see Supplemental Table S4). Lifetime history of suicide
attempt (coded yes/no) was determined using clinical interviews (e.g., the
Kiddie Schedule for Affective Disorders and Schizophrenia (K-SADS [29];) or
Structured Clinical Interview for DSM-5 (SCID [30];)) or detailed clinical
scales on STBs (e.g., the CSSRS [31] or Self-Injurious Thoughts and
Behaviours Interview (SITBI [32];)). Recent suicidal ideation (yes/no in the
past six months or more recent) was assessed using items from depression
severity rating scales (e.g. the Hamilton Depression Rating Scale (HDRS
[33];), Beck Depression Inventory (BDI [34, 35];), detailed clinical scales on
STBs (e.g., CSSRS or Beck Scale for Suicidal Ideation (SSI [36, 37];) and
clinical interviews (e.g. SCID)). Similar to our previous study [7], we
conducted separate analyses for suicidal ideation and suicide attempt to
optimise the sample size for each analysis, as only 16 out of the 40 cohorts
had information on both suicidal ideation and suicide attempt. In total, we
included data from 28 cohorts in the analysis on lifetime suicide attempt
and from 28 cohorts in the analysis on recent suicidal ideation.

We assessed differences among groups in global and regional
anisotropy or diffusivity measures using ANCOVA analyses in R [38],
followed by post-hoc two-group comparisons. We included a group
variable to compare WM diffusivity measures between individuals with a
lifetime history of suicide attempt (N=652; mean age=354%147;
female =71.8%), CLC (N=1871; mean age = 34 + 14.8; female = 59.8%)
and HC (N = 642; mean age=29.6 + 13.1; female = 62.9%). A group variable
was also included in separate analyses to compare WM diffusivity
measures between individuals with recent suicidal ideation (N=714;
mean age=363+153; female=66.1%), CLC (N=1184; mean
age=36.8+156; female=63.1%) and HC (N=1240; mean
age = 31.6 £ 15.5; female = 61.0%). Consistent with previous ENIGMA-DTI
analyses [39], age, sex, and their linear and non-linear interactions (age-by-
sex interaction, age’ and age®-by-sex interaction) were included as
covariates. Effect sizes were reported by the partial eta-squared measure.
All p-values were corrected for multiple testing (for the 25 measures per
anisotropic/diffusivity measure) using the Benjamini-Hochberg correction
in R, resulting in FDR < 0.05. We interpret differences between the STB
group and clinical controls to be related to a history of suicide attempt or
recent suicidal ideation (depending on the analysis), while differences
between the STB group and the HC group (or between the HC and CLC
group) may be related to the presence of a psychiatric disorder.

Finally, in supplementary analyses, we examined interactions between
group and type of lifetime psychiatric diagnosis in a subsample of
participants, as data on lifetime psychiatric diagnosis were not available for
all participants (please see Supplemental note 3 for a description of the
methods and results).

Analysis in the CSSRS sample. We also examined associations between
WM microstructure and more detailed phenotypes of suicide attempt and
suicidal ideation in a subsample of 7 cohorts that used the CSSRS to assess
STBs. The CSSRS was specifically developed to assess the intensity and
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severity of suicidal thoughts and suicidal behaviour [31]. C-SSRS has good
validity, high sensitivity and specificity for suicide attempts [40].

For analyses of suicidal ideation, we examined how the nominal
measures of both recent or lifetime severity of suicidal ideation (coded 0-5;
0: no ideation; 1: passive ideation; 2: non-specific active ideation; 3: active
ideation with a method, but no plan or intent; 4: active ideation with
intent, but no plan; 5: active ideation with a plan and intent) were
associated with WM microstructure. For these analyses, the standardised
beta was calculated as an effect size.

In line with our previous study, for analyses of suicide attempt, we
compared anisotropy/diffusivity measures between individuals with a
lifetime history of any attempt (actual, aborted, or interrupted attempt)
and individuals with no lifetime history of any attempt [7]. In addition, we
compared these measures between individuals with a lifetime history of
an actual (non-interrupted and non-aborted) attempt and those without
any lifetime suicide attempt. Finally, these measures were compared
between individuals with a history of suicidal ideation (but no history of
an actual suicide attempt), and those with a lifetime history of an actual
attempt. Cohen’s d metric was calculated as an effect size for these
analyses.

Similar to the main analyses, all analyses in the CSSRS sample included
age, sex, age-by-sex, age?, and age®-by-sex as covariates, and all resulting
p-values were corrected for multiple testing (for the 25 measures per
anisotropic/diffusivity measure) using the Benjamini-Hochberg correction
in R to lead to FDR < 0.05.

RESULTS

Lifetime suicide attempt

Results show significant differences in regional AD, FA, MD, RD
and differences in global FA and RD between healthy controls
(N=642), clinical controls (N=1871) and individuals with a
lifetime history of suicide (N=652; please see Supplemental
tables S5-S8). Findings from post-hoc tests are presented below.

Individuals  with a lifetime history of suicide attempt
versus HC. Regional AD was higher in the uncinate fasciculus
(UNQ) in the attempter group compared to HC (p=0.033;
Supplemental table S5). In addition, global FA and regional FA
in the body of the corpus callosum (BCC), corpus callosum (CC),
cingulate gyrus of the cingulum bundle (CGC), corona radiata (CR),
external capsule (EC), fornix/stria terminalis (FXST), genu of the
corpus callosum (GCC), posterior corona radiata (PCR), posterior
thalamic radiation (PTR), splenium of the corpus callosum (SCC),
superior longitudinal fasciculus (SLF) and UNC were lower in the
attempter group compared to HC (p range = 0.001-0.018 ;
Supplemental table S6). MD was higher in the BCC, CC, SCC and
UNC in the attempter group compared to the HC
(p =0.001-0.029; Supplemental table S7). Finally, RD was higher
in the BCC, CC, CR, FXST, PCR, SCC, SLF and UNC in the attempter
group compared to HC (p range = 0.006-0.030; Supplemental
table S8).

Individuals  with a lifetime history of suicide attempt
versus CLC. Regional FA in the CR, FXST, PCR, PTR, SCC and SLF
were lower in the attempter group compared to CLC (p
range = 0.009-0.024; Supplemental table S6). In addition, regional
MD in the UNC was higher in the attempter group compared to
CLC (p = 0.009; Supplemental table S7). Finally, regional RD in the
CR, PCR, SLF and UNC was higher in the attempter group
compared to CLC (p range = 0.018-0.040; Supplemental table S8).

CLC versus HC. Finally, lower FA in the BCC, CC, GCC and UNC
was lower in the CLC compared to HC (p range = 0.016-0.038;
Supplemental table S6).

Recent suicidal ideation

Findings reveal significant differences in regional AD, FA, MD, RD
and differences in global AD, FA and RD between healthy controls
(N = 1240), clinical controls (N = 1184) and individuals with recent
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suicidal ideation (N=714; please see Supplemental tables
S9-512). Findings from post-hoc tests are presented below.

Individuals with recent suicidal ideation versus HC. Global FA and
regional FA in the anterior corona radiata (ACR), CR, GCC, PCR and
superior fronto-occipital fasciculus (SFO) was lower in the ideation
group compared to HC (p range =0.001-0.045; Supplemental
table S10). Higher regional MD in the SCR and UNC was observed
in the ideation group compared to HC (p range = 0.012-0.026;
Supplemental table S11). Finally, global RD and regional RD in the
CR, PTR, SCR and UNC were higher in the ideation group
compared to HC (p range = 0.005-0.045; Supplemental table 512).

Individuals with recent suicidal ideation versus CLC. Global AD and
regional AD in the CGC were higher in the ideation group
compared to CLC (p range = 0.020-0.026; Supplemental table S9).

CLC versus HC. Global AD and regional AD in the ACR, CGC, GCC
and SLF were lower in the CLC compared to HC (p
range = 0.001-0.022; Supplemental table S9). Global FA and
regional FA in the CC and GCC were lower in the CLC compared
to HC (p range = 0.005-0.015; Supplemental table S10). Finally,
regional MD in the UNC was higher in the CLC compared to HC
(p =0.019; Supplemental table S11).

Deeper phenotyping in the C-SSRS sample

There were no significant associations of regional FA, AD, MD, RD,
with severity of lifetime suicidal ideation (N =299; Supplemental
tables S13-16) or severity of recent suicidal ideation (N=338;
Supplemental tables S17-20). In addition, there were no
significant differences in WM microstructure between people
with a lifetime history of an actual suicide attempt (N =134) and
those without a history of any suicide attempt (no interrupted,
aborted, or actual suicide attempt; N = 244) (Supplemental tables
21-24). Moreover, there were no significant differences between
people with an actual suicide attempt (N = 134) and those with
lifetime suicidal ideation, but without a history of an actual suicide
attempt (N = 122; Supplemental tables 25-28). Finally, there were
no differences in FA or diffusivity measures between people with a
lifetime history of an interrupted, aborted, or actual suicide
attempt (N=177) compared to individuals without a lifetime
history of any subtype of suicide attempt (N = 244; Supplemental
tables S29-32).

DISCUSSION

In this large-scale multi-cohort transdiagnostic analysis, we
examined associations between global and regional measures of
WM microstructure and STBs in a pooled sample from 40
international cohorts. A lifetime history of suicide attempt was
associated with subtle differences in regional FA and diffusivity
(higher regional MD and RD), and recent suicidal ideation was
associated with higher global AD and regional AD.

Individuals with a lifetime history of suicide attempts had lower
regional FA than did clinical controls. This analysis was undertaken
to ascertain that the observed differences are not merely
attributable to microstructural variances associated with psychia-
tric disorders, but rather, are significantly influenced by lifetime
suicide attempt. The WM tracts that showed this difference
between individuals with a lifetime history of suicide attempt and
CLC included the corona radiata (including the posterior corona
radiata), part of the fornix (fornix/stria terminalis), thalamic
radiation (specifically the posterior thalamic radiation), splenium
of the corpus callosum, and the superior longitudinal fasciculus.
The corona radiata and the thalamic radiation connect the cortex
with subcortical brain structures, including the brainstem and
thalamus. The corona radiata is part of the thalamic-cortical
circuitry and has been associated with perceptual, motor,

SPRINGER NATURE

emotional and cognitive function, including behavioural regula-
tion, and lower FA in the corona radiata has been associated with
poorer executive functioning [41-44]. In addition, previous single-
cohort studies have reported that lower FA in the corona radiata is
associated with suicidal behaviour [16, 45], albeit inconsistently
[20]. Moreover, lower FA in the corona radiata predicted suicidal
behaviour on average two years later [46]. The (posterior) thalamic
radiations also connect the thalamus with cortical regions,
including the parietal and occipital lobes. These are important
for cortical arousal and consciousness but may also be associated
with cognitive control [47]. While lower FA in this tract has not
been associated with suicidal behaviour before, FA in this tract
was lower in individuals with BD [48], who are at higher risk of
suicidal behaviour [49]. The splenium of the corpus callosum
connects the occipital-parietal and temporal cortex from both
hemispheres and has been associated with visuospatial function-
ing, reading, language processing, and consciousness [50]. Lower
FA in the splenium of the corpus callosum has been associated
with a higher number of suicide attempts in BD and MDD [15]. The
fornix (including the fornix/stria terminalis) connects the amygdala
to the hypothalamus and plays an important role in threat
monitoring, regulation of the hypothalamic-pituitary-adrenal
(HPA) axis and behavioural inhibition [51]. In addition, previous
investigators have speculated that impaired structural connectiv-
ity in this tract may contribute to feelings of anhedonia [52], which
may drive suicidality [53]. Finally, the superior longitudinal
fasciculus is an association tract that connects the parietal and
temporal cortex with the frontal cortex and may play a role in
speech, spatial awareness, processing speed, and attention [54].
FA in this region has inconsistently been associated with
suicidality (see [20, 55] and has been consistently linked to
brooding and rumination [56], which are risk factors for suicidal
behaviour [57].

In this large sample, we were unable to replicate previous
findings of lower FA in other WM tracts, including the cingulum
[13], internal capsule [12, 13], uncinate fasciculus [16, 18], and
inferior fronto-occipital fasciculus [16]. This lack of replication may
be related to the small sample size of these previous studies,
related to sample characteristics, or be specific to certain
psychiatric disorders.

We also found other differences in diffusivity between
individuals with a history of suicide attempt and CLC: higher
regional RD in the corona radiata, SLF and higher regional MD and
RD in the uncinate fasciculus in the suicide attempter group
compared to the CLC. The uncinate fasciculus is a long-range
association pathway that connects the prefrontal cortex to the
anterior temporal lobe and amygdala and plays an important role
in emotion regulation, memory retrieval, decision making and
reward sensitivity (please see [58] for a review). We previously
observed lower frontal pole surface area in young people with a
history of suicide attempt [7]. Together with our current findings
in the uncinate fasciculus, we could speculate that these
alterations in WM microstructure might lead to reduced con-
nectivity and lead to atrophy in prefrontal regions such as the
frontal pole, or that reduced surface area in the frontal pole is
associated with reduced demand for connectivity, leading to
changes in WM microstructure in the UF tract.

Our findings provide evidence consistent with previous ENIGMA
reports about differences in WM microstructure in major
depressive disorder [39], bipolar disorder [59] and schizophrenia
[60] with DTl data, where associations with global and regional FA
were reported. The MDD study included 1305 individuals
diagnosed with MDD and 1602 HC; the results showed lower
global FA and regional FA in 16 out of 24 WM tracts and higher RD
in adult individuals with recurrent MDD; the largest FA differences
were observed in the corpus callosum and corona radiata [39]. On
the other hand, the schizophrenia study included 1963 individuals
diagnosed with schizophrenia and 2359 HC, and the results
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showed lower global FA and regional FA in 20 out of 24 ROIs; the
larger differences were reported in anterior corona radiata and
corpus callosum [60]. Finally, the study on bipolar disorder
included 1482 individuals diagnosed with BD and 1551 HC and
showed lower global FA and regional FA in 29 out of 43 tracts in
patients, most prominently in the corpus callosum and cingulum
[59].

In a subsample of 7 cohorts, which had more deeply
phenotyped suicidal thoughts and behaviours using the CSSRS,
we were able to examine the associations with more detailed
phenotypes of suicide attempt and suicidal ideation. In our
previous study [7] on grey matter morphology and STB in young
people, lower surface area of the frontal pole was associated with
a history of actual (non-interrupted or non-aborted) suicide
attempt in a subsample of studies that had used the CSSRS to
assess suicidal behaviour (4 out of 7 cohort overlap, 53% total
sample overlap with the CSSRS sample in the current study). In
this study, we did not find any associations between WM
anisotropy or diffusivity measures and severity of suicidal ideation,
nor did we find differences in these measures related to suicide
attempt in general (actual, interrupted or aborted suicide
attempt), or actual suicide attempt specifically (non-interrupted
or non-aborted suicide attempts). It is possible that this sample
was not large enough to identify subtle associations between
suicide attempt and WM microstructure.

This study increases our understanding of the mechanisms
underlying suicidal behaviour by confirming findings from
previous smaller studies that lower FA is implicated in suicidal
behaviour and showing which tracts are involved. However, the
effect sizes for significant group differences observed in this study
were small (all d <0.25), especially for differences between the
suicidal ideation/suicide attempter groups and the CLC. High
clinical heterogeneity may mask larger effects in individual
persons, which we were not able to detect with the group
average approach used in the current study. Nonetheless, the
currently observed differences are too subtle to be clinically useful
in terms of prediction of risk for suicidal behaviour at the
individual level. In addition, it is unclear whether alterations in WM
microstructure represent a risk factor for suicidal behaviour or are
a consequence of a previous suicide attempt. Previous long-
itudinal studies have shown that lower regional FA at baseline
predicts suicidal behaviour at follow-up in individuals with mood
disorders [13, 46]. Further, FA has been found to be highly
heritable [61], suggesting that alterations in WM microstructure
may indeed represent a risk factor for suicidal behaviour. However,
cellular brain damage following hypoxia/anoxia during a suicide
attempt may also cause WM damage and affect WM micro-
structure [62].

A strength of this study is the large sample size, which allowed
the examination of more detailed phenotypes in subsamples. A
second strength is the use of harmonised protocols for diffusion
image processing and quality control. Third, we were able to
include many samples and show that the results that we find are
robust across many independent samples, which also differ in
terms of geographical location, cultural background, demographic
and clinical characteristics. However, we should also acknowledge
several limitations of this study, including heterogeneity across
samples in how STBs were assessed. We have tried to minimise
this effect by using a detailed process to harmonise these
measures across studies, by selecting only dichotomous outcomes
that showed moderate to high concurrent validity across
measures (Campos et al., 2023) and if sites had multiple measures
available within a sample, by only selecting measures that showed
high concurrent validity with other measures (Campos et al.,
2023). While we chose to only examine lifetime history of suicide
attempt and presence of suicidal ideation for this reason, future
studies should focus on more detailed measures of STBs, including
for instance the number of suicide attempts and lethality of
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attempts. In addition to differences in clinical assessments, other
sources of heterogeneity—such as BMI, medication class, and time
since suicide attempt—may have introduced unmeasured varia-
bility and reduced our ability to detect subtle white matter effects.
While we used harmonization techniques to address between-site
differences, the disproportionate contribution of larger cohorts
and variation in acquisition protocols, clinical measures, and
sample characteristics may still have obscured small but mean-
ingful effects. Finally, we could not control for severity of
psychiatric symptoms, as this was a transdiagnostic analysis and
the different cohorts had used different severity rating scales;
therefore, we cannot rule out the possibility that higher symptom
severity in the suicide attempter group affected our findings. The
scope of this study was limited to cross-sectional findings.
However, this presents an opportunity for future research to
delve into longitudinal analyses, shedding more light on the
causal association between WM alterations and STBs. These future
longitudinal analyses would require a large sample size at baseline
given the low base rate of suicidal behaviour. Finally, our results
may not generalise to individuals with STBs without a psychiatric
disorder, which may represent a distinct subgroup with unique
risk factors and underlying neurobiological mechanisms.

To conclude, in this large-scale multi-cohort study we found an
association between a history of suicide attempt and white matter
microstructure, above and beyond the effect of psychiatric
diagnosis. Measures of white matter microstructure in several
tracts that have been associated with (among others) behavioural
regulation/inhibition, executive functioning, and brooding/rumi-
nation show a subtle association with suicidal attempt. Future
longitudinal studies are needed to examine if altered white matter
microstructure may represent a risk factor for suicidal behaviour,
for instance by contributing to lower resilience to severely
stressful life events.
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