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Abstract

Obijective: Globally, suicide represents the second leading cause of death in young peo-
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ple aged 15-29 years for both sexes, after traffic accidents. Suicide occurs not only in
high-income countries, in high-income countries but it is a global phenomenon in all
regions of the world and it represents a serious public health problem.

Method: This review was conducted on studies focused on white matter alterations in
people who have attempted or thought about suicide. We searched PubMed and Sco-
pus databases and screened references of included studies and reviewed articles for
additional citations. From the initial 21 publications, we included only 12 studies that
met search criteria and described the association between white matter alterations
and suicide.

Results: White matter alterations in suicidal behaviors were found in the prefrontal
cortex, orbitofrontal cortex, internal capsule, corpus callosum, and default mode net-
works, which are critical cerebral areas involved in emotion processing and regulation,
decision-making, executive functions, and empathy.

Conclusions: White matter alteration in cerebral areas involving high cognitive process
and emotional regulation to confer a heightened vulnerability for suicidal behavior. Sui-
cide is a complex process ranging from suicidal ideation to planning, attempting, or
committing suicide. The identification of abnormalities in underlying neural circuitry
may help delineate the neurobiological basis for suicide risk.
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1 | INTRODUCTION

to die as a result of the behavior; a suicide attempt is defined as a

nonfatal, self-directed, potentially injurious behavior with the intent

Around 800,000 people die by suicide every year, or one person
every 40 s. Globally, suicide is the second leading cause of death in
young people aged 15-29 years for both sexes, after traffic acci-
dents . While the number of nonfatal suicidal behavior is 10—20
times higher (World Health Organization, 2019). Suicide is defined
as death caused by self-directed injurious behavior with the intent

to die as a result of the behavior, even if the behavior does not
result in injury; and suicidal ideation is defined as thinking about,
considering, or planning suicide (Klonsky et al., 2016). Some studies
showed White Matter (WM) alterations in individuals who have
attempted suicide (Bessette et al., 2013; Jia et al., 2013; Kim et al.,
2015).
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More specifically, diffusion tensor imaging (DTI) studies on sub-
jects with suicidal thoughts and behaviors (STBs) have reported lower
fractional anisotropy (FA) in the default mode network (DMN), which
includes the posterior cingulate cortex, dorsal anterior cingulate cor-
tex, prefrontal cortex (Chase et al., 2017). The DMN is involved in
multiple cognitive and affective functions, such as emotional process-
ing, self-referential mental activity, mind wandering, recollection of
experiences, and likely exerts a modulatory role during attentional
demanding tasks (Raichle, 2015). These data suggest that alterations
in the emotion regulation network may contribute to suicidal behavior.

The predictive value of currently identified risk factors for suicide is
limited, and a reliable biological risk marker has not yet been identified.
Identification of WM alterations in thought and behavior suicidal could
be instrumental in identifying prevention targets.

The descriptive review focused on the studies that investigated WM
alterations in STBs and emotional and cognitive factors involved in sui-
cide risk published to date and summarize the progress achieved in

elucidating neurobiological substrates.

2 | MATERIALS AND METHODS

A review was conducted on DTI studies investigating WM in people
with STBs. Studies were identified by searching PubMed and Scopus
databases from 2007, the year of the first-related published article—on
WM alterations and suicidal risk—to November 2020. Search key-
words were “suicidal behavior white matter diffusion tensor imaging.”
(suicidal[All Fields] AND (“behavior’[MeSH Terms] OR behavior[Text
Word]) AND “white matter” [MeSH Terms] OR (“white” [All Fields]
AND “matter” [All Fields] OR “white matter” [All Fields]) AND “diffusion
tensor imaging” [MeSH Terms] OR “diffusion” [All Fields] AND “tensor”
[All Fields] AND “imaging” [All Fields]) OR “diffusion tensor imaging”
[All Fields]). We selected only English language studies and human sub-
jects. Articles were selected based on title, abstract, and text. Studies
were included after they fulfilled the following criteria:

1. Published peer-reviewed research

2. Studies that specifically assessed the relationship between WM and
cognitive functions

3. Studies using standardized neuropsychological measures

4. Study with a control group
We exclude:

1. Studies on subjects with neurological or major medical conditions
that affect the brain

2. Case studies

3 | RESULTS

Of the 21 articles identified, only 12 articles met the inclusion crite-

ria (Figure 1). All studies investigated the relationship between STBs
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FIGURE 1 Search and selection of eligible articles

and WM alterations in suicide attempts (SA) (see Table 1). All stud-
ies researched 375 subjects with suicidal ideation; 295 psychiatric
subjects without suicidal ideation 444 control subjects. Subjects were
within a range of ages between 18 and 65.

For this review, we divided the different studies according to the

involved cerebral areas:

Prefrontal cortex (PFC)
Orbitofrontal cortex (OFC)

Internal capsule

MDD e

Corpus callosum (CC)

3.1 | Prefrontal cortex

The prefrontal cortex (PFC) with its rich cortical and subcortical
connections includes the ability to initiate and carry out new and
goal-directed patterns of behavior, sustained attention (Luria, 1966),
filtering or gating mechanism for information processing (Shimamura
et al., 1990), stimulus detection and sequencing tasks, planning (Lep-
age & Richer, 1996), encoding and retrieval of memory, scanning of In
review 5 all the pertinent details (Siddiqui et al., 2008). Several stud-
ies showed the role of PFC in STBs. Gosnell et al. (2018) found reduced
WM integrity in the medial PFC. Olvet et al. (2014) detected a lower
FA in dorsomedial PFC. WM disruptions were found also in the frontal
cortex-basal ganglia, areas with important implications for behavioral
control (Cox Lippard et al., 2014). WM alterations were also found in
frontolimbic networks, including uncinate fasciculus (UF). In particu-
lar, lower FA values in the main UF region seems to be associated with

greater suicide ideation (Fan et al., 2019).
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TABLE 1 Neuroimaging of STBs—key features of brain-imaging studies

Study Design
Olvet et al. (2014) DTI

Chase et al (2017) fMRI; DTI

Cyprienetal.(2016) DTI

Jiaetal.(2010) DTI

Jiaetal.(2013) DTI

Johnston et al. DTI; fMRI; MRI
(2017)

Myungetal.(2016)  DTI

Mahon et al. (2012) DTI

Lischkeetal.(2017) DTI

Aim of the study

Identify the altered WM regions
in individuals with a prior SA

Examine connectivity within the
DMN within a group of young
adults displaying high levels of
suicidal ideation

Investigate the specific impact of
suicidal behavior on CC
integrity in mood disorders

Use magnetic resonance DTl to
characterize abnormalities of
WM integrity in MDD patients
with and without a history of
SA

Determine whether particular
target fields of fibre
projections through the ALIC
are affected in MDD patients
who recently attempted
suicide

Investigate implicated
abnormalities in structural and
functional connectivity within
frontolimbic systems of
adolescents/young adults with
BD with and without history of
SA

Investigate whether or not MDD
patients with suicidal ideation
have different topological
organizations of WM
networks compared with
MDD patients without suicidal
ideation

Investigate WM integrity among
BD patients with and without
a history of SA compared to
age- and sex-matched healthy
volunteers

Explore whether structural
alterations of the CC are
associated with emotional
instability, impulsivity and
suicidality in BPD

Subjects

13 SAs (6 males, 7 females); 39
nonattempters (15 males, 24
females); 46 healthy
participants (25 males, 21
females). Age range: 20 to 48
years old

34 suicidal ideators (7 males, 27
females; mean age: 24.41) and

40 healthy control participants

(17 males, 23 females; mean
age: 22.15)

121 women (18 to 50-year-old):
41 with BD, 50 with MDD and
30 healthy controls

52 patients with MDD (mean
age: 34.45), with (5 males, 11

females) and without (20 Male,

16 Female), history of SA, and
52 healthy controls (24 males,
28 females; mean age: 37.1)

63 patients with MDD (age
range: 19 to 50 years old): 23
with (8 Male, 15 Female), 40
without (21 Male, 19
Female)history of SA and 46
healthy controls (21 Male, 25
Female. Age range: 21 to 44
years old)

68 with BD (age range: 14 to 25
years old): 26 with suicide
attempt (6 Male, 20 Female)

42 without attempts (19 Male,

23 Female). 45 healthy
controls (age range: 15 to 25
years old. 26 Male, 19 Female)

24 patients with MDD and
suicidal ideation (3 males, 21
females), 25 MDD patients
without suicidal ideation (2
males, 23 females) and 31
healthy controls (9 males, 22
females; mean age: 55.5)

14 BD patients with a SA (mean
age: 33.3; 9 males, 5 females),
15 BD patients with no SA
(mean age: 36.5, 9 males, 6
females), 15 healthy
volunteers (mean age: 33.7; 8
males, 7 females)

21 women with BPD (mean age:
26.21) and 20 healthy women
control (mean age: 26.81).

WILEY- >

Results

Attempters had lower FA than
nonattempters and HC in the
dorsomedial PFC.

Ideators has lower coupling
between the dACC and dorsal
PCC, compared to the dACC
and ventral PCC.

FA values for all CC regions were
significantly lower in SAs. A
higher number of SA were
associated with significant
splenium alterations.

FA was decreased in the left
anterior limb of the internal
capsule in SAs.

Those with a history of SA had
greater abnormalities than
those without SA in the left
OFC and thalamus.

Attempter group showed
reductions in GM volume in
OFC, hippocampus and
cerebellum; WM integrity in
UF, ventral frontal, and right
cerebellum regions.

Reduced structural connectivity
in a characterized subnetwork
was found in patients with
MDD and suicidal ideation.

BD patients with a prior SA had
lower FA within the left orbital
frontal WM.

Suicidal BPD participants
showed less FA and more MD
in these regions than HC
participants but that
nonsuicidal BPD participants.

(Continues)
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TABLE 1 (Continued)
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Subjects Results

13 euthymic patients with a Decreased connectivity strength

Study Design Aim of the study
Bijttebier et al DTI; MRI Identify structural network
(2015) changes associated with a

Zhang et al. (2019)

Kimetal. (2015)

diathesis by examining the
structural connectivity
between regions in euthymic
SAs

Explore the relationship
between the CC, and BD and
suicidal ideation

Evaluate alterations in WM and
GM in patients with PD with
and without a history of SA

history of SA (4 males, 9
females; mean age: 31), 15
euthymic patients without a
history of SA (7 males, 8
females; mean age: 36) and 17
healthy controls (1 male, 16
females; mean age: 26).

47 BD patients with suicidal

ideation (16 males, 31
females), 59 with BD without
suicidal ideation (26 males, 33
females), and 97 healthy
controls (47 males, 50 females;
age range: 15-50 years old)

of SA (5 males, 7 females;
mean age: 33.42) and 24
patients with PD and no

in SA in the connections
between the left olfactory
cortex and left anterior
cingulate gyrus.

BD patients with suicidal
ideation had significant lower
FA values than those of BD
without suicidal ideation and
HCs in the body and genu of
the CC.

12 patients with PD and a history ~ Although no GM or WM volume

differences were observed,
increased FA values were
found in the WM tracts of the

history of SA (8 males, 16
females; mean age: 34)

SAs group compared with the
non-SAs group.

ALIC, anterior limb of the internal capsule; BD, bipolar disorder; BPD, borderline personality disorder; CC, corpus callosum; DMN, default mode network;
dACC, dorsal anterior cingulate cortex; DTI, diffusion tensor imaging; FA, fractional anisotropy; fMRI, functional magnetic resonance imaging; GM, gray mat-
ter; HC, health control; MDD, major depressive disorder; MRI, magnetic resonance imaging; OFC, orbitofrontal cortex; PD, panic disorder; PCC, posterior
cingulate cortex; SA, suicide attempt; SAs, suicide attempters; UF, uncinate fasciculus; WM, white matter.

3.2 | Orbitofrontal cortex

The orbitofrontal cortex (OFC) is involved in autonomic functions,
response inhibition, and stimulus significance meaning (Damasio,
1996), mnemonic functions, and delayed response (Gold et al., 1996).
This region has been shown to play a significant role in the anticipa-
tion and processing of outcomes even if the outcome does not produce
any reward (Schnider et al., 2005) and in social and emotional behavior
(Stuss & Benson, 1986).) Reduced WM integrity in the OFC was found
in STBs compared to the control group (Gosnell et al., 2018). It has been
hypothesized that WM disruptions in OFC impair decision-making and
emotional processing and may affect impulsivity in depressed and sui-
cidal individuals. Another study showed that patients with a history
of SA showed lower FA in the left OFC and greater impulsivity than
patients without a history of suicide attempts (Johnston et al., 2017).
In addition, lower FA in the OFC correlated significantly with motor
impulsivity (Mahon et al., 2012).

3.3 | Internal capsule

The internal capsule (IC) is a two-way tract for the transmission of
information to and from the cerebral cortex. Fiber tracts in the anterior
limb are associated with emotion processing cognition, decision mak-
ing, and motivation. WM abnormalities in the anterior limb have been
found in psychiatric disease such as schizophrenia, bipolar disorder

(Chowdhury et al., 2010) and obsessive-compulsive disorder (Safadi
et al., 2018). In suicidal patients, reduced FA has been observed in
frontostriatal networks. This cerebral area, involved in executive plan-
ning and emotional regulation, affects suicidal behavior by disinhibiting
emotional processes or interfering with rational judgment and plan-
ning (Gosnell et al. 2018). Other studies have found reduced FA in the
right lentiform nucleus in SA compared to non-SA (Kaschka & Rujescu,
2016). FA was decreased also in the left anterior limb of the internal
capsule (Jia et al., 2010). Kim et al. (2015) found that aberrant WM
integrity in the internal capsule and thalamic radiations was signifi-
cantly associated with SA in patients with panic disorder compared
with non-SA patients.

3.4 | Corpus callosum

The corpus callosum (CC) integrates and transfers information from
both cerebral hemispheres to process sensory, motor, and high-level
cognitive signals (Goldstein et al., 2020; Tzourio-Mazoyer, 2016).
Cyprien et al. (2016) found a significantly lower FA in the splenium.
Suicidal behavior has been associated with structural alterations in
regions of the CC connected with prefrontal and temporoparietal
brain regions implicated in emotion regulation, impulse control, and
problem-solving (Lischke et al., 2017). Zhang et al. (2019) reported
that bipolar disorders (BD) patients with suicidal ideation presented a
greater WM damage than BD patients without suicidal ideation.
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4 | DISCUSSION

Suicidal behavior is a multifaceted phenomenon affecting human
populations, resulting from a complex interaction between genetic
vulnerability, stress factors, underlying psychopathology and social
aspects; however, the pathophysiological mechanism underlying this
pathological behavior is still unclear (Lengvenyte et al., 2019). In recent
years, neuroimaging studies have described micro and macrostructural
abnormalities in WM on suicidal thoughts and behaviors subjects.

Suicidal behavior has been associated with functional abnormalities
within the cingulate cortex (van Heeringen et al., 2014). In partic-
ular, a significant difference was found in the left inferior frontal
gyrus between attempters and nonattempters. Other authors have
described specific WM alteration in STBs in cerebral areas involved
in the high cognitive processes, especially in PFC, OFC, IC, and CC
(Andrews-Hanna et al., 2010; Gosnell et al., 2018; Luria, 1966; Olvet
et al,, 2014). It has been theorized that suicidal behavior may be an
attempt to escape the negative self-view resulting from the perceived
failure. Thus, we can hypothesize that alterations in WM PFC in SA may
be related to self-processing mismatch (Baumeister, 1990). Reduced
FA SA has also been observed also in UF (Fan et al., 2019). Connections
between the OFC and the amygdala, including reciprocal inhibitory
connections, are critical for adaptive emotion regulation processes
involved in mood disorders (Lippard et al., 2014; Olson et al., 2015).
Lower FA in the UF region has been associated with higher most recent
suicide ideation in the BD subjects. Other WM alterations have been
found in OFC, which plays a significant role in social and emotional
behavior (Stuss & Benson, 1986). These findings have been interpreted
as a deficit in decision-making and impulsivity related to SA (Gosnell
et al., 2018). In particular, violent suicidal people generally make dis-
advantageous choices, i.e. they choose options with high immediate
reward (Jollant et al., 2005), probably the alleviation of emotional pain,
in the absence of the ability to generate future rewards (van Heeringen
et al,, 2011). In addition, SA showed reduced activation in the OFC for
the contrast between disadvantageous and advantageous choices (Jol-
lant et al., 2010). Other authors (Kaschka & Rujescu, 2016; Zhang et al.,
2019) have reported in SA structural alterations in CC and deficits in
emotion regulation and impulse control (Cyprien et al., 2011; Emsell
etal, 2013; Ganetal,, 2016; Matsuo et al., 2010)

It has been suggested that WM abnormalities also play a crit-
ical role in the pathogenesis of psychiatric disorders (Chen et al.,
2021). DTI studies revealed disrupted connectivity within the DMN
accompanying mood disorders (Hamilton et al., 2015) and rumination
(Berman et al., 2011; Lois & Wessa, 2016). Moreover, decreased WM
structural integrity, which provides frontolimbic connections in sui-
cide attempters, has been found in both bipolar disorders and major
depressive disorders (Fan et al., 2019). Other authors have suggested
thatindividuals suffering from panic attacks symptoms are significantly
associated with a lifetime history of SA (Katz et al., 2011; Nock et al.,
2010) due to hyperarousal of the limbic system and activating of catas-
trophic cognitions that mutually amplify to produce and act on suicidal

ideation (Katz et al., 2011). WM alterations in neural circuits involved

in emotional processes and mood regulation can result in enhanced
vulnerability to psychiatric morbidity (Serafini et al., 2015).

5 | CONCLUSION

Microstructural alterations in WM could be considered a potential
biomarker of suicidal ideation. The studies reviewed showed in SA
WM changes in brain regions, such as PFC, CC and DMN, that are
critical areas for emotion processing and regulation, decision-making,
executive functions and empathy.

A small number of papers were included in this review since only
twelve studies met the inclusion criteria. In addition, due to the small
sample size, the generalization of the clinical results is limited. Despite
these limitations, this descriptive review underlines important impli-
cations for suicide behavior. To date, the possibility of identifying the
underlying biological mechanisms to establish neuroanatomical cor-
relates of suicide is very still limited. Further DTI studies on WM
abnormalities could contribute to functional deficits and help to clar-
ify the pathophysiological mechanisms underlying suicidal behavior in
order to determine possible predictors of risk for future attempts and

to develop more targeted and effective strategies for prevention.
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