Neurobiological Risk Factors for Suicide
Insights from Brain Imaging

Elizabeth T. Cox Lippard, PhD, Jennifer A.Y. Johnston, MA, Hilary P. Blumberg, MD

Context: This article reviews neuroimaging studies on neural circuitry associated with suicide-
related thoughts and behaviors to identify areas of convergence in findings. Gaps in the literature for
which additional research is needed are identified.

Evidence acquisition: A PubMed search was conducted and articles published before March 2014
were reviewed that compared individuals who made suicide attempts to those with similar diagnoses
who had not made attempts or to healthy comparison subjects. Articles on adults with suicidal
ideation and adolescents who had made attempts, or with suicidal ideation, were also included.
Reviewed imaging modalities included structural magnetic resonance imaging, diffusion tensor
imaging, single photon emission computed tomography, positron emission tomography, and
functional magnetic resonance imaging.

Evidence synthesis: Although many studies include small samples, and subject characteristics
and imaging methods vary across studies, there were convergent findings involving the structure and
function of frontal neural systems and the serotonergic system.

Conclusions: These initial neuroimaging studies of suicide behavior have provided promising
results. Future neuroimaging efforts could be strengthened by more strategic use of common data
elements and a focus on suicide risk trajectories. At-risk subgroups defined by biopsychosocial risk
factors and multidimensional assessment of suicidal thoughts and behaviors may provide a clearer
picture of the neural circuitry associated with risk status—both current and lifetime. Also needed are
studies investigating neural changes associated with interventions that are effective in risk reduction.
(Am J Prev Med 2014;47(3S2):S152-S162) Published by Elsevier Inc. on behalf of American Journal of

Preventive Medicine

Introduction

his paper reviews neuroimaging studies on neural

circuitry associated with suicide-related thoughts

and behaviors in an effort to recommend next
research steps. Multiple neuroimaging methods have been
employed to investigate the neural circuitry of suicide-
related thoughts and behaviors. These include techniques to
study brain structure, including structural magnetic reso-
nance imaging (sMRI) for gray matter (GM) and white
matter (WM) morphology and WM hyperintensities
(WMHs, bright signals on T2-weighted MRIs), and dif-
fusion tensor imaging (DTI) for structural integrity of WM
connections. Several functional neuroimaging methods
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(single photon emission computed tomography [SPECT];
positron emission tomography [PET]; and functional
magnetic resonance imaging [fMRI]) have been used to
study regional brain activity, functional connectivity, and
neurotransmitter function.

Evidence Acquisition

A search was performed in PubMed for original research manu-
scripts written in English before March 2014. Combinations of the
term suicide with terms structural magnetic resonance imaging,
functional magnetic resonance imaging, positron emission tomog-
raphy, single-photon emission computed tomography, diffusion
tensor imaging, gray matter, or white matter were used. Fifty-
seven pertinent articles that directly investigated the relationship
between aspects of suicide behavior (i.e., attempt history, lethality,
and suicide ideation) and neuroimaging findings were chosen and
evaluated in a non-quantitative manner.

Evidence Synthesis

In the majority of studies, attempters and non-attempters
with a particular diagnosis were compared to each other,
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and sometimes to a healthy control (HC) group (sum-
marized in Table 1). The most commonly studied
diagnoses were major depressive disorder (MDD) and
bipolar disorder (BD), followed by schizophrenia; bor-
derline personality disorder (BPD); traumatic brain
injury (TBI); and epilepsy. Studies of adults with
attempts are discussed first, followed by adults with
ideation. We then summarize findings in older adults
and adolescents.

Structural Magnetic Resonance Imaging

Structural magnetic resonance imaging of gray and
white matter morphology. Structural imaging has been
the method most used in suicide research. Studies using
sMRI converge in showing orbitofrontal cortex (OFC)
GM decreases in attempters with MDD,! BD,? schizo-
phrenia,3 and BPD,* and amygdala GM increases in
MDD' and schizophrenia.” The OFC and amygdala are
highly interconnected regions, important in regulating
emotions and impulses, suggesting that frontotemporal
OFC-amygdala structural abnormalities may contribute
to emotion and impulse dysregulation associated with
attempts. In BPD, OFC decreases were of larger magni-
tude in attempters with higher medical lethality.*

GM findings have been reported in other frontal system
components in attempters with schizophrenia,™® BPD,*
BD,? and MDD.””® These include dorsal frontal regions,
insula, thalamus, and basal ganglia, implicating more
widely distributed frontotemporal anterior connection
sites. A study of the cerebellum yielded negative findings."

Studies using sMRI show abnormal frontotemporal WM
connections. A study of schizophrenia showed increased
inferior frontal WM volume in attempters with self-directed
aggression.'' The sMRI studies also show altered interhemi-
spheric connections. Smaller genual corpus callosum (CC)
volume in BD attempters was associated with increased
Barratt Impulsivity Scale scores.'> These studies suggest that
WM abnormalities contribute to self-aggression and
impulse dyscontrol of suicidal behavior.

White matter hyperintensities. Increased WMH prev-
alence has been reported in young/mid-adult MDD and
BD attempters,”” "> and in older adults and children.
Etiologies contributing to WMHs may include cellular
loss, ischemia, perivascular space dilation, ependymal
loss, and vascular-related demyelination.m_18

Diffusion tensor imaging. The main reported DTI
measure is fractional anisotropy (FA), which reflects the
directional coherence of diffusion within WM bundles,
their architecture, or structural integrity. Decreased fron-
tal FA in BD and MDD attempters has been found.'*~*'
In BD, orbitofrontal FA decreases were associated with
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impulsivity. In MDD attempters, disruptions were found
in frontal cortex-basal ganglia WM connections that are
important in behavioral control.**** In veterans with TBI
and attempt history, FA increases in frontal WM projec-
tions were associated with impulsivity.”> These DTI data
further support the contributions of anterior WM abnor-
malities to impulsive suicide behavior.

Functional Neuroimaging

Single photon emission computed tomography and
positron emission tomography. A SPECT study
showed blunted prefrontal cortex (PFC) regional cerebral
blood flow (rCBF) responses during word generation in
attempters,24 consistent with the frontal findings
described above. Lower frontal, insular, and caudate
rCBF predicted attempts in a study with prospective
assessment of suicide decedents.”

A regional cerebral metabolic rate of glucose
(rCMRglu) PET study reported OFC hypometabolism
in BPD attempters,26 Additionally, in rCMRglu PET
studies, fenfluramine challenges have probed the seroto-
nin (5-HT) system. Results indicated hypometabolism in
right dorsolateral PFC in attempters and in association
with ideation.”” Ventral PFC hypometabolism differ-
entiated between high-lethality and low-lethality attemp-
ters.”® These studies suggest linkages between PFC
response, 5-HT, suicide ideation, and attempt medical
lethality, thus extending results of postmortem, cerebro-
spinal fluid, peripheral, and neuroendocrine challenge
studies implicating 5-HT in suicide attempts and their
lethality.

SPECT and PET neurotransmitter studies in attemp-
ters have focused on 5-HT and frontal systems. Findings
include alterations in OFC 5-HT synthesis®”; 5-HT
transporter (5-HTT) binding®® % associations among
5-HTT binding and SLC6A4 genetic variations™; and
basal ganglia volume® and lower frontal 5SHT-2a receptor
binding.***> Associations have been reported between
impulsivity and 5-HTT binding in whole brain, OFC, and
other frontotemporal system components.**” Addition-
ally, an association between lower frontal 5HT-2a
receptor binding and hopelessness has been reported.*
Genetic, postmortem, neuroendocrine, and peripheral
studies also implicate noradrenergic and dopaminergic
systems, and neurotrophic mechanisms, suggesting the
need for their study.

Functional magnetic resonance imaging. The few
reported fMRI studies of attempters are in MDD. One
study of men showed elevated OFC responses to angry
faces, suggesting that male MDD attempters have
increased sensitivity to disapproval or threat.”® Male
attempters also showed decreased left OFC activation
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associated with risky gambling task choices.”® When
fMRI was performed during a motor task by attemp-
ters,** altered activation and functional connectivity
within and between regions in a corticostriatal network
were shown. In one of the few studies examining internal
states and thoughts of suicide, fMRI showed frontal
decreases during autobiographic recall of mental pain
associated with previous attempts, and frontotemporal
increases during recall of suicide actions.*!

Suicidal Ideation

Study of suicidal ideation is important for understanding
the development of risk for attempts. Of the few
structural studies of suicide ideation, non-attempters
with ideation did not show the WM abnormalities noted
in attempters, although one DTI study of ideation in
veterans with TBI did show FA reductions in the
cingulum, a structure important in emotional mem-
ory.">** The absence of frontal WM findings in non-
attempters with ideation suggests that these findings are
more closely associated with suicidal acts and possibly
the more impulsive aspects of some attempts. It is
possible that WM disruptions are a consequence of
suicide attempt methods that could affect the brain, for
example, as a consequence of hypoxia, although some
studies have noted similar findings in attempters who did
not use such methods."

Brain dysfunction has shown some consistencies
among ideators and attempters. Performance of a motor
activation task by BDII ideators showed frontostriatal
findings similar to those in attempters.*’ In another fMRI
study of combat-exposed war veterans performing a stop
task,** ideation was associated with higher frontal error—
related activation.

Older Adult Attempters

Biopsychosocial features of aging may confer neuro-
biological risk for suicide. WMHs and other WM
pathology may be more prevalent in older adult attemp-
ters.*>*® Early findings of increased WMHs in older
adults suggested pathologic processes (e.g., vascular
disease) more prevalent in older adults.'™'® However,
recent studies reporting similarly increased WMHs in
younger adults and adolescents suggest that alternative
mechanisms may underlie WMHs. Although underlying
mechanisms may differ, findings in adults aged over 60
years show consistencies with findings in younger adults.
For example, older adult MDD attempters also show
decreased basal ganglia GM and relationships to reward
processing and behavioral control.*”** CC WM
decreases have been reported in older adult attempters
with mood and anxiety disorders, although in older
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attempters these were in the posterior third,* implicat-
ing more involvement of emotion and memory proc-
esses. Older adult attempters also show decreases in
ventromedial PFC responses to rewards, associated with
impulsivity.”® In light of few comparison studies of older
to younger adults, more research is needed on similarities
and distinctions between the pathophysiology and neural
circuitry underlying suicide behavior across life span
stages.

Suicide Attempts and Ideation in Children and
Adolescents

Neuroimaging research with adolescents is important, as
adolescence is a critical period in suicide behavior
development. Structural imaging studies of children
and adolescents—with epilepsy,”’ as psychiatric inpa-
tients,”>>> or outpatients with BPD and MDD>*—show
some consistencies with studies in adults, suggesting
these abnormalities may relate to development of
suicide-related thoughts and behaviors. Findings include
smaller OFC WM in young ideators,”’ more prevalent
WMHs in MDD young attempters,’>>” and smaller
anterior cingulate GM and WM volumes in adolescents
with more suicide attempts.”*

An fMRI study in MDD adolescents showed increased
responses to angry faces in frontal circuitry,” similar to
that found in adults.>® However, MDD adolescent
attempters did not show differential neural responses
during response inhibition on a go-no-go task or
decision making in the context of risk.”>>” These findings
suggest increased sensitivity in frontal systems involved
in negative emotion processing may characterize adoles-
cent attempters.

Recommendations for Future Research

Despite highly varied methods and small samples, the
structural and functional neuroimaging findings con-
verge in implicating frontal neural systems and seroto-
nergic functioning as central in suicide behavior,
consistent with studies using non-imaging approaches.
As neuroimaging studies are expensive, scanning time
limited, and at-risk patients difficult to retain in studies,
future neuroimaging efforts could benefit from more
strategic approaches.

Common Data Elements

As illustrated above and in Table 1, there is substantial
variation in age, gender, psychopathology, imaging
methods and regions studied, activation paradigms, and
behavioral constructs probed. Studies vary in defining
“attempters.” Although neuropsychological constructs
related to emotion and impulse regulation have been
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most studied, definitions of these constructs and methods
to assess them have varied. Efforts to use common
definitions of suicide behavior and neuropsychological
processes, and methods to assess them, could lead to
better synthesis across studies. Similarly, calibration of
imaging hardware and analytic techniques will be
needed. In efforts to link brain imaging to age, gender,
and genetic, postmortem, neurotransmitter, neurotro-
phic, hormonal, and environmental findings and to
elucidate commonalities and distinctions between suicide
behavior in different psychiatric disorders, the use of
common data elements could make cross-study compar-
isons more likely and of greater value. Future studies may
benefit from including new analytic approaches, such as
computer learning algorithms comparing imaging data
on cases and controls, in larger samples.

However, this field is in its early stages and there is risk
to premature focus. Although initial work has focused on
frontal systems and related behavioral constructs such as
impulsivity and 5-HT, and these have shown importance
in attempters, the field is also in need of novel approaches
to study other aspects of suicide. For example, few studies
have focused on ideation. There is a critical need for
investigators who develop ideation-related constructs
and innovative methods to probe them.

Suicide Risk and Trajectories

Two major gaps in the study of individuals at risk for
suicide over time were identified. First, longitudinal
studies are critically needed of individuals at risk,
especially beginning in youth, to study biopsychosocial
factors and neural trajectories both associated with and
not with future attempts. These could reveal predictors
and trajectories associated with future attempts, as well as
with resilience in individuals who do not make attempts.
Second, neuroimaging studies before and after pharma-
cologic and behavioral interventions could be instru-
mental in promoting understanding of therapeutic
mechanisms in treatment response.

Conclusions

It is an important time for research in the neural circuitry
of suicide-related thoughts and behaviors. Important
groundwork has been laid by initial neuroimaging studies.
Despite the small size and heterogeneity of these studies,
some convergent findings provide a promising start. The
identification of associations among genetic and molecular
mechanisms, brain circuitry, ideation, and behavior could
be instrumental in identifying targets for prevention.
Future neuroimaging efforts could be leveraged by more
strategic use of common data elements and efforts to fill
gaps in understanding of suicide risk trajectories. At-risk
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subgroups defined by risk experiences and psychopathol-
ogy subtypes may provide a clearer picture of the neural
changes associated with suicide risk status—both current
and lifetime. Expanding research efforts that examine
structural and functional changes related to intervention
responses can inform risk and prevention models.
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