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Abstract
Introduction—Individuals who have deep and periventricular white matter hyperintensities may
have a higher risk for suicidal behavior. There are mixed results in the literature regarding whether
unipolar or bipolar patients who have attempted suicide have more MRI findings of deep white matter
hyperintensities (DWMH) or periventricular hyperintensities (PVH) relative to those who have no
history of suicide attempts.

Methods—We performed a meta-analysis of studies examining white matter hyperintensities
(WMH) in mood disorder patients with and without a history of suicide attempts.

Results—Four studies and a total of 173 patients who attempted suicide and 183 who did not attempt
were included. A significantly higher number of attempters were found to have hyperintensities than
non-attempters. Unipolar depressed patients who were attempters had 1.9 times more DWMH and
2.1 times more PVH than those who were non-attempters. Bipolar patients who were attempters had
5.4 times more PVH than those who were non-attempters. Taken together, unipolar and bipolar
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patients who were attempters had 2.8 times more DWMH and 4.5 times more PVH than those who
were not attempters.

Conclusions—These findings raise the possibility that WMH are biological substrates of
symptoms that lead to suicidal behavior.

Keywords
meta-analysis; MRI; deep white matter hyperintensities; periventricular white matter
hyperintensities; suicide; unipolar depression; bipolar depression

Introduction
As the 11th leading cause of death among all age groups and the 2nd among adults between the
ages of 25 and 34, suicide represents a major health problem.1 Approximately 13.5% of the
U.S. population have experienced suicidal thoughts or wishes at some point in their lives,2 and
2.7% have made a suicide attempt with the intent to die.3 Globally, suicide accounted for 16
deaths for every 100,000 persons in the year 2000. Although reported suicide rates have been
higher among the male elderly, rates among young people have increased to such an extent
that they are at present the group at highest risk in a third of developed and developing countries.
4 Ten to 15% of bipolar disorder patients and 2-12% of the patients with major depressive
disorder die by suicide.5,6

Despite efforts from different research fields aiming a significant reduction of completed and
attempted suicide, studies addressing prediction and prevention issues have yielded
disappointing results. Until the middle of the past century, suicide prevention approaches were
based largely on clinical experience, but most recent approaches to suicide prevention are based
on scientifically sound empirical evidence.7 Considerable evidence from postmortem studies
has suggested abnormalities in the brain serotonin system of individuals who died by suicide.
It has been demonstrated that serotonin receptor changes associated with major depression
could be distinguished from receptor changes associated with suicide.8 Also, low 5-
hydroxyindoleacetic acid (5HIAA) concentrations, a serotonin metabolite, as well as higher
levels of platelet 5HT2A receptors have been demonstrated in the CSF of depressed patients
with a history of suicide attempts.9,10 Furthermore, it has also been suggested that a genetic
susceptibility may play a role in suicide, as patients with a family history of suicide present an
increased risk for both suicide attempts and completed suicide.11

Sophisticated neuroimaging techniques provide another evidenced-based approach to study
suicide and have been widely applied to the study of affective disorders. Structural magnetic
resonance imaging (sMRI) alterations such as subcortical and periventricular white matter
hyperintensities (WMH) have been demonstrated in older depressed patients.12,13,14

Interestingly, these abnormalities have also been described in younger depressed patients, but
they appear to be restricted to suicidal subjects in this age group.15,16

WMH represent ependymal loss and differing degrees of myelination and appear as high
intensity signal lesions on T2-weighted MRI sequence, which may be classified as deep white
matter hyperintensities (DWMH) and periventricular hyperintensities (PVH) depending on
localization.17,18 Although it is generally agreed that etiology is related to vascular events,
little is known about pathophysiological processes underlying these lesions. It has been
proposed that, depending on their localization, WMH might cause disruption of neural circuits
involved in different emotional processes, resulting in increased vulnerability to psychiatric
morbidity.15,17 WMH are common in depressed and nondepressed subjects, and research
suggests that their location is the critical factor for the pathogenesis of depression.19 According
to Soares and Mann,20 white matter lesions may interrupt fibers in regions considered important
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for mood regulation, resulting in disconnection among those regions, which may result in
depression. Additionally, Iosifescu et al.21 suggested that subcortical WMH in the left
hemisphere (but not in other brain areas) may be associated with poor response to
antidepressant treatment in major depression.

A limited number of studies have examined MRI WMH in depressed patients who have
attempted suicide. The first study examining the relation between hyperintensities and
suicidality was conducted by Ahearn et al.,22 who found more subcortical grey matter
hyperintensities in unipolar patients with a history of suicide attempt compared with patients
without such a history. This group, and subsequently other investigators, also investigated
pathological white matter hyperintensities in unipolar and/or bipolar patients who had
attempted suicide.15,16,17,18 As there have been mixed results in investigators’ attempts to
understand the role of pathological hyperintensities in suicidal behavior, and predicting those
at risk for suicide remains difficult, more research on this issue is warranted. The main objective
of this meta-analysis was to investigate the relation between WMH and suicidality in patients
with unipolar or bipolar depression in the studies on this topic that have been published to date.

Methods
We performed a search of the Medline, PsycInfo, Biological Abstracts and Web of Science
databases using the following expressions: “white matter ” and “suicid*”. To ensure that no
study was missed, a free-text search was carried out using the expression “white matter
hyperintensities”. All publications available up to July 2009 were considered. After performing
the electronic search, the references of all studies considered relevant were carefully examined,
including meta-analyses and reviews, in order to locate any additional articles not identified
in the above-mentioned search.

To be included in this review, a study had to meet the following criteria: 1) to be published
irrespective of the language; 2) to be carried out in a population predominantly diagnosed with
affective disorders (i.e., unipolar or bipolar disorders); 3) to use sMRI to assess white matter
hyperintensities and 4) to present retrospective or prospective outcome data (for example,
proportion of patients who attempted suicide vs. patients who did not).

To obtain the potentially relevant studies, three independent reviewers (CS, IRO, and MCG)
evaluated the abstracts identified in the literature search. Next, the same three reviewers,
working independently, decided which of those papers fulfilled the inclusion criteria.
Disagreement at any stage was resolved by consensus. For each study investigated, a data
collection form was used, and these data were obtained independently by the three reviewers.

Statistical analyses were performed using Comprehensive Meta-Analysis Software, version
2.2.048, November 7, 2008.23 For each study, odds ratios and 95% confidence intervals were
calculated. We used a random effects model that weighted the studies according to the inverse
variance and calculated the odds ratio and the corresponding confidence interval. A random
effects model was chosen due to its being more conservative than a fixed effect model.

A Q test of homogeneity or “combinability” for the odds ratios was calculated to ascertain
whether pooling was viable among the selected studies (p> 0.05). Data from the included
studies were broken down into 2×2 contingency tables, presenting the proportion of patients
who attempted suicide compared to those who did not attempt suicide. The number of studies
(with null results) needed to overturn the conclusions (fail-safe n) when a significant result was
found was also calculated using WinPepi software.24 The fail-safe n is used to address the
problem posed by unpublished non significant results residing in the “file drawers” of the
researchers conducting relevant studies. It estimates how many studies with null results must
be in the file drawers to overturn the results of the combined significant test. The higher the
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significance, the more negative studies are necessary to counteract such result, and the higher
the fail-safe n, the more confidence exists in the finding.25

Results
Studies examining the prevalence of WMH in depressed and bipolar patients who attempted
suicide and those who did not are shown in Table 1. Of the five articles that fulfilled inclusion
criteria for this meta-analysis, two did not contain all the information that would permit
calculations.18,22 Non published data on WMH from the study by Ahearn et al.18 were obtained
from the authors (including D.C.S.). One of us (M.P.) provided data from the Pompili et al.
study.18 One article17 was excluded in order to avoid double inclusion because some patients
were investigated again in a more recent paper.18 Thus, four studies provided comparative data
from patients with DWMH and PVH who attempted suicide vs. those who did not.15,16,18,22

A test for heterogeneity of the odds ratio of the four studies revealed that the groups were not
significantly different for either DWMH (p>0.45; total group= 228 subjects) or PVH (p> 0.56;
total group= 180 subjects).

As shown in Figure 1, suicide attempters were more likely to have DWMH in comparison with
non-attempters. The result of this random effects meta-analysis shows that unipolar depressed
patients who presented with a history of suicide attempts had 1.9 times more DWMH than
those without such a history (Panel A). Only two studies provided data on DWMH in bipolar
patients, showing no significant difference between attempters and non-attempters (Panel B).
However, when data on unipolar and bipolar patients were taken together subjects who
presented with a history of suicide attempts had 2.3 times more DWMH than those who did
not attempt suicide (Panel C).

Figure 2 also shows that suicide attempters were more likely to have PVH in comparison with
non-attempters. Unipolar depressed patients who presented with a history of suicide attempts
had 2.8 times more PVH than those without such a history (Panel A). Panel B shows that bipolar
patients who were attempters had 5.4 times more PVH than non-attempters. Taken together,
unipolar and bipolar patients who presented a history of suicide attempts had 4.5 times more
PVH than those who did not attempt suicide (Panel C).

Discussion
To our knowledge, this is the first meta-analysis of sMRI studies examining WMH in patients
with a history of suicide attempts. These results show a higher risk of suicidality in patients
with such findings in comparison with controls (i.e., matched patients without DWMH or
PVH). The present results suggest that WMH are biological alterations associated with
suicidality in both unipolar and bipolar patients. Several studies have demonstrated that WMH
have increased prevalence in medical conditions that have also been associated with increased
suicide risk, such as cardiovascular disease and diabetes mellitus.26,27 In addition, increased
frequency of WMH has also been reported in patients with hypertension.28 These findings raise
the possibility that WMH interact with vascular risk to play a role in suicidal behavior in a yet
unknown way.

WMH appear on T2-weighted and fluid-attenuated inversion recovery (FLAIR) MRI
sequences as lesions of increased signal intensity. Although it is almost universally accepted
that they are caused by vascular events resulting in recurrent episodes of hypoperfusion, the
pathological meaning of WMH remains unclear. WMH have been associated with different
impairments, including neurocognitive deficits,29 medical diseases,30 gait and balance
problems,31 urinary dysfunction,32 and depression.16,33 Interestingly, different studies have
found a negative association between the prevalence of past suicide attempts and age even in
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the presence of WMH, suggesting that WMH associated with suicidality may be etiologically
different from those associated with cardiovascular risk factors.

The mechanism by which patients with WMH may be at a higher risk for suicide has not been
elucidated. Taylor et al.19 have suggested that WMH possibly disrupt anatomic pathways
involved in mood regulation. These disruptions involve key areas responsible for mood
regulation which include frontal cortex, amygdala-hippocampus complex, thalamus, basal
ganglia and the extensive connections between these areas.20 Mood regulation abnormalities
could confer a biological alteration which, in combination with environmental stressors, results
in suicidal behavior.18

This meta-analysis is limited by the small number of studies available for inclusion (n= 4).
However, fail-safe ns were quite high, particularly concerning PVH in suicidal patients,
suggesting that these findings are robust. Another possible limitation is the lack of information
on issues as the effects of age, gender, comorbid disorders, disability, and cognitive impairment
with disinhibition/impulsivity produced by the disconnection syndrome due to WMH. These
are important variables to control for in future studies in order to determine the precise amount
of variance that WMH accounts for in a history of suicide attempts.

In conclusion, results of this meta-analysis suggest that DWMH and PVH in unipolar and
bipolar disorders might be a helpful biological marker of suicidality, as suggested by the authors
of original studies (e.g., Pompili et al.18). However, a causal relationship cannot yet be
established based on available evidence. Additionally, mechanisms by which patients with
WMH are at a greater risk for suicide behavior remain unclear. Studies examining more specific
localization of WMH may help identify the neural substrates associated with suicidality. Future
prospective studies examining participants at high risk for suicidal behavior may be especially
instructive.

Focus points

• Individuals who have deep and periventricular WMH may have a higher risk for
suicidal behavior.

• WMH are biological substrates of symptoms that lead to suicidal behavior.

• Mechanisms by which subjects with WMH are at a greater risk for suicide behavior
remain unclear.

• WMH may interrupt fibers in regions considered important for mood regulation,
which may result in depression.

• Studies examining more specific localization of WMH may help identify the neural
substrates associated with suicidality.
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Figure 1.
Deep white matter hiperintensities (DWMH) and their relationship with suicidality.
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Figure 2.
Periventricular hiperintensities (PVH) and their relationship with suicidality.
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