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Abstract

Suicide represents a major health problem world-wide. Nevertheless, the understanding of the

neurobiological underpinnings of suicidal behavior remains far from complete. We compared

suicide attempters to non-attempters, and high vs. low lethality attempters, to identify brain

regions associated with suicidal behavior in patients with psychotic disorders. 489 individuals with

schizophrenia, schizoaffective disorder, or psychotic bipolar disorder I and 262 healthy controls

enrolled in the B-SNIP study were studied. Groups were compared by attempt history and the

highest medical lethality of previous suicide attempts. 97 patients had a history of a high lethality

attempt, 51 of a low lethality attempt and 341 had no attempt history. Gray matter volumes were
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obtained from 3T structural MRI scans using FreeSurfer. ANCOVAs were used to examine

differences between groups, followed by Hochberg multiple comparison correction. Compared to

non-attempters, attempters had significantly less gray matter volume in bilateral inferior temporal

and superior temporal cortices, left superior parietal, thalamus and supramarginal regions, right

insula, superior frontal and rostral middle frontal regions. Among attempters, a history of high

lethality attempts was associated with significantly smaller volumes in the left lingual gyrus and

right cuneus. Compared to non-attempters, low lethality attempters had significant decreases in the

left supramarginal gyrus, thalamus and the right insula. Structural brain abnormalities may

distinguish suicide attempters from non-attempters and high from low lethality attempters among

individuals with psychotic disorders. Regions in which differences were observed are part of

neural circuitries that mediate inhibition, impulsivity and emotion, visceral, visual and auditory

perception.

Keywords

imaging; suicide; schizophrenia

BACKGROUND

Suicidal behavior includes self-directed injurious acts with a variable degree of intent to end

one’s own life (Mann, 2003). Suicide is one of the leading causes of death worldwide and

the 10th leading cause of death in the United States. In 2007, it was the 7th leading cause of

death for males, and 15th leading cause of death for females. The total number of suicide

deaths that year in the US was 34,598. Suicide was the third leading cause of death for

young people ages 15 to 24 (http://www.nimh.nih.gov/health/publications/suicide-in-the-us-

statistics-and-prevention/index.shtml).The risk of suicide is particularly high among patients

with schizophrenia: about 5% commit suicide (Palmer et al, 2005), and between 18% and

55% attempt it (Siris, 2001). Furthermore, suicide risk is especially elevated in the first 6-12

months following the first episode of psychosis (Fedyszyn et al, 2010). Because psychotic

illnesses typically occur in the otherwise physically healthy teenage or early adolescent

years of an individual’s life, suicide is the leading cause of premature death in the psychotic-

spectrum population (Robinson et al, 2010).

Recently, there has been a growing interest in understanding the diverse factors mediating

suicidal behavior (Jimenez-Treviño & Blasco-Fontecilla, 2011, Amitai & Apter, 2012),

which are likely to involve interaction between genetic, environmental, and developmental

factors (Brezo et al, 2008, Zalsman, 2010, Pandey GN, 2011). Attempters appear

particularly sensitive to social disapproval and have reduced ability to forecast positive

outcomes of their actions, resulting in choosing options with high immediate reward (van

Heeringen et al, 2011). Impulsive-aggressive traits, as well as depression, appear to be

associated with suicidality (Giegling et al, 2009, Turecki, 2005). Nevertheless, clinical

correlates of suicide are admittedly diverse, and also present in a large number of non-

attempters (Aguilar et al, 2003).

Brain imaging studies have started to yield information on neuroanatomical correlates of

suicidal behavior. The lack of consensus concerning reported brain regions is not surprising

Giakoumatos et al. Page 3

J Psychiatr Res. Author manuscript; available in PMC 2014 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.nimh.nih.gov/health/publications/suicide-in-the-us-statistics-and-prevention/index.shtml
http://www.nimh.nih.gov/health/publications/suicide-in-the-us-statistics-and-prevention/index.shtml


given the early state of knowledge regarding these phenomena and their link with

neuroanatomy, and the heterogeneity in risk factors for suicide. Specifically, an initial MRI

study, although limited by small sample size (n=37) and absence of healthy comparison

subjects, has shown gray matter reduction in the left superior temporal and orbitofrontal

cortices in attempters with schizophrenia (Aguilar et al, 2008). Thus far, regions of interest

identified in the above mentioned study are fewer compared with the numerous brain

abnormalities that have been found to be associated with suicidality in other disorders

(Monkul et al, 2006, Ahearn et al, 2001, Hwang et al, 2010). Further studies are needed to

establish whether regions differ or are similar across the entire spectrum of psychosis

diagnoses and to establish findings in a larger sample size.

This paper investigated regional brain volumes in groups of patients with psychotic

disorders, specifically individuals with either schizophrenia (SZ), schizoaffective (SZA) or

psychotic bipolar disorder I (BP-P), recruited as part of the Bipolar-Schizophrenia Network

for Intermediate Phenotypes (B-SNIP) study. We separated these subjects into groups of

attempters and non-attempters and tested if our results were diagnosis-specific or similar

across the psychosis spectrum. We then divided the attempters into high and low lethality

attempters, in order to see if there are any volumetric differences between these groups.

Additionally, we compared low lethality attempters to non-attempters in our attempt to

minimize the possibility that the observed differences were the result of the attempt itself.

Our main hypothesis was that structural brain abnormalities might be associated with

suicidal behavior in patients with psychotic disorders. We also sought to examine whether

demographic (age, sex, race, socioeconomic status), clinical (diagnosis) and neurobehavioral

measures (cognition, impulsivity, social functioning) differed across these groups.

MATERIALS AND METHODS

Subjects

Our subject pool consists of 489 individuals with either SZ, SZA, or BP-P and 262 Healthy

Controls (HC) recruited as part of the B-SNIP study, a multisite collaborative research

consortium (Baltimore, Chicago, Dallas, Detroit, Boston and Hartford). Sites used identical

diagnostic and clinical assessment techniques, and shared approaches to recruitment

(Tamminga et al, in press). The study protocol was approved by each site’s local

Institutional Review Board. All volunteers provided written informed consent after receiving

a full explanation of the study procedures.

Consensus diagnoses using the Diagnostic and Statistical Manual of Mental Disorders-IV-

TR (American Psychiatric Association, 2000) were established by trained clinical raters and

senior diagnosticians with all clinical data and Structured Clinical Interviews for DSM

Diagnoses (SCID) (Spitzer et al, 1992) interviews: inter-rater reliability was > 0.90 among

raters. Probands were recruited and evaluated when stable and optimally treated as judged

clinically (e.g., no recent significant increase in core symptoms from their stable baseline

that requires a change in treatment such as increased dose of medication, drug change, or

hospitalization). Recruitment was stratified on key variables so that probands and HC were

frequency matched for age, sex ratio, and head of the household’s socio-economic status.
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Subjects were excluded if they had a serious medical or neurological illness affecting brain

function, mental retardation, current substance abuse within the last month, or substance

dependence within the last 3 months. HC with psychotic or mood disorders confirmed by

DSM-IV SCID and those with family histories of psychotic or bipolar disorders in their first

degree relatives were also excluded from the study.

Assessment and Classification of Suicidal Behavior

Medical lethality of suicide attempts was assessed with Beck’s Lethality Scale (LS) (Beck et

al, 1975), which has previously been used in other studies to assess suicidal behavior in

patients with psychotic disorders (Radomsky et al, 1999). The LS was administered only to

probands, since none of the HC included in our study had an attempt history and its

measurements were based both on self-report and on the patient’s medical records. The LS

is completed by an interviewer based on clinical examination, medical records, and

information from the treatment team. It measures the medical lethality of any history of

suicide attempt for one of eight possible methods (sedative drugs, non-sedative drugs and

other substances, shooting, immolation, drowning, cutting, jumping, hanging) on an ordinal

scale from 0 (minimal or no damage) to 8 (death). The LS has demonstrated good inter-rater

reliability (intra-class correlation coefficient = 0.80) (Lester & Beck, 1975).

Groups were compared by attempt status and highest medical lethality of previous suicide

attempts. 97 patients had a history of a high lethality suicide attempt (score of 2 or more on

Lethality Scale for a prior attempt indicating significant medical sequelae of an attempt), 51

had a history of a low lethality suicide attempt and 341 had no history of a suicide attempt.

We defined low lethality as minimal or no medically significant (a score of 1 on LS) self-

harm as a result of the attempt. More specifically, in this group, we included subjects who

were conscious but sleepy after having used sedative drugs, having cuts with minimal

bleeding, or having minor bruises after having jumped. The high lethality group consists of

subjects whose attempt resulted in more serious self-harm, such as being comatose after

having used sedative drugs, bleeding of major veins with danger of considerable blood loss

without surgical intervention and fractures of the extremities after having jumped. Out of the

148 attempters and the 341 non attempters, 5 attempters and 32 non attempters were not

taking medications (antipsychotics or mood stabilizers) at the time of the assessment.

Furthermore, the aforementioned groups were compared across the psychosis spectrum as a

whole (SZ and SZA and BP-P), as well as according to their specific diagnosis (SZ or SZA

or BP-P).

We also assessed cognitive function using the Brief Assessment of Cognition in

Schizophrenia (BACS) (Keefe et al, 2004), social function using the Birchwood Social

Functioning Scale (SFS) (Birchwood et al, 1990), socioeconomic status (SES) using the

Hollingshead two-factor social economic rating scale (Hollingshead, 1957) and impulsivity

using the Barratt Impulsiveness Scale (BIS-11) (Patton et al, 1995).

Imaging

High-resolution isotropic T1-weighted sequences (TR=6.7 msec, TE= 3.1 msec, 8° flip

angle, 256×240 matrix size, total scan duration=10:52.6 minutes, 170 sagittal slices, 1mm
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slice thickness, 1×1×1.2 mm3 voxel resolution) were obtained following the Alzheimer’s

Disease Neuroimaging Initiative (ADNI) protocol (http://www.loni.ucla.edu/ADNI). All

images went through a rigorous data quality control scheme. First, images were opened and

converted to nifti format and checked for scanner artifacts by trained raters (NT, ITM, CIG,

JS). If the images passed the pre-check, they were run through an automatic reconstruction

with skull stripping in FreeSurfer (http://surfer.nmr.mgh.harvard.edu/). Then, the skull

stripped brains were again checked, this time for any remaining dura or sinus that can

interfere with accurate segmentation. If any non-brain tissue is found, trained raters carefully

edit the images manually. All raters were reliable above 95%. When the images are

sufficiently clean for segmentation, as determined by an independent rater, the brains are run

through a second and third automatic reconstruction with segmentation and the gray matter

surface area, thickness, and volume are extracted for analysis.

Statistical Analysis

First, data were checked for normality before conducting parametric comparisons.

ANCOVAs were used to examine differences between groups, co-varying for age, sex, site,

and intracranial volume, followed by Hochberg corrections for multiple comparisons

(Benjamini & Hochberg, 1995). Effect sizes for these comparisons were calculated using

Cohen’s d.

RESULTS

Demographics and sample characteristics

Table 1 provides the diagnostic and demographic characteristics of the study groups.

Attempters were significantly more often females. Age and diagnostic distributions did not

differ, but the low lethality attempters showed a trend for being less likely from the “other”

race group.

We found that sex, race, age, site and diagnosis had a significant effect on regional brain

volumes, but there were no significant sex by group, race by group, age by group, site by

group or diagnosis by group interactions.

Table 2 shows that attempters and non-attempters did not differ significantly in cognitive

functioning (BACS), impulsivity (BIS Total), socio-economic status (SES) or social

functioning (SFS).

Table 3 compares attempt rates and lethality according to diagnosis. We found that

psychotic-spectrum patients with a history of a suicide attempt - independent of the lethality

of the attempt - are more likely to have been diagnosed with SZA. In addition, we found that

the degree of medical lethality of a suicide attempt varied by diagnosis. Specifically,

psychotic patients with a history of a low lethality suicide attempt were more likely to have

been diagnosed with BP-P and those with a history of a high lethality suicide attempt were

more likely to have been diagnosed with SZA.
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Comparisons across the psychotic spectrum

When comparing attempters, non-attempters and HC across the psychosis spectrum,

attempters were found to have significantly less gray matter volume in various temporal,

parietal and frontal regions, as well as in the left thalamus. More specifically, attempters had

significantly smaller volumes of bilateral inferior temporal, and superior temporal, right

insula, superior frontal and rostral middle frontal regions and left superior parietal, and

supramarginal regions, when compared to non-attempters. Both attempters and non-

attempters when separately compared to HC had significantly decreased volumes in the

same regions, with the exception of the left thalamus whose volume was not significant

different between non-attempters and HC. None of the brain regions were larger in the

attempters than HC.

Comparisons within diagnoses

When compared according to diagnosis, BP-P attempters had significantly smaller volumes

in the left supramarginal and right fusiform gyri compared to BP-P non-attempters and HC.

BP-P non-attempters showed no significant differences when compared to HC. SZ

attempters had significant decrease in the left thalamus compared to SZ non-attempters and

HC. SZ non-attempters showed no significant differences when compared to HC. SZA

attempters had significantly smaller volumes of the right accumbens, bilateral inferior

temporal, right lingual and left supramarginal areas and significant increased volume of the

left medial orbitofrontal gyrus when compared to SZA non-attempters. When compared to

HC, SZA attempters had significant reductions in the right lingual, right accumbens,

bilateral inferior temporal, and left supramarginal areas and SZA non-attempters in the left

medial orbitofrontal and bilateral inferior temporal gyri.

Brain structure and medical lethality of suicide attempt

Among suicide attempters across the psychosis spectrum, high lethality attempters showed

significantly diminished gray matter concentrations compared to low lethality attempters in

the left lingual area and right cuneus.

Diagnosis-specific significant differences were also observed between high and low lethality

attempters. In particular, we observed that BP-P high lethality attempters had significant

reductions in the left caudal anterior cingulate, right inferior parietal, left inferior temporal

and right middle temporal areas. High lethality attempters with SZ showed significant

reductions in the left lingual, bilateral pericalcarine, right cuneus and right lateral occipital

areas, while SZA high lethality attempters had significant increase in the left rostral middle

frontal area.

Low lethality attempters vs. non-attempters

Compared to non-attempters, low lethality attempters across the psychosis spectrum had

significantly smaller volumes in the left supramarginal area, left thalamus and right insula.

When comparing the above-mentioned groups according to diagnosis, BP-P low lethality

attempters had significantly increased volume of the right middle temporal gyrus. SZ low

lethality attempters showed significantly increased volume of the left pericalcarine area and
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SZA low lethality attempters had significantly decreased volume of the left supramarginal

area.

All the above differences survived Hochberg corrections for multiple comparisons.

DISCUSSION

There were no significant demographic and diagnostic differences between attempters and

non-attempters. By contrast, we found significant differences in gray matter volume between

attempters and non-attempters, between high and low lethality attempters, and between low

lethality attempters and non-attempters both when examining effects across the psychosis

spectrum (SZ and SZA and BP-P) and when examining effects in each specific diagnosis

(SZ or SZA or BP-P). The above observations may suggest that structural changes are a

sensitive marker of suicidal behavior. These observations were unlikely to be accounted for

by sex or age effects. There were no diagnosis by group interactions, but some differences

were seen in the structure- suicidal behavior relations across the SZ, SZA and BP-P groups.

The possibility that the observed differences could be the result of suicide attempts rather

than pre-existing brain abnormalities cannot be ruled out completely since these structural

MRIs were by definition acquired after attempts. However, since low-lethality attempts were

less likely to cause brain abnormalities, it is noteworthy that a comparison of low-lethality

attempters to non-attempters found significant structural differences even when high-

lethality attempters were excluded. Moreover, we co-varied for several factors, such as sex,

age, site, and total intracranial volume and thereby addressed the potential confounding

effects of these measures.

The anatomical differences observed between attempters and non-attempters point to

disruptions in neural networks that may underlie the different components of suicidal

behavior in psychotic disorders. Specifically, the rostral middle frontal gyrus is part of the

prefrontal cortex which is implicated in cognitive analysis, foresight and weighing possible

consequences of behavior, considering the future and making predictions, impulse control

and delaying gratification, inhibiting inappropriate behavior and initiating appropriate

behavior. Impulsivity in particular has been associated with increased suicide risk in patients

with schizophrenia (Hawton et al, 2005). Abnormalities in fronto-thalamic pathways may

also result in impaired cognition and emotion processing. Such disturbances might

contribute to the risk for suicidal behavior by disinhibiting emotional responses and

disrupting the ability to plan adaptive behavior to stressful events (Jia et al, 2012).

Alterations in superior temporal gyri have been associated with the presence of auditory

hallucinations (García-Martí et al, 2008), a distressing experience which can be a precipitant

for suicidal ideation or attempts (Fialko et al, 2006). In addition, the superior temporal

cortex (gyrus and sulcus) is part of a complex face processing system and is involved in the

perception of emotion (Campbell et al, 1990). Functional MRI studies suggest that these

structures mediate a “reflexive” response to visual social inputs, especially negative visual

stimuli (Buchheim et al, 2008). The insular cortex is involved in subjective evaluation of

one’s affective state and the internalization of perceptions of oneself by others (New et al,
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2008). Negative affect resulting from perceived rejection and social disappointment has

been found to be the most common precipitant of suicidal behavior in borderline personality

disorder (Soloff et al, 2012). The same factors could increase suicidality in patients with

psychosis.

While they need to be replicated in independent samples, the results of this study could be of

significant clinical interest. If the observed alterations in specific brain regions are

replicated, they could be of corroborative value for clinicians while assessing suicide risk of

the patient. Furthermore, these regions could be investigated as biomarkers for the

pathophysiology of suicidal behavior in individuals with psychosis. Eventually these

alterations could represent a neurobiological signature of risk of suicidality across psychotic

disorders.

The major strength of our study is its large sample size and the examination of the relation

between brain structure and suicidal behavior across the psychosis spectrum. To the best of

our knowledge, ours is the first imaging study to investigate volumetric brain differences

related to suicidality in either SZA or BP-P subjects. However, our study is limited by the

lack of examination of those with only suicidal ideation, as this was not recorder during the

SCID-IV-TR interview. Another limitation is the absence of the important class of

attempters who completed suicide. Even though the current severity of psychotic symptoms

was assessed with the PANSS (Positive and Negative Symptoms Scale), the severity of the

psychotic symptoms at the time of suicide attempt is unknown. It should also be noted that

the high- and low-lethality attempter groups were selected based only on the highest medical

lethality of the suicide attempt without taking into account the different methods used or

other previous attempts: as a result, highly lethal methods may have presented to clinical

attention as low-lethality attempts because of limited actual medical consequences, and vice

versa. Despite this possibility, the dose-response relationship between attempt lethality and

structural change is striking and validates the distinction being made in the LS scale between

low- and high-lethality attempts. Furthermore, because the LS relies in part on self-report, a

possible interpretation of our results is that the observed structural changes observed might

reflect differences associated with proneness to self-reporting suicidality, or differences in

degree of intentionality of self-harming behavior. However, two studies suggest that the

degree of intent is not necessarily associated with the lethality of the attempt (Brown et al,

2004, Plutchik et al, 1989).

We caution that the results of our study do not establish causality between brain structural

alterations and suicidal behavior. Brain structural alterations probably account for only a

small part of the variation underlying suicidal behavior. There are many risk factors

underlying suicidal behavior in patients with psychosis. Future studies examining the

relationship between brain changes on the one hand, and family history of suicide, genetic

factors and substance abuse on the other hand are necessary in order to gain a more

comprehensive understanding of the complex phenomenon of suicidal behavior in patients

with psychotic disorders. The functional and neurochemical correlates of the observed

structural changes also need to be determined.
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Figure 1. GROUP COMPARISONS ON BILATERAL SUPERIORAL TEMPORAL VOLUME
ATT=Attempters, NONATT=Non Attempters, HC=Healthy Controls
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Figure 2. EFFECT SIZES OF SIGNIFICANT VOLUMETRIC DIFFERENCES
In the above figure, regions where we observed volumetric differences between attempters

and nonattempters are colored according to a scale based on Cohen’s d effect size.
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Table 3

COMPARISONS OF ATTEMPT RATES AND LETHALITY ACCORDING TO DIAGNOSIS

Total Attempters/ Total Patients Hi Lethality Attempters/ Total Patients Low Lethality Attempters/ Total Patients

SZ 55/196 (28.1%) 35/196 (17.9%) 20/196 (10.2%)

SZA 42/121 (34.7%) 31/121 (25.6%) 11/121 (9.1%)

BPP 51/172 (29.7%) 31/172 (18.0%) 20/172 (11.6%)
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