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Objective: The authors sought to eluci-
date the functional neural basis of the
neurobiological abnormalities underlying
the vulnerability to suicidal behavior.

Method: Event-related functional MRI
was used to measure neural activity in re-
sponse to angry and happy versus neutral
faces. Thirteen currently euthymic men
with a history of major depressive disor-
der and suicidal behavior were compared
with 14 currently euthymic men with a
history of major depressive disorder but
not of suicidal acts (affective comparison
subjects) and 16 healthy male compari-
son subjects.

Results: Relative to affective comparison
subjects, suicide attempters showed
greater activity in the right lateral orbito-
frontal cortex (Brodmann’s area 47) and
decreased activity in the right superior
frontal gyrus (area 6) in response to proto-
typical angry versus neutral faces, greater
activity in the right anterior cingulate gy-

rus (area 32 extending to area 10) to mild
happy versus neutral faces, and greater
activity in the right cerebellum to mild an-
gry versus neutral faces. However, activa-
tion in these frontal regions did not differ
between healthy individuals and either
patient group. Relative to healthy com-
parison subjects, both patient groups
showed reduced activity in the right cere-
bellum to neutral faces and to mild
happy versus neutral faces.

Conclusions: Suicide attempters were
distinguished from nonsuicidal patients
by responses to angry and happy faces
that may suggest increased sensitivity to
others’ disapproval, higher propensity to
act on negative emotions, and reduced
attention to mildly positive stimuli. These
patterns of neural activity and cognitive
processes may represent vulnerability
markers of suicidal behavior in men with
a history of depression.

(Am J Psychiatry 2008; 165:740–748)

Considerable evidence links vulnerability to suicidal
behavior with specific neurobiological abnormalities (1).
These include abnormal serotonin receptor expression in
the ventral prefrontal cortex in suicide completers (2) and
impaired performance on cognitive tasks that are depen-
dent on this brain region in suicide attempters (3, 4). It has
therefore been hypothesized that impaired serotonergic
modulation of the ventral prefrontal cortex places individ-
uals at risk for suicide after exposure to stressors that im-
pair decision-making capacity in negative emotional con-
texts (1, 4).

Few neuroimaging studies have been conducted in rela-
tion to suicidal behavior. Recently Monkul and colleagues
(5) found that the right amygdala was smaller in female
suicide attempters than in depressed comparison subjects
and that the orbitofrontal cortex was smaller than in
healthy comparison subjects. In a positron emission to-
mography (PET) study, Audenaert and colleagues (6)
found reduced 5-HT2A receptor binding in the prefrontal
cortex in depressed suicide attempters relative to healthy
comparison subjects. Cannon and colleagues (7) found
decreased serotonin transporter binding in the midbrain
and increased binding in the anterior cingulate gyrus in
depressed bipolar patients with a history of suicidal acts

compared with bipolar patients with no suicidal history. In
another PET study, Oquendo and colleagues (8) reported a
lower glucose uptake in several regions of the prefrontal
cortex (Brodmann’s areas 6, 8, 9, and 44) and the anterior
cingulate gyrus (areas 24 and 32) in high- versus low-le-
thality suicide attempters. These studies link suicidal be-
havior with the serotonergic system and the prefrontal
cortex, including the orbitofrontal, dorsolateral, and ante-
rior cingulate cortices.

No study has specifically examined activity in neural
systems engaged by negative emotional cues that are po-
tentially relevant to suicidal behavior, such as social sig-
nals of disapproval. In suicide attempters, hypersensitivity
to social signals of disapproval may engender extreme
feelings of “thwarted love” and “avoidance of shame and
humiliation” (9, p. 25). Examining the neural response to
such social signals may elucidate brain regions where sui-
cide attempters exhibit perturbed responses to negative
socioemotional cues.

To examine the neural correlates of suicidal behavior,
we compared neural activity in male patients with a his-
tory of major depressive disorder either with or without a
history of suicidal acts (“suicide attempters” and “affective
comparison subjects,” respectively). Our study design
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called for patient groups with major depression because of
the high attributable risk for suicidal acts associated with
this diagnosis (10). To exclude any potential effect of de-
pressed mood per se on abnormal neural activity, our
study required that participants be euthymic at the time of
scanning. We employed a well-validated event-related
functional MRI (fMRI) task previously used to map neural
responses to emotionally valent social cues in depression.
This task involves presentation of modified Ekman and
Friesen facial expression stimuli (11, 12), using emotional
expressions relevant to the study of suicidal behavior: ob-
server-directed disapproval expressions (angry faces) and
positive social expressions (happy faces) versus neutral
faces. Our study therefore maps significant differences in
neural activity to emotional versus neutral expressions be-
tween suicide attempters and affective comparison sub-
jects. On the basis of previous findings, we hypothesized
that 1) suicide attempters relative to affective comparison
subjects would show perturbed function in the orbitofron-
tal, dorsal prefrontal, and anterior cingulate cortices; and
2) this perturbation would be present in response to angry
versus neutral facial expressions, but not to happy versus
neutral facial expressions or to neutral faces per se.

We also included a sample of healthy comparison sub-
jects to determine the degree to which any differences be-
tween the patient groups represent deviations from health
as opposed to mere differences between two pathological
groups, neither of which differs from healthy comparison
subjects. Moreover, the observation of perturbed neural
activity in both patient groups relative to healthy compar-
ison subjects provides insights on brain regions linked to
major depressive disorder per se, independent of any as-
sociation with past suicidal behavior.

Method

Participants

Participants were recruited through newspaper advertise-
ments. They were first screened for inclusion criteria by telephone
and then in person by an experienced psychiatrist. All participants
were right-handed (13) and male. Only men were included in this
study because another paradigm studied within the same experi-
mental session had previously shown gender effects. Three groups
of participants were included: suicide attempters—individuals
with a past history of both major depressive disorder and suicidal
behavior; affective comparison subjects—individuals with a past
history of major depressive disorder but no history of suicidal acts;
and healthy comparison subjects—individuals with no past his-
tory of any DSM-IV axis I diagnosis.

Suicidal behavior was defined as any act carried out with the
intent to die (14). Diagnoses were made according to DSM-IV cri-
teria using the Mini-International Neuropsychiatric Interview,
version 5.0.0 (15). All participants had to be euthymic at the time
of scanning, as indicated by a Hamilton Depression Rating Scale
score <7 (16). Other exclusion criteria included a lifetime history
of severe head trauma, CNS disorder, bipolar disorder, schizo-
phrenia, and a history of alcohol or drug abuse or dependence
within the past 12 months.

Several additional assessments were conducted prior to scan-
ning. We administered the English version of the National Adult

Reading Test (17) to provide an estimate of premorbid verbal IQ;
the Beck Depression Inventory (18) for a subjective measure of de-
pressive state; and the Spielberger Anxiety Scale—State (19) for
current level of anxiety. The most recent and the most severe sui-
cidal acts were assessed with the Risk Rescue Rating Scale (20) and
the Suicide Intent Scale (21). Finally, for data on relevant personal-
ity traits, we assessed impulsivity with the Barratt Impulsiveness
Scale (22), affective lability with the Affective Lability Scale (23),
anger with the State-Trait Anger Expression Inventory (24), and
trait anxiety with the Spielberger Anxiety Scale—Trait (19).

Forty-eight participants were examined. Two healthy individu-
als were unable to remain in the scanner because of anxiety. For
technical reasons, data from two healthy comparison subjects for
the angry faces task could not be analyzed, as well as data from
two other healthy comparison subjects for the happy faces task.
One suicide attempter was excluded because of current depres-
sion. Thus, data from 13 suicide attempters, 14 affective compar-
ison subjects, and 16 healthy comparison subjects (14 for the
happy faces) were analyzed.

Two of the affective comparison subjects and three of the sui-
cide attempters were each taking one antidepressant, and one
suicide attempter was taking one antidepressant and lithium at
the time of scanning. No other participants were taking psycho-
tropic medications.

The Ethics Committee (Research) of the Maudsley Hospital
and Institute of Psychiatry approved the study protocol, and all
participants provided written informed consent before entering
the study. Study subjects were paid £30 for their participation in
the study.

Stimulus Presentation

Each participant completed two consecutive 6-minute scan-
ning runs. One run presented faces expressing happiness, and the
other presented faces expressing anger from standardized series
of prototypical faces posed by 10 different individuals (11, 25, 26).
The order of runs was counterbalanced across individuals and
groups. Each run included 20 pictures of one emotion at mild
(50%) intensity, 20 pictures of the same emotion at prototypical
(100%) intensity, and 20 neutral faces in a randomized order.

The mild emotion expressions were included because they rep-
resent facial expressions more frequently seen in everyday life
and may be particularly relevant for the study of psychiatric dis-
orders characterized by impaired interpersonal functioning, in-
cluding mood disorders (27, 28). These stimuli were used in ex-
ploratory analyses rather than for exploring our main study
hypotheses, which focused on the contrast between prototypical
emotional and neutral faces.

The interstimulus interval varied from 3 to 8 seconds (mean=
4.9 seconds) according to a Poisson distribution to prevent partic-
ipants from predicting the timing of the next stimulus presenta-
tion. During the interstimulus interval, participants viewed a fix-
ation cross (baseline).

Participants viewed each face for 2 seconds and were asked to
identify the gender of each face and to press one of two buttons
accordingly with the right hand (thus, this was a covert emotion
processing paradigm).

Image Acquisition

Magnetic resonance images were acquired with a GE Signa 1.5-
T Neuro-optimized MR system (General Electric, Milwaukee) at
the Maudsley Hospital, London. An inversion recovery echo-pla-
nar imaging (EPI) data set was acquired at 43 near-axial 3-mm-
thick planes parallel to the anterior-posterior commissure line
(time to echo=40 msec, time to inversion=180 msec, time to re-
covery=16 seconds, in-plane resolution=1.72 mm, interslice gap=
0.3 mm, and matrix size=128 × 128 pixels). This higher-resolution
EPI data set provided whole brain coverage and was later used to
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register the fMRI data sets acquired from each individual in stan-
dard stereotactic space. A total of 180 T2-weighted images depict-
ing blood-oxygen-level-dependent contrast were acquired at
each of 25 near-axial noncontiguous 5-mm-thick planes parallel
to the intercommissural line (time to echo=40 msec, repetition
time=2 seconds, in-plane resolution=3.44 mm, interslice gap=0.5
mm, and matrix size=64×64 pixels).

fMRI Data Analysis

Data were analyzed using the XBAM software package, version
3.4  (29 ) ,  developed at  the Insti tute  of  Psychia tr y (see
www.brainmap.co.uk for more information). XBAM is based on a
nonparametric approach. Analysis of covariance was carried out
on the effect size maps in Talairach and Tournoux’s standard
space (30). We included in the analysis all those voxels where at
least half the participants had data present. Each voxel statistic
was then corrected for the actual number of participants contrib-
uting to the calculation (31).

To directly test our main hypotheses, we employed a one-way
analysis of covariance (ANCOVA) examining the main effect of di-
agnostic group (three levels) on whole-brain neural activity to pro-
totypical angry versus neutral expressions and to prototypical
happy versus neutral expressions. These ANCOVAs were followed
by post hoc whole-brain pairwise contrasts between groups, and
only clusters that were significant at the main ANCOVA level and
the pairwise level are reported. Age and level of education were
used as covariates in comparisons between healthy comparison
subjects and the patient groups. In a second step, pairwise be-
tween-group analyses were conducted after exclusion of medi-
cated patients. A clusterwise p value of 0.01 (corrected for whole
brain volume using permutation testing) was used for all analyses.

Assessment of Explicit Emotion Identification

After each scanning session, all participants underwent two
tests to assess their ability to process facial information. The
Short Recognition Memory Test for Faces (32) provided an indi-
rect measure of nonemotional face perception, and a computer-

ized test of facial emotion recognition was conducted (see refer-
ence 28 for details).

Statistical Analyses

Statistical analyses other than the fMRI analyses were carried
out with SPSS (SPSS, Inc., Chicago). Because of the small size of
the groups, only nonparametric tests were used. Comparisons of
quantitative data between the three groups were made by means
of Kruskal-Wallis tests and between pairs of groups by Mann-
Whitney U tests. Associations between qualitative variables and
groups were calculated with chi-square tests. Spearman correla-
tions were used for correlation analyses. The Bonferroni correc-
tion was applied when multiple correlations were conducted. The
alpha level was set at 0.05.

Results

Demographic and Clinical Comparisons

Tables 1 and 2 summarize demographic and clinical de-
tails and statistical comparisons. Suicide attempters did
not differ from affective comparison subjects in any of the
clinical variables considered.

There were no significant differences in personality
traits between the patient groups after the Bonferroni cor-
rection was made.

fMRI Data

Table 3 and Figures 1 and 2 summarize the findings.

Main Effect of Group for Prototypical Facial 
Expressions

We examined the effect of group and interaction with fa-
cial expression on neural activity in response to each emo-
tion at full intensity versus neutral faces to test our main
hypotheses and to control for any between-group differ-

TABLE 1. Demographic and Clinical Variables for Male Suicide Attempters, Affective Comparison Subjects, and Healthy
Comparison Subjectsa

Task and Variable

Healthy 
Comparison 

Subjects

Affective 
Comparison 

Subjects Suicide Attempters Analyses

Mean SD Mean SD Mean SD

Kruskal-
Wallis 
Test p

Post Hoc 
Analysesb

Angry faces
Age (years) 32.4 9.8 43.9 10.6 40.3 11.3 8.8 0.01 AC, SA > HC
National Adult Reading Test score 0.78c 0.12 0.81 0.1 0.70d 0.12 4.8 0.09 —
Education level (years) 17.1 2.0 14.1d 2.4 14.0 2.7 12.5 0.002 AC, SA < HC
Beck Depression Inventory score 2.6 4.7 8.1 5.3 7.2 6.2 10.4 0.005 AC, SA > HC
Hamilton Depression Rating Scale 

(17-item) score
1.1 1.6 2.9 2.1 2.4 2.3 6.1 0.05 AC > HC

Spielberger Anxiety Scale—State score 27.8 4.3 35.4 8.0 30.8 7.4 7.5 0.02 AC > HC
Happy faces

Age (years) 32.9 10.4 43.9 10.6 40.3 11.3 7.1 0.03 AC > HC
National Adult Reading Test score 0.79c 0.12 0.81 0.1 0.70d 0.12 5.0 0.08 —
Education level (years) 16.8 2.0 14.1d 2.4 14.0 2.7 10.1 0.006 AC, SA < HC
Beck Depression Inventory score 2.9 5.0 8.1 5.3 7.2 6.2 8.7 0.01 AC, SA > HC
Hamilton Depression Rating Scale 

(17-item) score
1.2 1.6 2.9 2.1 2.4 2.3 4.5 0.1 —

Spielberger Anxiety Scale—State score 27.4 4.5 35.4 8.0 30.8 7.4 7.4 0.03 AC > HC
a The contrasts for the angry and happy faces are presented separately because group membership differed slightly in these tasks. Data were

analyzed from 16 healthy comparison subjects (14 for the happy faces), 14 affective comparison subjects, and 13 suicide attempters.
b HC=healthy comparison subjects, AC=affective comparison subjects, SA=suicide attempters.
c Data missing for two participants.
d Data missing for one participant.
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ence in neural activity to faces per se (i.e., neutral faces).
This analysis revealed a significant interaction of group by
prototypical (happy and angry) facial expression (3×2) in
the right anterior cingulate (Brodmann’s area 24/32) and
the left superior frontal gyrus (Brodmann’s area 8). Com-
parison of effect size values revealed significant differ-
ences in activity in both regions between prototypical
angry and happy conditions for healthy comparison sub-
jects, but not for either patient group.

We then conducted a one-way analysis of variance of the
contrast of angry versus neutral faces and happy versus
neutral faces with group as the between-subjects factor. To
prototypical anger versus neutral facial expressions, there
was a significant main effect of group in the posterior part
of the right lateral orbitofrontal cortex (Brodmann’s area
47) and in three regions of the right superior frontal gyrus
(Brodmann’s areas 6, 8, and 9). Post hoc whole-brain pair-
wise between-group analyses were then conducted. Sui-
cide attempters showed significantly greater activity than
affective comparison subjects in the right lateral orbito-
frontal cortex (Brodmann’s area 47), and affective compar-
ison subjects showed significantly greater activity than sui-
cide attempters in the right superior frontal gyrus

(Brodmann’s area 6). When patients receiving medication
were excluded from these pairwise between-group analy-
ses, the right Brodmann’s area 47, but not area 6, remained
significant for this comparison. There were no significant
differences in neural activity to prototypical angry versus
neutral facial expressions between healthy comparison
subjects and either patient group.

To prototypical happy versus neutral facial expressions,
the main effect of group was significant only in the right
cerebellum. Post hoc whole-brain between-group com-
parisons yielded no statistically significant differences be-
tween any group pairs, however.

Main Effect of Group for Neutral Facial 
Expressions

To exclude a potential effect of responses to neutral fa-
cial expression in these findings, we examined the effect of
group on neural activity to neutral facial expressions ver-
sus the fixation-cross baseline. There was a significant ef-
fect of group only in the right cerebellum. Post hoc pair-
wise between-group analyses revealed significantly
greater activity in the right cerebellum in healthy compar-

TABLE 2. Comparisons of Clinical Variables Between Suicide Attempters and Affective Comparison Subjects

Variable
Affective Comparison Subjects 

(N=14)
Suicide Attempters 

(N=13) Analysis
Mean SD Mean SD Ua p

Number of past depressive episodes 3.8 3.3 3.5 2.9 88.0 0.9
Age at first depressive episode (years) 29.6 10.7 25.5 14.2 43.5 0.2
Total duration of depressive illness 14.2 15.4 13.5 11.6 59.5 0.5
Number of suicide attempts 2.3 1.5
Age at first suicide attempt (years) 27.9 12.6
Time since last suicide attempt (months) 92.4 130.5

N % N % χ2 p
Taking medication 2 14.3 4 30.8 1.1 0.3
Anxiety disorder 6 42.9 5 38.5 0.05 0.6
a Mann-Whitney U Test.

TABLE 3. Significant Differences in Neural Responses Between Male Suicide Attempters, Affective Comparison Subjects,
and Healthy Comparison Subjects

Contrast and Talairach Coordinates 
(x, y, z)

Volume 
(Voxels)

Cluster p 
Value Side Brodmann’s Area Region

Post Hoc 
Analysisa

Prototypical angry vs. neutral faces
29, 19, –24 16 0.003 Right 47 Lateral orbitofrontal cortex SA > ACb

7, 33, 53 13 0.01 Right 6 Superior frontal gyrus AC > SA
4, 37, 48 28 0.004 Right 8 Superior frontal gyrus —
18, 48, 51 32 0.006 Right 9 Superior frontal gyrus —

Prototypical happy vs. neutral faces
29, –63, –24 16 0.008 Right — Cerebellum —

Neutral vs. fixation cross
29, –70, –24 131 0.006 Right — Cerebellum HC > SA,b ACb

Mild angry vs. neutral faces
29, –74, –18 30 0.005 Right — Cerebellum SA > ACb

14, 19, 54 54 0.003 Right 6 Superior frontal gyrus —
–22, 26, 48 72 0.0007 Left 8 Superior frontal gyrus —
–36, 11, –13 30 0.008 Left 13 Inferior frontal gyrus —
54, –4, –2 38 0.004 Right 22 Superior temporal gyrus —

Mild happy vs. neutral faces
7, 44, 4 123 0.0001 Right 32/10 Anterior cingulate gyrus SA > ACb

29, –70, –18 31 0.001 Right — Cerebellum HC > ACb > SAb

a HC=healthy comparison subjects, AC=affective comparison subjects, SA=suicide attempters.
b Remained significant after exclusion of six patients taking medication (four suicide attempters and two affective comparison subjects).
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ison subjects than in both patient groups, but not between
patient groups. These differences remained significant af-
ter exclusion of medicated patients.

Main Effect of Group for Mild Facial Expressions

We conducted exploratory analyses to examine be-
tween-group differences in activity in response to the
viewing of mild emotional versus neutral facial expres-
sions. To mild anger versus neutral facial expressions,
there was a significant main effect of group in the right
cerebellum, the left inferior frontal gyrus (Brodmann’s

area 13), the right superior frontal gyrus (area 22), the left
superior frontal gyrus (area 8), and the right superior fron-
tal gyrus (area 6). Post hoc whole-brain pairwise analyses
revealed significantly greater activity in the right cerebel-
lum in suicide attempters compared with affective com-
parison subjects. This finding remained significant after
exclusion of medicated patients. There were no significant
between-group differences in neural activity in either of
the other pairwise comparisons.

To mild happy versus neutral facial expressions, there
was a significant main effect of group in the right cerebel-

FIGURE 1. Significant Differences in Neural Response Between Male Suicide Attempters and Affective Comparison Subjects

Prototypical Angry Versus Neutral Faces

Mild Angry Versus Neutral FacesMild Happy Versus Neutral Faces

Right lateral orbitofrontal cortex (Brodmann’s area 47) Right superior frontal gyrus (Brodmann’s area 6)

Right anterior cingulate gyrus
(Brodmann’s area 32 extending to Brodmann’s area 10)

Right cerebellum

Posterior viewAnterior view

Right viewAxial slice view

Greater activity in suicide attempters than in affective comparison subjects

Lower activity in suicide attempters than in affective comparison subjects
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lum and a large cluster extending from the right anterior
cingulate gyrus (Brodmann’s area 32) to the medial frontal
gyrus (area 10). Post hoc whole-brain pairwise analyses re-
vealed greater activity in the right cerebellum in healthy
comparison subjects than in both patient groups, and in
affective comparison subjects than in suicide attempters.
Suicide attempters showed greater activity than affective
comparison subjects in the right Brodmann’s area 32/10.
These findings remained significant after exclusion of pa-
tients taking medication.

Gender Recognition During fMRI Sessions: 
Reaction Time and Accuracy

No significant group differences were observed in accu-
racy or reaction time during gender recognition for happy
or angry facial expressions. These results indicate no be-
tween-group differences in attention to facial expressions
during scanning.

Facial Processing Abilities

Significant between-group differences were observed in
the nonemotional Short Recognition Memory Test for
Faces. There were also no significant between-group dif-
ferences in accuracy or reaction time for explicit emotion
recognition after Bonferroni correction.

Discussion

As hypothesized, patients with a history of suicidal be-
havior showed different responses to prototypical angry
faces relative to well-matched patients with no such his-
tory in several regions of the prefrontal cortex; we ob-
served increased activity in the right lateral orbitofrontal
cortex (Brodmann’s area 47) and decreased activity in the
right superior frontal gyrus (area 6). These differences
were not seen in response to neutral or prototypical happy
faces. The increased activity in area 47 in suicide attempt-
ers in response to angry faces survived exclusion of six pa-
tients taking medication. Moreover, neither patient group
differed from healthy subjects in the contrasts that differ-
entiated previously depressed patients with and without
histories of suicidal behavior. Contrary to our second hy-
pothesis, there was also significantly greater activity in the
right anterior cingulate gyrus (Brodmann’s area 32, ex-
tending to the medial frontal gyrus, area 10) in suicide at-
tempters compared with affective comparison subjects in
response to mild (but not prototypical) happy versus neu-
tral faces. Finally, suicide attempters also showed signifi-
cantly greater activity than affective comparison subjects
in the right cerebellum in response to mild angry expres-
sions. These regions have previously been implicated in
suicidal behavior (2, 5, 7, 8).

FIGURE 2. Distribution of Effect Sizes of Neural Response in Male Suicide Attempters, Affective Comparison Subjects, and
Healthy Comparison Subjectsa

a The four charts in panel A show significant clusters from comparisons between suicide attempters and affective comparison subjects, that is,
regions associated with vulnerability to suicidal behavior. The chart in Panel B shows a significant cluster from comparisons between the pa-
tient groups and healthy comparison subjects, that is, a region associated with vulnerability to major depressive disorder. Circles represent
outliers, the dark horizontal line represents the median value, and the boxes represent effect size values for 75% of each group.
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Brodmann’s area 47 has been implicated in the process-
ing of facial expressions (33), particularly in the processing
of anger (34, 35). Moreover, area 47 may be especially re-
sponsive to subjectively salient or mood-congruent ex-
pressions. For example, in a previous study (36), depressed
patients showed greater activity than healthy individuals
in the right Brodmann’s area 47 in response to mood-con-
gruent sad versus mood-incongruent happy covert stim-
uli. Our findings therefore suggest that angry faces may be
an especially salient stimulus for individuals at risk for sui-
cide in the same way that sad signals are salient for
depressed individuals. Angry faces are a social signal of
disapproval indicating that one’s current behavior is unac-
ceptable and should be modified. Regions of area 47 (in
the lateral orbitofrontal cortex) are also implicated in the
receipt of punishment (37). Suicide attempters may dis-
play increased sensitivity to others’ disapproval and
greater perception of punishment in these contexts. Nota-
bly, however, our study failed to detect differences in area
47 function in either patient group relative to healthy
comparison subjects. This contrasts with prior findings
differentiating area 47 function in depressed and healthy
subjects. This difference between findings in this study
and prior studies (36) could be related either to the rela-
tively small sample sizes we used here or to the fact that all
patients in this study were examined while euthymic,
whereas other studies have examined subjects during de-
pressive episodes.

Suicide attempters showed significantly lower activity
than affective comparison subjects in the right superior
frontal gyrus (Brodmann’s area 6) in response to prototyp-
ical angry versus neutral faces, although this finding was
no longer significant after exclusion of the patients taking
medication. Area 6 has been implicated in control of vol-
untary actions in conflict situations (38). A PET study in
suicide attempters (8) reported a negative correlation be-
tween impulsivity and area 6 activity at rest. Lower activity
in area 6 in suicide attempters may thus be linked to a
higher propensity to act in response to negative emotions.

Suicide attempters also showed greater activity than af-
fective comparison subjects in the right Brodmann’s area
32 extending to area 10 in response to mild but not proto-
typical happy faces. However, as with the finding for area
47, neither patient group differed from healthy compari-
son subjects. There may be greater ambiguity in mild
emotional expressions, and mild emotional expressions
presented with neutral expressions may be less easily dis-
tinguishable from each other. Regarding its role in atten-
tion to and effortful regulation of affective states (39),
greater activity in area 32 in suicide attempters may there-
fore reflect increased effortful attentional processing of
ambiguous positive emotional stimuli. We hypothesize
that suicidal patients may thus display more difficulty in
finding protective (positive) factors in their environment.

Healthy individuals showed significantly greater activity
than both patient groups in the right cerebellum in re-
sponse to neutral faces and to mild happy expressions.
These findings parallel our previous results (27) in cur-
rently depressed patients compared with healthy individ-
uals. Together, they provide replicable evidence of per-
turbed cerebellar function in individuals with either
current or past depression, suggesting state-independent
dysfunction. These findings add to the literature high-
lighting the role of the cerebellum as a key component of
neural systems underlying emotion processing (40).

More research is needed on the neural differences be-
tween depressed patients facing low versus high risk for
suicidal behavior. Continued research on the neural re-
sponse to social cues may provide insights, given that sui-
cidal behavior often occurs when vulnerable individuals
enter negative socioemotional contexts. Our findings of
neural responses to facial expressions, an important class
of socioemotional cues, may provide important clues to
understanding these differences. Comparisons of neural
activity among the three groups (Figure 2) showed that re-
sponses tended to be in opposite directions in suicide at-
tempters and affective comparison subjects relative to
healthy comparison subjects in regions associated with
the vulnerability to suicidal behavior but in similar direc-
tions in regions associated with the vulnerability to de-
pression. More research is needed to examine commonal-
ities and differences in neural response to social signals
among these three groups.

There are some limitations to our study. First, our find-
ings may not generalize to all suicide attempters, as our
population only included male, mostly middle-aged, indi-
viduals with a history of major depressive disorder. It will
be important in the future to study different populations,
such as women, adolescents, older age groups, and indi-
viduals with other psychiatric disorders associated with
suicidal behavior. Second, the relatively small size of our
groups may have limited our ability to detect further dif-
ferences between groups, although our sample size re-
mains comparable to those of previous neuroimaging
studies of suicide attempters. Third, comparisons be-
tween patients and healthy individuals may have been
blunted by the need to control for age and education. In
future research, more careful matching of the three groups
would enable better analyses (without covariates) and
perhaps reveal a network of brain regions associated with
vulnerability to depression. Fourth, we did not assess the
duration of symptom-free periods in our patient groups.
Finally, medication is a frequent potential confounding
factor in functional imaging studies of patients, particu-
larly when studying euthymic previously depressed indi-
viduals. In this study, few individuals were taking medica-
tion at the time of scanning. Even after exclusion of these
patients in secondary analyses, however, most between-
group differences in neural activity remained significant.



Am J Psychiatry 165:6, June 2008 747

JOLLANT, LAWRENCE, GIAMPIETRO, ET AL.

ajp.psychiatryonline.org

Presented at the 62nd annual convention of the Society of Biologi-
cal Psychiatry, May 17–19, 2007, San Diego, and at the 24th congress
of the International Association for Suicide Prevention, Aug. 28–Sept.
1, 2007, Killarney, Ireland. Received Aug. 4, 2007; revisions received
Oct. 9, Nov. 16, and Dec. 12, 2007; accepted Jan. 2, 2008 (doi:
10.1176/appi.ajp.2008.07081239). From the Université Montpellier I,
Institut National de la Santé et de la Recherche Médicale (INSERM) U
888, and Centre Hospitalier Universitaire (CHU), Montpellier, France;
Department of Psychological Medicine, Section of Neuroscience and
Emotion, Institute of Psychiatry, King's College London, London; De-
partment of Biostatistics, Institute of Psychiatry, King's College Lon-
don; Department of Psychiatry, University of Pittsburgh, Pittsburgh;
and Wales Institute of Cognitive Neuroscience, School of Psychology,
Cardiff University, Cardiff, U.K. Address correspondence and reprint
requests to Dr. Jollant, Service de Psychologie Médicale et Psychiatrie,
Hôpital Lapeyronie, 371 Avenue du Doyen Giraud, 34295 Montpel-
lier Cedex 5, France; f-jollant@chu-montpellier.fr (e-mail).

All authors report no competing interests.
Dr. Jollant and Dr. Lawrence contributed equally to this work.
Supported by the American Foundation for Suicide Prevention (Dr.

Jollant), Fondation pour la Recherche Médicale (Action Dynamique
en Psychiatrie 2004), University of Montpellier 1, and the Royal Soci-
ety and University of London Central Research Fund (Dr. Lawrence).
The authors thank Chris Andrew for technical assistance and Dr. Paul
Keedwell for his assistance with recruitment.

References

1. Mann JJ: Neurobiology of suicidal behaviour. Nat Rev Neurosci
2003; 4:819–828

2. Mann JJ, Huang YY, Underwood MD, Kassir SA, Oppenheim S,
Kelly TM, Dwork AJ, Arango V: A serotonin transporter gene
promoter polymorphism (5-HTTLPR) and prefrontal cortical
binding in major depression and suicide. Arch Gen Psychiatry
2000; 57:729–738

3. Keilp JG, Sackeim HA, Brodsky BS, Oquendo M, Malone KM,
Mann JJ: Neuropsychological dysfunction in depressed suicide
attempters. Am J Psychiatry 2001; 158:735–741

4. Jollant F, Bellivier F, Leboyer M, Astruc B, Torres S, Verdier R,
Castelnau D, Malafosse A, Courtet P: Impaired decision making
in suicide attempters. Am J Psychiatry 2005; 162:304–310

5. Monkul ES, Hatch JP, Nicoletti MA, Spence S, Brambilla P, La-
cerda AL, Sassi RB, Mallinger AG, Keshavan MS, Soares JC:
Fronto-limbic brain structures in suicidal and non-suicidal fe-
male patients with major depressive disorder. Mol Psychiatry
2007; 12:360–366

6. Audenaert K, Van Laere K, Dumont F, Slegers G, Mertens J, van
Heeringen C, Dierckx RA: Decreased frontal serotonin 5-HT 2a
receptor binding index in deliberate self-harm patients. Eur J
Nucl Med 2001; 28:175–182

7. Cannon DM, Ichise M, Fromm SJ, Nugent AC, Rollis D, Gandhi
SK, Klaver JM, Charney DS, Manji HK, Drevets WC: Serotonin
transporter binding in bipolar disorder assessed using
[11C]DASB and positron emission tomography. Biol Psychiatry
2006; 60:207–217

8. Oquendo MA, Placidi GP, Malone KM, Campbell C, Keilp J, Brod-
sky B, Kegeles LS, Cooper TB, Parsey RV, van Heertum RL, Mann
JJ: Positron emission tomography of regional brain metabolic re-
sponses to a serotonergic challenge and lethality of suicide at-
tempts in major depression. Arch Gen Psychiatry 2003; 60:14–22

9. Schneidman ES: The Suicidal Mind. New York, Oxford Univer-
sity Press, 1996

10. Bernal M, Haro JM, Bernert S, Brugha T, de Graaf R, Bruffaerts
R, Lépine JP, de Girolamo G, Vilagut G, Gasquet I, Torres JV,
Kovess V, Heider D, Neeleman J, Kessler R, Alonso J; ESEMED/
MHEDEA Investigators: Risk factors for suicidality in Europe: re-
sults from the ESEMED study. J Affect Disord 2007; 101:27–34

11. Ekman P, Friesen WV: Pictures of Facial Affect. Palo Alto, Calif,
Consulting Psychologists Press, 1976

12. Young AW, Rowland D, Calder AJ, Etcoff NL, Seth A, Perrett DI:
Facial expression megamix: tests of dimensional and category
accounts of emotion recognition. Cognition 1997; 63:271–313

13. Oldfield RC: The assessment and analysis of handedness: the
Edinburgh Inventory. Neuropsychologia 1971; 9:97–113

14. Mann JJ, Waternaux C, Haas GL, Malone KM: Toward a clinical
model of suicidal behavior in psychiatric patients. Am J Psychi-
atry 1999; 156:181–189

15. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J,
Weiller E, Hergueta T, Baker R, Dunbar GC: The Mini-Interna-
tional Neuropsychiatric Interview (MINI): the development and
validation of a structured diagnostic psychiatric interview for
DSM-IV and ICD-10. J Clin Psychiatry 1998; 59(suppl 20):22–33

16. Hamilton M: A rating scale for depression. J Neurol Neurosurg
Psychiatry 1960; 23:56–62

17. Beardsall L, Brayne C: Estimation of verbal intelligence in an
elderly community: a prediction analysis using a shortened
NART. Br J Clin Psychol 1990; 29(pt 1):83–90

18. Beck AT, Ward CH, Mendelson M: An inventory for measuring
depression. Arch Gen Psychiatry 1961; 4:561–571

19. Spielberger CD: Manual for the State-Trait Anxiety Inventory
(Form Y). Palo Alto, Calif, Consulting Psychologists Press,
1983

20. Weisman AD, Worden JW: Risk-rescue rating in suicide assess-
ment. Arch Gen Psychiatry 1972; 26:553–560

21. Beck RW, Morris JB, Beck AT: Cross-validation of the Suicidal In-
tent Scale. Psychol Rep 1974; 34:445–446

22. Patton JH, Stanford MS, Barratt ES: Factor structure of the Bar-
ratt impulsiveness scale. J Clin Psychol 1995; 51:768–774

23. Harvey PD, Greenberg BR, Serper MR: The affective lability
scales: development, reliability, and validity. J Clin Psychol
1989; 45:786–793

24. Forgays DG, Forgays DK, Spielberger CD: Factor structure of the
State-Trait Anger Expression Inventory. J Pers Assess 1997; 69:
497–507

25. Young AW, Perret DI, Calder AJ, Sprengelmeyer R, Ekman P: Fa-
cial Expressions of Emotion: Stimuli and Tests (FEEST). Bury
Saint Edmunds, UK, Thames Valley Test Company, 2002

26. Surguladze SA, Brammer MJ, Young AW, Andrew C, Travis MJ,
Williams SC, Phillips ML: A preferential increase in the extrastri-
ate response to signals of danger. Neuroimage 2003; 19:1317–
1328

27. Surguladze S, Brammer MJ, Keedwell P, Giampietro V, Young
AW, Travis MJ, Williams SC, Phillips ML: A differential pattern
of neural response toward sad versus happy facial expres-
sions in major depressive disorder. Biol Psychiatry 2005; 57:
201–209

28. Lawrence NS, Williams AM, Surguladze S, Giampietro V, Bram-
mer MJ, Andrew C, Frangou S, Ecker C, Phillips ML: Subcortical
and ventral prefrontal cortical neural responses to facial ex-
pressions distinguish patients with bipolar disorder and major
depression. Biol Psychiatry 2004; 55:578–587

29. Bullmore ET, Brammer MJ, Rabe-Hesketh S, Curtis VA, Morris
RG, Williams SC, Sharma T, McGuire PK: Methods for diagnosis
and treatment of stimulus-correlated motion in generic brain
activation studies using fMRI. Hum Brain Mapp 1999; 7:38–48

30. Talairach J, Tournoux P: Co-Planar Stereotaxic Atlas of the Hu-
man Brain. Stuttgart, Thieme, 1988

31. Thirion B, Pinel P, Meriaux S, Roche A, Dehaene S, Poline JB:
Analysis of a large fMRI cohort: statistical and methodological
issues for group analyses. Neuroimage 2007; 35:105–120

32. Warrington EK: Short Recognition Memory Test for Faces.
Hove, UK, Psychology Press, 1996



748 Am J Psychiatry 165:6, June 2008

RESPONSE TO ANGRY FACES IN SUICIDE ATTEMPTERS

ajp.psychiatryonline.org

33. Sprengelmeyer R, Rausch M, Eysel UT, Przuntek H: Neural
structures associated with recognition of facial expressions of
basic emotions. Proc Biol Sci 1998; 265:1927–1931

34. Murphy FC, Nimmo-Smith I, Lawrence AD: Functional neu-
roanatomy of emotions: a meta-analysis. Cogn Affect Behav
Neurosci 2003; 3:207–233

35. Blair RJ, Morris JS, Frith CD, Perrett DI, Dolan RJ: Dissociable
neural responses to facial expressions of sadness and anger.
Brain 1999; 122(pt 5):883–893

36. Elliott R, Rubinsztein JS, Sahakian BJ, Dolan RJ: The neural basis
of mood-congruent processing biases in depression. Arch Gen
Psychiatry 2002; 59:597–604

37. Kringelbach ML, Rolls ET: The functional neuroanatomy of the
human orbitofrontal cortex: evidence from neuroimaging and
neuropsychology. Prog Neurobiol 2004; 72:341–372

38. Nachev P, Wydell H, O’Neill K, Husain M, Kennard C: The role of
the pre-supplementary motor area in the control of action.
Neuroimage 2007; 36(suppl 2):T155–T163

39. Phillips ML, Drevets WC, Rauch SL, Lane R: Neurobiology of
emotion perception, I: the neural basis of normal emotion
perception. Biol Psychiatry 2003; 54:504–514

40. Schutter DJ, van Honk J: The cerebellum on the rise in human
emotion. Cerebellum 2005; 4:290–294


