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Abstract
Impairment in decision-making is frequently observed in suicide attempters. Little is known,
however, about neural circuitry underlying decision-making in adolescent attempters. Functional
magnetic resonance imaging (fMRI) was used to assess decision-making and learning-related
neural activity during Iowa Gambling Task (IGT) performance in adolescents with depression and
suicide attempt (ATT, n=15), non-attempters with depression (NAT, n=14), and healthy controls
(HC, n=13). ATT performed best on the IGT. A 3 group by 2 condition (high-risk versus low-risk)
by 3 IGT block (each of 20 cards) whole-brain analysis (p<0.05, corrected) interaction was found
in the left hippocampal, frontal and temporal cortical, striatal and thalamic regions. Post-hoc
analyses revealed that during low-risk decisions in blocks 2 and 3, NAT, but not ATT, showed
greater left hippocampal activation versus HC (p=0.0004, p=0.003); in block 2, during low-risk
decisions NAT showed greater left middle temporal gyral activation versus HC (p=0.003); in
block 3, during high-risk decisions ATT showed less activation in the right thalamus versus NAT
(p=0.001) and during low risk decisions ATT showed greater activation than HC in the left
caudate (p=0.002). NAT, but not ATT are differentiated from HC during performance of the IGT.
Functional abnormalities in neural circuitry implicated in learning in the context of risk may
underlie risk for MDD, but not risk for suicide attempt, in adolescence.

Keywords
adolescence; suicide; decision-making; hippocampus

© 2012 Elsevier Ireland Ltd. All rights reserved.

Correspondence: Lisa Pan, M.D., 121 Meyran Ave., Room 304, Pittsburgh, PA 15213, thomasla@upmc.edu. Phone 412-246-5597.
Fax 412-246-5610.

Disclosures
The authors have no conflicts of interest to disclose.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Psychiatry Res. Author manuscript; available in PMC 2014 February 28.

Published in final edited form as:
Psychiatry Res. 2013 February 28; 211(2): 112–118. doi:10.1016/j.pscychresns.2012.07.008.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



1. Introduction
Suicidal behavior is one of the leading causes of morbidity and mortality in adolescence
(Lubell et al., 2007). Despite progress in understanding the epidemiology and risk factors for
adolescent suicidal behavior (Bridge et al., 2006) the pathophysiologic processes that may
predispose to suicidal behavior, including alterations in neural circuitry, remain unclear.
Adult suicide attempters have demonstrated alterations in memory and decision-making
(Jollant et al., 2005; Williams et al., 2005; Arie et al., 2008; Oldershaw et al., 2009). Better
understanding of the pathophysiology underlying decision-making and learning in the
context of risk with regard to suicidal behavior may help inform both identification and
intervention.

The Iowa Gambling Task (IGT) is a well-known and widely used neuropsychological test of
decision-making ability in the context of risk (Bechara et al., 1999, 1994) that requires
learning to perform well on the task (Lawrence et al., 2009). IGT performance has been
shown to be impaired in adults with history of suicidal behavior (Jollant et al., 2005, 2010).
Adult neuroimaging studies implicate left-sided prefrontal cortical, insula and visuospatial
processing regions in performance of the IGT (Bechara et al., 1994, 1999; Ernst et al.,
2002), In healthy adults, choices from “high-risk” versus “low-risk” decks in the IGT were
associated with activation in the medial frontal gyrus, lateral orbitofrontal cortex, and insula.
The magnitude of activation in these areas, in addition to the pre-supplementary motor area
and secondary somatosensory cortex, was positively associated with better task
performance, which involved learning that the low-risk, low-yield decks resulted in better
“earnings” compared to the high-risk, high-yield decks (Lawrence et al., 2009).
Furthermore, modulation of activity over time in the lateral orbitofrontal cortex and pre-
supplementary motor area indicated their role in learning to optimize task performance
(choosing “low-risk” decks) in healthy individuals (Lawrence et al., 2009). Poorer
performance on the IGT was associated with reduced activity in left lateral orbitofrontal and
left occipital cortices in adult male suicide attempters relative to both depressed and healthy
controls during risky versus low-risk choices (Jollant et al., 2010).

While the IGT has not been used to assess decision-making in adolescent suicide attempters,
it has been used to investigate other risky behaviors in this age group. For example,
adolescents either with or at risk for substance abuse performed less well than did healthy
controls (Schutter et al., 2011; Toplak et al., 2005; Ernst et al., 2003). However, the IGT did
not discriminate between adolescents with and without non-suicidal self-injury (Oldershaw
et al., 2009).

The aim of the present study was to measure neural activity during performance on the IGT
in adolescents with a history of suicide attempt versus two age-matched, non-attempter
groups, those with depression, and healthy controls. Based on the extant literature on the
IGT in adult suicide attempters, we hypothesized that adolescent suicide attempters would
perform more poorly on the IGT than depressed and healthy controls, and that adolescent
attempters would show decreased activity in areas implicated in IGT performance, namely
medial frontal gyrus, lateral orbitofrontal cortex, insula, the pre-supplementary motor area
and secondary somatosensory cortex.

2. Method
2.1. Participants

Forty-two adolescents completed the study, including: 1) 15 attempters (ATT) with a
lifetime history of suicide attempt, as defined by the C-CASA and DSM-IV Major
Depressive Disorder (MDD); 2) 14 depressed non-attempters (NAT) with a lifetime history
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of DSM-IV MDD, but no history of suicide attempt; 3) 13 healthy controls (HC), with no
lifetime history of psychiatric disorder or attempt. Of the 51 eligible participants, 42
completed the study: two were excluded due to claustrophobia; one due to a structural
abnormality; one due to history of marijuana dependence; two due to younger age (10 years
old) than the majority of other participants; one due to task refusal, one due to technical data
loss, and one due to excessive movement (>2mm). ATT and NAT were recruited from
existing studies of familial inheritance of suicidal behavior and a clinic registry for
depressed and suicidal youth. HC were recruited from existing healthy control groups and
advertisement in pediatric practices. Inclusion criteria for NAT and ATT included a lifetime
history of MDD according to DSM-IV criteria. ATT had a history of at least one suicide
attempt as defined by the Columbia Classification Algorithm of Suicide Assessment (C-
CASA) (Posner et al., 2007). All participants were right-handed as determined by patient
interview and parent confirmation.

Exclusion criteria included a) neurological disorders; b) Verbal IQ<80 on the Wechsler
Abbreviated Intelligence Scale (Wechsler, 1999); c) current use of sedative medication; d)
drug or alcohol use disorder and/or positive urine drug screen; e) pregnancy; f)
claustrophobia; g) ineligibility for MRI (e.g. metal); h) bipolar disorder; i) psychosis. Any
ATT whose suicide attempt was associated with anoxia or head injury was excluded, though
no such ATT was recruited. Psychotrophic medications were permitted, and included
antidepressant medication and augmentation (Table 1).

DSM-IV criteria were assessed using the K-SADS-PL diagnostic interview (Kaufman et al.,
2000). Suicide attempt was assessed using the Suicide Intent Scale (SIS) (Beck et al., 1974),
Columbia Suicide History Form which includes the Beck Intent Scale and Lethality Scale
(SHF) (Oquendo et al., 2003; Beck et al., 1975). Self-reported depression, anxiety and
suicidal ideation were assessed with The Beck Depression Inventory (BDI) (Beck et al.,
1961), Screen for Childhood Anxiety Related Emotional Disorders (SCARED) (Birmaher et
al., 1997), and Suicidal Ideation Questionnaire (SIQ) (Reynolds, 1987), respectively.
Pubertal status was assessed using the Petersen Pubertal Development Scale (Peterson et al.,
1988).

The University of Pittsburgh Institutional Review Board approved the study protocol.
Parents and participants provided informed written consent and assent prior to the study.
Participants were reimbursed $100.

Median time since last attempt was 25.7 months, and mean lethality of attempt from the
SHF was 2.27 (injury requiring medical attention) (Oquendo et al., 2003). Seven ATT
attempted suicide impulsively (with no planning), and 3 attempted suicide with less than 3
hours of planning. Ten ATT and six NAT were treated with medication for depression
during the task. Medications primarily included SSRI antidepressant medication, but also
augmentation for depression treatment with other medications (Table 1). By design, the
three groups were similar in age and gender. ATT had significantly higher BDI (ATT=15.47
(SD15.08)), NAT=4.64 (SD 5.71)), SCARED (ATT=26.93 (SD13.99)), NAT=10.00 (S.D.:
8.64)), and SIQ scores (ATT=39.73 (SD 21.08)), NAT=24.00 (SD 11.61)) than NAT (Table
1).

2.2. Paradigm
The computerized version of the IGT was administered to the participants (Jollant et al.,
2010; Bechara et al., 1994, 1999;) modified for fMRI (Lawrence et al., 2009). All
participants were task-naïve. In this event-related task, four decks of cards were presented
on a screen. Participants are asked to pick a card from the deck of their choice with a button
glove press. The game ends after 100 choices. Participants are unaware that two decks are
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advantageous (C+D decks) (“low-risk”) with low magnitude of wins but lower magnitude of
loss, resulting in net gain, and two decks are disadvantageous (A+B decks) (“high-risk”),
with high magnitude of wins, but higher magnitude of losses, resulting in net loss.
Activations were examined when the participants click on a card. High-risk to low-risk
decisions were compared as was amount won. No actual money was given as part of task
performance. Participants reviewed the task with the investigator after completion, including
rating task difficulty and motivation to determine if they were engaged during the task.

Trials lasted 10–12 seconds. Cards appeared with “wait” prompt (2 sec); “Pick a card”
prompt displayed and participants selected one of 4 decks using a right-handed button box
(up to 3 sec); immediately reinforcement was displayed (“You have won X$” or “You have
lost X$”) and a green bar under the cards moved up or down (2 sec) to indicate remaining
amount of money; a fixation cross was presented for a variable period (3–5 sec) until the
next trial. The duration of the fixation cross on each trial was adjusted for the participant’s
reaction time, so that the task lasted exactly 1321 seconds for each participant. The IGT
score was calculated as the number of choices from safe (C+D) minus risky (A+B) decks for
all choices and by blocks of 20 choices to examine learning over the task. This task was
developed for adults, and our adolescent participants did not tolerate the length of the task
well, with non-response, falling asleep, or increased movement. The last two blocks at the
end of the task thus had to be excluded from analysis. This resulted in analysis of 60 choices
including 3 response blocks.

2.3. Data acquisition
Scans were acquired on a 3.0 T Siemens Allegra magnetic resonance imaging (MRI)
scanner. Functional scans of 34 contiguous 3mm axial slices were acquired with a T2-
weighted gradient echo epi sequence (repetition time: 2000ms; echo time: 30ms; field of
view: 205mm; matrix: 64×64; in-plane resolution: 3mm×3mm). Stimuli were projected onto
a screen approximately 55cm from the participant with a rear screen projector. High-
resolution T1-weighted magnetization prepared rapid gradient echo (MPRAGE) structural
images of 240 0.8mm slices were acquired (repetition time: 1.630ms; echo time: 2.48ms;
inversion time: 800ms; field of view: 200mm; flip angle: 8°; matrix: 256×256).

2.4. Task Performance
Task performance data were analyzed using a 3×2×3 and 3×2 ANOVA (group by risk
condition) to examine the main effects of, and interactions among, block, risk condition and
group upon task performance in SPSSv.19 (SPSS, Inc., Chicago, IL).

2.5. Imaging analyses
Data were pre-processed and analyzed using Statistical Parametric Mapping software
(SPM5, London, UK). Data for each participant were first corrected for differences in
acquisition time between slices; realigned using the first slice as a reference; and unwarped
to correct static inhomogeneity of the magnetic field and movement by inhomogeneity
interactions. Movement cut off was ≤2mm. They were co-registered with the participant’s
anatomical image, segmented, normalized to standard MNI template, resampled to 3×3×3
mm3 voxels, and spatially smoothed with a Gaussian kernel of 6mm full-width at half-
maximum (FWHM).

A first-level, fixed-effect model was constructed for the three blocks entered as separate
conditions in a block design in the design matrix. Movement parameters from the
realignment stage were entered as covariates of no interest to control for participant
movement. Trials were modeled using the Canonical Hemodynamic Response Function
(SPM Manual, 2007). The two conditions (high and low-risk) were entered as separate t-
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contrasts into second-level analyses. A second level random effects model was used for
between group comparison. As the main focus of our study was to examine the extent to
which the three groups were distinguished by patterns of neural activity and learning during
the task, we performed a 3-group (ATT, NAT, HC) by 2-condition (high-risk versus low-
risk) by 3 block (first, second, third block) ANOVA, covarying for age to examine the group
by condition by block interaction upon whole-brain activity during task performance. A
second, exploratory 3×2×3 ANOVA (group by condition by block) was conducted to
examine task performance. Here, we first used a voxel-wise threshold of p<0.05,
uncorrected for whole brain analyses. Second, we used a cluster-level false positive
detection rate of p<0.05 for whole brain activity surviving the above voxel-wise threshold of
p<0.05 uncorrected using two methods of small volume correction (SVC). The whole-brain
interaction activations did not survive SVC family-wise error (FWE) within SPM 5. The
activations did survive a second, less conservative approach, using regional anatomical
masks from the WFU Pickatlas (Maldjian et al., 2003) for each whole brain activity cluster,
and a cluster (k) extent empirically determined by Monte Carlo simulation implemented in
AlphaSim for each cluster. Regional anatomical areas were utilized for both methods.
AlphaSim is a method of correction for multiple comparisons that accounts for spatial
correlations between BOLD signal changes in neighboring voxels. It has been used in
previous pediatric neuroimaging studies (Pan et al., 2011; Dickstein et al., 2010; Monk et
al., 2008; Gilbert et al., 2005).

Peak BOLD signal changes were extracted from regions showing a significant group by
condition by block interaction in the 3×2×3 ANOVA. We then performed post-hoc tests on
these extracted BOLD signal values to examine the extent to which pair-wise between group
differences in activity contributed to the significant interactions in the above analyses, using
independent t-tests and appropriate statistical thresholds to control for multiple tests. In these
post-hoc tests for regions showing a significant group by condition by block interaction in
the 3×2×3 ANOVA, a significance threshold of p<0.05/18=p<0.003 was employed to
control for the three independent between-group pair-wise tests for each of the two
conditions and three blocks in each region.

In exploratory analyses, we examined potential relationships in ATT and NAT separately
between extracted BOLD signal from neural regions showing between group differences in
activity and depression severity, anxiety, suicidal ideation, pubertal status, age, gender, and
medication at the time of scanning: medication status (taking versus not taking) and
medication load, to account for total number and dose of different psychotropic medications
taken (Hassel et al., 2008). We conducted Pearson correlation and independent t-tests as
appropriate in SPSSv.19.

3. Results
3.1. Task performance data

A 3×2×3 ANOVA (group by condition by block), conducted to examine task performance
(number of choices), showed no significant interaction. There was, however, a significant
main effect of group upon mean number of response choices from low-risk minus high-risk
decks, with ATT demonstrating more low-risk choices on the task than NAT and HC (ATT
5.53±1.01, NAT −5.5±0.559, HC −0.38±0.566; F2, 41=3.67; p=0.035). Post-hoc pair-wise
comparisons showed ATT significantly greater than NAT for low-risk minus high-risk
choices (ATT=5.53+3.93, NAT=−5.50±2.09; F1, 28=5.85; p=0.022). ANOVAs of group by
condition (3×2) and group by block (3×3) demonstrated no significant interactions. Finally,
there were no between group differences in omissions or overall mean reaction time.
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3.2. Neural Activity during IGT
A 3×2×3 ANOVA, covarying for age, revealed a group by condition by block interaction in
the left caudate nucleus (p<0.0001, uncorrected), left cerebellum (p<0.001, uncorrected), left
middle temporal gyrus (BA39) (p<0.003, uncorrected), left hippocampus (p<0.011,
uncorrected), right medial frontal gyrus (p<0.009, uncorrected), right thalamus (p<0.011,
uncorrected), left fusiform gyrus (p<0.005, uncorrected), and right occipital gyrus (p<0.007,
uncorrected); all p<0.05, AlphaSim corrected; Table 2, Figure 2.A.). Significant clusters of
activation did not survive FWE in SPM5 but did survive SVC with AlphaSim correction at
p<0.05 (Table 2).

Post-hoc analyses revealed significant between group differences in activation in blocks 2
and 3 (Table 3). The most statistically significant findings were observed in the left
hippocampus (Figure 2.B.). During low-risk decisions in block 2, NAT, but not ATT,
showed significantly greater hippocampal activation than HC (p=0.0004). In addition, NAT
showed greater activation than HC in the middle temporal gyrus during low-risk decisions in
block 2 (p=0.003).

In Block 3, NAT again showed significantly greater activation to low risk decisions than HC
in the left hippocampus (p=0.003). In addition, ATT showed significantly greater activation
than HC to low risk decisions in the left caudate (p=0.002). To high risk decisions in block
3, NAT showed significantly greater activation than ATT in the right thalamus (p=0.001).

3.3. Exploratory Analyses
A second 3×2×3 ANOVA, covarying for age and behavioral scores, revealed the same
group by condition by block interactions. Exploratory analyses to examine relationships
between task performance and extractions of the areas of activity showed no significant
correlations between task performance and activity in any of the three groups. Exploratory
analyses were performed in ATT and NAT separately to examine relationships between
development (age, pubertal status), clinical variables (BDI, SCARED child and parent
rating, SIQ, medication status and load), gender, and activity in the regions showing
significant differences in activity relative to other groups that emerged from the 3×2×3
interaction. A statistical threshold of p=0.05/9 (p<0.006) was employed to control for the
nine multiple tests (one for each of the demographic and clinical variables above) in each
region within each group. These analyses revealed no significant relationships between these
variables and activation in these regions in either group. In addition, there was no significant
correlation between lethality rating or time since attempt and activation in ATT (see Table
S2).

4. Discussion
The specific aim of the study was to determine the extent to which adolescent suicide
attempters (ATT) showed abnormal activity during performance of the Iowa Gambling Task
compared with adolescent non-attempters (NAT) and healthy controls (HC). Contrary to our
main hypothesis, ATT had the best performance on the task as they chose significantly more
low risk choices than the other two groups. There is conflicting evidence about the ability of
performance on the IGT to differentiate patients with a history of suicide attempt, however.
In a group of adult patients with bipolar disorder, IGT performance alone did not
differentiate attempter from non-attempter patients (Gilbert et al., 2011). There was no direct
relationship between activity and task performance. In addition, ATT relative to age-
matched NAT and HC did not show decreased activity during high-risk versus low-risk
choices in left-sided regions previously implicated in IGT performance in healthy adults.
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The main significant finding was that during low-risk decisions in block 2 and 3, NAT, but
not ATT, showed significantly greater hippocampal activation than HC. In fact, NAT
showed increased activation, while HC and ATT deactivated the left hippocampus. ATT did
not differentiate from HC in levels of activation. Block 2 may be important because this is
the block in which learning about the task rule occurs. ATT improved in task performance at
the end of block 1 and the beginning of block 2 and continued to perform well for the
remainder of the choices. Improvements in task performance at the beginning of block 2
were demonstrated previously in the development of computerized version of the IGT and in
the modification of the task for use in functional neuroimaging (Lawrence et al., 2009). The
fact that NAT showed increased activation in the left hippocampus during block 2 and 3
may suggest inefficient learning compared to HC and ATT. NAT are recruiting the
hippocampus, but inefficiently, especially during the last block, and fail to learn the task.
Thus, there may be a compensatory increase in hippocampal recruitment in NAT versus HC.

Hippocampal function is important for learning, and evidence of hippocampal abnormality
and atrophy in severe and recurrent depression is well documented (Konarski et al., 2008;
Macqueen and Frodl, 2011). Given that hippocampal atrophy is reversible, with remitted
depressed patients showing less volume loss (relative to healthy individuals) than currently
depressed patients, it appears that depression may contribute to hippocampal dysfunction
(Frodl et al., 2004). In addition to smaller hippocampal volume associated with depression,
there is also evidence of decreased hippocampal 5HT-2a receptor binding in depressed
patients (Sheline et al., 2002). Furthermore, decreased activity in the hippocampus in
depressed participants relative to healthy controls has been demonstrated in functional
neuroimaging tasks involving memory (Sheline et al., 2002; Milne et al., 2011). One
explanation for a potentially causal relationship between MDD and hippocampal
abnormality is neurotoxicity from stress-induced glucocorticoids, that increase the rate of
damage to hippocampal neurons (Sapolsky et al., 1986). Although smaller hippocampal
volume may underlie risk for depression (Yamasue et al.2008), the stress model of
hippocampal volume loss is supported by the observation that duration of depression
predicts hippocampal volume (Sheline et al., 1999), and that antidepressant treatment
increases hippocampal volume in depressed patients (Schermuly et al., 2011).

The left hippocampus, in particular, is important in contextual learning and memory
(Burgess et al., 2002). Depression may impact the ability to recruit the hippocampus during
learning, appraising risk, and when making decisions, and may impact performance on the
IGT (Han et al., 2011). Therefore, it is surprising that performance on the IGT was
preserved in ATT, and that left hippocampal activation significantly differentiated HC from
NAT, but not ATT. This is especially surprising considering that there was bias with ATT
having greater depression symptomatology in the present study. This is, however, consistent
with our previous findings that adolescents with a history of suicide attempt did not show
abnormal patterns of neural activity relative to healthy controls during a response inhibition
task (Pan et al., 2011).

Despite more severe depression in ATT relative to NAT, as evidenced by higher depression
ratings in ATT, unlike NAT, ATT did not show greater hippocampal activation than HC
during task performance. This finding, in combination with better performance on the task in
ATT relative to NAT, may thus indicate less cognitive impairment in ATT than NAT.
Together with our previous findings, however, the present study suggests that suicide
attempts during adolescence may not be associated with abnormal activity in neural circuitry
supporting cognitive tasks (response inhibition and decision-making in the context of risk),
and that potentially different neural mechanisms may underlie risk for suicide attempt versus
major depressive disorder in adolescence. It is possible that other contributors, for example,
neural circuitry supporting emotion as demonstrated in adult males with a history of suicide
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attempt may underlie depression with suicidal behavior versus depression alone. Jollant et
al. (2008) demonstrated that adult male suicide attempters showed greater activation in the
right lateral orbitofrontal cortex to angry faces and increased activity in the right anterior
cingulate gyrus to happy faces than depressed adult males without a history of suicide
attempt, but there are not data regarding emotion processing in adolescents with a history of
suicide attempt. Further research should focus on potential differences between these two
disease states.

During high-risk decisions in block 3, ATT showed slight deactivation in the right thalamus
compared to NAT (p=0.001), and during low-risk decisions in block 2, NAT showed
increased activation compared to HC in the left middle temporal gyrus (p=0.003). This
indicates that NAT demonstrated differences in visual and object processing relative to both
groups. One interpretation of these findings is that ATT were attending less to risky choices
in block 3. This is consistent with the better performance on the task, in that they learned to
pay less attention to the high-risk decks. Greater activation in the caudate in ATT compared
to HC during low-risk choices in block 3 may further indicate ATT awareness of low-risk
decisions leading to better task performance.

Exploratory analyses did not reveal any significant relationships in either ATT or NAT
between medications or clinical symptoms and activity in the neural regions showing
between-group differences, therefore it is unlikely that these accounted for the patterns of
activity we observed, but future studies should aim to recruit medicated and unmedicated
ATT and NAT. Given the continued development of the hippocampus throughout childhood
and adolescence (Benes et al., 1994; Giedd et al., 1996), future longitudinal studies should
also examine the extent to which elevated depression and anxiety symptoms are associated
with abnormal developmental trajectories of the hippocampus, and other key neural regions,
implicated in learning in the context of risk.

There were limitations to the present study. ATT had higher symptom scores than NAT.
These variables were not, however, associated with patterns of neural activity in ATT during
task performance. Given the challenges associated with recruiting ATT, and also NAT, our
overall sample size was relatively modest. Additionally, given the length of the task, and
poor tolerance of the last two blocks, we excluded the last two blocks from our analyses.
The task may have been unmotivating to some of our participants. Nonetheless, learning
optimal strategies for IGT performance did occur at the end of block 1 and the beginning of
block 2 in HC and ATT. There were, however, no clear relationships between task
performance in each block and hippocampal activity. These findings suggest that future
studies could employ decision-making tasks that adolescents find easier to perform. Our
main findings did not survive SVC with FWE in SPM5, but did survive SVC with AlphaSim
correction at p<0.05. While SVC with FWE is a far more stringent corrections strategy,
AlphaSim is a method of correction for multiple comparisons employed in other software
packages (e.g. AFNI) and has been used in previous neuroimaging studies of pediatric
populations (Pan et al., 2011; Dickstein et al., 2010; Monk et al., 2008; Gilbert et al., 2005).
It was necessary to recruit ATT and NAT who were taking psychotropic medication for
treatment of severe depression (Table 1). Exploratory analyses did not, however, show any
significant relationships in NAT and ATT between medication and activity during high-risk
or low-risk decisions in those regions showing between group differences.

Our study is the first to examine the functional integrity of neural circuitry in adolescents
with a history of suicide attempt during performance of the IGT. The present findings
indicate NAT, but not ATT are differentiated from HC during learning in the context of risk.
Our findings thereby suggest that functional abnormalities in neural circuitry implicated in
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learning in the context of risk may underlie risk for MDD, but not risk for suicide attempt, in
adolescence.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Performance on the modified Iowa Gambling Task. A. Median net scores by block of 20
choices. B. Median total net score. P<0.05 for ATT < NAT and HC.
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Figure 2.
A. Whole brain 3×2×3 analysis of variance (ANOVA) examining differences in neural
activity in the IGT high and low-risk responses covarying for age in all groups. In the left
hippocampus, NAT, but not ATT, showed significantly greater activity than HC during low-
risk decisions (p=0.0004) in block 2. Hippocampus circled in green.
B. NAT>ATT and HC during low-risk choices in block 2. Attempters show patterns of
neural activity more similar to healthy controls during low risk choices in block 2. Note:
Magnitude of blood oxygen level dependent (BOLD) signal is depicted in the bar charts.
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Table 1

Demographic information and clinical variables

ATT (n = 15) NAT (n = 14) HC (n = 13)

Gender a Male 4 7 8

Female 11 7 5

Mean age b (12–17 years) 16.20 (S.D.: 0.78) 15.79 (S.D.: 1.58) 15.15 (S.D.: 1.46)

Petersen c 3.13 (S.D.: 0.35) 3.00 (S.D.: 0.39) 3.08 (S.D.: 0.64)

BDI d 15.47 (S.D.: 15.08) 4.64 (S.D.: 5.71) 2.15 (S.D.: 3.60)

SIQ e 39.73 (S.D.: 21.08) 24.00 (S.D.: 11.61) 16.15 (S.D.: 1.52)

SCARED (c) f 26.93 (S.D.: 13.99) 10.00 (S.D.: 8.64) 6.85 (S.D.: 7.02)

SCARED (p) g 22.73 (S.D.: 13.12) 12.94 (S.D.: 7.98) 5.85 (S.D.: 7.48)

Medication: 10 ATT and 6 NAT were taking medication

ATT (n = 10) NAT (n = 6)

Mood stabilizers (n = 2) * Lamotrigine (n = 1)

Topiramate (n = 1)

Antidepressants (n = 16) Escitalopram (n = 1)

Citalopram (n=1) Citalopram (n=1)

Bupropion (n = 1) Buproprion (n=1)

Fluoxetine (n = 4) Fluoxetine (n = 3)

Trazodone (n = 2)

Duloxetine (n = 1)

Sertraline (n = 2) Sertraline (n = 1)

Antipsychotics (n = 1) * Aripiprazole (n = 1)

Other (n = 3) * Levothyroxine sodium (n = 1) Levothyroxine sodium (n = 2)

*
All participants taking medication were taking an antidepressant, 2 NAT and 1 ATT had augmentation with levothyroxine. 1 ATT had

augmentation with aripiprazole, and 2 ATT had augmentation with antiepileptic medications.

Numbers are means; standard deviations in parentheses; ATT: adolescent suicide attempters, NAT: non-attempters with a history of major
depressive disorder, HC: healthy controls; BDI: Beck depression inventory; SIQ: suicidal ideation questionnaire; SCARED: screen for childhood
anxiety related emotional disorders, (c) : child version, (p) : parent version.

ATT, NAT and HC did not differ significantly in:

a
gender ratio (χ2= 3.525, p= 0.172).

b
age (F2, 39=2.251, p= 0.119).

c
Petersen Pubertal questionnaire (χ2 = 0.597, p= 0.742).

ATT had significantly greater:

d
BDI scores than NAT and HC (χ2 = 13.25, p= 0.001).

e
SIQ scores than NAT and HC (χ2 = 20.09, p= 0.0001).

f
SCARED (c) than NAT and HC (χ2 = 16.91, p= 0.0001).

g
SCARED (p) scores than NAT and HC (χ2 = 16.14, p= 0.0001).
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