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Abstract

The prefrontal cortex (PFC) is enormously important in suicide and major depressive disorder
(MDD). However, little is known about the structural alterations in the brains of people with
MDD and suicidal ideation. We examined the gray matter volume (GMV) of the PFC of individ-
uals with MDD and suicidal ideation to determine if PFC volumetric differences contribute to
suicidal ideation in patients with MDD. Thirty-five subjects with MDD and suicidal ideation,
38 subjects with MDD but without suicidal ideation, and 43 age- and gender-matched healthy
control (HC) subjects underwent T1-weighted imaging. A voxel-based morphometric analysis
was conducted to compare the PFC GMVs of the three groups. Further GMV reductions in
the left and right dorsolateral PFC (DLPFC) and right ventrolateral PFC (VLPFC) were detected
in the MDD with suicidal ideation group compared with those in the HC group and the MDD
without suicidal ideation group, whereas theMDDwithout suicidal ideation group only exhibited
significant differences in the left DLPFC relative to the HC group. Our findings demonstrated that
left DLPFC reductions were associated with MDD and suicidal ideation, and diminished GMV
reductions in the right DLPFC and right VLPFCwere only associatedwith suicidal ideation. These
results help us better understand the neuropathological changes in MDD with suicidal ideation.

Significant outcomes

• The prefrontal cortex volumes possibly involved in suicidal ideation are related to the
neuropathological changes seen in MDD.

• The left DLPFC reductions correlate with MDD and suicidal ideation, and diminished
GMV reductions in the right DLPFC and right VLPFC correlate with suicidal ideation.

Limitations

• Several limitations in this study cannot be ignored. First, the effects of medications on
brain structure and function were not ruled out. Although medications did not differ
significantly with respect to the groups with MDD with and without suicidal ideation, it
is unclear how antidepressants affect the risk of suicide (Braun et al., 2016). Thus, additional
studies are needed to examine brain damage in medication-free MDDwith suicidal ideation.
Second, the diagnosis of MDD can be changed to bipolar disorder (BD), and this could affect
the accuracy of the diagnoses, despite all included patients with MDD being followed up by
telephone regularly for 1 year to determine whether their diagnosis had changed to BD.
Longitudinal, large-sample experiments that explore the dynamic structural alterations in
patients with MDD and suicidal ideation are needed to verify the findings of this study.
Furthermore, we failed to explore the correlations between 17-item HAMD-17 scores and
gray matter volumes, and future studies combining neuropsychological data are necessary
to investigate structural brain alternations in individuals with MDD and suicidal ideation.

Introduction

In 2017, the World Health Organization (WHO) released a world health report that estimated
that there are 322 million cases of depressive disorder in the world (WHO, 2017). Depression is
predicted to become the secondmost common disease after heart disease by 2020 (WHO, 2001).
Furthermore, as many as 15% of all patients with major depressive disorder (MDD) end their
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lives by suicide (Bland, 1997), and the lifetime suicide risk of patients
with MDD is estimated at approximately 30% (Radomsky et al.,
1999). Suicidal ideation, which is one of the main risk factors for
suicide death (Gliatto & Rai, 1999; Mann et al., 2005), is generally
associated with depression. Patients with MDD and suicidal ideation
have a higher risk of suicide than the general population according to
a research study that followed patients over 34–38 years (Angst et al.,
2002). In previous studies of suicide behaviour in depression, more
researchers indeed indicate that many forms of suicide death may
along a development path from suicidal ideation to completed suicide
(Van Orden et al., 2010; Klonsky et al., 2016). Suicidal ideation is
seen as a early indicator of evaluating suicide risk which is different
from suicide attempts (Mann et al., 1999; Klonsky et al., 2016). To
date, many studies have shown that the presence of suicidal ideation
in patients with MDD is associated with structural and functional
abnormalities in multiple brain regions (Minzenberg et al., 2016;
Du et al., 2017), which suggests that neuroimaging methods can be
used clinically to assess suicide risk. Unfortunately, the neurostruc-
tural alterations in MDD with suicidal ideation are not clear.

The prefrontal cortex (PFC) has been implicated in decision-
making (Rushworth et al., 2011), impulsiveness (Bari & Robbins,
2013), and suppression of emotional responses (Goldin et al.,
2008), which generally constitute risk factors for suicidal behaviour
(Liu et al., 2017). Moreover, extensive lines of evidence implicate
that this brain region is also linked to depressive disorder. Several
functional magnetic resonance imaging (fMRI) studies have linked
abnormalities in PFC activity to patients with MDD (Walter et al.,
2007; Hsu et al., 2010; Nixon et al., 2013). A structural MRI study
has also indicated that, compared with comparison subjects and
patients with schizophrenia, patients with MDD are more likely
to have increased volume in the posterior subgenual PFC
(Coryell et al., 2005). Furthermore, studies of MDD with suicidal
ideation have reported abnormal structures and/or activity in the
PFC, mainly involving the striatal-anterior cortical midline circuits
(Marchand et al., 2012), and the left and right ventrolateral PFC
(VLPFC) (Minzenberg et al., 2016). These results suggest that
damage to brain areas such as the PFC, which is linked to emotions
and cognition, contributes to poor decision-making and impulsiv-
ity in patients with MDD and might be key for understanding the
underlying neuroanatomical differences in MDD with suicidal
ideation or thoughts. Furthermore, even if recent neuroimaging
studies have demonstrated that MDD with suicidal ideation is
closely related to the PFC, few studies have specifically compared
the structural differences in the PFC between patients with MDD
with and without suicidal ideation to understand the function of
different partitions within the PFC in MDD and suicidal ideation.

To examine the PFC volume in MDD with suicidal ideation,
this study used a voxel-basedmorphometric analysis of T1-weighted
images. We compared the differences in the gray matter volume
(GMV) of the left and right PFC among individuals with MDD
with and without suicidal ideation, and age- and gender-matched
healthy controls (HCs). Our hypotheses were that (1) patients with
MDD exhibit structural changes in the PFC and (2) several brain
regions changes are present only in MDD with suicidal ideation
and not in MDD without suicidal ideation.

Methods

Subjects

A total of 116 participants aged 15–46 years included 35 withMDD
with suicidal ideation, 38 with MDDwithout suicidal ideation, and

43 matched HCs. The patients with MDD were recruited from the
inpatient department of the Shenyang Mental Health Center and
the outpatient clinic of the Department of Psychiatry of the First
Affiliated Hospital of China Medical University, Shenyang, China.
All patients with MDD were evaluated by the Structured Clinical
Interview for the Diagnostic and Statistical Manual of Mental
Disorders IV Axis I disorders for those 18 years and older and
by the Kiddie Schedule for Affective Disorders and Schizophrenia
for School-Age Children-Present and Lifetime Version in those
younger than 18. All patients were recommended for the group
by two clinical psychiatrists and assessed as determining the presence
or absence of Axis I psychiatric diagnoses by a trained psychiatrist.
Patients were excluded if they had epilepsy, a history of alcohol/drug
abuse or dependence, head trauma, history of a major physical or
nervous system disease, any electroencephalography abnormal-
ities, diabetes, thyroid disease, other medical history, or any
MRI contraindications.

The HC subjects were recruited by advertisement and matched
to the MDD group for age, gender, and academic year. The HC
subjects did not have a current Axis I disorder, that is, history
of psychotic mood, or other Axis I disorders in their first-degree
relatives according to a detailed family history, or any abnormal-
ities on brain images.

All participants signed a written consent form. This study was
approved by the Ethics Committee of the first affiliated Hospital of
China Medical University.

Clinical assessment

The severity of suicidal ideation (defined as fleeting thoughts,
extensive thoughts, detailed planning, and/or incomplete attempts)
was evaluated using the 19-item Beck Scale for Suicide Ideation (for
both ‘most severe ideation’ and ‘most recent ideation’) (Beck et al.,
1979). All patients with MDD were divided into an MDD with
suicidal ideation group and MDD without suicidal ideation group
based on their scores on the Beck Scale for Suicide Ideation. Any
healthy subject who reported suicidal ideation was excluded
from the HC group. Depression severity was assessed using the
17-item Hamilton Depression Rating Scale (HAMD-17). The total
defined daily dose (http://www.whocc.no/) was calculated sepa-
rately for antipsychotics, antidepressants, mood stabilisers, and
antianxiety drugs.

Handedness was assessed using the 10-item Chinese Handedness
Inventory (writing, chopsticks, throwing, toothbrush, scissors,
striking a match, putting thread through the eye of a needle, ham-
mer, racket, washing used a towel) (Xin-tian, 1983). Answers were
provided on a 2-point scale: 1 – always right to 0 – always left. An
individual who is the preference for the right hand (the left hand)
for the first six items and uses either hand for any of the last four
items is called right handedness (left handedness), and one who
uses one hand to do one to five of the first six items and uses
the other hand to do the rest is said to be mixed handedness.

Image acquisition

The structural MRI scanning was conducted on a Signa HDx 3.0T
superconductive MRI system (GE Healthcare, Little Chalfont, UK)
at the First Affiliated Hospital of China Medical University,
Shenyang, China. Three-dimensional, high-resolution, and
T1-weighted images were acquired using a three-dimensional
fast spoiled gradient-echo sequence with the following parameters:
repetition time/echo time, 7.2/3.2 ms; flip angle, 13°; image matrix,
240 × 240; field of view, 240 × 240 mm2; 176 contiguous 1-mm
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slices with a gap; and voxel size, 1.0 mm3. The subjects were
required to stay awake, be quiet, remain in a prostrate position,
relax with their eyes closed, and try not to think.

Data preprocessing

All structural MRI data were preprocessed using the voxel-based
morphometry (VBM)8 toolbox (http://dbm.neuro.uni-jena.de/
vbm8/), which were incorporated into the Diffeomorphic
Anatomic Registration Through Exponentiated Lie algorithm in
the Statistical Parametric Mapping (SPM) software (http://www.
fil.ion.ucl.ac.uk/spm/software/spm8/; Welcome Trust Centre for
Neuroimaging, London, UK) under the MATLAB R2011a plat-
form (TheMathWorks, Inc., Natick, MA, USA).We used the stan-
dard procedures suggested by Ashburner and Friston (2000) to
process the structural MRI data. The images were spatially normal-
ised to the Montreal Neurological Institute space according to the
default VBM8 parameters to obtain images with 1.5-mm3 voxels.
The modulation process was performed using nonlinear deforma-
tions that are employed for normalisation and that allowed compari-
son of the absolute amount of tissue that was corrected for individual
brain sizes. Finally, all images were smoothed with an isotropic
Gaussian kernel of 8-mm full width at half maximum. Briefly,
SPM8 was used to divide the regions into grey matter (GM), white
matter, and cerebrospinal fluid. The GM processed images were
then used for the subsequent VBM statistical analysis.

Regions of interest definition

The Wake Forest University PickAtlas (http://fmri.wfubmc.edu/
software/PickAtlas) was used to define the regions of interest of the
PFC, including the Frontal_Sup, Frontal_Sup_Orb, Frontal_Mid,
Frontal_Mid_Orb, Frontal_Inf_Oper, Frontal_Inf_Tri, and Frontal_
Inf_Orb, in the left and right hemispheres based on an Automated
Anatomical Labeling template in a digital human brain atlas that
has been used in fMRI-based research and described by a French
research group (Tzourio-Mazoyer et al., 2002).

Statistical analyses

The demographic and clinical characteristics of the subjects were
analysed using IBM SPSS Statistics for Windows, Version 22.0
(Armonk, NY, USA). Student’s t-tests, one-way analyses of
variance (ANOVA), or Chi-square tests were used depending on
the normality of the distribution and type of data. Categorical
variables were described using frequencies and proportions.
Continuous variables were presented as the mean ± standard
deviation (Table 1).

The GMVs of the left and right PFC were compared among the
groups by one-way ANOVA using SPM8. Group differences were
considered significant for p values less than 0.001 [corrected,
Gaussian random field (GRF) correction] and an extent threshold
of 45 voxels. To further examine the differences between two
groups, we extracted the GMVs for each cluster with significant
differences for the three groups and then corrected for multiple
comparisons (p< 0.05, least significant difference test).

For checking the effect of medication, a Student’s t-test was set
up to detect the structure difference between medicated (taking
medications for at least 8 weeks prior to scan) and unmedicated
(medication naïve or no medication use for at least 4 weeks prior
to the scan) individuals in the MDD with suicidal ideation group;
similar analysis was to be done in the MDD without suicidal idea-
tion group.

Results

Demographic and clinical results

The detailed demographic and clinical data of the participants are
displayed in Table 1. The MDD with suicidal ideation group and
MDD without suicidal ideation group did not differ significantly
for medication ( χ2 = 3.85, p= 0.05), duration (t=−0.09, p= 0.93),
andHamilton Depression Rating Scale score (t= 1.42, p= 0.16). In
addition, age (F= 0.51, p= 0.60), gender ( χ2 = 0.77, p= 0.68), and
educational years (F= 1.68, p= 0.19) did not differ among the
three groups.

Comparisons within the three groups

Significant differences in the GMV were found among the three
groups in several regions, including the left and right dorsolateral
PFC (DLPFC) and right VLPFC following a one-way ANOVA
(p< 0.001, corrected; Table 2 and Fig. 1).

To further determine which two groups differed significantly,
we extracted GMVs from each cluster with significant differences
for the three groups and compared them in pairs. The post hoc
analyses showed that, in the left DLPFC, the MDD with suicidal
ideation group had significantly decreased GMV compared with
the GMVs of the MDD without suicidal ideation and HC groups;
furthermore, theMDDwithout suicidal ideation group had signifi-
cantly decreased GMV compared with the GMV of the HC group.
For the right VLPFC and right DLPFC, the MDD with suicidal
ideation group had significantly decreased GMV compared with
that of other two groups, which was expected. However, no signifi-
cant differences were found in these two brain regions between the
MDD without suicidal ideation and HC groups (Fig. 2).

Within the MDD with suicidal ideation group, no significant
difference could be detected between medicated and unmedicated
(p> 0.001, GRF correction); there were also no significant differences
regarding this parameter in theMDDwithout suicidal ideation group
(p> 0.001, GRF correction).

Logistic regression models supported decreased GMVs in
the left DLPFC and were related to predicting the presence of
suicidal ideation. But, these associations between GMVs in the
right DLPFC and right VLPFC and suicidal ideation were not
confirmed using logistic regression models. Other confounders
including severity of depression and medication statues did not
have a significant impact on the presence of suicidal ideation
(Supplemental Materials).

Correlations between GMV and symptom scores

Furthermore, the present study could not find any significant cor-
relations between the HAMD-17 scores and the GMV in regions
that showed significant differences both in the MDD with suicidal
ideation group and in the MDD without suicidal ideation group
(p> 0.05, Pearson correlation analysis).

Discussion

This study was designed to analyse and compare the GMV of the
left and right PFC in patients with MDD with and without suicidal
ideation. Our analysis showed that, compared with HC subjects,
those with MDD with suicidal ideation had significantly decreased
GMV in the left and right DLPFC and right VLPFC, but only the
GMV of the left DLPFC, and not the regions in the right
hemisphere, was significantly decreased in patients with MDD
without suicidal ideation. With regard to these data, we found
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no significant correlations between GMV reductions in these
regions and HAMD-17 scores, likely for the reason that our sample
size was not large enough. Further research with larger samples is
needed to more definitively investigate the association between
neuroimaging parameters and symptoms.

In addition, after controlling for confounding such as severity of
depression and medication status in the logistic regression analysis
of the present study, we did not find confounding have an impact
on our result. However, the interpretation of confounding is too
complicated to explain clearly in a simple adjustment because there
is also a risk of ‘residual confounding.’ Still, these results suggest
powerful neuropathological changes for structural alterations of
suicidal ideation in patients with MDD.

We found that MDDwith suicidal ideation exhibited decreased
volumes in the right DLPFC and right VLPFC compared with
those ofMDDwithout suicidal ideation andHCs; but the two brain
regions did not differ significantly between the group with MDD

without suicidal ideation and HCs. The right DLPFC is involved
with negative emotional judgement (Ueda et al., 2003) and cogni-
tive control (Nitschke & Mackiewicz, 2005), and generally,
abnormal activation and alterations of the right DLPFC would
contribute to a disability in emotional processing (Elliott et al.,
2002; Nitschke et al., 2004). In addition, the role of the right
VLPFC is response inhibition (Aron et al., 2014). Accordingly,
we speculated that the subjects with decreased GMV in the right
DLPFC and right VLPFC inefficiently process negative emotions
and respond poorly to dangerous behaviours, which results in
hopeless thoughts and acts in these subjects when something ter-
rible happens. Therefore, patients with MDD who have decreased
GMVs of the right DLPFC and right VLPFC are at a greater risk for
suicidal ideation. These findings are consistent with the results of a
quantitative electroencephalographic study (Hunter et al., 2010)
with the conclusion that right frontal lobe injuries are closely
linked to MDD with suicidal ideation. Another fMRI study of
combat-exposed war veterans reported that suicidal ideation is
associated with increased frontal error-related activation (Matthews
et al., 2012). Network-based statistics and graph theoretical analyses
have shown that the white matter connectivity in frontal–subcortical
circuits in the left hemisphere is related to the intensity of suicidal idea-
tion and impulsivity (Myung et al., 2016). These studies support the
usefulness of our analyses, which confirmed that GMV reductions in
the two regionsmay be linked to the presence of suicidal ideation, and
consequently produces strong evidence of the importance of the fron-
tal system in suicidal ideation.

We additionally observed that all patients with MDD had
significantly decreased GMV in the left DLPFC, which plays an
important role in positive emotional judgement (Ueda et al., 2003).

Table 1. Demographic and clinical characteristics of the three study groups

Variable

MDD with suicidal ideation
(n= 35)

MDD without suicidal ideation
(n= 35) HC (n = 43)

pMean (SD) Mean (SD) Mean (SD)

Age (years) 31.03 (10.21) 28.79 (9.56) 29.63 (8.90) F= 0.51 0.60*

Education (years) 11.83 (3.07) 13.03 (2.93) 12.95 (3.35) F= 1.68 0.19*

Duration (months) 26.91 (47.25) (n= 29) 27.91 (44.67) (n= 32) – t=−0.09 0.93‡

HAMD_17 20.91 (9.60) (n= 35) 17.72 (9.39) (n= 32) – t= 1.42 0.16‡

Total DDD (mg) 86.25(98.41) (n= 16) 62.70 (69.55) (n= 26) – t= 0.91 0.37‡

N (%) N (%) N (%)

Gender (male) 13 (37.14) 11 (28.95) 16 (37.21) χ2= 0.77 0.68†

Handedness (right) 31 (85.57) 33 (86.84) 39 (90.70) χ2= 2.17 0.70†

Unmedicated 19 (54.29) 12 (31.58) – χ2= 3.85 0.05†

Medications

Antipsychotics 1 (6.25) 1 (3.85) –

Antidepressants 15 (93.75) 25 (96.15) –

Mood stabilisers – 1 (3.85) –

Antianxiety drugs 6 (37.50) 10 (38.46) –

Substance Use

Disorder comorbidity – – –

MDD, major depressive disorder; HC, healthy control; N/A, not applicable; HAMD_17, 17-item Hamilton Depression Rating Scale; DDD, defined daily dose.
The data are presented as n (%) or mean (standard deviation).
*One-way analysis of variance.
†Chi-square test.
‡Student’s t-test.

Table 2. Brain regions showing significant differences in volume in the three-
group comparison

Brain region Cluster size

MNI coordinates

F valuex y z

DLPFC_L 97 −39 48 9 16.62

VLPFC_R 47 39 39 21 12.67

DLPFC_R 60 42 15 54 13.40

MNI, Montreal Neurological Institute; DLPFC_L, left dorsolateral prefrontal cortex; VLPFC_R,
right ventrolateral prefrontal cortex; DLPFC_R, right dorsolateral prefrontal cortex.
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Furthermore, the MDD with suicidal ideation group had a greater
decrease in the GMV of the left DLPFC compared with the MDD
without suicidal ideation group, which indicates that the left
DLPFC may not only be closely associated with the disorder,
but also is related to suicidal ideation. Studies have shown impair-
ments in this region in patients with MDD and individuals at
high risk for MDD (Hugdahl et al., 2004; Frodl et al., 2010;
Amico et al., 2011). Moreover, an fMRI study has reported that
further decreased GMV of the left DLPFC represents weak positive
emotion, which might be why patients with MDD have smaller
GMV in the left DLPFC (Liu et al., 2016). We therefore thought
that the decreased GMV in the left DLPFC might have resulted
from the pathogenesis of MDD, which was consistent with the dis-
cussion in a previous critical review (Phillips et al., 2003). In the
studies about suicidal behaviour, prior fMRI studies also have sug-
gested that abnormalities in the left DLPFC are associated with that
behaviour. For instance, a recent neuroimaging replication study
found that 15 euthymic suicide attempters with a history of depres-
sion had a decreased response to risky versus safe choices in the left
dorsal PFC (DPFC), which might have resulted from a dysfunc-
tional DPFC receiving inadequate information, which then led
to adverse choices (Olie et al., 2015). A large-sample study directly
compared the brain structures of euthymic suicide attempters with
a history of mood disorders and suicidal behaviour (N= 67),
patient controls with a history of mood disorders but not suicidal
behaviour (N= 82), and healthy subjects without a history of a

mental disorder (N = 82), and found decreased measures in the left
DPFC in suicide attempters (Ding et al., 2015). More importantly,
both repetitive transcranial magnetic stimulation and deep trans-
cranial magnetic stimulation studies have confirmed that targeting
the left DLPFC stimulation site significantly decreases suicidal
ideations (Berlim et al., 2014; Desmyter, et al., 2014). The above
studies support the importance of the involvement of the structure
of the left DLPFC in suicidal ideation andMDD. However, it is not
clear whether the abnormal left DLPFC GMV reductions in MDD
with suicidal ideation are a pathological change in different
subtypes of MDD, and therefore, this merits further study.

Nonetheless, the study is different from others in some findings.
Wagner et al. observed GMV and cortical thickness separately
using the same data in 2011 (Wagner et al., 2011) and 2012
(Wagner et al., 2012) and reported alterations in the left DLPFC
and VLPFC in patients withMDDwith suicidal ideation, but failed
to observe significantly decreased GMV in patients with MDD
without suicidal behaviour compared to the HC group, partly in
conformity with our study. One possible explanation is the differ-
ent clinical and demographical features from different countries.
Diffusion tensor imaging from China (Jia et al., 2014) confirmed
that the alteration in the orbitofrontal cortex and thalamic regions
in patients with suicide attempts may reflect abnormalities related
to both MDD and suicide attempts, which further supports the
present study. Thus, even if a few studies were inconsistent with
our findings, our study presents new evidence to support the

Fig. 2. Post hoc analysis of the brain regions with signifi-
cant differences among the three groups. *p < 0.05,
**p < 0.01, ***p < 0.001, least significant difference test.

Fig. 1. Significant differences in the
GMV of the left and right PFC among
the three groups. p < 0.001, GRF
corrected. (A) Left dorsolateral PFC;
(B) right ventrolateral PFC; (C) right
dorsolateral PFC. Abbreviations: R,
right; L, left.
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hypothesis that structural abnormalities seen with neuroimaging
are associated withMDD and suicidal ideation. Furthermore, com-
bining volumetric methods and cortical thickness or other flexible
algorithms is necessary to explore the specific changes in patients
with MDD with suicidal ideation, and this will become a study
emphasis in our further research.

There are available sources indicated that both biological and
environmental factors impact on the aetiology of suicidal ideation
in patients with MDD. Some studies approved that the aetiology
of suicidal ideation is related to gene expression including involve-
ment of the brain-derived neurotrophic factor-neurotrophic
receptor tyrosine kinase-cAMP responsive element binding pro-
tein pathway (Pulay & Rethelyi, 2016; Bozorgmehr et al., 2018),
the level of heterotrimeric G proteins (Gonzalez-Maeso & Meana,
2006), low central nervous system serotonin level (van Heeringen,
2003), and high triglyceride level and elevated fasting plasma
glucose level (Ko et al., 2019). In addition, recent epidemiological
investigation also showed that environment factors may be at work
in the aetiology of suicidal ideation such as unhealthy family envi-
ronment, low standard of living, and stressful life events in the pre-
ceding 12 months (Dutta et al., 2017). To date, there has been no
consistent conclusion about the aetiology of suicidal ideation in
patients with MDD, so that the clinical manifestations of suicidal
ideation are also complex. Suicide ideation manifests a variety of
behavioural phenomena such as overaroual (Rogers et al., 2016),
anhedonia, and pain avoidance motivation (Xie et al., 2014).

Indeed, suicide ideation is resulted frommultidetermined factor.
The importance of biological, psychodynamics, and social factors as
determinants of suicide is well established (Botsis et al., 1997). In a
psychological perspective, Horwitz and colleagues have suggested
that patients with MDD and suicidal ideation tend to show hope-
lessness (Horwitz et al., 2017). Another recent study supports that
anhedonia is useful for predicting suicidal ideation (Winer et al.,
2014). Besides, observed findings also confirmed the links between
negative emotions (Kiosses et al., 2017), problem solving (Abdollahi
et al., 2016), rumination (Teismann & Forkmann, 2017), and suici-
dal ideation. Secondly, the social factors that are closely related
to suicidal ideation in depression include demographic factors,
family characteristics and childhood experience, and environmental
factor (e.g. stress and frustration in life) (Aaltonen et al., 2016; Zhang
et al., 2016; Buckner et al., 2017). From a biological perspective,
abnormalities in the serotonergic (5-hydroxytryptamine, 5-HT)
system (Picouto et al., 2015), dysregulation of the hypothalamic–
pituitary–adrenal axis (Ghaziuddin et al., 2014), and a genetic
contribution (Kang et al., 2017) to the risk of suicide have been
found. Based on neuroimaging perspective, the present study
observed that the left DLPFC GMV reductions as a biological factor
may play a role in suicidal ideation in depression.

In summary, we showed that alterations of the right VLPFC and
right DLPFC are related to suicidal ideation, while the left DLPFC
GMV reductions may reflect abnormalities related to MDD and
suicidal ideation; this further provides strong evidence showing that
structural abnormalities in the PFCmay disrupt emotional processing
and inhibition, leading to a high risk of suicide and MDD.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/neu.2019.45.

Acknowledgements.Wewould like to thank the participants who took part in
this study. The support to recruitment by personnel in ShenyangMental Health
Center and the Department of Psychiatry of the First Affiliated Hospital of
China Medical University is acknowledged. In addition, we thank Elsevier
service for professional language editing.

Authors contributions. RZ conceived, designed, and coordinated the study
and drafted the manuscript. SW supported data collection and contributed
to drafting the manuscript. MC and XJ collected data. YT and FW supported
data collection and revised the manuscript. All authors read and approved the
final manuscript.

Financial support. This work was supported by grants from the National
Natural Science Foundation of China (81701336 to SW, 81571311, 81071099
and 81271499 to YT, 81725005, 81571331 to FW), National Key Research
and Development Program (2016YFC1306900 to YT), the Liaoning
Education Foundation (L2015591 to SW), Liaoning Education Foundation
(Pandeng Scholar, FW), National Key Research and Development Program
(2016YFC0904300 to FW), and National High Tech Development Plan (863)
(2015AA020513 to FW).

Conflict of interests. The authors declare that they have no conflict of
interests.

Ethical standards. The authors assert that all procedures contributing to this
work complywith the ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

References

Aaltonen K, Naatanen P, Heikkinen M, Koivisto M, Baryshnikov I, Karpov
B, Oksanen J, Melartin T, Suominen K, Joffe G, Paunio T and Isometsa E
(2016) Differences and similarities of risk factors for suicidal ideation and
attempts among patients with depressive or bipolar disorders. Journal of
Affective Disorders 193, 318–330.

AbdollahiA, TalibMA, Yaacob SN and Ismail Z (2016) Problem-solving skills
and suicidal ideation among Malaysian college students: the mediating role
of hopelessness. Academic Psychiatry 40, 261–267.

Amico F, Meisenzahl E, Koutsouleris N, Reiser M, Moller HJ and Frodl T
(2011) Structural MRI correlates for vulnerability and resilience to major
depressive disorder. Journal of Psychiatry & Neuroscience 36, 15–22.

Angst F, StassenHH, Clayton PJ andAngst J (2002)Mortality of patients with
mood disorders: follow-up over 34–38 years. Journal of Affective Disorders
68, 167–181.

Aron AR, Robbins TW and Poldrack RA (2014) Inhibition and the right
inferior frontal cortex: one decade on. Trends in Cognitive Sciences 18,
177–185.

Ashburner J and Friston KJ (2000) Voxel-based morphometry–the methods.
Neuroimage 11, 805–821.

Bari A and Robbins TW (2013) Inhibition and impulsivity: behavioral and
neural basis of response control. Progress in Neurobiology 108, 44–79.

Beck AT, Kovacs M andWeissman A (1979) Assessment of suicidal intention:
the scale for suicide ideation. Journal of Consulting and Clinical Psychology
47, 343–352.

Berlim MT, Van den Eynde F, Tovar-Perdomo S, Chachamovich E, Zangen
A and Turecki G (2014) Augmenting antidepressants with deep transcranial
magnetic stimulation (DTMS) in treatment-resistant major depression. The
World Journal of Biological Psychiatry 15, 570–578.

Bland RC (1997) Epidemiology of affective disorders: a review. Canadian
Journal of Psychiatry 42, 367–377.

Botsis AJ, Soldatos CR and Stefanis CN (1997) Suicide: Biopsychosocial
Approaches. Amsterdam: Elsevier Science Health Science Division.

Bozorgmehr A, Alizadeh F, Ofogh SN, Hamzekalayi MRA, Herati S,
Moradkhani A, Shahbazi A andGhadirivasfiM (2018)What do the genetic
association data say about the high risk of suicide in people with depression?
A novel network-based approach to find common molecular basis for
depression and suicidal behavior and related therapeutic targets. Journal
of Affective Disorders 229, 463–468.

Braun C, Bschor T, Franklin J and Baethge C (2016) Suicides and suicide
attempts during long-term treatment with antidepressants: a meta-analysis
of 29 placebo-controlled studies including 6,934 patients with major depres-
sive disorder. Psychotherapy and Psychosomatics 85, 171–179.

Acta Neuropsychiatrica 89

https://doi.org/10.1017/neu.2019.45 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2019.45
https://doi.org/10.1017/neu.2019.45


Buckner JD, Lemke AW, Jeffries ER and Shah SM (2017) Social anxiety and
suicidal ideation: test of the utility of the interpersonal-psychological theory
of suicide. Journal of Anxiety Disorders 45, 60–63.

Coryell W, Nopoulos P, Drevets W, Wilson T and Andreasen NC (2005)
Subgenual prefrontal cortex volumes in major depressive disorder and
schizophrenia: diagnostic specificity and prognostic implications. American
Journal of Psychiatry 162, 1706–1712.

Desmyter S, Duprat R, Baeken C, Bijttebier S and van Heeringen K (2014)
The acute effects of accelerated repetitive Transcranial Magnetic Stimulation
on suicide risk in unipolar depression: preliminary results. Psychiatr Danub
26, 48–52.

Ding Y, Lawrence N, Olie E, Cyprien F, le Bars E, Bonafe A, Phillips ML,
Courtet P and Jollant F (2015) Prefrontal cortex markers of suicidal vulner-
ability in mood disorders: a model-based structural neuroimaging study with
a translational perspective. Translational Psychiatry 5, e516.

Du L, Zeng J, Liu H, Tang D, Meng H, Li Y and Fu Y (2017) Fronto-limbic
disconnection in depressed patients with suicidal ideation: a resting-state
functional connectivity study. Journal of Affective Disorders 215, 213–217.

Dutta R, Ball HA, Siribaddana SH, Sumathipala A, Samaraweera S,
McGuffin P andHotopfM (2017) Genetic and other risk factors for suicidal
ideation and the relationship with depression. Psychological Medicine 47,
2438–2449.

Elliott R, Rubinsztein JS, Sahakian BJ andDolanRJ (2002) The neural basis of
mood-congruent processing biases in depression. Archives of General
Psychiatry 59, 597–604.

Frodl T, Reinhold E, Koutsouleris N, Reiser M and Meisenzahl EM (2010)
Interaction of childhood stress with hippocampus and prefrontal cortex
volume reduction in major depression. Journal of Psychiatric Research 44,
799–807.

Ghaziuddin N, King CA, Welch K and Ghaziuddin M (2014) Depressed sui-
cidal adolescent males have an altered cortisol response to a pharmacological
challenge. Asian Journal of Psychiatry 7, 28–33.

Gliatto MF and Rai AK (1999) Evaluation and treatment of patients with sui-
cidal ideation. American Family Physician 59, 1500–1506.

Goldin PR, McRae K, Ramel W and Gross JJ (2008) The neural bases of emo-
tion regulation: reappraisal and suppression of negative emotion. Biological
Psychiatry 63, 577–586.

Gonzalez-Maeso J and Meana JJ (2006) Heterotrimeric g proteins: insights into
the neurobiology of mood disorders. Current Neuropharmacology 4, 127–138.

Horwitz AG, Berona J, Czyz EK, Yeguez CE and King CA (2017) Positive and
negative expectations of hopelessness as longitudinal predictors of depres-
sion, suicidal ideation, and suicidal behavior in high-risk adolescents.
Suicide and Life-Threatening Behavior 47, 168–176.

Hsu DT, Langenecker SA, Kennedy SE, Zubieta JK and Heitzeg MM (2010)
fMRI BOLD responses to negative stimuli in the prefrontal cortex are depen-
dent on levels of recent negative life stress in major depressive disorder.
Psychiatry Research 183, 202–208.

Hugdahl K, Rund BR, Lund A, Asbjornsen A, Egeland J, Ersland L, Landro
NI, Roness A, Stordal KI, Sundet K andThomsenT (2004) Brain activation
measured with fMRI during a mental arithmetic task in schizophrenia and
major depression. American Journal of Psychiatry 161, 286–293.

Hunter AM, Leuchter AF, Cook IA and Abrams M (2010) Brain functional
changes (QEEG cordance) and worsening suicidal ideation and mood symp-
toms during antidepressant treatment. Acta Psychiatrica Scandinavica 122,
461–469.

Jia Z, Wang Y, Huang X, Kuang W, Wu Q, Lui S, Sweeney JA and Gong Q
(2014) Impaired frontothalamic circuitry in suicidal patients with depression
revealed by diffusion tensor imaging at 3.0 T. Journal of Psychiatry and
Neuroscience 39, 170–177.

Kang HJ, Bae KY, Kim SW, Shin IS, Hong YJ, Ahn Y, Jeong MH, Yoon JS
and Kim JM (2017) Genetic predisposition toward suicidal ideation in
patients with acute coronary syndrome. Oncotarget 8, 94951–94958.

Kiosses DN, Gross JJ, Banerjee S, Duberstein PR, Putrino D and
Alexopoulos GS (2017) Negative emotions and suicidal ideation during
psychosocial treatments in older adults with major depression and cognitive
impairment. The American Journal of Geriatric Psychiatry 25, 620–629.

Klonsky ED, May AM and Saffer BY (2016) Suicide, suicide attempts, and
suicidal ideation. Annual Review of Clinical Psychology 12, 307–330.

Ko JK, Han KM, Shin C, Lee SH, Han C, Kim YK, Yoon HK and Ko YH
(2019) Association of metabolic syndrome and its components with suicidal
ideation and depression in adults: a nationally representative sample of the
Korean population. Journal of Affective Disorders 249, 319–326.

LiuW, Mao Y, Wei D, Yang J, Du X, Xie P and Qiu J (2016) Structural asym-
metry of dorsolateral prefrontal cortex correlates with depressive symptoms:
evidence from healthy individuals and patients with major depressive disor-
der. Neuroscience Bulletin 32, 217–226.

Liu YY, Wang XT, Qiu HM, Xu AQ and Jia CX (2017) Functional and dys-
functional impulsivity and attempted suicide in rural China: a paired case-
control study. Psychiatry Research 253, 22–27.

Mann JJ, Apter A, Bertolote J, Beautrais A, Currier D, Haas A, Hegerl U,
Lonnqvist J, Malone K, Marusic A, Mehlum L, Patton G, Phillips M,
Rutz W, Rihmer Z, Schmidtke A, Shaffer D, Silverman M, Takahashi
Y, VarnikA,WassermanD, Yip P andHendinH (2005) Suicide prevention
strategies: a systematic review. JAMA 294, 2064–2074.

Mann JJ, Waternaux C, Haas GL and Malone KM (1999) Toward a clinical
model of suicidal behavior in psychiatric patients. American Journal of
Psychiatry 156, 181–189.

MarchandWR, Lee JN, Johnson S, Thatcher J, Gale P,WoodN and Jeong EK
(2012) Striatal and cortical midline circuits inmajor depression: implications
for suicide and symptom expression. Progress in Neuro-Psychopharmacology
and Biological Psychiatry 36, 290–299.

Matthews S, Spadoni A, Knox K, Strigo I and Simmons A (2012) Combat-
exposedwar veterans at risk for suicide showhyperactivation of prefrontal cor-
tex and anterior cingulate during error processing. PsychosomaticMedicine 74,
471–475.

Minzenberg MJ, Lesh TA, Niendam TA, Cheng Y and Carter CS (2016)
Conflict-related anterior cingulate functional connectivity is associated with
past suicidal ideation and behavior in recent-onset psychotic major mood
disorders. The Journal of Neuropsychiatry and Clinical Neurosciences 28,
299–305.

MyungW,HanCE, FavaM,MischoulonD, Papakostas GI, Heo JY, KimKW,
Kim ST, Kim DJ, Kim DK, Seo SW, Seong JK and Jeon HJ (2016) Reduced
frontal-subcortical white matter connectivity in association with suicidal idea-
tion in major depressive disorder. Translational Psychiatry 6, e835.

Nitschke JB, Heller W, Etienne MA and Miller GA (2004) Prefrontal cortex
activity differentiates processes affecting memory in depression. Biological
Psychology 67, 125–143.

Nitschke JB and Mackiewicz KL (2005) Prefrontal and anterior cingulate con-
tributions to volition in depression. International Review of Neurobiology 67,
73–94.

Nixon NL, Liddle PF, Worwood G, Liotti M and Nixon E (2013) Prefrontal
cortex function in remitted major depressive disorder. Psychological
Medicine 43, 1219–1230.

Olie E, Ding Y, Le Bars E, de Champfleur NM, Mura T, Bonafe A, Courtet P
and Jollant F (2015) Processing of decision-making and social threat in
patients with history of suicidal attempt: a neuroimaging replication study.
Psychiatry Research 234, 369–377.

Phillips ML, DrevetsWC, Rauch SL and Lane R (2003) Neurobiology of emo-
tion perception II: implications for major psychiatric disorders. Biological
Psychiatry 54, 515–528.

PicoutoMD,Villar F and BraquehaisMD (2015) The role of serotonin in ado-
lescent suicide: theoretical, methodological, and clinical concerns.
International Journal of Adolescent Medicine and Health 27, 129–133.

Pulay AJ and Rethelyi JM (2016)Multimarker analysis suggests the involvement
of BDNF signaling andmicroRNA biosynthesis in suicidal behavior.American
Journal of Medical Genetics Part B: Neuropsychiatric Genetics 171, 763–776.

Radomsky ED, Haas GL,Mann JJ and Sweeney JA (1999) Suicidal behavior in
patients with schizophrenia and other psychotic disorders. The American
Journal of Psychiatry 156, 1590–1595.

Rogers ML, Tucker RP, Law KC, Michaels MS, Anestis MD and Joiner TE
(2016) Manifestations of overarousal account for the association between
cognitive anxiety sensitivity and suicidal ideation. Journal of Affective
Disorders 192, 116–124.

Rushworth MF, Noonan MP, Boorman ED, Walton ME and Behrens TE
(2011) Frontal cortex and reward-guided learning and decision-making.
Neuron 70, 1054–1069.

90 Zhang et al.

https://doi.org/10.1017/neu.2019.45 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2019.45


TeismannT andForkmannT. (2017)Rumination, entrapment and suicide idea-
tion: amediational model.Clinical Psychology and Psychotherapy 24, 226–234.

Tzourio-Mazoyer N, Landeau B, Papathanassiou D, Crivello F, Etard O,
Delcroix N,Mazoyer B and JoliotM (2002) Automated anatomical labeling
of activations in SPM using a macroscopic anatomical parcellation of the
MNI MRI single-subject brain. Neuroimage 15, 273–289.

Ueda K, Okamoto Y, Okada G, Yamashita H, Hori T and Yamawaki S (2003)
Brain activity during expectancy of emotional stimuli: an fMRI study.
Neuroreport 14, 51–55.

vanHeeringenK. (2003) The neurobiology of suicide and suicidality.Canadian
Journal of Psychiatry 48, 292–300.

Van Orden KA, Witte TK, Cukrowicz KC, Braithwaite SR, Selby EA and
Joiner TE Jr (2010) The interpersonal theory of suicide. Psychological
Review 117, 575–600.

Wagner G, Koch K, Schachtzabel C, Schultz CC, Sauer H and Schlosser RG
(2011) Structural brain alterations in patients with major depressive disorder
and high risk for suicide: evidence for a distinct neurobiological entity?
Neuroimage 54, 1607–1614.

Wagner G, Schultz CC, Koch K, Schachtzabel C, Sauer H and Schlosser RG
(2012) Prefrontal cortical thickness in depressed patients with high-risk for
suicidal behavior. Journal of Psychiatric Research 46, 1449–1455.

Walter H, Wolf RC, Spitzer M and Vasic N (2007) Increased left prefrontal
activation in patients with unipolar depression: an event-related, parametric,
performance-controlled fMRI study. Journal of Affective Disorders 101,
175–185.

Winer ES, Nadorff MR, Ellis TE, Allen JG, Herrera S and Salem T (2014)
Anhedonia predicts suicidal ideation in a large psychiatric inpatient sample.
Psychiatry Research 218, 124–128.

World Health Organization (WHO) (2001) The WHO World Health Report
2001 New Understanding–New Hope. World Health Organization.

World Health Organization (WHO) (2017) Global Health Estimates: Depression
and Other Common Mental Disorders. World Health Organization.

Xie W, Li H, Luo X, Fu R, Ying X, Wang N, Yin Q, Zou Y, Cui Y, Wang X
and Shi C (2014) Anhedonia and pain avoidance in the suicidal mind:
behavioral evidence for motivational manifestations of suicidal ideation in
patients with major depressive disorder. Journal of Clinical Psychology 70,
681–692.

Xin-tian L (1983) The distribution of left and right handedness in Chinese
people. Acta Psychologica Sinica 15, 27–35.

Zhang X, Xu H, Gu J, Lau JT, Hao C, Zhao Y, Davis A and Hao Y (2016)
Depression, suicidal ideation, and related factors of methadone maintenance
treatment users in Guangzhou, China. AIDS Care 28, 851–856.

Acta Neuropsychiatrica 91

https://doi.org/10.1017/neu.2019.45 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2019.45

	Dorsolateral and ventrolateral prefrontal cortex structural changes relative to suicidal ideation in patients with depression
	Significant outcomes
	Limitations
	Introduction
	Methods
	Subjects
	Clinical assessment
	Image acquisition
	Data preprocessing
	Regions of interest definition
	Statistical analyses

	Results
	Demographic and clinical results
	Comparisons within the three groups
	Correlations between GMV and symptom scores

	Discussion
	References


