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Introduction
Suicide is an important global public problem, with an 

estimated 800,000 people die by suicide each year worldwide 
and is the fifth most common cause of death and the second most 
common external cause of death in China [1]. Usually, suicidal 
behavior can be classified as suicide idea (SI), SA and suicide death. 
Non-fatal suicidal behaviors are more common than suicides. 
Although many researches discovered the gene-environmental 
and psychosocial characters for suicide [2-4], the risk factors of 
suicidal behavior remained unknown. Now, there has been great 
improvement in the research of the cognitive mechanisms of 
suicidal behavior. Cognitive distortion is not only viewed as one 
of the candidates endophenotypes of suicidal behavior, but also 
a therapeutic target in the suicidal patient approach [5]. Suicidal 
individuals are more likely than non-suicidal individuals to 
experience cognitive distortions, defined as errors in both cognitive 
processing and content that result in maladaptive or unhelpful 
interpretations of incoming stimuli [6]. different types of primary 
cognitive alterations are related to suicidal behavior, especially 
those resulting from changes in front striatal circuits [7]. Among 
such cognitive mechanisms can be highlighted the executive 
function impairment and attentional bias.

Executive function relies heavily upon three distinguishable 
abilities or “functions”: 

1) Avoiding/suppressing habitual or “pre-potent” responses 
(i.e., inhibition). 

2) Switching between tasks or mental “sets” (i.e., shifting) 
and. 

3) Monitoring/controlling the contents of working memory 
(i.e., updating) [8].

Almost all the aspects of executive function are impaired in 
suicidality, including poor decision making and planning, response 
Inhibition, verbal fluency, and so on [9]. In addition to these deficits, 
suicide attempters also showed a higher sensitivity to interference 
[10]. In the classical version of the Stroop task, the suicidal patients 
took significantly longer to name the colors of suicide-related words 
compared with other words, which means that the attentional bias 
exhibited by suicidal patients was highly specific [11]. Nowadays, 
using the modified Stroop task, together with various imaging 
detection methods, researchers have got further understanding of 
attentional bias in suicidal behavior. There is a need to synthesize 
evidence from cumulating literature on cognitive deficits in suicide 
attempters in order to get a comprehensive impression of the 
cognition distortion associated with a history of suicidal act. In 
the current paper, we systematically reviewed the literature on the 
cognitive distortion of suicidal behavior.
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Decision making
Many studies found that suicide attempters tended to make 

more risky decisions as assessed with the decision-making tasks 
including the Game of Dice Task (GDT), the Iowa Gambling Task 
(IGT) and the Cambridge Gambling Task (CGT) than control group 
[12-16]. A meta-analysis of 10 studies using IGT to measure 
decision making in patients with a history of suicidal acts in bipolar 
and unipolar disorder, confirmed significantly impaired decision-
making with a moderate effect-size in bipolar disorder suicide 
attempters compared to unipolar and bipolar non-attempters 
[17]. Some studies investigated the influence of genes relevant to 
suicidal behavior on decision-making. found that patients with 
a personal history of attempted suicide carrying the specific 
polymorphisms of four serotonergic genes significantly improved 
their performance during IGT, suggesting a genetic modulation of 
the learning process required for advantageous decision-making 
[18], found that, suicide attempters with a history of sexual abuse 
had significantly lower IGT scores than non-sexually abused 
individuals, and Polymorphisms within corticotrophin releasing 
hormone receptor 1(CRHR1) and CRHR2 genes interacted with 
both childhood sexual abuse and emotional neglect to influence IGT 
performance [19].

There were some studies focusing on specific population 
groups. One study compared performance on CGT in four groups 
of older adults and found that the suicide attempters exhibited 
poorer ability to choose the likely outcome which suggesting that 
older suicide attempters seem to neglect outcome probability and 
make poor choices [20]. Most studies investigating decision making 
abilities in suicide attempters had used one single task and included 
patients with a lifetime history of suicide attempts, therefore 
yielded conflicting results. Some studies focused on recent suicide 
attempt (within 72h or the last 6 months) found that, Investigation 
of state-dependent neuropsychological characteristics of suicidal 
behaviour might be essential for detecting acute suicidal crisis 
[21,22]. Functional magnetic resonance imaging (fMRI) was used 
to measure the brain activation following the decision making tasks 
in suicide attempters, one study supported a significant role for 
deficient risk processing, and ventral and dorsal prefrontal cortex 
functioning in the suicidal diathesis [23], while another suggested 
that a history of suicidal attempt in schizophrenia is associated 
with blunted brain reward activity during emotional decision-
making [24].

Response inhibition
In 2009, a study measured two complementary aspects of 

response inhibition: attention-based and reward-based, found 
that faster reaction time to a commission error on the Immediate 
Memory Task (IMT) was associated with history of SA [25]. Some 
studies used fMRI to measure brain activation during the Go/No-
Go response inhibition task, and conflict results were found. One 
study found decreased activity in the right anterior cingulate gyrus 
in SA [26], while another found no difference in brain activation 
[27]. Investigated the Continuous Performance Task (CPT) of 228 
girls with and without attention-deficit hyperactivity disorder 
(ADHD), found that Childhood response inhibition could predict 

young-adult SI, SA, and non-suicidal self-injury [28]. Another study 
also found that depressed attempters were clearly distinguished 
by a deficit in response inhibition (Go/No-go commission errors) 
[29]. A recent study found that the neurocognitive assessment of 
response inhibition and memory recognition shows sensitivity to 
the recency of a SA which suggested that phasic neurocognitive 
deficits may serve as objective markers of short-term suicide risk 
[30].

Working memory
A meta-analysis in 2015 examined the association between 

memory deficits and vulnerability to suicidal acts in 24 studies 
(including 2,595 participants), four different types of memory 
(i.e., working memory, short- and long-term memory, and 
autobiographical memory) were assessed, and found that long-term 
memory and working memory were both more impaired in suicide 
attempters [31]. Several studies used MRI or fMRI to examine the 
structure or the functional changes in brain regions following the 
working memory task in patients with SI, the results were not 
consistent may be because of different diagnosis. One study showed 
that depressed patients with high suicidal ideation retained fewer 
negative schematic facial stimuli in white matter (WM) [32], while 
another study found that first-episode schizophrenia with suicidal 
ideation showed preserved WM integrity, and had less cognitive 
deficit in working memory and verbal comprehension possibly 
because of greater insight [33].

Verbal fluency
It is used single photon emission computed tomography (SPECT) 

following a verbal fluency paradigm to evaluate the perfusion of 
different brain regions, they found differences in regional cortical 
activation between the letter fluency and category fluency tasks 
and a blunted increase in prefrontal blood perfusion in attempted 
suicide patients [34]. Richard-Devantoy then reviewed seven 
neuropsychological tests in a total of 25 studies (2323 participants)
to identify neuropsychological tests of vulnerability to suicidal acts 
in patients with mood disorders, and found that IGT, category verbal 
fluency and Stroop performance were lower in suicide attempters 
than in patient controls and healthy controls[5]. Several studies 
used near-infrared spectroscopy (NIRS), an optical neuroimaging 
technology that used near-infrared light to track changes in the 
concentration of oxygenated and deoxygenated hemoglobin (Hb), 
to measure the activation of brain regions during the verbal fluency 
task (VFT), and found reduced activation during VFT in several 
brain regions including frontal, temporal and left precentral gyrus 
[35,36]. Two studies also found prefrontal asymmetry [37] or 
smaller hemodynamic changes in the frontal regions [38] during 
VFT in depressed patients with SI.

Attentional bias

A meta-analysis of four studies, including 233 suicide 
attempters and 768 patient controls, showed a significant but 
small attentional bias toward suicide-related words in suicide 
attempters compared to patient controls [10]. After that time, 
some research used imaging or electrophysiological test together 
with psychological task to better understand the attentional bias in 
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suicidal behavior. One study used Electroencephalographic (EEG) to 
record the frontal area activity during the standard and emotional 
Stroop tasks, found that response times to the word “suicide” were 
significantly slower for the high-risk group, and in the emotional 
Stroop task the high-risk group showed reduced activity in leftward 
frontal areas, suggesting limitations in the ability to regulate 
emotional processing via the left frontal regions [39]. Another 
study used the P300 component of event-related potentials (ERPs) 
during the spatial cueing task found that patients with low rates of 
suicidal behavior showed difficulty in disengaging attention from 
suicide-relevant stimuli [40]. Found that children with a history of 
SI exhibited significantly greater gaze duration toward fearful faces 
[41]. Investigated the emotional Stroop task (EST) of 820 college 
students and found that past suicide attempters were slower in 
responding to the word “suicide”, and female past attempters 
showed more delayed response when their most recent attempt 
was made in the past 12 months [42]. Furthermore, recent research 
efforts are directed to assess the possible use of attention bias as 
a therapeutic target in patients presenting suicide behavior [43].

Conclusion
According to the overview of neurocognitive factors related 

to suicidal behavior, a conclusion can be yielded that cognitive 
distortion is an important factor in the generation process 
of suicidal behavior and should be a promising target in the 
prevention and treatment of suicidal behavior. Future research 
needs to pay attention to the following issues: consistency of 
samples including psychiatric diagnosis, time period between the 
last SA and investigation day and so on. Future research can focus 
on the mechanisms of the cognitive distortion in suicidal behavior 
and use the neuropsychological task to select the population with 
high risk of suicidal behavior. The heritability of suicide is well 
established. Transmission of risk appears to follow traits more than 
disorders like depression, hence future research can focus on the 
mechanisms how the genes related with suicidal behavior together 
with environmental factors, e.g. childhood abuse, alter the risk of 
suicidal behavior through their influence on cognitive distortion.
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