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Abstract Nature vs nurture is, and has been, a never stopping debate since Lamarck
and Darwin exposed their corresponding theories on evolution, and even before
them, such discussion already existed. Is suicide a heritable conduct? Is it learnt?
Maybe the answer is both and none, at the same time. From genetic twin studies to
epigenetic and environmental influence on development, this chapter aims to take a
look at different points of view and most relevant theories in one of the worlds
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leading causes of death, specially for young individuals. We explore different studies
aiming to find biomarkers for suicide, as well as other traits frequently encountered
in individuals who engage in suicidal behavior, such as impulsivity, aggressivity,
and hopelessness. Finally, this chapter also looks at some of the most recent
approaches in treatment and prevention of suicidal behavior, in order to highlight
what they have in common and try to explain (at least partially) why they could be
effective.

Keywords Cognition · Environmental · Epigenetics · Heritability · Suicide

1 Biological Correlates of Hopelessness, Impulsivity,
and Aggressivity in Suicidal Behavior

In a topic as broad as suicide, and with as little answers as we’ve been able to gather
so far, speaking about biological factors implies defining them and explaining why
we consider them so. In this chapter we will discuss how some behavioral charac-
teristics can be developed, in some cases through life experiences, and then passed
down to our descendants. Further ahead, we will also talk about how a factor that
hasn’t been taken enough into account in heritability studies could be the one
holding us back from reaching better answers. That factor is timing.

1.1 Heritability in Suicidal Behavior

Heritability is the amount of variance in biological characters that can be accounted
by genetic differences between individuals.

Epidemiologic and family studies estimate that there is a genetic component in
suicide with a heritability that goes from 17% to 55% (Ruderfer et al. 2019).

Additive effect of genetic factors could account for 30–50% in the development
of a wide suicidality phenotype, which includes ideation, planning, and attempts,
and its heritability is, mostly, independent of other psychiatric illness (most people
who attempt suicide suffer from a previous psychiatric condition). Heritability in
non-mortal attempts has been estimated between 17 and 45% after controlling for
psychiatric illness, and family studies show higher ratios among relatives of suicidal
individuals (JJ Mann et al. 2009).

For less clearly defined phenotypes, such as suicidal ideation, it is harder to
establish how much of a genetic influence there is, although it clearly exists, together
with environmental and other individual factors (Strawbridge et al. 2019).

Twin studies have been one of the ways of comparing the influence of the
environment vs. genetics in suicide, as well as in other psychiatric illnesses. A
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study on suicidal conduct performed in 1991 by Roy studied 176 couples of twins
and showed a level of agreement for suicide of 11.3% between monozygotic
(MZ) twins, compared to 1.8% between dizygotic (DZ) twins. For suicide attempts
however, the level of correlation was even higher, reaching 38% for MZ brothers
(Roy et al. 1991), showing that both, suicidal attempts, as well as suicide, have
heritable factors.

Different studies have observed that when one twin develops depression, there is
a risk of 50–60% of the other one developing depression as well. On suicide,
however, if one of the twins dies for this cause, the risk of the same thing happening
to the other is around 13% (Wasserman et al. 2007), up to 24%, depending on the
study (Mann et al. 2009). In DZ twins, the risk is only 0.7% (Roy et al. 1991) up to
2.8% (Mann et al. 2009).

2 Genetic Association Studies and Polygenic Risk Scores

There still exists a problem with general population studies, and that is the lack of
wide enough samples, with enough statistical power. As Ruderfer highlights
(Ruderfer et al. 2019), after performing a genome-wide association analyses
(GWAS), they find a very low heritability, based on single nucleotide polymorphism
(SNP), only 0.035 on UK population and 0.046 on Vanderbilt’s clinically predicted
phenotype. They describe two polymorphic variants, chromosome 5 (rs1297617)
and chromosome 19 (rs1297618), but neither was statistically significant.

For complex conditions as high blood pressure and suicide as well, SNP and
GWAS have shown to be lacking, and in the same way, polygenic risk scores (PRS)
have progressively gained terrain.

A PRS is a number that estimates the probability of an individual for manifesting
a trait, taking into account multiple genetic variants, at the same time. In psychiatry
(although not with some deterrents), this kind of study seems to be the new way to
go, in what is related to heritability. Still, some studies state that PRS can only be
applied to the population they derive from, and some even describe that these scores
have a higher relation with ascendency, than with the condition they try to predict.

Mullins’ work with PRS and suicide behavior found a relation between herita-
bility of suicidal ideation and other psychiatric disorders, but still suggested that
carrying out this thoughts had some other independent genetic factors (Mullins et al.
2014). Since they could not find significant relation among the SNPs or GWAS
studied by their group, their conclusion was that suicide must be highly polygenic;
therefore, PRS are a better approach to study its heritability.
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3 Individual Characteristics: The Diathesis-Stress Model

Debate about “what is and what is not” suicidal behavior is widely spread and takes
into consideration philosophical and semantic elements, which are far from being the
purpose of this chapter.

What does seem clear though is that not all suicides are the same, as suicide
attempts aren’t either. Individuals who indulge in suicide behavior may have very
different characteristics, although they do have some in common. Things like
aggressivity or impulsivity are consistently found as risk factors for suicide behavior,
so much that there is a particular subtype of suicide attempters, determined by such
characteristics (Stanley et al. 2019). This kind of differences between individuals,
and the presence of some particular factions that allow to group them, is what
brought the hypothesis of diathesis-stress as a clinical model for suicide (Mann
et al. 2009).

JJ Man et al.’s work helped show that despite environmental events that may be
happening at the moment of the attempt, there are “tendencies” particular to the
individual making the attempt that make him or her more prone to such behavior.

“Hopelessness” would be another one of these tendencies, and it has been related
to suicide just as much as aggression or impulsivity. Different from the other two,
hopelessness is a completely subjective sensation, often present in individuals
suffering from depression, and it can predict future suicide (not just attempts).

Later in this chapter, we will discuss how these three tendencies, very different in
the way they present themselves, find common ground in the brain prefrontal cortex
(PFC). This particular region is in charge of inhibition of conduct, and at the same
time, being part of the default mode network (DMN), it also plays a role in our
thoughts about the past, the future, and ourselves. It is not strange at all that Arango
et al. (1995), or Audenaert et al. (2006), have found changes in the number and
function of serotonin receptors in this area, in individuals who engaged in suicide
behavior.

4 Serotonin as a Biomarker: Why and Why Not?

The serotoninergic system is composed by 14 different serotonin receptors (found so
far), the serotonin transporter, synthesis enzymes TPH1 and 2, and also catabolic
enzymes MAOA and MAOB. The function of each component varies from inhib-
itory to excitatory, depending on the region of the brain, the exact neuron the
receptor is attached to, and whether they are located presynaptically or postsynap-
tically. All of these variations can give place to a multitude of confounding factors to
take into account, even though there is no denying that one of the most consistent
findings in relation to suicide and serotonin is the low levels of
5-hydroxyindoleacetic acid (5-HIAA) in cerebrospinal fluid of suicidal individuals.
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Starting by the serotonin transporter (5HTT), it can be found in nerve endings and
platelets. Its job consists mainly in retrieving serotonin (5HT) from synaptic clefts.
There is a polymorphism in the promoting region proband 44 (44 bp ins/del). The
short allele accounts for a lower expression of the gene and is associated with 40%
less union of the transporter to serotonin.

Studies with statistical significance have shown that there is less of this trans-
porter in cortical areas of depressive people who committed suicide (PFC, hypothal-
amus, raphe, etc.). Some studies have also associated the lesser union of this
transporter to serotonin (specially at PFC) with depression and suicide attempts,
while other studies have found the opposite.

4.1 So, How Is It That We Give People with Depression
a Medication That Inhibits This Transporter Even
Further? And Why Studies on 5HTT Can Be So
Drastically Different?

A review carried out in 2013 focused on the relation of the different components of
the serotoninergic system and their relation with suicidal behavior (Antypa et al.
2013). They report that associations between variation on the TPH1 gene and
5-HTTLPR gene and violent suicidal behavior are the most consistent findings (or,
at least, the less inconsistent), but for some variations, negative results have also
been reported and need further analyses. It’s important to talk individually about the
components of the serotoninergic system, in order to better understand where and
possibly why these conflicting results emerge.

Serotonin receptor 1A (5HT1A) is an autoreceptor that regulates serotonergic
synthesis and neurotransmission. Some studies have shown that there is less of this
receptor in the hippocampus and amygdala of suicidal individuals. Polymorphism
rs6295, as well as increased methylation of the gene promoter region in PFC, has
been associated with depressed patients who committed suicide. These results have
been reproduced, but there are also studies that couldn’t find a significant relation
between the said gene variation and suicide.

Serotonin receptor 2A (5HT2A) can be found in GABAergic neurons in the locus
ceruleus. One of its functions is inhibiting noradrenergic neurons through activation
of GABAergic cells. Studies on suicidal individuals haven’t shown significant
results, but studies on suicidal individuals with high scores of aggression show a
positive correlation in all frontal areas examined. PET and SPECT studies show a
reduction of union to this receptor in suicidal individuals with anxiety or depression,
while there is an increase in impulsive attempters (Audenaert et al. 2006). Another
study also found association between the T102C and C1354T (His452Tyr) poly-
morphisms of the 5-HT2a receptor gene and suicide attempts (Vaquero-Lorenzo
et al. 2008). In that same study, there were no significant differences between suicide
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attempters and psychiatric controls, leaving the possibility of this receptor as a
common ground for both, suicide and other psychiatry conditions.

Tryptophan hydroxylase 1 (TPH1) is the enzyme in charge of peripheral synthesis
of serotonin, with limited action within the brain. Although there are studies that
show negative results, there are others that have related variations of this gene with
completed suicide; such are the studies of Turecki et al. (2001), as well as Brezo et al.
(2010), with positive results for the rs10488683 polymorphism. Other studies have
also related the polymorphism A779C in the 7th intron of the gene with violent
suicide attempts (Mann et al. 2001). These polymorphisms may affect the genes
transcription, or the function of the enzyme, reducing its activity.

Tryptophan hydroxylase 2 (TPH2) is the rate-limiting enzyme in charge of
serotonin synthesis within the brain, but studies relating this enzyme to suicide
have, so far, shown conflicting results.

Ottenhof et al. (2018) reviewed in a meta-analysis 166 studies analyzing 69 TPH2
polymorphisms, and many of these SNPs could be associated with suicide behavior,
but the specific influence of these in suicide is really unclear.

Monoamine oxidase A (MAOA): As it happens with other components of the
serotonergic system, there are studies that have found a positive relation between
levels of this enzyme and suicide attempts, but also other studies with negative
results. MAOA is the enzyme in charge of degrading norepinephrine as well as
serotonin; it presents a polymorphism of the type variable number tandem repeat
(VNTR) in the region 5 flanking the genes promoter, and the 4 repetition variation
activates its expression, while other variants have the opposite effect. In a study by
Courtet et al. (2005), they found that Caucasian males who had violent suicide
attempts, had an increased expression of the allele with increased activity, as
compared to nonviolent attempters.

As explained above, serotonin can carry completely different functions
depending on the receptor it is activating and the location of the said receptor.
That is why focusing on only one component of the system, be it the molecule
itself, its transporter, or the enzymes that synthesize or degrade it, can yield
conflicting results.

5 Epigenetics: When Nature Meets Nurture

We’ve already talked about different genetic studies related to suicide, but speaking
about biology and heritability means speaking about epigenetics as well.

An article published in 2004 already stated that, as early as during pregnancy,
environmental factors start having an impact on an individual’s future life and that
stressors during this period of time can increase the risk of suicidal behavior
(Oquendo and Baca-Garcia 2004).

Epigenetics refers to the study of the epigenome, the chemical and physical
modifications of the deoxyribonucleic acid (DNA) molecule that functionally regu-
late the collection of genes of an organism by altering the capacity of a gene to be
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activated and produce the messenger ribonucleic acid (mRNA) it encodes (Petronis
2010).

It could be initially thought that epigenetics have to do exclusively with environ-
mental influences; however, this point of view would be too reductionist, since
epigenetic changes are also heritable. Twin studies (mentioned above) have been
considered, as of today, the gold standard in what has to do with
environment vs. heritability; the problem presents itself when we start looking at
differences in genetic expression between the said twins. An article published on the
American Journal of Human Genetics mentions a study carried out by Mill et al.
(2006), where they found differences of up to 42% in methylation profile between
MZ twins. “These new insights about epigenetic DNA modifications and their
effects on gene expression and phenotype may increase our understanding of diverse
phenotypes from personality traits to neuropsychiatric disease. The new paradigm is
not one of nature vs. nurture, but complex and dynamic interaction between DNA
sequence, epigenetic DNA modifications, environment, gene expression, and envi-
ronmental factors that all combine to influence phenotype.” To support this state-
ment even further, there’s one other study on identical twins who were discordant for
schizophrenia (groups of twins where one had the disease and the other was healthy)
(Mill et al. 2006). In this study, they measured epigenetic distance (the number of
differences at each CpG site) and found that the patients were epigenetically more
similar between them, than to their respective siblings.

5.1 So What Are These Changes “Produced by
the Environment” That We Have Been Talking About?

Let’s go back a little and discuss Stanley’s study on suicidal subtypes. This study on
impulsive and aggressive behavior used cortisol levels as a measure of response to
stress. They found that suicide attempters with higher levels of impulsivity/aggres-
sion had a heightened cortisol response to stress, not seen in any of the other groups
(Stanley et al. 2019).

5.2 How Are Cortisol Levels a Demonstration
of Environmental Influence?

Cortisol (basal levels and reactivity) is controlled by the HPA axis. When exposed to
psychological stress, the hypothalamus responds producing CRH, which stimulates
production of ACTH from the pituitary gland. ACTH induces secretion of cortisol
from the adrenal cortex. Cortisol performs different functions within the body, some
have to do with metabolic response and some with the immune system (which in turn
also affect the brain and behavior), and lastly, some of cortisol effects take place

Suicide: Genetics and Heritability 69



within the brain. Glucocorticoid receptors (GR) are widely spread through the brain,
and once cortisol reaches these receptors, they bind and relocate inside the cell. Once
inside, they can interact with transcriptional factors and modify genetic expression of
the cell (this also happens in other cells of the immune system).

Environmental factors, like childhood trauma and abuse, or maternal care, can
modify HPA axis function by mediation of these receptors. There is a specific GR
gene promoter that has been demonstrated to be modified by the said experiences.
NR3C1 gene is observed to have an increased methylation at the promoter region in
depressed patients who experienced early sexual abuse and also in animal models
with pups that received low care, leading to a lower GR expression. An increased
NR3C1 has also been observed in suicide completers with a history of maternal
deprivation and adults with child maltreatment. Individuals with a higher methyla-
tion of NR3C1 also show diminished cortisol responses in the dexamethasone
suppression test (Chmielewska et al. 2019).

Lutz and Turecki also talked about differences in GR in an animal model of
maternal grooming, where the offspring of mothers with high grooming during the
first week of life had a higher hippocampal GR expression and also a lesser response
to stress. This is due to an epigenetic variant of an exon 1 GR promoter, induced by
maternal care (Lutz and Turecki 2014).

In his group’s work, Turecki proposes a model of environmental influence on
suicide based on three factors (Turecki 2014): 1 distal or predisposing factors,
2 developmental or regulating factors, and 3 proximal or precipitating factors.
When these factors interact, it looks similar to Fig. 1.

There are other genetic variants related to early life stressors and adversity.
FKBP5 gene regulates a protein that allows GR receptors to translocate inside the
cell, to carry its function. Hypermethylation of this gene decreases the presence of
the said protein, stopping GR receptors to relocate and give negative feedback to the
HPA axis.

Family history
Genetics

Early life adversity

Psychopathology

Epigenetic
Regulation

Life events
Substance use

Chronic substance use

Chronic stress

Personality Traits
Cognitive styles

Fig. 1 Based on: Epigenetics and suicidal behavior research pathways. Gustavo Turecki. Am J
Prev Med. 2014 September: 47(3 Suppl 2):S144–S151
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Serotonin system may also suffer changes from early life experiences. SLC6A4
(5HTT, serotonin transporter gene) has also been shown to present an increased
methylation in relation to early life abuse, and in cases of hypermethylation,
response of cortisol to stress was dull.

All of the above were examples of how early life experiences can shape genetic
expression of individuals, making them more prone to conditions such as anxiety, or
depression, and, in turn, making it more likely that they present suicide behavior.

Taking Stanley’s group work on suicide subtypes (Stanley et al. 2019), and the
evidence on modification of genetic expression from life events, we would like to
propose a model for the subtype of stress responders, described in their work
(Fig. 2).

In our model, stress responders (SR) and non-responders (NSR) would be placed
at both ends of a spectrum. The closer an individual is to the SR end, the lesser a
stimulus has to be to induce self-harming or suicidal behavior, while individuals on
the NSR end could still act in such a way, if a strong enough stimulus appears. We
also propose that life events, such as childhood trauma/abuse, parental neglect, drug
abuse, damage to frontal cortex, and chronic stress (to name a few), can little by little
move a NSR individual along the spectrum, toward the SR end. Since this is a
spectrum, the opposite is also possible. Individuals in the SR end who receive
adequate treatment, in time, would need a higher stimulus to engage in self-harming
behavior.

Fig. 2 Factors that contribute in transition from lesser to higher stress response
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5.3 Timing and Epigenetic Studies

Since the very beginning of this chapter, we mentioned how timing was an important
factor, probably not taken enough into account in genetic and epigenetic studies
about different conditions (suicide not being an exception). The thing about epige-
netics, besides their heritability, is that it changes. When an individual is studied
together with their family for a genetic expression of a certain condition, that
individual might not present it at the time of the test (it will make sense in a moment).
Evidence suggests epigenetic changes that take place during childhood are carried all
the way into adult life, and probably passed down (if they are still present), but there
can also be changes that happen later into adulthood, after an individual has already
had children. In this case, that person’s descendants will not inherit the same pattern
of gene expression that their progenitor had, giving place to additional confounding
factors.

6 Prefrontal Cortex: (Maybe) the Most Important
Correlate

In 2010, K. S. Kendler published an article talking about different pathways that lead
to one outcome. In this article, using different risk factors (past adversity, current
adversity, and psychiatric disorders, among others), Kendler showcases how ten
different pathways can lead to suicide. In his closing argument, Kendler urges us to
“avoid hard reductionism” but also prevents us from thinking that suicidal behavior
is beyond our capacity to study or understand (Kendler 2010).

It might be possible that the ten pathways Kendler speaks about converge in a
point prior to the said behavior. Through this chapter, we’ve already talked about
most (if not all) of these pathways, in a way or another. From here on, we’ll look for
that “prior” convergence point, which might show us a way forward.

Ronald WMaris, in his article titled “Suicide,” published in 2002, made reference
to suicidal hopelessness in terms of cognitive inflexibility. Not exactly a definition,
we will use his words to make sure we are not being misunderstood when speaking
about hopelessness: “difficulty in believing that there are non-suicidal alternatives to
life problems” (Maris 2002).

Maris hasn’t been the only one relating suicide and cognition. Several articles
published after his have studied the role of the prefrontal cortex in suicide. Monkul
et al. (2007), Hwang et al. (2010), Wagner et al. (2012), and Keilp et al. (2013)
studied different populations of suicide attempters and used different (image- or
functional image-based) techniques; Keilp’s group study was based on neuropsy-
chological tests, instead of neuroimaging. Interestingly, they all found alterations in
the prefrontal cortex of the population they studied.

To illustrate just how different their samples were, it would suffice to say that
Hwang team’s sample consisted of geriatric male patients (65 years or older)
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(Hwang et al. 2010), while Monkul group’s sample was formed by females, with a
mean of age of 31 (Monkul et al. 2007). Both studies had different goals; the one
with geriatric patients wanted to demonstrate that changes in gray matter (GM), as
well as white matter (WM) (in this case due to vascular lesions), have a role in
suicide behavior. They found a significant decrease in GM across several different
brain areas (could be expected from their population of patients), with an even more
prominent reduction in the medial frontal cortex, midbrain, cerebellum, and
lentiform nucleus. They relate these findings to cognitive impairments seen in
suicidal patients, including inflexibility, executive functioning, decision-making,
and problem-solving.

In the study with adult female subjects, all depressed patients showed smaller
orbitofrontal cortex volumes, and suicidal patients also showed larger right amyg-
dala, than non-suicidal. It was statistically not significant (maybe due to lack of
subjects), but suicidal subjects had more previous depressive episodes than
non-suicidals, or an earlier age of illness onset. The explanation they give for this
volume reduction also has to do with cortisol toxicity and chronic response to stress
(as we already discussed above).

Orbitofrontal cortex has been described to play an important role in decision-
making, and when it is damaged, subjects engage in more risky behaviors. The
findings in this study correlate with previous findings showing that suicide
attempters have poorer decision-making abilities. More aggressive suicidal individ-
uals can even show a pattern of decision-making in the Iowa Gambling Task similar
to that observed in patients with orbitofrontal lesions (Jollant et al. 2005).

Wagner also found reduction in cortical thickness in PFC in individuals with high
risk for suicide, compared to non-high risk. His findings were in ventrolateral and
dorsolateral PFC, both areas relating to inhibition of behavior.

In all, findings in these studies suggest that cognition plays a role in suicide, and
its impairment, be it because of brain lesions, emotional trauma, congenital factors,
or any other reason, which increases the likelihood of suicidal behavior. As Hwang
expresses, in some cases it might be because of a difficulty in relocating attention
away from preoccupied negative emotions or cognitions (giving way to hopeless-
ness) (Hwang et al. 2010). In other cases, it might be because of a poorer decision-
making and a lack of premeditation, as it might be the case in high aggression/
impulsivity subtype described by Stanley (Stanley et al. 2019). In some cases it
might be both.

Interesting enough this impaired-cognition model of suicide can also be applied
to psychotic spectrum disorders. In investigations to determine psychosis biotypes,
one of the most consistent findings has been brain volume reductions, with the
largest effects in frontal, cingulate, temporal, and parietal cortex (Clementz et al.
2016), although these last findings on biotypes have yet to be related to suicidal
behavior (Fig. 3).
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7 BDNF: Further Evidence of Cognitive Impairment
in Suicide?

One more thing we have yet to talk about, but relates with the hypothesis of PFC
dysfunction in suicide behavior, is the role of BDNF (brain-derived neurotrophic
factor). Chmielewska’s group research highlights the importance of BDNF as 1- a
predictor of suicide ideation and 2- a marker of depression (Chmielewska et al.
2019).

Through several studies, BDNF has been related to fear conditioning, treatment
response to antidepressants, and suicidal ideation and behavior. Depending on the
context, and the region where BDNF is enhanced, it can act as a coding factor for
memory and consolidation of fear learning. It appears that after a traumatic experi-
ence, there is an increase of BDNF in the CA1 region of the hippocampus. This
would have to do with consolidation of memory. Extinction of the said conditioning
also involves an increase of BDNF, but this time, it takes place in the PFC
(Fuchikami et al. 2010). The same study also showed that, as it happens with
cortisol, or serotonin, stressful events can also modify BDNF levels in the brain,
through changes in genetic expression.

Low levels of BDNF have been related to suicidal ideation and behavior (Khan
et al. 2019; Björkholm and Monteggia 2016), not only in depressed patients but also
in patients with whole different conditions. One example might be a study relating
BDNF hypermethylation in patients with acute coronary syndrome, with the pres-
ence of suicidal ideation, 1 year after the coronary event, although it is not possible
knowing if the said hypermethylation already existed or was a result of the stressful
situation (maybe both).

Polymorphism rs6265 (Val66Met) of the BDNF gene has been related with
suicidal behavior as well. A study with patients who engaged in self-harming

Fig. 3 Pascual L, Rodriques P and Gallardo-Pujol D (2013) How does morality work in the brain?
A functional and structural perspective of moral behavior. Front Integr Neurosci 7:65. Doi: https://
doi.org/10.3389/fnint.2013.00065. Image tagged for reuse
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behavior found an interaction between the said gene and the emotional environment
while growing up, for homozygotic individuals, with the Val-Val variation.
Homozygotic individuals, growing up in an emotionally challenging environment,
were more likely to engage in harmful and life-threatening behavior. That same
polymorphism has also been related to the presence of suicide thoughts (Sudol and
Mann 2017).

The most important conclusion, from these and other studies, is that brain
plasticity and connectivity seem to play a major role in the pathogenesis of depres-
sion and suicidal behavior (as well as other psychiatric conditions), but also in their
recovery, and response to treatment. Considering these findings, if we could control
in which regions BDNF is released, and enacts its function, we could open new paths
for treatment.

8 Clinical Implications of an Impaired-Cognition Approach
to Suicidal Behavior

At the current date, different psychological approaches and interventions for suicide
prevention, in patients with borderline personality disorder, highlight the importance
of mindfulness practice, some heavily relying on skills training of patients and
mindfulness exercises.

8.1 Why Are We Talking About Mindfulness?

Aside from its meditation or oriental like approach (that may appeal or not to some
people), mindfulness is, at its core, a style of cognitive training.

In our model, suicidal behavior would derive (in most cases) from impairments in
cognition, impairments that, for some patients, would be equivalent as that seen in
cases of structural brain damage. The volume reduction mentioned in the studies we
already discussed would be the biological correlate of the said impairment.

Since life events and routines can negatively impact an individual brain structure,
the opposite should also be true. If we believe that mindfulness training reduces risk
of suicide, then individuals who undergo such training should show signs of it.

A review performed by Gotink et al. (2016) shows that after 8 weeks of mind-
fulness training, dorsomedial and dorsolateral PFCs show an increase in activity.
There is also an increased functional connectivity of the salience network (SN),
which is in charge of downregulation of the DMN, as well as directing attention to
important stimuli. In all, aside from functional and volume increase in PFC, they
found similar changes in the cingulate cortex, insula, and hippocampus. The amyg-
dala also showed increased connection to the PFC and a reduction in activity and
volume.
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This review focused on findings after an 8-week training program, but there are
studies that show changes as early as after 4 days of training. A study performed in
Seoul, where they picked a group of healthy individuals, showed that after an
intensive meditation program (mainly focused in mindfulness exercises) of only
4 days and 3 nights, there was increased activity in the ACC and DLPFC. They
explain this finding as an improvement of functioning of the executive control
network, but it is important remembering that the SN (which was not evaluated in
this particular study) is responsible for directing and maintaining attention, both
necessary when performing heavy focus-reliant tasks (Hwang et al. 2018).

We are not using these studies as a statement that mindfulness should be the one
and only way of intervention in suicidal behavior. Quite the opposite, what we would
like to relay is that interventions that increase PFC function and volume should have
a positive impact in suicide prevention and that these interventions can show results
in very small periods of time.

If we can accurately correlate brain volume reductions with cognitive symptoms
via clinical evaluations, we could find better ways to predict suicidal behavior. Also,
if we use these biological correlates as guidelines, we can pick specific interventions,
better suited for each individual patient and his/her particular symptoms.

9 Conclusions

Environmental factors can modify an individual genetic expression, making them
and their descendants prone to suicidal behavior.

Individuals exposed to chronic stress can become progressively less resilient to
stressful situations, leading to a higher probability of them engaging in suicidal
behavior.

Malfunction of the PFC, no matter the reason, could increase the probability of
suicide behavior, even more so in depressed individuals.

Hopelessness, impulsivity, and aggressivity appear to have a common substrate
in the PFC, although they are probably regulated by different specific areas.

In family studies of genetic expression, it is important to take timing into account.
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