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Subgenual anterior cingulate cortex and psychiatric disorders
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ABSTRACT

Psychiatric disorders have various underlying causes, which have piqued people's interest since ancient times. Examples include genetics, neurological
problems, and environmental influences. For psychiatric disorders, there is no single care plan or treatment method. To develop a definitive cure, we
need to better understand the diseases' underlying causes. As a result, we focused on abnormalities of the subgenual anterior cingulate cortex and

amygdala in this review.
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The only brain area that is activated when
learning to help people is the subgenual anterior
cingulate cortex (sgACC). Since this part of the
brain is not equally active in everyone, the ability
to empathize and help others is not the same in
every individual.!! It is also the only active region
in the brain in case of uncertainty.”” This region
of the brain is also associated with the concepts of
altruism and generosity. It has been observed that
individuals with a more active sgACC are more
generous.® Experiments on the sgACC have
examined its relationship with fear in humans.
They found that sgACC was active in individuals
when acting boldly and not succumbing to fear.
However, after choosing to act boldly, the activity
of the amygdala decreased.”™ The sgACC is thought
to act as a bridge between emotional and cognitive
processing regions.” The sgACC interacts with
many brain regions. One of the regions where the
sgACC interacts is the amygdala. Interaction with
this region has many consequences, and positive-
social emotion regulation is one of them. In
individuals with anxiety, the connection between
these two areas is decreased.! The sgACC is

known to be linked to fear. Recent studies also
point to the link between fear, amygdala, and the
sgACC."! Individuals need to balance reason and
emotion to lead a healthy life. It is a proven fact
that the sgACC is linked to emotions. The sgACC
needs to connect with the pregenual anterior
cingulate area 32 to balance logic.®*!

MAJOR DEPRESSIVE DISORDER

Major depressive disorder (MDD) is one of
the most common psychological disorders.
The general treatment method is based on
antidepressants.!% Despite being such a common
disorder, the rates of misdiagnosis are substantially
high. The primary reason for this is the lack of
reliable biomarkers."!! Another negative aspect of
the lack of reliable biomarkers is that it becomes
difficult to control the treatment progress.!*?

It is a well-known fact that major depression is
related to abnormalities in the brain. The studies
conducted to prove this has shown the relationship
between MDD and sgACC."*17! [n particular, two
different abnormalities were found in experiments
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where the sgACC and medial temporal lobe
(MTL) were examined. The first of these is the
significant increase in the connection between
the sgACC and MTL. The other is the reduced
white matter integrity in the uncinate fascicle.'® In
another experiment demonstrating the connection
of the sgACC with MDD, an abnormal state
in resting-state functional connectivity (RSFC)
of the sgACC was detected in adolescents. It
was observed that the connections between the
sgACC and the amygdala and the insula also have
high activity.'¥ There is a correlation between the
rates of hyperactivity of the sgACC and the levels
of sadness of individuals during MDD. The higher
the hyperactivity, the greater the level of sadness
they feel.'® Subgenual anterior cingulate cortex
hyperactivity is similarly associated with stress in
these individuals.'® Similarly, a recent study has
shown that children at risk (with family members
with this disease) have significant differences
in their sgACCs from their childhood. In this
study, abnormalities in the amygdala and sgACC
functions were found by functional magnetic
resonance imaging (fMRI)."”!

The evidence regarding the relationship
between MDD and the sgACC studies has led to
studies on MDD treatment. Repetitive transcranial
magnetic stimulation was administered to the
left dorsolateral prefrontal cortex, resulting in
improved connectivity between the amygdala
and ventromedial prefrontal cortex, as well as
improved sgACC and default mode network
(DMN) connectivity.'® To better understand
the effects of electroconvulsive therapy (ECT)
in MDD, research has been carried out using
fMRI in resting state. As a result of these
studies, it has been established that ECT is an
efficient treatment method with its effect on the
sgACC."” However, research on this subject
is not limited to this. Some studies resulted
in the opposite of expectations. The sgACC
volumes of pediatric-onset MDD patients were
compared with adult-onset MDD patients, and
it was determined that the sgACC volumes of
pediatric-onset patients were on average the
same as healthy individuals. Therefore, the use
of sgACC as a biomarker created a question
mark in minds.?% Although sgACC volumes did
not show similarity with healthy individuals in
the younger age group, it was found that there
are abnormal connections between multiple
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cortical and subcortical regions of the sgACC
in children with a history of preschool-onset
MDD.2! Antidepressants used in patients with
MDD do not always provide full benefit. When
the reasons for this have been investigated, many
reasons have emerged. The striking point in
the experiments is that the conditions in which
the antidepressant can be more effective are
neurologically determined. For example, it has
been determined that regular antidepressant use
will be effective in cases of atrophy detected in
the sgACC.?2 One of the symptoms of MDD
patients is the presence of self-generated thoughts
(SGTs). Maltreated children are at greater risk of
developing MDD than other children, and in
these children, positive SGTs are not common,
but rather negative SGTs can be associated with
depression. In these children, RSFC with sgACC
is reduced in the frontoparietal network.?2:23

DEPRESSION

Depression is a chronic condition associated
with physical symptoms.l?* There are different
types of depression.?® Psychotherapy, drug
treatments, and ECT are generally used in the
treatment.?®! There are potential biomarkers
for monitoring the response to treatments.
Examples of these are the sgACC, amygdala, and
anterior insula parts of the brain.?” However,
in some cases, individuals may not respond
to treatment, this type of depression is called
treatment-resistant depression (TRD). For the
individuals to be diagnosed with TRD, they must
have received drug treatment twice.?®! We can
observe the results of accelerated intermittent
theta-burst stimulation used in the treatment of
TRD, with improved connections between the
sgACC and medial orbitofrontal cortex, as well
as a decrease in feelings of hopelessness.?? It
has been argued that the effects of the sgACC
are not limited to hopelessness in individuals
but may also cause anorexia.®” Anhedonia, one
of the symptoms of depression, can distract
the individual from the social environment,
or sometimes the individual may be excluded
from the social environment.®% [t has been
observed that exclusion from the social
environment increases sgACC activity in people
with depression. Studies have demonstrated
that even the expectation of social loss has
an effect of increasing sgACC activity.3!



Subgenual anterior cingulate cortex and psychiatric disorders

Depressed individuals have increased blood
flow in their sgACCs, and decreased blood flow
can be interpreted as a sign of improvement in
depression.3?

Depression can sometimes be seen with
different diseases, such as internet gaming
disorder (IGD). The differences between
individuals with IGD and depression and
individuals with IGD without depression need
to be investigated since these differences may
help us determine biomarkers that can assist in
diagnosis. Experiments performed prove that
there are significant differences in abnormal
functional connectivity (FC) in the sgACC and
DMN.B3 The coexistence of depression with
different diseases is not specific to IGD. It has
been found that girls in early adolescence are
more susceptible to psychological disorders.
These disorders are not limited to depression
but also cause other disorders, such as
addiction, anxiety, and delinquency. This is
thought to be caused by anomalies in their
brains. Reduced gray matter volumes (GMVs)
were observed in the sgACC of precocious
girls.3* What should be noted here is that there
are differences in sgACC FC according to sex. It
has been observed that women are more prone
to depression and brain activity is higher in
negative emotions than men.B% It also differs by
sex in the prefrontal-limbic system. Therefore,
the attitudes towards help-seeking also differ
by sex. It showed that women were more likely
to seek help and that they were more receptive
to advice.®® Studies have shown that reducing
sgACC linkages in patients with depression
helps treatment.®”! Electroconvulsive therapy
has been shown to reduce the sgACC activity
of depressed individuals.!®8 Thus, the symptoms
of depression have been found to be reduced.

ANXIETY

Anxiety can be defined by the fear created
due to the expectation of a threat that does
not exist.®” Fear is vital for individuals as it is
an emotion that helps us protect ourselves and
survive in our lives.*% However, in anxiety, this
emotion is so extreme that it can be examined
pathologically. It is also linked to things that
are not considered threats. The things that
trigger anxiety can be different, such as an
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object, being in a social environment, or being
in a closed space.*!! Anxiety is also seen in
adolescents. The approach of the family is
crucial in the treatment of this disease. It has
been observed that sgACC activity decreases in
adolescents who feel loved and listened by their
families.*” The increase in the duration of a
generalized anxiety disorder causes a decrease
in GMV. The effect of the sgACC on GM volume
has been established.”% In a study conducted
with obese individuals after the importance of
the GM was understood, it was found that the
GMV decreased with the weight of the person,
and the obese individuals were more prone to
anxiety and depression.!*¥

The sgACC is effective on fear, one of the
most basic emotions of anxiety. It enables sick
individuals to feel a sense of fear as a result of
their interaction with the basolateral amygdala
subnucleus. Understanding how fear, which is
the main symptom of anxiety, occurs is a big
step in understanding the disease and guiding
its treatment.*® The effects of the sgACC are
observed in all types of anxiety. In trait anxiety,
amygdala and sgACC activities were found to be
more sensitive and higher."® In addition, it has
been observed that pre-long-term potentiation
(LTP) secreted from the anterior cingulate cortex
(ACC) plays an active role in anxiety and chronic
pain, and anxiety decreases due to the prevention
of pre-LTP secretion.!*”! The association of chronic
pain with the sgACC differs by sex, and women
are more prone to chronic pain. Understanding
the reasons for this is critical for identifying the
correct treatment.® It has been observed that
the fear and anxiety caused by excessive sgACC
activity last longer, and these individuals have
trouble regulating their emotional state.*”) Another
thing that can reduce anxiety is meditation.’®”

BIPOLAR DISORDER

Bipolar disorder (BD) can be defined as
the change of euphoric and unhappy moods.
Although it was recognized before the Common
Era, BD has not been studied much until
recently.®1-%?2l The disorder is divided in to
two as bipolar 1 and bipolar 2.5% Bipolar
1 and 2 also have subtypes within themselves.
For example, one of the subtypes of bipolar 2
is cyclothymia.®¥ Bipolar disorder can occur
in advanced age.®® Drugs have been produced
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to prevent episodes of mood swings.®® A
substantial proportion of those with this disease
commit suicide.®”) Studies on this topic have
investigated the causes of suicide in individuals
with bipolar 2 disease. These studies have
shown that sgACC plays a role. An abnormal
link between the sgACC and raphe nucleus
is thought to play an active role in individuals
committing suicide.®® In patients with BD,
sgACC metabolism and GMV in the cortex are
decreased.® Bipolar patients are not always
in a non-euthymic (uncontrolled) mood, and
sometimes they are also euthymic (in control).
Increased connectivity is seen between the
sgACC and amygdala in BD.!*? The entorhinal
cortex and sgACC, which are two significant
parts of mood regulation, are important in
bipolar patients since the link between these
two regions show hyperactivity in patients with
BD. The entorhinal cortex is not the only region
where the sgACC junction shows hyperactivity;
it is also thought to have higher activity in
its junctions with sgACC, pregenual ACC,
dorsomedial prefrontal cortex, and insula.!6!

ADDICTION

Addiction is divided into two categories
as drug-related and non-substance addiction.
Examples of drug addiction include cigarette,
drug, and alcohol addiction. Examples of
non-substance addiction include gambling,
food, internet, mobile phone, and exercise
addiction. 6263

If we consider cigarette addiction, it is thought
that the feeling of longing underlies the craving
to smoke. Reducing this feeling of longing will
also reduce the desire to smoke. If we find out
what lies at the root of the longing, we can find
a cure for this addiction. Studies have found that
sgACC affects the sense of longing. It has been
determined that sgACC hyperactivity increases
the feeling of longing, and awareness-based
interventions have been found to be effective in
the treatment since these interventions reduce
sgACC activity.®¥ The craving that triggers
smoking is also linked to the orbital and medial
prefrontal cortex (OMPFC) network. However,
this region does not function alone. Another
region with which this region is linked is the
sgACC. It is known that increased connectivity
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between the sgACC and OMPEFC is associated
with the feeling of craving.® One of the things
that affect smoking cessation is the ACC'’s
relation to craving. Anterior cingulate cortex
activity is seen in early withdrawal. If the activity
of the ACC can be reduced during the early
withdrawal period, it may be easier for smokers
to quit smoking.!%®!

Internet addiction (IAD) shows insufficient
ACC activity, unlike cigarette addiction. This
inadequate activity leads to decreased connectivity
between the ACC and amygdala.”’ Individuals
with TAD have reduced error-monitoring ability,
and a study on this revealed that ACC activity is
increased during error tracking.©®

Other more significant problems may
arise in individuals addicted to games. It has
been determined that game addicts identify
with their characters in the game more than
themselves.®” The ACC was found to show
higher activity when thinking about game
characters in these individuals. Likewise, ACC
activity varies in relation to playing time.7% A
decrease was observed in the ACC activity of
recovering game-addicted individuals compared
to when they were ill.7Y Similar to IAD from
smartphone addiction, it shows lower ACC
activity compared to healthy individuals.!”? The
ACC has been found to exhibit hypoactivity in
tasks that require emotional attention in drug
users.[”!

In conclusion, as the most difficult aspects of
treating psychological disorders for doctors are
determining the correct diagnosis and monitoring
therapy progress, examining the changes in the
body produced by psychiatric problems is critical.
Many studies have been conducted to show that
the sgACC is involved in the regulation and
processing of emotions, as were discussed in this
review. With few exceptions, it has been discovered
that this region can be a good biomarker for the
follow-up of psychiatric disorders. However, the
most apparent feature is the variation in activity
rates in this region based on age and sex.
Individuals' susceptibility to psychiatric disorders
is also affected by this condition.
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